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INTRODUCTION

Petroleum is found at great depths underground or below seabeds. It
can exist as a gas, liquid, solid, or a combination of these three states, which
is very common. Drilling efforts are used to reach and extract gaseous and
liquid deposits. These products are brought to the surface via piping. Once
found in a reservoir, gas usually flows under its own pressure. Conversely,
discovered liquid hydrocarbons may flow on their own due to pressure from
the reservoir or may be forced to the surface by submerged pumps. Also in-
jection of fluids and gases provides a driving force to push liquid hydrocar-
bon through rock strata. Solid or semi-solid petroleum is brought to the sur-
face through several methods: by digging with conventional mining tech-
niques, by gasifying or liquefying with high-temperature steam, or by burn-
ing a portion of the material in the ground so that the remainder can flow to
the surface.

There are several major oil producing regions around the globe. The
Kuwait and Saudi Arabia's crude oil fields are the largest, although Middle
East oil from other countries in the region such as Iran and Iraq also make
up a significant part of world production figures.

The North Sea crude oil fields are still fairly full, and are arguably the
second most influential oil field in economic terms. Texas, once the world's
major oil region, is now almost completely dry.

In 1859 Edwin Drake sank the first known oil well, this was in Penn-
sylvania. Since this time oil and petroleum production figure grew exponen-
tially.

Russia is the world's second largest producer of crude oil after Saudi
Arabia and also one of the world's top oil exporters [1]. Russia’s proven oil
reserves were estimated at 72.3 billion barrels at the end of 2004, or approx-
imately 6.1 % of the world’s total proven reserves of oil estimated at 1,188.6
billion barrels according to the BP statistical Review of World Energy pub-
lished in June 2005.

Following the rapid privatization drive in the mid-1990s, the Russian
oil industry has evolved into a reasonably well defined sector, led by the
large Russian oil companies (LUKOIL, Gazprom, Surgutneftegaz and TNK-
BP). As these companies were generally created from the remains of the So-
viet-controlled production associations that had asset concentrations for effi-
ciency reasons, their operations are typically concentrated in certain regions.
A number of other smaller Russian and Western oil companies also conduct
operations in Russia. As a result, the industry is highly competitive. Current
Russian oil production is predominantly based in Western Siberia.
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Oil is an important part of our everyday life. Millions of products are
made from oil including plastics, life-saving medications, clothing, cosmet-
ics, and many other items you may use daily.

Oil is called liquid fossil fuel which extended in sedimentary rock lay-
ers beneath the surface of the earth.

Petroleum (Lat. petroleum lit. "rock oil" was first used in 1556 in a
treatise published by the German mineralogist Georg Bauer, known as
Georgius Agricola.) is a naturally occurring, flammable liquid found in rock
formations in the Earth consisting of a complex mixture of hydrocarbons of
various molecular weights, plus other organic compounds. The proportion of
hydrocarbons in the mixture is highly variable and ranges from as much as
97% by weight in the lighter oils to as little as 50% in the heavier oils and
bitumens.

1.1 Formation

Formation of petroleum occurs from kerogen pyrolysis, in a variety of
mostly endothermic reactions at high temperature and/or pressure.

Nowadays the two theories of oil birth are existing:

1. biogenic;
2. abiogenous.

On the one hand scientists believe that oil was formed from the remains
of prehistoric plant and animals. Hundreds of years millions ago, prehistoric
plant and animal remains settled into the seas along with sand, silt, and
rocks. As the rocks and silt settled, layer upon layer piled up in rivers, along
coastlines, and on the sea bottom. Geologic shifts resulted in some of these
layers being buried deep in the earth. Over time, the layers of organic mate-
rial were compressed under the weight of the sediments above them, and the
increasing pressure and temperature changed the mud, sand, and silt into
rock and the organic matter into petroleum.
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Biogenic theory

Most geologists view crude oil and natural gas as the product of com-
pression and heating of ancient organic materials over geological time. Oil is
formed from the preserved remains of prehistoric zooplankton and algae
which have been settled to the sea (or lake) bottom in large quantities under
anoxic conditions. Terrestrial plants, on the other hand, tend to form coal.
Over geological time this organic matter, mixed with mud, is buried under
heavy layers of sediment. The resulting high levels of heat and pressure
cause the organic matter to chemically change during diagenesis, first into a
waxy material known as kerogen which is found in various oil shales around
the world, and then with more heat into liquid and gaseous hydrocarbons in
a process known as catagenesis.

Geologists often refer to an "oil window" which is the temperature
range that oil forms in — below the minimum temperature oil remains
trapped in the form of kerogen, and above the maximum temperature the oil
is converted to natural gas through the process of thermal cracking. Though
this happens at different depths in different locations around the world, a
‘typical’ depth for the oil window might be 4 +~ 6 km.

The vast majority of oil that has been produced by the earth has long
ago escaped to the surface and been biodegraded by oil-eating bacteria. Oil
companies are looking for the small fraction that has been trapped by this
rare combination of circumstances. Oil sands are reservoirs of partially bio-
degraded oil still in the process of escaping, but contain so much migrating
oil that, although most of it has escaped, vast amounts are still present —
more than can be found in conventional oil reservoirs. On the other hand, oil
shales are source rocks that have never been buried deep enough to convert
their trapped kerogen into oil.

The reactions that produce oil and natural gas are often modeled as first
order breakdown reactions, where kerogen is broken down to oil and natural
gas by a set of parallel reactions, and oil eventually breaks down to natural
gas by another set of reactions. The first set was originally patented in 1694
under British Crown Patent No. 330 covering, “a way to extract and make




great quantityes of pitch, tarr, and oyle out of a sort of stone.” The latter set
is regularly used in petrochemical plants and oil refineries.

Abiogenic theory

On the over hand the number of investigations show that some oil
compounds can form carbon dioxide and water under temperature and pres-
sure like the conditions in upper Earth mantle.

The idea of abiogenic petroleum origin was championed in the Western
world by astronomer Thomas Gold based on thoughts from Russia, mainly
on studies of Nikolai Kudryavtsev in the 1800s. Gold's hypothesis was that
hydrocarbons of purely inorganic origin exist on the planet Earth. Since
most petroleum hydrocarbons are less dense than aqueous pore fluids, Gold
proposed that they migrate upward into oil reservoirs through deep fracture
networks. Although biomarkers are found in petroleum that most petroleum
geologists interpret as indicating biological origin, Gold proposed that ther-
mophilic, rock-dwelling microbial life-forms are responsible for their pres-
ence.

This hypothesis is accepted by only a small minority of geologists and
petroleum engineers, and to date has not been particularly successful in pre-
dicting petroleum deposits on earth, so it is considered a fringe theory.
Methods of making hydrocarbons from inorganic material have been known
for some time, however no substantial proof exists that this is happening on
any significant scale in the earth's crust for any hydrocarbon other than me-
thane (natural gas).

Debates
: “THE OIL ORIGIN THEORY”
d
Step 1 Read the rules of how to debate

Speaker of AT states the position tak- | Speaker of NT states the
en by the team, introduces some vo- | position taken by the team,
cabulary providing definitions for | introduces some vocabu-
terms, brings up the “yes” side of the | lary providing definitions
issue, and watches the flow of the ar- | for terms, brings up the
guments. At the end, the speaker will | “no” side of the issue, and
summarize, recap, and state which | watches the flow of the ar-
the points made can be salvaged sup- | guments. At the end, the
port the team’s position. speaker will summarize,
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recap, and state which the
points made can be sal-
vaged support the team’s
position.

Attackers (another members of team)
take their turns leading the arguments
against the “No” team, providing eX-
amples and probing the opposite team
for weaknesses in their arguments by
asking questions.

Attackers (another mem-
bers of team) take their
turns leading the argu-
ments against the “Yes”
team, providing examples
and probing the opposite
team for weaknesses in
their arguments by asking
questions.

Moderator — summarizes and recaps the main points of both teams
and theories, and make the conclusion.

Step 2 Discuss a biogenic theory of oil origin and then, taking turns de-
bate an abiogenic theory following the debates rules.
Step 3 | Answer the question: “What kind of theory has the right to exist?”

Useful phrases for debates

Opening phrases

Well, I’'m going to be talking to you about...

telling/showing you...
reporting on...
talking a look at...

So, I'll start off by giving you an overview of...
makinga few observations about...

outlining...

Giving opinions

In my opinion,...
AsIseeit,...

From my point of view...

It seems to me that...

I would say that...

I suppose...

As far as I’'m able to judge...
It’s quite clear that...
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Generalizing and concluding

On the whole,... Let me conclude by saying

In general,... I’d like to conclude by stating that...
Generally speaking,... Allow me to conclude by highlighting...
By and large,...

All in all,...

All things considered,...

Asking for an opinion
What’s your position on.../opinion of...

What do you think of...
I’d like to hear your views on...

1.2 Crude Oil Characteristics

Fill in the blanks in the spider graph below using the information from
the text about oil classification and composition.

Classification - -

- Composition

CON T D
ﬂb@. -

D R

It is commonly thought that crude oil from conventional oil wells has
the same composition and appearance regardless of the source. This is not
true any longer. The physical characteristics and the composition of crude
oil vary widely with the location of the oil field and the stage of production
(new or mature).
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Conventional crude oil ranges from green to brown or black in color
depending on the petroleum type and the mineral matter present and is com-
posed of a heterogeneous mixture of liquids, solids, and gases. Some com-
ponents of the crude oil are dissolved and some are a separate phase. Water
may occur with the petroleum produced as a readily separated phase or as an
emulsion containing as much as 80-90 % water. The “pour point” is a
measure of the low-temperature viscosity or flow characteristics of oil. It is
defined as being 3 °C (or 5 °F) above the setting temperature (maximum
temperature at which no observable flow occurs) of the oil. Pour points of
some viscous conventional crudes can be above 5 °C, while the pour points
of the less viscous, or lighter crudes can be less than —15 °C.

Composition
The hydrocarbons in crude oil are mostly alkanes, cycloalkanes and

various aromatic hydrocarbons while the other organic compounds contain
nitrogen, oxygen and sulfur, and trace amounts of metals such as iron (fer-
rum), nickel, copper and vanadium, titanium, germanium [2]. The exact mo-
lecular composition varies widely from formation to formation but the pro-
portion of chemical elements varies over fairly narrow limits as follows:

~ Carbon 83-87 %j;

~ Hydrogen 10-14 %;

~ Nitrogen 0.1-2 %j;

~ Oxygen  0.1-1.5 %;
~ Sulfur 0.5-6 %;

~ Metals <1000 ppm.

Crude oil is a mixture of hydrocarbons. They are often chains of carbon
atoms with hydrogens attached. The longer chains have higher boiling
points, so they can be separated by distillation.

Paraffins

The petroleum itself consists of a mixture of straight hydrocarbons and
hydrocarbons containing one or more heteroatoms. Even natural gas that is
mostly methane also contains small amounts of four or five other low-
molecular weight hydrocarbons. The paraffin hydrocarbon component of
crude oil has the generic formula C,H,.+,, and may comprise gases, liquids,
or solids depending on their molecular weight (or the value of n). The sim-
plest example of this group is methane, CH,, the chief constituent of natural
gas. It has a boiling point of =164 °C and a melting point of —183 °C. Pro-
pane and butane, C3Hg, and C4H1o, both are gases under ordinary conditions,
but with boiling points of —42 and —1 °C, respectively, are relatively easily

13



liquefied. Butane and the higher (larger carbon number) members of this se-
ries occur not only in the straight chain form, referred to as the normal or
“n” form, but also in various branched chain structures of the same molecu-
lar formula but with different physical and chemical properties (Eqg. 1).

&
CH;CH,CH,CHji HsC—C~CH,
n-butane (or butane) isobutane
b.p. -0,5 °C b.p.-12°C (1)

Pentane isomers, CsH;,, have boiling points in the range of normal am-
bient conditions, and represent the approximate borderline between gases
and liquids in the paraffin series (Eq. 2).

CH;
oy, HyC— G CH,
CH3CH,CH,CH,CH;  HsC—G—C —CHg C|ZH3
n-pentane isopentane neopentane
b.p. 36 °C b.p. 28 °C b.p.9,5°C (2)

Octane, a hydrocarbon found in petroleum, lines are single bonds,
black spheres are carbon, and white spheres are hydrogen.

As the carbon number gets larger in the paraffin series the number of
possible structural isomers also gets larger so that hexane (CgHy4), for ex-
ample, has five structural isomers and heptane (C;Hyg) has six. All 18 iso-
mers of octane have been isolated or synthesized, as have the 35 isomers of
nonane. Beyond this, however little is established about the natural occur-
rence of the 75 possible structural isomers of decane (CyH,,) or the over
4,000 possible isomers with pentadecane (Ci5Hs,). Meanwhile many of the
possible paraffin isomers have been found and isolated from exhaustive sep-
arations of natural petroleum.

Normal octane, CgHyg, with a melting point of —57 °C and boiling point
of 126 °C, occurs near the upper end of the liquid paraffinic constituents of
gasoline. n-Eicosane (CyHg4; CH3(CH,)15CH3), with a melting point of
36 °C and a boiling point of >340 °C, is the first of the higher (longer carbon
chain or larger molecular weight) paraffins, which is isolated in the solid
state (a wax) under ordinary conditions. These larger saturated hydrocarbons
occur dissolved in the lower molecular weight liquid hydrocarbons, which
comprise the bulk of light natural petroleums.

The alkanes, also known as paraffins, are saturated hydrocarbons with
straight or branched chains which contain only carbon and hydrogen and
have the general formula C,H,.., They generally have from 5 to 40 carbon
atoms per molecule, although trace amounts of shorter or longer molecules
may be present in the mixture.

14



The alkanes from pentane (CsHy,) to octane (CgHyg) are refined into
gasoline (petrol), the ones from nonane (CoHyo) to hexadecane (Ci¢Hsy4) into
diesel fuel and kerosene (primary component of many types of jet fuel), and
the ones from hexadecane upwards into fuel oil and lubricating oil. At the
heavier end of the range, paraffin wax is an alkane with approximately 25
carbon atoms, while asphalt has 35 and up, although these are usually
cracked by modern refineries into more valuable products. Any shorter hy-
drocarbons are considered natural gas or natural gas liquids.

Naphthenes
Saturated hydrocarbons also occur in petroleum in cyclic form, and will

have generic molecular formulas of the form C,H,, (if monocyclic). These
cycloparaffins are referred to as naphthenes in the petroleum industry and
occur primarily as five, six, and seven-membered rings, with and without
alkyl substituents. They also occasionally occur as various combinations of
two of these ring systems linked or fused together, in which case their mo-
lecular formulas become of the form C,H,,_, (Eq. 3).

O é bicyclo[4,3,0]nonane

cyclohexane ethylcyclopentane (hexahydroindane)
b.p.81°C b.p. 103,5 °C b.p. 161 °C (3)

The cycloalkanes, also known as napthenes, are saturated hydrocarbons
which have one or more carbon rings to which hydrogen atoms are attached
according to the formula C,H,,. Cycloalkanes have similar properties to al-
kanes but have higher boiling points.

Aromatic hydrocarbons

Aromatic hydrocarbons occur to a varying extent and have a higher ra-
tio of carbon to hydrogen than any of the commonly occurring paraffins or
naphthenes. They correspond to a molecular formula of C,H,,_¢ if they are
mononuclear (single ring only). Benzene, toluene, and cumene are mononu-
clear examples of this series, and naphthalene is a dinuclear example

(Eqg. 4).

naphthalene

benzene toluene cumene b.p. 218 °C
b.p. 80 °C b.p.111°C b.p. 152 °C m.p. 81 °C (4)
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These and many other aromatics have been isolated from petroleum
fractions. The aromatic content of crude oils can vary widely, but an aro-
matic content of a third or more of the total, as has been noted for some
Borneo crudes, is not unusual. The density (or °API) of a crude oil is an in-
dicator of the aromatic content since the high C:H ratio of aromatic compo-
nents tends to make these the most dense constituents present. This is par-
ticularly true with polynuclear aromatic constituents since each additional
ring further reduces the hydrogen count by two, increasing the already high
C:H ratio and therefore also the density.

While the bulk of the hydrocarbon content of crude oils is represented
by the paraffins, naphthenes, and aromatics, small percentages of several
other types of compounds are also present. Olefinic hydrocarbons, unsatu-
rated chain compounds having a carbon-carbon double bond and a type
formula C H,,, also occur in natural petroleum but only to a very small ex-
tent since they are relatively unstable. They are mentioned here, however,
since substantial amounts of these are formed by some refinery processes,
particularly those involving cracking.

The aromatic hydrocarbons are unsaturated hydrocarbons which have
one or more planar six-carbon rings called benzene rings, to which hydrogen
atoms are attached with the formula C,H,. They tend to burn with a sooty
flame, and many have a sweet aroma. Some are carcinogenic.

Sulfur compounds

A wide variety of compounds that contain a heteroatom as well as car-
bon and hydrogen also occur in petroleum but generally to a lesser extent.
Hydrogen sulfide and a variety of thiols, sulfides, and thiophenes are some
examples of the sulfur compounds present (Eq. 5).

SCH,CH,CH,
S
CH
CHy(CH,)sSH / 3
1-hexanthiol 1-thiapropyl-benzene 1-methylbenzo-(b)thiophene (5)

The sulfur content of petroleum containing these compounds is usually
quite low but it can be as high as 6% of the total. The more stable oxygen
derivatives of hydrocarbons, such as the paraffinic acids, ketones, and phe-
nols (Eg. 6), also occur in crude oils.
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OH
0
CH3(CH2)2(|3HCH2COZH O O SHy

2-methylhexanoic acid fluorenone p-cresol (6)

Nitrogen compounds

And nitrogen compounds, either on their own or complexed to a transi-
tion metal, such as vanadium, also occur in petroleum to a small extent. Pyr-
idine, quinoline, and many other heteroaromatics (Eq. 7) have also been
found.

GO0 D O

pyridine quinoline carbazole benzonitrile (7)

The first two of these compounds occur at sufficiently high concentra-
tions in some crudes to enable production of them from petroleum. Benzo-
nitrile has also been detected. Much of the trace metal content of petrole-
ums, in particular vanadium and nickel, is present in association with petro-
porphyrins, which are polycyclic pyrroles closely related in structure to the
hemes and chlorophylls. These materials are examples of the more complex
nitrogen heterocycles to be found in petroleum. These particular heterocy-
cles with their complexed metal atoms contribute much to our present
knowledge of the original biogenesis of the petroleum hydrocarbons.

If the proportion of low-molecular weight hydrocarbons (low-carbon
number, small molecules) to high-molecular weight hydrocarbons is high,
then very fluid (low-viscosity and density) and light crude is obtained. If,
however, high-molecular weight paraffins or polynuclear aromatics (asphal-
tenes) predominate then this will give a crude of high viscosity (and densi-
ty), and pour-point, the so-called “heavy crudes”. The composition of crude
oil produced from a particular oil field will vary somewhat with the stage of
production. The proportion of lighter (lower molecular weight) hydrocar-
bons will generally be higher in the early stages of production of a new oil
field. The ratio of the percentage of paraffins to the proportion of naph-
thenes and aromatics present will be relatively consistent from the different
producing wells of a particular oil field but can vary widely from one oil
field to another. With all these variables in mind, refineries seldom rely on
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crude oil from a single oil field for the whole of their production. A selec-
tion of different crudes will be employed, depending on price, availability,
operational processing equipment, and the proportions of the various refined
products that are desired.

1.3 Classification

The petroleum industry classifies “crude” by the location of its origin
(e.g., “West Texas Intermediate, WTI” or “Brent”) and often by its relative
weight or viscosity (“light”, “intermediate” or “heavy”); refiners may also
refer to it as “sweet”, which means it contains relatively little sulfur, or as
“sour”, which means it contains substantial amounts of sulfur and requires
more refining in order to meet current product specifications. Each crude oil
has unique molecular characteristics which are understood by the use of
crude oil assay analysis in petroleum laboratories.

Barrels from an area in which the crude oil's molecular characteristics
have been determined and the oil has been classified are used as pricing ref-
erences throughout the world. These references are known as Crude oil
benchmarks:

~ Brent Crude, comprising 15 oils from fields in the Brent and Nin-

lan systems in the East Shetland Basin of the North Sea. The oil is
landed at SullomVoe terminal in the Shetlands. Oil production
from Europe, Africa and Middle Eastern oil flowing West tends to
be priced off the price of this oil, which forms a benchmark.

~ West Texas Intermediate (WTI) for North American oil.

~ Dubai, used as benchmark for Middle East oil flowing to the Asia-

Pacific region.

~ Tapis (from Malaysia, used as a reference for light Far East oil)

~ Minas (from Indonesia, used as a reference for heavy Far East oil)

~ The OPEC Reference Basket, a weighted average of oil blends

from various OPEC (The Organization of the Petroleum Exporting
Countries) countries.

~ Russian export blend crude oil (REBCO) is a medium gravity sour

crude that accounts for exports of approximately 4 million barrels

per day into the Atlantic Basin or to other nearby refining markets.

There are two main qualities of export oil in Russia: Urals Blend and

Siberian Light. Siberian Light, produced in Siberia, has a lower sulphur con-

tent and lower viscosity than Urals Blend — a mixture of crude oils consist-

ing of Siberian Light with high sulphur oils produced in Russia’s European

regions.
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The industry standard for bulk measurement for both crude oil and lig-
uid products was the petroleum industry barrel (abbreviated bbl) but now the
metric tonne and the cubic meter are more commonly used, especially in in-
ternational trade. The metric tonne may be converted to the barrel volume
unit by dividing the mass unit by the density (specific gravity) of the par-
ticular oil being measured and multiplying by 6.2898. For example 1 tonne
of Canadian crude, of density 0.85 g/cm®, equates to 7.4 bbl of oil (Eq. 8).

1 tonnex6.2898b% ;

0,85tonn%]3

In all bulk measurements of petroleum and especially of crude oil it is
necessary to specify the gross concentration of solids and nonpetroleum lig-
uids present. This is normally stated as percent bottom sediment and water
[% BS&W], and is determined by centrifuging of a representative sample.

Light petroleum gas is almost always present in solution in conven-
tional crude oil and some wells are brought into production to produce sole-
ly natural gas. However, even when the objective is to produce oil this may
contain as much as 50 m*m?® (ca. 300 ft*/bbl) of dissolved gas. High for-
mation pressures help to dissolve the gas in the oil. Gas is usually separated
at well gathering stations by the controlled release of gas from solution. De-
pending on the producing temperature and pressure of the oil, gas may be
released from the oil in several stages and flared. Or it may be compressed
for pipeline transport or for injection back into the formation when oil, ra-
ther than gas, is the product desired.

Formation water is produced along with the crude oil at rates that av-
erage about 10 % by volume. Much higher volumes are obtained from oil
fields, which are using water flooding for enhanced recovery. The water and
any dissolved salts are separated from the oil by gravity settling in field tank
batteries after degassing, which leaves the crude oil ready for delivery.
Shipped oil usually contains less than 0.5 % by volume sediment and water.
Sediment and salts, mainly sodium chloride, can occur either dissolved in
the aqueous phase of the oil, or as a fine particulate suspension in the oil
phase. Other entrained insoluble mineral matter, such as sands and silts may
also be present the extent of 15-30 g/tonne oil (5-10 Ib/1,000 bbl), although
the salt content alone can run as high as 300-1,500 g/tonne (100-—
500 Ib/1,000 bbl). If this mineral matter is not removed before distillation, it
can concentrate and accumulate on heat transfer surfaces during distillation
and decrease thermal efficiency of the distillation. Thus, removal of nondis-
solved material has to be considered in the design of refinery process se-
quences.

=7.4 bbl (8)
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Glossary
d

Alkane [al'kemn] (n) — any saturated aliphatic hydrocarbon with the general
formula C,H,,.,. Alkanes belong to organic compounds in which ele-
ments differ by a constant relative atomic mass 14. These organic hy-
drocarbon compounds have only single chemical bond in their chemical
structure.

Aromatic hydrocarbons [ erou'matik 'haidra(u)'ka:ban] — are those which
contain one or more benzene rings. The name of the class came from the
fact that many of them have strong, pungent aromas.

Barrel ['ber(o)l] (abbreviated bbl) — the industry standard for bulk meas-
urement for both crude oil and liquid products.

Crude oil [kru:d o1l] (n) — a mixture of hydrocarbons.

Cycloalkane ['saiklou al'kein] (n) — (also called naphthenes, especially from
petroleum sources) the type of alkanes which has one or more rings of
carbon atoms in the chemical structure of their elements. It consists of
only carbon (C) and hydrogen (H) atoms. Cycloalkane is saturated be-
cause there are no multiple C—C bonds to add more hydrogen to. Gen-
eral chemical formula —C,H;(+1-q) Where n=number of C atoms and
g = number of rings in the molecule.

Heavy crude oil ['hevi kru:d o1l] or Extra Heavy Crude oil — is any type of
crude oil which does not flow easily.

Heteroatom ['het(o)rou'etom] (n) — (from Ancient Greek heter-
os ~ different + atomos) it is any atom that is not carbon or hydrogen. It
is typically, but not exclusively, nitrogen, oxygen, sulfur, phosphorus,
boron, chlorine, bromine, or iodine.

Homologue ['homoalpg] (n) — the term homologue is used to describe a com-
pound belonging to a series of compounds differing from each other by a
repeating unit, such as a methylene group, a peptide residue, etc.

Hydrocarbon ['haidra(u)'ka:ban] (n) — organic compounds consisting entire-
ly of hydrogen and carbon.

Isoparaffin [‘aisau'peerafin] (n) — branched—chain alkanes.

Kerogen ['karadzen] — is a mixture of organic chemical compounds that
make up a portion of the organic matter in sedimentary rocks. It is insol-
uble in normal organic solvents because of the huge molecular weight of
its component compounds. The soluble portion is known as bitumen.
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When heated to the right temperatures in the Earth's crust, some types of
kerogen release crude oil or natural gas, collectively known as hydrocar-
bons (fossil fuels).

Light crude oil [lart kru:d o1l] — is crude oil with a low wax content.

Naphtathene ['nefto ei:n] (n) — also called cycloalkane has one or more
rings of carbon atoms in the chemical structure of their elements.

Oil shale ['o1l fe1l] (n) — fine-grained shale containing oil, which can be ex-
tracted by heating. The chemical process of pyrolysis can convert the
kerogen in oil shale into synthetic crude oil.

Organonitrogen compounds [0:'genau’nartroudzen 'kompaundz] — organic
compounds having a C—N bond.

Organooxygen compounds[o:'gaenauo'o:ksidson 'knmpaundz] — are organic
compounds that contain oxygen are (where “R” is an organic group):
alcohols (R-OH); ethers (R-O-R); ketones (R—CO-R); aldehydes
(R—CO-H); carboxylic acids (R—COOH); esters (R—COO-R); acid an-
hydrides (R—-CO-O-CO-R); and amides (R-C(O) —NRy).

Organosulfur compounds [o0:'gansusalfo 'kompaundz] — are organic com-
pounds that contain sulfur (sulphur). They are often associated with
foul odours, but ironically many of the sweetest compounds known are
organosulfur derivatives. Nature abounds with organosulfur com-
pounds — sulfur is essential for life. Two of the 20 common amino ac-
ids are organosulfur compounds.

Paraffin ['parafin] (n) —a common name for the alkane hydrocarbons.

Petrochemistry [ petra'kemistri] (n) — the chemistry of petroleum and its de-
rivatives; the branch of chemistry concerned with the chemical composi-
tion of rocks.

Petroleum [pa'trauliom] (n) — (from Greek petra — rock and elaion — oil or
Latin oleum — oil) a black, dark brown or greenish liquid found in po-
rous rock formations in the earth.

Sour crude oil ['saus kru:d o1l] is crude oil containing the impurity sulfur. It
iIs common to find crude oil containing some impurities. When the total
sulfur level in the oil is >0.5 % the oil is called “sour”.

Sweet crude oil [swr:t kru:d o1l] — is a type of petroleum. Petroleum is con-
sidered "sweet" if it contains less than 0.5 % sulfur, compared to a high-
er level of sulfur in sour crude oil. Sweet crude oil contains small
amounts of hydrogen sulfide and carbon dioxide.
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The American Petroleum Institute (API) gravity ['graeviti] — or API gravity,

Is a measure of how heavy or light a petroleum liquid is compared to
water. If its API gravity is greater than 10, it is lighter and floats on wa-
ter; if less than 10, it is heavier and sinks. API gravity is thus a measure
of the relative density of a petroleum liquid and the density of water, but
it is used to compare the relative densities of petroleum liquids.

Review Questions and Exercises

Exercise 1.1.
d Answer the questions

o b

Compare the structures and properties of the material in place for con-
ventional petroleum, “heavy oil”, tar sands, and oil shale deposits.

How do the recovery methods and the recovery rates (as a proportion
of the resource in place) compare for the hydrocarbon sources of ques-
tion 1?

What postproduction measures are necessary for the reclamation of ex-
hausted production areas for the hydrocarbon sources of sources of
question 1?

Define the meaning of °API and explain how it is evaluated.

What general composition information does this quantity convey with
respect to petroleum fractions?

What range of °API values could be expected for crude oils, for gaso-
lines, and for lubricating oils?

Fully define the petroleum industry volume units: the barrel (bbl) and,
in relation to natural gas, the ‘‘standard cubic foot™’.

Exercise 1.2.
Choose two or three terms from the glossary and explain the

meaning of these words to your partner, so let him/her guess
what word you 've chosen.
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Exercise 1.3.

(| Match the substances with their characteristics.
1. Alkanes a) Saturated cycloalkanes
2. Naphthenes b) Organosulfur compounds
3. Arenes ¢) Branched-chain alkanes
4. Thiols, sulfides, d) Organooxygen compounds
thiophenes
5. Piridine, quinoline, | €) Compounds have only single chemical
carbazole bond
6. Isoparaffines f) Organonitrogen compounds
7. Paraffinic acids, ke-|g) Compounds contain one or more benzene
tones, phenoles rings
Exercise 1.4.
@
/] Find the substances out, which are not contained in oil.
1. Alkanes
2. Arenes
3. Naphthenes
4. Alkynes
5. Paraffines
6. Phenoles

7. Hydrogen sulfide

Exercise 1.5.

e  Watch video episode for the first time and choose a title
for it.

A) Composition of crude oil.

B) Equipment used for crude oil distillation.
C) Crude oil distillation process.

D) Condition needed for crude oil distillation.
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e Watch video episode for the second time and for A — E decide
whether the statement is true or false according to the video.
Give reasons.

Crude oil consists of small atoms joining together.

When heated in a hot water pot, hydrocarbons with low boiling
point are evaporated immediately.

C. A white liquid is formed during the first fraction.

The second fraction occurs at the temperature about 75°C.

E. Fractional distillation occurs by means of electric heater, fractionat-
ing column, condenser and conical flask.

Exercise 1.6.
@ Discuss these questions with your partner.

A) Why is fractional distillation used by technologists?

B) Could you explain, why do diverse hydrocarbons need separating?

C) What are the functions of electric heater, fractionating column, con-
denser and conical flask in fractional distillation?

D) Why are different hydrocarbons condensed at divers temperatures?

E) What do you know about boiling points of long and short mole-

cules?

F) What fractions and their products/derivatives do you know?

w >

o
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Exercise 1.7.

4 ' Crossword

12

13

[

. A series of compounds with a similar general formula, usually varying by a
single parameter such as the length of a carbon chain.

. One of the two theories of oil birth.

. ...-refining.

. Any atom that is not carbon or hydrogen.

. A black dark brown or greenish liquid found in porous rock formations in
the Earth.

6. A mixture of organic chemical compounds that make up a portion of the

organic matter in sedimentary rocks.

O wiN

Cycloalkane.
Approximately 4/5 of the Earth's atmosphere is made up of this gas

. Aliphatic hydrocarbons with the general formula C,Hyp+».

. On the periodic table of elements. This element has an atomic number of
16.

12. The industry standard for bulk measurement for both crude oil and liquid

products.
13. Branched-chain alkanes.

R 2 © 00~
g =
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UNIT 2

The petroleum industry includes the global processes of exploration,
extraction, refining, transporting (often by oil tankers and pipelines), and
marketing petroleum products. The largest volume products of the industry
are fuel oil and gasoline (petrol). Petroleum is also the raw material for
many chemical products, including pharmaceuticals, solvents, fertilizers,
pesticides, and plastics. The industry is usually divided into three major
components: upstream (exploration, development and production of crude
oil or natural gas), midstream and downstream (oil tankers, refiners, retail-
ers, and consumers). Midstream operations are usually included in the
downstream category.

Extracted crude oil has oil gases (50-100 m*/t), reservoir water
(200-300 kg/t) and mineral salts dissolved in water (10-15 kg/t) which
have negatively influence on transportation, storing and subsequent treat-
ment. Hence, oil preparation to treatment includes some stages:

~ Oil stabilization
~ Qil desalting and dehydration
~ Oil distillation

2.1 Removal of oil gases (dissolved in oil) or oil stabilization.

Casinghead Gas

Crude oil has high degree of light hydrocarbons dissolved in it, so
while transporting and storing they may be emitted and result changes in oil
structure. In order to avoid gas loss, light benzene fraction and prevent pol-
lution, it is necessary to extract these products from oil before its treatment.

Depending on conditions, oil stabilization is carried out by separation
on the oil-field itself or gas processing plant. Oil gas is separated from oil
by many-staged separation in canks (a gas separator device), where pres-
sure and velocity of oil flow decreases. As the result, gas desorption occurs
and light volatile hydrocarbons are removed and then condensed, forming
“gas condensate”. Separation method of stabilization leaves up to 2 % of
hydrocarbons C;-C, in oll.

Gas produced with oil from an oil well as distinguished from gas from
a gas well. The casing-head gas is taken off at the top of the well or at the
separator. Over the years condensate has gone by many names: casing-head
gas, casing-head gasoline, white gas, and drip gas.
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Oil desalting and dehydration.

Crude oils delivered to the refinery frequently contain substantial quan-
tities of water, silts, sand, extraneous salts, etc. “Desalting” involves remov-
al of most of these impurities before further processing. If not removed they
can increase scaling rates (buildup of deposits) or cause blockages of refin-
ery equipment, such as heat exchangers, and increase corrosion. Two desalt-
ing methods are in common use, each using several processing units operat-
Ing in series.

Chemical desalting is accomplished by addition of about 10 % water to
the oil to be treated, plus sulfuric acid or sodium hydroxide as necessary for
crude pH adjustment. Reagents are added just before the oil enters the de-
salting system charging pump to obtain good mixing (Fig. 1).

Treated oil
Skimmer —
Chemical Water
addltlves
Crude 0|I Mlxmg Settler
valve
Charge Heater Heater (under pressure)
pump Water,

silt, salt

Fig. 1. Flow-sheet for the main steps involved in chemical desalting

The acid or base addition may be sufficient by itself to cause rapid de-
mulsification after mixing, or a small concentration of a proprietary demul-
sifier, such as Tretolite (a polyethylenimine) may have to be added with the
water to assist the process. The mixture is then heated to 65-180 °C (de-
pending on oil viscosity and boiling point) and mixing is assured by passage
through a mixing valve. It is then held for a time to allow separation of the
oil and aqueous phases. Cleaned oil is drawn from the top of the vessel and
the aqueous phase containing the salts, sand, silt, and other extraneous mate-
rial is drawn from the bottom.

Electrostatic desalting is also common. As in chemical desalting, water
is added to the oil stream (to dissolve any suspended salts) and the stream
passed through a mixing valve into the desalter. Here oil-water separation is
mainly accomplished with a high-potential electrostatic field instead of with
demulsifying chemicals. The electrostatic field induces rapid coalescence
and settling of water droplets together with any other water-associated impu-
rities and “creaming” of the oil phase. The water phase is drawn continuous-
ly from the bottom of the desalter vessel and passed to the refinery effluent-
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treatment plant. The oil phase is skimmed from the top for further pro-
cessing. Desalting by one or the other or both of these two procedures is
now a routine for the refining of most crudes. It is also sometimes used as a
secondary clean-up to remove excess salt still remaining in distilled atmos-
pheric gas oil before it is further processed. Desalting techniques have re-
cently been reexamined experimentally.

2.2 Oil distillation

An oil refinery changes crude oil into many useful products. The refin-
ery products can be taken away by sea, by pipeline or go to the chemical
plant to be made into synthetic materials.

The first step is always primary distillation. The crude oil is a compli-
cated mixture of compounds — most of them hydrocarbons. This mixture is
split up into different fractions in the distillation tower. The fractions come
out of the column at different levels.

The two major types of classical distillation include continuous
distillation and batch distillation. Continuous distillation, as the name says,
continuously takes a feed and separates it into two or more products. Batch
distillation takes on lot (or batch) at a time of feed and splits it into products
by selectively removing the more volatile fractions over time.

System refers to the chemical components present in the mixture being
distilled. The two main groups are binary distillation and multicomponent
distillation.

Binary distillation is a separation of only two chemicals. A good
example is separating ethyl alcohol (ethanol) from water.

Multicomponent distillation is the separation of a mixture of chemicals.
A good example is petroleum refining. Crude oil is a very complex mixture
of hydrocarbons with literally thousands of different molecules. Nearly all
commercial distillation is multicomponent distillation.

Distillation of crude oil accomplishes a rough sorting of the main com-
ponents on the basis of boiling point differences. This was originally carried
out on a batch basis, where the crude oil to be distilled was entirely in place
in the distilling vessel at the start of heating. With a batch still the compo-
nents of the crude are obtained in vapor form in sequence as the heat is ap-
plied, the lighter (lower boiling point) components first. Midrange and heav-
ier, less volatile constituents are distilled later in the sequence, eventually
leaving behind a viscous, high boiling point asphaltic residue in the distilling
vessel.

Batch distillations are inefficient because of the need for separate steps
for filling, heating, stopping, pumping out the residue, and refilling of the
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distilling vessel again. For this reason, they tend to be economic only for
distillations on a scale of less than 300 bbl/day (or 45 m®/day). This scale of
production was only appropriate for local, very small distillate requirements
from a simple refinery, which also happened tobe close to a petroleum pro-
ducing area, not a common situation today.

Processing Sequence

The major processing objectives set the system type and the equipment
configuration needed. The common objectives include removing a light
component from a heavy product, removing a heavy component from a light
product, making two products, or making more than two products. All these
major categories are called stripping, rectification, fractionation, and
complex fractionation.

Stripping systems remove light material from a heavy product.
Rectification systems remove heavy material from a light product.
Fractionation systems remove a light material from a heavy product and a
heavy material from a light product at the same time. Complex fractionation
makes multiple products from either a single tower or a complex of towers
combined with recycle streams between them.

Equipment Type

Industrial distillation is typically performed in large, vertical cylindrical
columns known as distillation towers or distillation columns (are often
called a still) with diameters ranging from about 65 centimeters to 16 meters
and heights ranging from about 6 meters to 90 meters or more. When the
process feed has a diverse composition, as in distilling crude oil, liquid out-
lets at intervals up the column allow for the withdrawal of different fractions
or products having different boiling points or boiling ranges. The "lightest"”
products (those with the lowest boiling point) exit from the top of the col-
umns and the "heaviest" products (those with the highest boiling point) exit
from the bottom of the column and are often called the bottoms.

Distillation equipment includes two major categories, trays and
packing. Trays force a rising vapor to bubble through a pool of descending
liquid. Packing creates a surface for liquid to spread on.

For continuous distillation the crude oil is first heated to 400-550 °C
while it is continuously flowing through a pipe still, using natural gas,
“lightends™ (miscellaneous low boiling point hydrocarbons), or fuel oil for
fuel. The heated crude is then passed into a fractionating tower near the bot-
tom, the hotter end of the tower. In the fractionating tower, a unit 2-3 m in
diameterand 30-40 m high for a large modern refinery, the lower boiling
components move up as vapors. As the vapor moves upward past each plate
of the column it is forced, via the bubble caps (“bell caps”) of that level, to
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pass through and come to thermal equilibrium with the liquid on that plate
ortray (see Fig. 2).

Feed Device

Liquid Distributor
Bed Limitter

Random Packing

Liquid Redistributor

Hold Down Grid

Support Grid

Chimney /
Collector Tray

Fractionation Trays =

Vapor Distributor

Fig. 2. Graphic and cutaway of a still

Hydrocarbons having a boiling point lower than the temperature of the
liquid on the plate will continue to move up the column in vapor form.
Components of the heated crude having a boiling point higher or the same as
the temperature of the liquid on the plate will tend to condense in the liquid
on the plate. As liquids of similar boiling points accumulate on the plate
they either overflow into the projecting end of a “downcomer” pipe to the
next lower plate, or they are drawn off the plate and the column as one of
the product streams of the crude distillation. The lower end of each down-
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comer is of sufficient length that it dips some distance into the liquid on the
lower tray to prevent vapor movement up the downcomer.

2.3 The fractions from oil distillation

Follows after the crude oil has been cleaned and any remnants of brine
removed. Distillation is the primary refining process. Distillation involves
the separation of the different hydrocarbon compounds that occur naturally
in a crude oil into a number of different fractions. In the atmospheric
distillation process (Fig. 3), heated crude oil is separated in a distillation
column (distillation tower, fractionating tower, atmospheric pipe still) into
streams that are then purified, transformed, adapted, and treated in a number
of subsequent refining processes, into products for the refinery's market. The
lighter, more volatile, products separate out higher up the column, whereas
the heavier, less volatile, products settle out toward the bottom of the
distillation column. The fractions produced in this manner are known as
straight run fractions ranging from (atmospheric tower) gas, gasoline, and
naphtha, to kerosene, gas oils, and light diesel, and to (vacuum tower)
lubricating oil and residuum.

The picture shows the familiar diagram of the names of the fractions
and the levels at which they come out of the distillation tower.

In reality, a single tower could not cover the full range of temperatures
needed to split up the heavier fractions.

The bottom three fractions have to be split up in a separate vacuum
still.

gases
<40°C
25-175°C naphthas

150-260 °C kerosenes
235-360 °C| light gas oils

330-380 °C heavy gas oils

340-575 °C lubricants
> 490 °C fuel oil
> 580 °C

i

bitumen

Fig. 3. Fractions of the atmospheric and vacuum distillations



The table 1 below shows the names and uses of the fractions that come
from the distillation process. It also shows the ranges of hydrocarbons in

each fraction.

Table 1
The fractions from distillation
Fraction Carbons BP °C Uses

Gases lto4 <40 Fuel in refinery

Bottled and sold as LPG
Naphthas 5to0 10 25-175 Blended into petrols

Feedstock for making chemicals
Kerosenes 10to 16 | 150-260 Aviation fuel
Light gas oils 14to 50 |235-360 Diesel fuel production
Heavy gas oils 20to 70 | 330-380 Feedstock for catalytic cracker
Lubricants >60 340-575 Grease for lubrication

Fuel additives

Feedstock for catalytic cracker
Fuel oil >70 >490 Fuel oil (power stations and ships)
Bitumen >80 >580 Road and roof surfaces

Each fraction is a mix of hydrocarbons and ach fraction has its own
range of boiling points and comes off at a different level in the tower,

Notice that the ranges overlap. This is because the distillation process
IS not exact — some C-30 hydrocarbons will condense at the level for light
gas oil and some will condense lower down.

TN

primary
distillation

lubricating oil

isomerisation

reforming

(polymerisation )

catalytic

N

cracking

residfining

Fig. 4. An overview of some of the refinery processes

This overlap isn't very important for the heavier fractions. However,
the lighter fractions, like LPG, are usually separated more tightly in another
fractionating tower.




Some of the fractions are nearly ready to use. However, other fractions
need more treatment.

Some treatments, like cracking, split the hydrocarbons into smaller
groups. Others, like reforming and polymerisation, change the structure of
the molecules.

Some of the lighter molecules are used as feedstock for the isomeriser
and reformer.

Heavier molecules are often fed to the catalytic cracker (to be broken
into smaller hydrocarbons) or are cleaned up in the residfiner before being
used as fuel oil.

Glossary
(]

Chimney ['fimn1] — a vertical channel or pipe which conducts smoke and
combustion gases up from a fire or furnace and typically through the
roof of a building.

Grid [grid] — a framework of spaced bars that are parallel to or cross each
other; a grating. The support grid is the physical support of the packing
and the liquid hold up. In addition, the support grids must permit both
the downward liquid as well as the upward gas to pass through to the
limit of the capacity of the tower packing itself.

Oil dehydration and desalting [o1l ‘di:har'drerf{(a)n and 'di:'so:ltin] — the pro-
cess of preparation of oil for refining by elimination of water from it,
mineral salt and mechanical impurities.

Oil-field water [o1lfr:ld 'wo:ta] — it is water that accompanies oil when it is
extracted from the earth. When dispersed in oil, it forms emulsions
“water in oil” (dispersive phase — oil, disperse phase — water).

Oil pipeline [o1l 'paiplain] (n) — some construction for transportation of oil
and mineral oil.

Oil stabilization [o1l 'steib(a)lar'zef(a)n] — the process of removal of flying
hydrocarbons. It is carried out on oil-fields or main pump stations. Dis-
solved gases content in stable petroleum is not higher than 1 -2 %.
Hydrocarbon gases are directed to gas processing plants. Stable petro-
leum is directed to refineries.

Primary distillation of oil ['praim(a)r1  distr'lerf(a)n ov o1l] — the process of
oil refining based on the hydrocarbon mix division making it by a
method of fractional distillation, on separate distillates with certain in-
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tervals of boiling temperature. Preliminary oil refinery is a physical
process and doesn’t affect chemical structure and nature of substances
contained in oil. Straight-run of oil is the major primary process.

Skimmer ['skima] — is @ machine that separates a liquid from particles float-
ing on it or from another liquid. A common application is removing oil
floating on water.

Surface equipment ['s3:fis r'kwipmoant] — special equipment for surface min-
ing fulfillment.

The upstream oil sector [ap'stri:m o1l 'sekto] — is a term commonly used to
refer to the searching for and the recovery and production of crude oil
and natural gas. The upstream oil sector is also known as the explora-
tion and production (E&P) sector.

The downstream oil sector [ daun'str:m o1l 'sekta] — is a term commonly
used to refer to the refining of crude oil, and the selling and distribution
of natural gas and products derived from crude oil. Such products in-
clude liquified petroleum gas (LPG), gasoline or petrol, jet fuel, diesel
oil, other fuel oils, asphalt and petroleum coke.

Tray [tre1] — one of still components used for liquid distribution in rectifica-
tion.

Vacuum distillation ['vaekjuom distr'lerf(a)n] — a secondary distillation pro-
cess which uses a partial vacuum to decrease the boiling point of resi-
dues from primary distillation and extract further blending components.

Review Questions and Exercises

4 1. Why is 520 °C approximately the upper limit for atmospheric
pressure distillation of crude oil? How does this factor relate to the need
to use reduced pressure for the refinement of lubricating oils by distilla-
tion?

Exercise 2.1.
Choose two or three terms from the glossary and explain the
@

meaning of these words to your partner, so let him/her guess
what word you’ve chosen.
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Exercise 2.2.

d Match the numbers with the letters to find out the meaning of
the word.
1. crude oil a) JeMHUHEPATU3AIHS
2. petroleum coke b) macroBas Boja
3. naphathene C) 00€3BOKHUBAHHE
4, dehydration d) 6eH3UH-pacTBOPUTEIH
5. desalting e) He(TernpoBo
6. naphtha f)uuknoankan
7. fuel oil g) KHJIKOE TOILIHBO
8. oil shale h) HazemHOe 0OOpyMOBaHKE
(OypoBOI yCTaHOBKH)
Q. oil refinery 1) HeTIHOM KOKC
10. alkylation J) He(TEHOCHBIN ClTaHeI
11. residue refining K) oxTanoBoe uncio (OcH3MHA)
12, oil pipeline ) ceipas HEdTH
13. oil-field water M) HedTereperoHHbIN 3aBO/T
14.  surface equipment n) mepepaboTKaocTaTKa
15. octane number 0) aJIKWJIMPOBAHUE

Exercise 2.3

Match the fraction and its boiling point interval

1. Gases a) 330—-380 °C
2. Naphtha b) >490 °C

3. Kerosene c) 150-260 °C
4. Light Gas Oil | d) <40 °C

5. Heavy Gas Oil | e) >580 °C

6. Lubricant f) 25-175 °C
7. Fuel Qil g) 340-575 °C
8. Bitumen h) 235-360 °C
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Exercise 2.4.

e\Watch video episode and underline the words you will

hear.
1)  refinery
2) by land

3)  consumer
4)  computer

5)  pipeline
6) chemicals
7)  plant

8) airplane

9)  economy

e Watch video episode and for questions A-F, complete the gaps
according to what you hear. You can use 1-3 words or a num-
ber or a combination of a number and words.

Refinery it’s a place where crude oil A into many petroleum
products we need. The oil comes in through the B . When you
look at the refinery most of the distilling towers are tall. C Is based
on a simple fact: the hydrocarbon compounds that make up a crude oil have

D . Chemists know that it is needed E to evaporate solid
carbon residues in the oil. Some of the fractions of crude oil result in many
products we need today based on oil: F
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12

Exercise 2.5.

Crossword

10

no

ook

7.
8.
9.

11

A framework of spaced bars that are parallel to or cross each other; a grat-
ing.

Method for separating mixtures based on differences in the boiling points.
The process of cracking low-octane petroleum fractions in order to increase
the octane number.

It is space that is empty of matter.

Is the equipment for increasing temperature.

Is a machine that separates a liquid from particles floating on it or from an-
other liquid.

Some construction for oil transportation.

Is a process unit on an oil refinery that removes salt from the crude oil.

Is the process of removal of flying hydrocarbons. It is carried out on oil-
fields or main pump stations.

10.Aggregate of mechanisms, machines, devices, and instruments necessary

for the production

11. A machine or device for raising, compressing, or transferring fluids
12. A vertical channel or pipe, which conducts smoke and combustion, gases

up from a fire or furnace and typically through the roof of a building.

13.The outer or the topmost boundary of an object.

37



UNIT3

Oil is perhaps the most critical source of energy worldwide. Overall
consumption is on the rise as more and more of the world industrialize and
start utilizing modern machines.

Crude oil production for various countries is shown in table 2. The
Middle Eastern countries produce more oil than they consume; the extra
production is gated for export. Conversely, the United States and Western
Europe consume much more crude oil than they produce. This condition
demonstrates the great importance of worldwide petroleum movements. The
difference between production and consumption for any one period is bal-
anced by oil being added to or removed from extensive areas around the
world.

Table 2

Top World Oil Producers, Exporters, Consumers, and Importers, 2006 [10]

(millions of barrels per day)

Ne  |Producers | Total oil | Exporters | Net oil | Consumers | Total oil |Impor- | Net oil
produc- exports consump- |ters imports
tion tion

1 Saudi 10.72 Saudi 8.65 United 20.59 United | 12.22

Arabia Arabia States States
2  Russia 9.67 Russia 6.57 China 7.27 Japan 5.10
3 |United 8.37 Norway 2.54 Japan 5.22 China 3.44
States
4 flran 4,12 Iran 2.52 Russia 3.10 Germany| 2.48
5 |Mexico 3.71 United 2.52 Germany 2.63 South 2.15
Arab Korea
Emirates

6 |China 3.84 Venezuela | 2.20 India 2.53 France | 1.89

7 |Canada 3.23 Kuwait 2.15 Canada 2.22 India 1.69

8  |United 2.94 Nigeria 2.15 Brazil 2.12 Italy 1.56

Arab
Emirates
9 Menezuela| 2.81 Algeria 1.85 South 2.12 Spain 1.56
Korea
10 |Norway | 2.79 Mexico 1.68 Saudi 2.07 Taiwan | 0.94
Arabia

In 2010 total world crude oil production was 69.7 million bpd (barrels
per day) it decreased by 1.9 million bpd compared to 2006. Russia is the ma-
jor producer of crude oil and acquired no. 1 position. It shared 9.8 million
bpd followed by Saudi Arabia 8.16 bpd and United States 5.5 million bpd.
As Organization of the Petroleum Exporting Country (OPEC) has highest
crude reserves but it produces only 42 % of total world production, whereas
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Organization for Economic Co-operation and Development (OECD) has just
4 % crude oil reserves and produces 19 % of total crude production.

The growth of world refining capacity attempts to keep pace with rising
demand for petroleum-based products. Curiously, refining capacity has
surged ahead is some regions, notably the Middle East and the Asia—Pacific
region. Last decades, the refinery throughput was almost flat in the devel-
oped markets. Thus, new and larger state-of-the-art refining facilities were
more energy efficient and had lower operating costs per barrel of refined
products. Consequently, smaller refiners could not compete against new fa-
cilities and subsequently had to shut down operations. Another factor in re-
fining growth is the time to construct processing units. In highly industrial-
ized countries such as the United States, Japan, and Western European coun-
tries, mounting environmental regulations and stiff emission and perfor-
mance laws have all but stifled the construction of new grassroots refineries.
Construction of new refining capacity must overcome a long list of federal,
state, and local governmental requirements. New governmental regulations
are focused on strict reductions on emissions (air, water, and solids) to im-
prove air quality for high-density populated areas and high-density industrial
regions. Consequently, construction of new facilities in developed markets
is negligible.

In industrialized nations, new refining capacity will be realized by the
expansion of existing facilities that are permitted by the local regulatory
agencies. Even expanding existing facilities is exempted from environmen-
tal constraints. With new construction and capacity expansion, operating
companies must cut emissions below present permitted levels. Thus, operat-
ing companies must install more intrusive emission reduction/control tech-
nologies and equipment to eliminate release from new and existing plant
equipment.

Refiners have become particularly adept in using technology to find in-
cremental capacity from existing processing equipment. Thus, the refining
industry can process more crude oil with present equipment. In spite of this,
the number of refineries is decreasing; yet, capacity increases incrementally.

Advancements and innovations in processing methods and catalyst sys-
tems have enabled construction of large, highly integrated and complex re-
fining complexes. New materials of construction have aided in building
larger facilities; thus, smaller, older refineries cannot compete with newer,
larger facilities. The number of operating facilities continues to decrease; yet
capacity rises. Less efficient facilities shut down their operations since they
are handicapped in producing refined products. Technological advancements
in processing methods and catalyst systems have enabled refiners to increase
the capacity of existing units incrementally. Newer processing units are
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larger than the earlier versions. Refiners are applying economies-of-scale to
disperse the product costs of refineries.

3.1 Refining Schemes

A refinery is a complex processing methodology involving a massive
network of vessels, reactors, distillation columns, rotating/compression
equipment, heat exchangers, and piping. The total scheme can be subdivided
into a number of unit processes. In what follows, only the major flow
streams will be shown, and each unit will be depicted by a simple block in
the flow diagram.

» Sulfur
Light En
ight Ends ;/Saturates GasPlant ) . » Fuel Gas
> PG
/__\ Gasoline ( )
P{ Isomerization ) ] » Gasoline

Naphtha
Atmospheric Naphtha_ Naphtha N N N N, Gasoline
Naphtha Hydrotreating Reforming
Column 0 Aromatics
Light Distillate | A Light Distillate L Kerosene
Hydrotreating X ) & Jet Fuels
Heavy Distillate | | Heavy Distillate | | Diesel
Hydrotreating K 2 Heating Oil

Atmospheric Gas Oil Gas Oil i Olefines
. p g . Cataly_tlc Alkylation
\—/ (Light) Vacuum Hydrotreating Cracking
/G_aﬁ Gas Oil \ ]
(Heavy) Vacuum
— N—— 2
Long e Gas Oil
esiduum| \/acuum — Hydrocracking
Column
. Lube Fractiol Gas OilA ] )
4 —n— Lube Treating Lube Oils

Green Coke

Delayed Coking

Visbreaking
Resid

i Gas Oil
Asphalt Resid Solvent Deasphalting
Asphalt Resid »( Treating Asphalt Resid Asphalt

Fig. 5. Process flow diagram for a modern integrated refinery [3]

Refined products establish the order in which each refining unit will be
introduced. Only one or two key product(s) specifications are used to ex-
plain the purpose of each unit. Nevertheless, the reader is reminded that the
choices between several types of units and size of these units are complicat-

Coke Calcining Coke

Heavy Fuel

T » Oil
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ed economic decisions. The trade-offs among product types, quantity, and
quality will be mentioned only to the extent that they influence the choice of
one type of processing technology over another.

The refining scheme shown in Fig. 5 is a simplified view of an inte-
grated refinery. More processing steps can be added and are dependent upon
the product slate of the refinery and the cracking slate anticipated for its de-
sign. If the refinery is a gasoline refinery, the cracking process will be di-
rected toward producing light products — gasoline at the expense of diesel
and heating oil. Conversely, if diesel is the desired end-product, gasoline
product is sacrificed to produce more distillate streams. The U.S. refineries
are predominately gasoline-oriented. Conversely, Western European refiner-
ies are diesel-fuel oriented. In Western Europe, the demand for gasoline is
projected to decline over the next 10 years, while demand for middle distil-
lates increases. Therefore, Western European refiners must adapt operations
not only to produce more diesel but also to minimize gasoline production.

For industrial areas, where the principal demand is for transportation
fuels or high-quality heating oils, the simplified refining scheme is shown in
Fig. 5.

In the case of a U.S. refinery, the emphasis is directed into converting
more of the crude oil into lighter products, namely gasoline. If this refinery
processed a Light Arabian crude, nearly 80-85 vol. percent of the products
would be lighter than the boiling temperature of 650 °F (340 °C) compared
with the 55 vol. percent existing in the feed crude oil (Fig. 6). More than
half of all U.S. products are gasoline and lighter distillates (boiling tempera-
tures below 400°F (200 °C)) compared with 29 vol. percent in the crude oil.

Cut BP, °F ~°C Product BP,°F  (=°C
8 LT Naph 50 — 200 (10 _ 90) 5 Gases -40 - 100 ('23 — 40)

21 | NV Naph 200 — 400 (90 — 200)
45 Gasoline 100 — 400 (40 — 200)

11 Kerosine 400 — 500 (200 — 260)

15 Gas oil 500 — 650 (260 — 340) Jet fuel &

Kerosine

300 — 500 (150 — 340)

25 Fuel oil 400 — 600 (200 — 320)
45 Residue 650 (340)

5 Lube/etc 600 (320)

15 | Residue 600 (320)

Fig. 6. Light Arabian crude oil compared with U.S. product deliveries [3]
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This comparison is unique for these circumstances. Refining technolo-
gies and catalysts have advanced from the earlier days. Notably, refiners can
process a variety of crudes into valued end-products. Crudes that require
more intense processing, that is, high-severity hydrocracking and hydrotreat-
ing, fetch a lower price on the market and are often referred to as opportuni-
ty crudes. Refiners processing lower-cost, sour, heavy crude must make
more capital investment in processing capability. However, these refiners
pay less for their feedstocks and risk attaining payback on capital invest-
ments through volume processing of lower-cost feedstocks. The design of an
integrated refinery constantly balances the future price of oil against the re-
turn on investment for refining capacity. Thus, the decision on what types of
crude to process will impact the design and operation of a refinery.

3.2 Cracking

As mentioned earlier, the refining process involves adding hydrogen to
carbon molecules. Notably, the desired hydrocarbons are much lighter prod-
ucts; thus, the refining process strives to break the large, complex hydrocar-
bon molecules into smaller molecules and add hydrogen to the open bonds.
Cracking processes typically break hydrocarbon molecules into two or more
smaller molecules. Thermal cracking uses high-temperature (above 650 °F
(340 °C)) and a long residence time to sever hydrocarbon bonds. Higher
pressure facilitates the cracking process; however, the capital investment for
a high-pressure reactor is greater than the expense for low- or medium-
pressure reactors.

In thermal cracking, the formation and deposition of coke on piping
and equipment walls is an unwanted side reaction. Another option to crack
crude oil into desired products at lower pressures and temperatures is cata-
lytic cracking. Catalytic cracking splits the molecules quicker and at lower
temperatures. Catalysts are used to promote the desired reaction rate for the
process.

Catalytic cracking involves large reactors with large fluidized catalyst
beds. As in the case of thermal cracking, coke is also formed during the
catalytic process, which can deposit on the catalyst and hinder its activity.
Thus, this process uses reactor-separators and regenerators to remove the
catalyst and regenerate it and return the catalyst back to process. The fluid-
ized bed mixes the feed with the catalyst to optimize contact time. The cata-
lyst is separated from the hydrocarbon products. A portion is regenerated;
the remainder is returned to the catalytic cracker reactor.

42



Table 3

Comparison of products of thermal and catalytic cracking

Hydrocarbon Thermal Cracking Catalytic Cracking
Type
n-Paraffins C, is major product, with much C; | C3 to Cg is major product; few n-
and Cs, and C,4 to Cy; olefines; little | olefins above C4; much branching
branching

Olefines Slow double-bond shifts and little | Rapid double-bond shifts, exten-

skeletal isomerization; H-transfer is | sive skeletal isomerization, H-
minor and nonselective for tertiary | transfer is major and selective for
olefins; only small amounts of ar- | tertiary olefins; large amounts of
omatics formed from aliphatics at | aromatics formed from aliphatics
932 °F (500 °C) at 932 °F (500 °C)

Naphthenes | Crack at slower rate than paraffins | If structural groups are equivalent,
crack at about the same rate as
paraffins

Alkyl- Cracked within side chain Crack next to ring

aromatics

Catalytic cracking is very effective in upgrading heavy refining
streams, such as gas oils, into motor gasoline stocks thereby increasing the
octane number for product streams. This process produces less gas and coke
as compared with thermal cracking operations. Catalytic cracking also yields
more liquid products, which can be tailored toward gasoline or diesel fuel
and home heating oil products. Different operating conditions and catalysts
will define the product mix from a catalytic cracker.

Several factors determine the best feeds for catalytic crackers. Heavy
feeds are preferred; thus, the lower boiling point is about 650°F (340 °C).
The feed should not be so heavy that it contains an undue amount of metal-
bearing compounds or carbon-forming material. Deposition of metals and
coke can quickly deactivate the catalyst.

The product distribution from thermal cracking is different from cata-
lytic cracking, as shown in Table 3. The shift in product distribution con-
firms the fact that these two processes proceed via different mechanism.

Visbreaking is a mild, once-through thermal cracking process. It is used
to crack resid products into fuel-oil specifications. Although some light
products such as naphtha and gasoline are produced, this is not the purpose
of the visbreaker.

Coking is another matter. It is a severe form of thermal cracking in
which coke formation is tolerated to attain additional lighter liquids from the
heavier, dirtier fractions of crude oil. In this process the metals that would
foul catalysts are laid down with the coke. The coke settles out in large coke
drums that are removed from service frequently (about once a day) to have
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the coke removed by hydraulic methods. Several coke drums are used to
make the process continuous; thus, one drum is online while the other is be-
ing emptied and readied for the next cycle.

Hydrocracking converts a wide variety of heavy refining product
streams into light products — fuels and distillates. A robust catalyst system is
used to desulfurize, denitrify, and hydrocrack the feed. The process com-
bines hydrotreating and catalytic cracking goals. However, hydrocracking is
a more capital-intensive and operating-intensive step. The operating pres-
sure is higher (up to 3000 psi (20.68 MPa)); consequently, thick-wall vessels
are used as reactors (up to 9 in. (228.6 mm) thick). Products from a hy-
drocracker are very clean (desulfurized, denitrified, and demetalized) and
will contain isomerized hydrocarbons in greater quantity than from conven-
tional catalytic cracking. This process consumes a large quantity of hydro-
gen, which adds considerably to its operating costs.

3.3 Catalytic Cracking

This process upgrades heavier products into lighter products. Catalyst
systems are used to catalytically crack the large, heavy hydrocarbons into
smaller compounds. The products contain a higher hydrogen to carbon ratio
than the feed. Consequently, excess carbon is produced, which can deposit
on the catalyst and piping and equipment walls; both effects are undesirable.
The first commercial fluidized cracking catalyst was acid-treated natural
clay. Later, synthetic silica-alumina materials containing 10 to 15 percent
alumina replaced the natural clay catalysts. The synthetic silica-alumina cat-
alysts were more stable and yielded superior products.

A complex series of reactions take place when a large gas-oil molecule
comes in contact with a 1200 °F to 1400 °F (650 °C to 760 °C) FCC cata-
lyst.

1. Cracking of paraffines, olefins, naphthenes and aromatic:

CnH2n+2 — > CmH2m+2 + CpH2p

9
CiHomiz — CiHoxo + CHozeo m=x+z Elz))
Cyclo-C\Homiy — Cyclo-CiHayin + CHyzpn (11)
Ar-CpHopp — Ar-GiHpo  + CHppio (12)
2. lsomerization:
n-CyHppyp — is0-CHopio
n-CoHy, — is0-C Hy, (13)

ACszp — ACp_lep_3CH3
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3. Hydrogen Transfer:
AC,Hp, + CyHpy — CiHopa + CeHone

4. Trans-alkylation / Alkyl-group Transfer 9
5. Cyclization of Olefines to Naphthenes
6. Dehydrogenation:

CoHoniy — CpHap + H, (15)

7. Dealkylation:

— + CpHa,
@C Hanv ? (16)

8. Condensation

o Wh
(17)

The distribution of products depends on many factors, including the na-
ture and strength of the catalyst acid sites. Although most cracking in the
FCC is catalytic, thermal cracking reactions also occur.

A typical catalytic cracking unit is shown in Fig. 7. The unit comprises
two large vessels — one to react feed with hot catalyst and the other to regen-
erate the catalyst by burning off the carbon deposits with air. The key fea-
ture of the catalytic cracking operation is the short contact time between the
catalyst and feed to produce the desired products. Extended contact between
the feed and catalyst promotes overcracking and the creation of gases. The
activity of newer catalysts selectively promotes primary cracking reactions.
New catalysts use a distributed matrix structure; zeolites are applied to the
surface and pores of the catalyst, thus increasing the number of active sites.
With more active sites, the activity of the catalysts increases and less contact
time is necessary.

The short contact time is accomplished by using a transfer line between
the regenerator and the reactor vessels. Most of the reaction occurs within
the riser section. A termination device can be used to separate the catalyst
from the products that are taken quickly as overhead. The main reactor ves-
sels contain cyclone separators to remove the catalyst from the products and
provide additional space for cracking the heavier fraction of the feed.
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Fig. 7. A schematic flow diagram of a Fluid Catalytic Cracking unit
as used in petroleum refineries [5]:
1 — Start-up steam turbine; 2 — Air compressor; 3 — Electric motor/generator; 4 —

Turbo-expander; 5 — Cyclones; 6 — Catalyst withdrawal well; 7 — Catalyst riser; 8 — Re-

generated catalyst slide valve; 9 — Spent catalyst slide valve

Fluid catalytic cracking (FCC) continues to play a key role in an inte-

grated refinery as a primary conversion process. For many refiners, the cat
cracker is the key to profitability in that the successful operation of the unit
determines whether or not the refiner can remain competitive in today’s
market.

Approximately 350 cat crackers are operating worldwide, with a total

processing capacity of over 12.7 million barrels per day [4]. Most of the ex-
isting FCC units have been designed or modified by six major technology

licensers:
1. ABB Lummus Global
2. Exxon Research and Engineering (ER&E)
3. Kellogg Brown & Root — KBR (formerly The M.W.Kellogg Compa-

&

o o1

ny)
Shell Oil Company
Stone & Webster Engineering Corporation (SWEC)/IFP

UOP (Universal Oil Products)
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In the fluidized catalytic cracking (FCC) process, the feed is injected
into the reactor (fig. 8) through a feed-nozzle system and mixed with the
catalyst. The FCC unit uses a microspheroidal catalyst, which behaves like a
liquid when properly aerated by gas. The atomized oil mixes with the cata-
lyst and ascends the riser.
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Fig. 8. Flexicracking Unit of Exxon Research and Engineering [4]

The cracking process — riser cracking or short-time contacting — has
several advantages. This system can operate at high temperatures, thus pro-
moting the conversion of feed into gasoline and olefins. It minimizes the de-
struction of any aromatics formed during cracking. The net effect is gasoline
production with two to three higher octane.

The catalyst is regenerated at high temperatures (1300-1400 °F (705—
760 °C)). Coke that is deposited on the catalyst is quickly burnt off with
high-temperature air. Newer catalysts are rugged and can withstand the ri-
gors of extreme heat and fluidizing.

The catalytic cracking unit is often referred to as the gasoline work-
horse of a refining unit. As shown in Fig. 5, feeds to the catalytic cracking
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unit are gas oils from the atmospheric and vacuum distillation columns and
delayed coker. These heavier fractions also carry metals such as nickel, va-
nadium, and iron. More important, sulfur compounds concentrate in the
heavier product fractions.

Table 4

Typical Gasoline Pool Composition of a Refinery

Gasoline Blendstocks % of Pool Volume | % of Pool Sulfur
Alkylate 12 —
Coker naphtha 1 1
Hydrocracked naphtha 2 -
FCC naphtha 36 98
Isomerate 5 —
Light straight-run naphtha 3 1
Butanes 5 —
MTBE 2 -
Reformate 34 -
Total 100 100

Table 4 lists a typical mass balance for sulfur. FCC blendstocks com-
prise 36 percent of the volume of the gasoline pool. However, this stream
also contributes 98 percent of the sulfur concentration to blended products.
As specifications on sulfur concentrations in diesel and gasoline tighten,
more efforts are focused on how feeds and product streams from the FCC
are pre- and post-treated for sulfur concentrations.

3.4 Hydrocracking

Before the late 1960s, most hydrogen used in processing crude oil was
for pretreating catalytic reformer feed naphtha and for desulfurizing middle-
distillate products. Later, sulfur requirements for fuels were lowered and be-
came an important consideration. The heavier fractions of crude oil are the
fractions with the highest sulfur concentrations and are more difficult to
treat. With a constant decline in demand for heavy fuel oils, refiners needed
to convert heavier fractions into lighter products. Thus, hydrocracking be-
came a possible solution to the problem.

Basically, catalytic hydrocracking involves three primary chemical
processes [11]:

~ Cracking of high-boiling, high molecular weight hydrocarbons found
in petroleum crude oil into lower-boiling, lower molecular weight hydrocar-
bons.
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~ Hydrogenating unsaturated hydrocarbons (whether present in the
original feedstock or formed during the cracking of the high-boiling, high
molecular weight feedstock hydrocarbons) to obtain saturated hydrocarbons
usually referred to as paraffins or alkanes.

~ Hydrogenating any sulfur, nitrogen or oxygen compounds in the
original feedstock into gaseous hydrogen sulfide, ammonia and water.

The above primary processes include too many complex reactions to
describe each of them in detail. The following four reactions are provided as
examples of those complex reactions:

1. Addition of hydrogen to aromatics converts them into hydrogenated
rings. These are then readily cracked using acid catalysts.

vy — O
QCnHzn'l T = @ * Cablang (18)

2. Acid catalyst cracking opens paraffinic rings, breaks larger paraffins
into smaller pieces and creates double bonds.
CnH2n+2 - CmHZm—irZ + CpHZp

Cszp + H2 — CpH2p+2
CoHopio + Hy — CHoppp + CpH2p+2 (19)
3. Addition of hydrogen to olefinic double bonds to obtain paraffins.

CnH2n + H2 - CnH2n+2 (20)

4. Isomerization of branched and straight-chain paraffins.

H_CnH2n+2 - I/ISO_CnI_12n+2 (2 1)

Hydrocracking catalysts consist of active metals on solid, acidic sup-
ports and have a dual function, specifically a cracking function and a hydro-
genation function. The cracking function is provided by the acid catalyst
support and the hydrogenation function is provided by the metals.

The solid acidic support consists of amorphous oxides such as silica-
alumina, crystalline zeolite or a mixture of amorphous oxides and crystalline
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zeolite. Cracking and isomerization reactions (reactions 2 and 4 above) take
place on the acidic support. Metals provide the hydrogenation reactions (re-
actions 1 and 3 above).

The metals that provide the hydrogenation functions can be the noble
metals palladium and platinum or the base metals (i.e., non-noble metals)
molybdenum, tungsten, cobalt or nickel.

Catalyst cycle life has a major impact on the economics of hydrocrack-
ing. Cycles can be as short as 1 year or as long as 5 years. Two years are
typical.
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Fig. 9. Schematic flow diagram of a typical hydrocracker

Figure 9 is a typical flow diagram of a hydrocracking process. The pro-
cess is similar to hydrotreating. The feed is pumped to operating pressure,
mixed with hydrogen-rich gas, heated, passed through a catalytic reactor,
and distributed among various fractions. Yet this process does significantly
differ from hydrotreating. In the hydrocracking process, operating pressures
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are very high — 1500-3500 psia (10.34-24.13 MPa). Hydrogen consumption
is also greater — 1200-1600 scf (34—45.3 m®) of hydrogen per barrel of feed,
depending on the extent of cracking. If the refinery has a high hydrogen de-
mand due to hydrocracking needs, construction of an onsite hydrogen plant
may be necessary.

Hydrocracking catalysts perform a dual function. They provide both
hydrogenation and dehydrogenation reactions and have a highly acidic sup-
port to foster cracking reactions. The hydrogenation—dehydrogenation com-
ponents of the catalyst are metals such as cobalt, nickel, tungsten, vanadium,
molybdenum, platinum, palladium, or a combination of these metals. The
acidic support can be silica—alumina, silica—zirconia, silica—magnesia, alu-
mina-boria, silica—titania, acid-treated clays, acidic-metals phosphates, or
alumina, to name a few.

Greater flexibility is attributed to most hydrocracking processes. Under
mild conditions, the process can function as a hydrotreater. Under severe
conditions — high pressure and temperatures — this process can produce a va-
riety of motor fuels and middle distillates, depending on the feedstock and
operating variables. Even greater flexibility is possible if the process is tai-
lored to convert naphthas into liquefied petroleum gases or convert heavy
residues into lighter products.

Hydrocracking is a swing process; it is a treater and a cracker. Thus,
this process function can be incorporated into a number of different places
within a refining scheme. As a cracker, it can convert feeds that are too
heavy or too contaminant-laden to go to catalytic cracking. As a treater, it
can handle high boiling point fractions such as heating oil and saturate this
fraction to provide good burning quality.

With pending low-sulfur fuels specifications, hydrocracking efforts
will be increased to break complex hydrocarbon compounds and expose
embedded sulfur molecules. Hydrocracking significantly upgrades feeds to
downstream processes and fuel products, especially diesel products.

3.5 Catalytic Reforming

This process upgrades naphtha (light distillates) into aromatic-rich
streams that can be used for octane enhancers for gasoline blending or as a
petrochemical feedstock. Originally the process was developed in the 1950s
to upgrade low-octane, straight-run gasoline to high-octane liquid. This pro-
cess converts naphthenes into corresponding aromatics and isomerizes par-
affinic structures to isomeric forms. The naphtha charge is a varying mixture
of C¢—C,; paraffins, naphthenes, and aromatics. In a catalytic reformer, aro-
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matic compounds pass through the system unchanged, while naphthalenes
react selectively to form aromatics.
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Fig. 10. Schematic diagram of a typical semi-regenerative catalytic reformer
unit in a petroleum refinery [12]

In the reformer, multiple reactions occur simultaneously. This process
Is endothermic and is subject to carbon laydown; thus, refiners must regen-
erate reforming catalysts. Several catalyst-regenerating approaches are pos-
sible. Semi-regenerative processes use moving-bed catalyst reactors. The
catalyst bed reactors are placed side-by-side, and hydrogen is used to lift and
convey the catalyst to the next bed, except for the last bed where it is regen-
erated, as shown in Fig. 10. Other reforming designs use a continuous mov-
ing bed to continuously regenerate a portion of the catalyst. The reactors are
stacked on top of each other, and gravity moves the catalyst through the bed.
From the last reactor, the catalyst is lifted by nitrogen or hydrogen to a cata-
lyst collection vessel. The catalyst is regenerated in a regeneration tower and
returned to process.

In the catalytic reforming process, the feed is pumped to operating
pressure and mixed with a hydrogen-rich gas before heating to reaction tem-
peratures. The net hydrogen produced is a by-product of the dehydrogena-
tion and cyclization reactions. Several reactions occur:

~ dehydrogenation of naphthene:

Ot (Ot a0 o

isomerization of paraffins and naphthenes:

i
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R—C=C—CH; —= R—C=
o o 3 | CH,

~ dehydrocyclization of paraffins:
CottisR <= ()R + 4t @

~ hydrocracking and dealkylation of paraffins:

CnH2n+2 - CmH2m+2 + CpI_IZp (25)

Reforming catalysts promote these reforming reactions. Isomerization
Is a desired reaction, especially to raise the octane value of the products.
However, hydrocracking is an undesired side-reaction that produces light
gases. Higher operating pressures are used to suppress hydrocracking. Un-
fortunately, higher operating pressures suppress reforming reactions also.
Generally, a compromise is made between the desired reforming and unde-
sired hydrocracking.

In the late 1960s, it was discovered that adding certain promoters such
as rhenium, germanium, or tin to the platinum-containing catalyst would re-
duce cracking and coke formation. The resulting bi-metallic and tri-metallic
catalysts facilitate a lower operating pressure without fostering hydrocrack-
ing conditions. Earlier reforming pressures ranged around 500 psig
(3.45 MPa); with improved catalyst systems, such operations now use oper-
ating pressures of 170-370 psig (1.2—2.6 MPa). Advances in continuous
catalyst design permit using operating pressures as low as 50 psig
(0.345 MPa).

Operating temperatures are also critical. The listed reactions are endo-
thermic. The best yields occur along isothermal reaction zones, but are diffi-
cult to achieve. Instead, the reaction beds are separated into a number of ad-
labatic zones operating at 500-1000 °F (260540 °C) with heaters between
stages to supply the necessary energy to promote heat of reaction and hold
the overall train near or at a constant temperature. Three or four zones are
commonly used to achieve high-octane products.

3.6 Alkylation

Another method to convert light olefins into gasoline blending stocks is
alkylation. In this process, light olefins — propylene, butylenes, and amyl-
enes with isobutene — are reacted in the presence of strong acids to form
branched chain hydrocarbons. These branched hydrocarbons, often referred

53



to as alkylate, have a high-octane value; thus, it is an excellent contributor to
the octane pool.

A 4
A

Isobutane recycle /H‘

A 4

Propane

Olefin feed

Motor fuel butane

>

Alkylate

Isobutane

* A A A

Fig. 11. Alkylation — Fuels Technology Division of Phillips Petroleum Co [3]:
1 — combination reactor/settler; 2 — main fractionator; 3 — small propane stripper

A flow diagram of an alkylation unit using sulfuric acid is shown in
Fig. 11. Alkylation traditionally combines isobutane with propylene and bu-
tylene using an acid catalyst, either hydrofluoric (HF) acid or sulfuric acid.
The reaction is favored by high temperatures, but competing reactions
among the olefins to give polymers prevent high-quality yields. Thus, alkyl-
ation is usually done at low temperatures to deter polymerization reactions.
Temperatures for HF acid-catalyzed reactions are approximately 100 °F
(40 °C), and for sulfuric acid they are approximately 50 °F (10 °C). Notably,
some acid loss occurs with this process. Approximately 1-1.2 Ib of HF ac-
id/bbl of alkylate is consumed, while 25-30 Ib of sulfuric acid/bbl of alkyl-
ate is consumed. The alkylation feed should be dried and desulfurized to
minimize acid loss. Since the sulfuric-acid-catalyzed reactions are carried
out below normal atmospheric temperatures, refrigeration facilities are in-
cluded.

As shown in Fig. 11, dry liquid feed containing olefins and isobutane is
charged to a combined reactor—settler. In this example, the reactor uses the
principle of a differential gravity head to circulate through a cooler before
contacting a highly dispersed hydrocarbon feed in the reactor pipe. The hy-
drocarbon phase, generated in the settler, is sent to a fractionator, which
separates LPG-quality propane, isobutane recycle, n-butane, and alkylate
products. A small amount of dissolved catalyst is also removed from the
propane product by a small stripper tower.

Environmental and safety concerns on acid-based processes are pro-
moting research and development efforts on solid-acid alkylation processes.
Liquid catalysts pose possible risks to the environment, employees, and the
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general public from accidental atmospheric releases. Also, these acid cata-
lysts must be regenerated—another reliability and safety issue. Thus, re-
search efforts are directed at investigating other methodologies to produce
high-octane alkylation gasoline component streams.

Glossary
d

Alkylation [ elkr'lerf(a)n] (n) — in petroleum refining, it is a chemical pro-
cess in which light, gaseous hydrocarbons are combined to produce
high-octane components of gasoline. The liquid fraction of this mix-
ture, known as alkylate, consists mainly of isooctane, a compound that
lends excellent antiknock characteristics to unleaded gasolines.

Burton process ['b3:tn ‘prouses] — a thermal cracking process invented by
William M. Burton; the oil industry first used it to produce gasoline in
1913. It is still in use today to produce Diesel.

Cracking [kraekim] (n) — the process whereby complex organic molecules
such as kerogens or heavy hydrocarbons are broken down into simpler
molecules (e.g. light hydrocarbons) by the breaking of carbon-carbon
bonds in the precursors.

Catalysis [ka'teelasis] (n) — the process in which the rate of a chemical reac-
tion is increased by means of a chemical substance known as a catalyst.
Unlike other reagents that participate in a chemical reaction, a catalyst
Is not consumed. Thus the catalyst may participate in multiple chemical
transformations, although in practice catalysts are secondary processes.

Catalytic cracking [ kaeto'litik 'kraekin] — the process of thermal catalytic
processing of oil with the purpose of gasoline obtaining. It is carried
out at 450-550 °C and 50400 kPa at the fine-dispersed catalyst pres-
ence (rare-earth metals, vanadium).

Dehydrogenation [dr haidrad3(s) 'neif(a)] (n) — 1. Removal of water from a
substance. 2. A chemical reaction in which a compound loses hydrogen
and oxygen in the ratio 2:1. For instance, ethanol passed over hot pum-
ice undergoes dehydration to ethene:

C2H5OH — CH2=CH2 + HZO
Substances such as concentrated sulphuric acid, which can remove H,O
in this way, are known as dehydrating agents.

Fluid catalytic cracking ['flu:rd keeta'litik 'kraekim] — a commonly used pro-
cess and a modern oil refinery which typically includes a cat cracker,
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particularly at refineries in the USA due to the high demand for gaso-
line.

Gasification [ geesifrkef(a)n] (n) — a process that converts carbonaceous ma-
terials, such as coal, petroleum or biomass into carbon monoxide and
hydrogen by reacting the raw material at high temperatures with a con-
trolled amount of oxygen and/or steam.

Hydrocracking [ haidro(u)'kraekin] (n) — a catalytic cracking process assisted
by the presence of an elevated partial pressure of hydrogen gas. It is
carried out at the catalyst presence by hydrogen action on highly boil-
ing oil fractions (namely vacuum distillate with boil-off limits 300—
540 °C), on easily boiling and medium distillate straight-run fractions
and secondary products of their thermo catalytic processing.

Isomerisation [ aisoumerar'zerf(a)n] (n) — the chemical process by which a
compound is transformed into any of its isomeric forms, i.e., forms
with the same chemical composition but with different structure or con-
figuration and, hence, generally with different physical and chemical
properties.

Oil refinery [o1l rr'fain(a)r1] (n) — an industrial process plant where crude oil
Is processed and refined into more useful petroleum products, such as
gasoline, diesel fuel, asphalt base, heating oil, kerosene and liquefied
petroleum gas.

Polymerization [palimarar'zeif(a)n] (n) — in petroleum refining is the process
of converting light olefin gases including ethylene, propylene, and bu-
tylene into hydrocarbons of higher molecular weight and higher octane
number that can be used as gasoline blending stocks.

Pyrolysis [ par'raul(a)siz] (n) — is a form of incineration that chemically de-
composes organic materials by heat in the absence of oxygen.

Reforming [rr'fo:mig] (n) — secondary process of processing of petrochemi-
cals conducted for obtaining of individual aromatic hydrocarbons, hy-
drogen or petrol/gasoline with excessive content of aromatic hydrocar-
bons.

Residue refining ['rezidju: rr'fainin] — the term is used to describe the num-
ber of processes to upgrade fuel oil to catalytic cracker feed, for exam-
ple by using pressurized hydrogen gas and a catalyst.

Secondary oil refining ['sekand(a)rr o1l ri'fainin] (secondary processes) — are
different processes of petrochemicals processing obtained by the
straight-run method. These processes are considered to be chemical,
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because they result in nature change of and destructive conversions of
hydrocarbons contained in petrochemicals.

Steam cracking [sti:m 'kraeekig] — a petrochemical process in which saturated
hydrocarbons are broken down into smaller, often unsaturated, hydro-
carbons. It is the principal industrial method for producing the lighter
alkenes (or commonly olefins), including ethylene and propylene.

Review Questions and Exercises

Answer the questions
@

1. Describe the similarities and the differences between straight thermal
cracking and catalytic cracking as oil modification procedures. How do
the details of the process parameters affect the types and proportions of
the observed products from the two processes?

2. Explain the chemical basis for the inevitable formation of olefins and/or
coke (as well as saturated paraffins) from cracking reactions.

3. Explain and give equations to illustrate your explanation of the mode of
formation of a high proportion of branched, rather than straight chain
products formed during the formation of polymer alkylate for use in gas-
oline. What property is contributed by this component of gasoline that is
valued by refiners?

4. What is the major acid gas component, and what are the more minor acid
gases present in “flue gas” that provide a low cost way to acidify aqueous
alkaline waste water streams to assist recovery of pollutants, such as
phenols and hydrogen sulfide?

Exercise 3.1

d In table 2 find out statistical data on oil production, con-
sumption, export and import in different countries and at differ-
ent times. Summarize the information and report it in English describing:

e main idea of the table,
comparison where possible,

e trend where possible,
e inference.

Use appendix B to help you.

57



Exercise 3.2.

For question 1-9 choose the fragment (A, B, or C) that best
completes the gap.

l....... Is a petroleum-derived liquid mixture consisting primarily of hy-
drocarbons, used as fuel in internal combustion engines.

A gasoline B crude oil C kerosene
2......... is an industrial process plant where crude oil is processed and
refined into useful petroleum products.

A oil pipeline B surface equipment  C oil refinery
3. IS the process whereby complex organic molecules are converted
to simpler molecules by the breaking of carbon -carbon bonds in the
precursors.

A reforming B cracking C oil stabilization
4...........1s a solid carbonaceous residue derived from low-ash, low-
sulfur bituminous coal from which the volatile constituents (including
water, coal-gas and coal-tar) are driven off by baking.

A coke B asphalt C petroleum coke
Seeninl. uses a catalyst to help the process of breaking down petroleum
vapor to fractions. Typical catalysts are Al,O3, SiO,, and various types
of clay.

A hydrocracking B catalytic cracking  C steam cracking
0. v involves the cracking of heavier hydrocarbons in the pres-
ence of hydrogen.

A steam cracking B thermal crackingC hydrocracking
7.1tisa......... that easily converts to aromatics.

A coke B naphtha C diesel ail
8ornn. 1s a complex, high molecular weight (>3000), three-

dimensional polymeric solid precursor to petroleum which is intimately

distributed through the rock.

A bitumen B oil shale C kerogen

9. Commercial production of .............. began in 1979, shortly after

the discovery of its octane-improving capability for motor fuels. Alt-

hough a higher proportion of this additive was required for equivalent

octane enhancement, it was less costly and eliminated the lead parti-

cles.

A methyl tertiary-butyl ether B LRP C organonitrogen
compounds
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Exercise 3.3.
For questions 1-4, 5-8, 9-12 find one of the words on the right
(a-d) that best completes the gap in the text. You can use each

@ word only once.

How to Refine Oil

The naphtha fraction is useful for making many | a. alkenes

(1) . Heating (2) in the absence of air makes the | b. naphtha
molecules split into shorter ones. This is called | c. thermal cracking
(3) , because heat is used. Some of the hydrocar- | d. petrochemicals
bons made by cracking larger molecules contain

double bonds. Hydrocarbons with double bonds

are called (4) .

Larger hydrocarbons split into shorter ones at low | a. gasoline
temperatures if a catalyst is used - a process | b. fuel oil

called (5) . The products include useful | ¢. oil refinery

short chain hydrocarbons. The main use of cata- | d. catalytic cracking
Iytic cracking used in (6) is to convert surplus (7)

into (8) and diesel fuels, which would otherwise

be in shortage.

Naphtha molecules can be altered by heating | a. hydrocarbons
them to 500°C in the presence of hydrogen and a | b. crude oil
platinum catalyst. The resulting molecules are | ¢c. organosulfurcompounds
blended with other (9) to make petrol. The re- | d. octane number

formed naphtha molecules improve the (10)
which means that the fuel burns better in a car

engine.
(11)contains(12) . If these are present in fuels

they will produce polluting emissions when
burned. This is because the sulphur combines
with oxygen, forming sulphur dioxide. This gas is
soluble in water and makes it acidic. It is the main
cause of acid rain, which damages wildlife by
making lakes and soil more acid. To clean the
emissions and remove sulphur, the hydrocarbon
fractions are heated, mixed with hydrogen under
pressure and fed into a reactor vessel. There is a
metallic salt catalyst in the vessel which enables
the sulphur compounds to change to hydrogen
sulphide. Pure sulphur is recovered from this and
sold.
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Exercise 3.4.

‘ Crossword

10

12

1. A chemical reaction that involves the elimination of hydrogen (H,).

2. A process for thermally converting the heavy residual bottoms of crude oil
entirely to lower-boiling petroleum products.

3. A combustible hydrocarbon liquid.

60



. A process that converts carbonaceous materials, such as coal, petroleum or
biomass into carbon monoxide and hydrogen by reacting the raw material
at high temperatures with a controlled amount of oxygen and/or steam.

. A process of reacting monomer molecules together to form long chains or
three-dimensional networks.

. A form of incineration that chemically decomposes organic materials by
heat in the absence of oxygen.

. In petroleum refining, it is a chemical process in which light, gaseous hy-
drocarbons are combined to produce high-octane components of gasoline.

. A thermal cracking process invented by him. William M. ...

. The process whereby complex organic molecules such as kerogens or
heavy hydrocarbons are broken down into simpler molecules (e.g. light hy-
drocarbons) by the breaking of carbon-carbon bonds in the precursors.

10.The process in which the rate of a chemical reaction is increased by means

of a chemical substance known as a catalyst.

11.The chemical process by which a compound is transformed into any of its

isomeric forms, i.e., forms with the same chemical composition but with
different structure or configuration and, hence, generally with different
physical and chemical properties.

12.Thermally cracks large hydrocarbon molecules in the oil by heating in a

furnace to reduce its viscosity and to produce small quantities of light hy-
drocarbons.

13. A transparent, petroleum-derived liquid that is used primarily as a fuel in

internal combustion. The second name is petrol.
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UniT4

Refining crude oil involves breaking carbon-to-carbon (C—C) bonds of
the complex hydrocarbon compounds and adding hydrogen. Such efforts are
done thermally and catalytically. The distinction between refined products
and petrochemicals often is subtle. In general, when the product fraction is
from crude oil that includes a fairly large group of hydrocarbons, the frac-
tion is classified as a refined product. Examples of refined products are:
gasoline, diesel fuel, heating oil, lubricants, waxes, asphalts, and petroleum
coke.

By contrast, when the product from crude oil is limited to only one or
two specific hydrocarbons of fairly high purity, the fraction is called a pet-
rochemical. Examples of petrochemicals are: ethylene, propylene, benzene,
toluene, and styrene. Refined products are defined by the fraction's boiling
point and may be composed of various hydrocarbons. Many compounds
compose refined-product fractions. In contrast, petrochemicals are single-
compound fractions, which are required for feedstocks for other petrochemi-
cals and polymers. More processing and separation (distillation, extraction,
etc.) operations are used to extract petrochemical products from processing
streams. Thus, more identifiable petrochemical products are processed as
compared to the categories of refined products. Many specific hydrocarbon
compounds can be derived from crude oil. However, these hydrocarbons
lose their individual identity when they are grouped together as a refined
product.

4.1 Refined Products

Most refined products at the consumer level are blends of several refin-
ery streams. Product specifications determine which streams are suitable for
a specific blend. Part of the difficulty in learning about refining lies in the
industry's use of stream names that are different from the names of consum-
er products.

Refining is considered a “dirty” processing effort. Product separation of
refined product streams is not as clean as efforts to process petrochemicals.
Refiners have the flexibility to blend final fuel products. Thus, there is no
exact recipe used by all refiners to produce consumer products. Multiple
crude oils are processed and then blended to meet consumer fuel product
specifications. Table 5 lists the refining streams that are blended to produce
consumer products. The consumer products are familiar. However, within a
refinery these products are blended from portions of crude oil fractions from
the listed reforming process units. To complicate the situation further, not all
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refineries are configured identically. Many different processing operations
can be used to refine and separate product streams to blend the products
listed in Table 5.

Table 5

Several Names for the Same Material

Crude Oil Cuts Refinery Blends Consumer Products

Gases Still gases Fuel gas

Propane/Butane Liquefied petroleum gas
(LPG)

Light/heavy Motor Fuel Gasoline

naphtha Aviation turbine, Jet-B | Jet fuel (naphtha type)

Kerosine Aviation turbine, Jet-A | Jet fuel (kerosine type)
No. 1 Fuel oil Kerosine (range oil)

Light gas oil Diesel Auto and tractor diesel
No. 2 fuel oil Home heating oil

Heavy gas oil No. 4 fuel oil Commercial heating oil
No. 5 fuel oil Industrial heating oil
Bright stock Lubricants

Residuals No. 6 fuel oil Bunker C oil
Heavy residual Asphalt
Coke Coke

For example, gasoline at the consumer level may be called benzol or
petrol, depending upon the country where it is sold. In the early stages of
crude oil processing, most gasoline components are called naphthas. Kero-
sine is another example. It may be called coal oil to denote that it replaces
stove oil (or range oil) once derived from coal. Historically, kerosine gained
significant importance as a replacement for whale oil for lamps. In the early
1900s, refining efforts were directed to supplying kerosine—lamp oil. How-
ever, in the 1920s, a new energy form — electricity — began to displace kero-
sine usage. Thus, early refiners sought other products to compensate for this
market loss. Today, kerosine fractions are directed to jet fuel and high-
quality No. 1 heating oil.

4.2 Crude Oil Fractions

Product applications and customer acceptance set detailed specifica-
tions for various products properties. In the United States, the American So-
ciety for Testing Materials (ASTM) and the American Petroleum Institute
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(API) are recognized for establishing specifications on both products and
methods for testing. Other countries have similar referee organizations. For
example, in the United Kingdom it is the Institute of Petroleum (IP). In
Germany, it is the Deutsches Institute suer Normung (DIN). In Japan, it is
the Ministry of International Trade and Industry (MITI).

As regards to Russia, any type of activity is regulated by the system of
government standards (GOST) in the development of which different core
organizations take part. Besides, the government standard is validated by the
administration or appropriate ministry. Oil and as complex in Russia on the
whole (from oil extraction to oil refining) is a part of Ministry of Energy of
Russian Federation which, in its turn, regulates the quality of products from
oil [13].

Boiling range is the major distinction among refined products, and
many other product properties are related to the products in these boiling
ranges. The simplest form of refining would isolate crude oil into fractions
having boiling ranges that would coincide with the temperature ranges for
consumer products. Some treatment steps might be added to remove or alter
undesirable compounds, and a very small quantity of various chemical addi-
tives would be included to enhance final properties.

Crude oil distillation separates the desalted crude oil into fractions of
different boiling ranges. Instead of trying to match final product boiling
ranges, the fractions are defined by the number and type of downstream pro-
cesses.

The desalting and distillation units are shown in Figs 5, 12, 13 along
with the crude fractions from the crude distillation column. The relation-
ships between some finished products and downstream processing steps will
be expanded upon later in this unit.

Gasoline

Gasoline is blended from several refining processes, as shown in
Fig. 11. Depending on the individual refinery configuration, gasoline blend-
ing streams are separated and refined. Figure 5 depicts a light-fraction pro-
cessing scheme. A straight-run gasoline stream is separated from the top
portion of the atmospheric crude distillation column, which has a boiling
range of 90-200 °F (32-93 °C) and is very paraffinic.

The next cut gasoline stream from the crude distillation column is the
naphtha cut. This stream has a boiling range of 200-365 °F (93-185 °C) and
contains a significant portion of naphthenes, aromatics, and paraffins. Thus,
the naphtha cut is hydrotreated and reformed to upgrade this stream into a
gasoline blending stock.
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Stream Name  Vol. % BP, °F (=°C) °API S.WT%
Gas _ to 50 (tO 10) — -
Atmospheric [ \ h
crude distillation LT Nap 8 50— 200 (10 -90) 79 0.02 R
NV Naph 21 200 - 400 (90 — 200) 55 0.05 -
Kerosine 11  400-500 (200 —-260) 42 0.3 -
Crude ol Gas oil 15 500-650(260-340) 35 1.0 R
desalter .
\[/ Residue 45 650 (340) 18 3.0 -
Crude oil total 100 - 33 1.6

Fig. 12. Separating desalted crude oil into fractions.

In present-day refineries, the fluid catalytic cracking (FCC) unit has
become the major gasoline producing unit. The FCC's major purpose is to
upgrade heavy fractions, that is, gas oil from the atmospheric and vacuum
distillation columns and delayed coker, into light products. Atmospheric gas
oil has a boiling range of between 650 and 725 °F (343-385 °C).

Table 6
Anticipated Fuel Specifications under Auto Oil Program, U.S. [3] and
Russian Requirements [14]

Period 2000 2005 2008 2000 (U.S. | 2006 GOST
only) R51866-
2002
Gasoline
Sulfur content <150 ppm | <50 ppm” <170 ppm | 30 ppm | 500 ppm
Benzene content | <1% viv | <1% v/V? <1%viv |- 1%
Aromatics content | <42% v/v | <35% v/v <25 viv - —
Diesel fuel
Sulfur content, | <350 <50 <30 <500 <10 —
ppm
Cetane  number, | 51 532 54-58 | 40 - 50
min
Polynuclear <11% <6% ww? | <4-1% | — - -
aromatics w/w w/w
Density, kg/l max | <0.845 <0.845° <0.830 |- -
-0.825
Distillation T95, | <360 <360° <350- |- -
°C 340

% viv: percent by volume; % w/w: percent by weight; *Expected values; "Germany is
promoting 10 ppm sulfur for gasoline by 2003.
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The crude oil feedstock heavily influences the product slate for the re-
finery and the downstream processing required to meet the refinery's prod-
uct goals. Fuels are blended to meet product specifications — of volatility,
sulfur content, and octane number. Most important, refiners constantly seek
to optimize their blending programs to meet product goals without giving up
product.

The automobile's engine-drive train sets the specifications for gasoline.
Notably, as automobile manufacturers design more sophisticated engines, in
response refiners must adjust their operation to refine and blend fuels that
are compatible with newer engines. Worldwide, new environment legisla-
tion has set product specifications for fuels. Table 6 lists the quality stand-
ards for automotive gasoline and diesel. These mandates are geared to lower
tail-pipe emission from vehicles. Sulfur content and volatility will be strictly
limited in future fuel requirements.

4.3 Sulfur Content

Sulfur compounds are corrosive and foul-smelling. When burned in an
engine these compounds form sulfur dioxide and other oxides referred to as
SO, in engine exhaust. These compounds recombine and form sulfur triox-
ide and sulfuric acid mist, which is released as engine exhaust. Efforts to
improve air quality are targeted at reducing vehicle engine exhaust of toxins
and SO, compounds. Thus, many new environmental regulations (Table 6)
are focused on reducing the sulfur content of fuels. All crude oils contain
some sulfur concentration. How much desulfurization that is needed is de-
pendent on the feedstock and product slate.

Caustic wash or other enhanced solvent-washing methods are a suffi-
cient pretreatment to remove sulfur compounds from light naphtha. The sul-
fur compounds in light naphtha are mercaptans and organic sulfides that are
readily removed by these washing processes. Heavy naphtha is harder to
desulfurize. This stream has a higher sulfur content, and, equally important,
the sulfur is embedded in complex hydrocarbon compounds and rings.
Washing efforts are more effective on mercaptans, which are not usually
present in heavy naphtha. More aggressive methods are needed to break the
compound structures and release the sulfur. Hydrotreating is one effective
method to reduce sulfur content in hydrocarbon streams.

Hydrotreating is a catalytic process that converts sulfur-containing hy-
drocarbons, that is, sulfides, disulfides, and ring compounds such as thi-
openes, into low-sulfur liquids and hydrogen sulfide. This technology is
widely used throughout the refinery, as shown in Figs 5 and 13. This process
is operated under a hydrogen-rich blanket at elevated temperatures and pres-
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sure. The process is a hydrogenconsuming step, since the hydrogen replaces
the sulfur bond on the hydrocarbon molecule.

Nitrogen and oxygen compounds are also dissociated by hydrotreating.
Consequently, hydrotreating provides additional benefits of hydrodenitrifi-
cation, which improves downstream operations. For nitrogen and oxygen
compounds, the products from hydrotreating are ammonia and water, re-
spectively. Thus, these contaminants will be separated in the off-gas and are
easily removed by conventional gas-treating processes.

4.4 Octane Number

Another condition to keep gasoline engines running smoothly is that
the fuel-air mixture starts burning at a precise time in the combustion cycle.
An electrical spark starts the ignition. The remainder of the fuel-air mix
should be consumed by a flame front moving out from the initial spark.

Under some conditions, a portion of the fuel-air mix will ignite spon-
taneously instead of waiting for the flame front from the spark. The extra
pressure pulses that occur from spontaneous combustion are usually audible
above the background sounds of the engine running and give rise to a condi-
tion know as “engine knock”. The engine pings and rumbles when under
“knock conditions”. This condition is undesirable; it is a waste of available
power.

The octane number is a measure of a fuel's ability to avoid knocking.
The octane number of gasoline is determined in a special single-cylinder en-
gine where various combustion conditions can be controlled. The test engine
Is adjusted to trace the knock from the fuel being rated. VVarious mixtures of
iIso-octane and normal heptane (n-heptane) are used to find the ratio of the
two reference fuels that will give the same intensity of knock as that from an
unknown fuels. Defining iso-octane as 100 octane number and n-heptane as
0 octane number, the volumetric percentage of iso-octane in heptane that
matches knock from the unknown fuel is reported as the octane number of
the fuel. For example, 90 volume percent (vol. %) of iso-octane and 10 vol.
percent n-heptane establishes a 90 octane number reference fuel.

Two types of octane number ratings are specified, although other
methods are often used for engine and fuel development. Both methods use
the same reference fuels for essentially the same test engine. Engine operat-
ing conditions are the difference. In the research method, the spark advance
is fixed, the air inlet temperature is 125 °F (52 °C), and the engine speed is
600 rpm. The other method is called the motor method; it uses variable spark
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timing, a higher mixture temperature (300°F (150 °C)), and a faster engine
speed (900 rpm).

The more severe conditions of the motor method have a greater influ-
ence on commercial blends than they do on the reference fuels. Thus, a mo-
tor octane number (MON) of a commercial blend often has a lower research
octane number (RON). Consequently, blended fuels use an arithmetic aver-
age of both ratings — MON and RON — and can be abbreviated as (R +
M)/2.

Catalytic reforming is a principal process used to upgrade low-octane,
straight-run gasoline to high-octane liquid, as shown in Table 7.

Table 7

Aromatics have Higher Octane Numbers

Hydrocarbon Homologs Octane Number, Clear
Motor | Research

C- hydrocarbons
n-paraffin C;Hi5 (n-heptane) 0.0 0.0
naphthene C,Hy4 (cycloheptane) 40.2 38.8

C;Hy4 (methylcyclohexane) | 71.1 74.8
aromatic C;Hg (toluene) 103.5 120.1
Cg hydrocarbons
n-paraffin CgHas (n-octane) —-15° —19°
naphthene CgHj; (cyclooctane) 58.2 71.0

CgHj; (ethylcyclohexane) | 40.8 45.6
aromatic CgHy, (ethylbenzene) 97.9 10.4

CgH1o (0-xylene) 100.0 120°

CgHio (m-xylene) 115.0 117.5

CgH1o (p-xylene) 109.6 116.4

Blending value at 20 vol.% in 60 octane number reference fuel.

Reforming uses catalysts to reshape the molecular structure of hydro-
carbons to raise the octane number of the process stream. Naphthenes are
converted to aromatics; paraffins are isomerized to isomeric forms. Reform-
ing efforts are most effective when used on heavier molecules; a greater in-
crease in octane number can be attained by reforming heavy naphtha cuts.

Reforming catalysts typically contain platinum or a mixture of plati-
num and other metal promoters on a silica—alumina support. Only a concen-
tration of platinum is used, averaging about 0.4 wt. percent. The reforming
process is a highly endothermic process. Desulfurized feeds are preheated to
900°F, and the reactions are done at various pressures (50-300 psig
(0.345-2.068 MPa)), which are dependent on the licensed process used. At
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elevated temperatures and pressures, the catalyst is susceptible to coking,
which decreases catalyst efficiency. Thus, refiners must regenerate the cata-
lyst to maintain process efficiency. Reforming catalyst can be regenerated in
situ by burning off the coke from the catalyst. Newer developments now use
continuous regeneration of the reforming catalyst in which three reforming
reactors are stacked one on top of the other. Gravity flow moves the catalyst
from the top to the bottom and sends it to a regeneration step in which a dry
burn removes the coke. The regenerated catalyst is then returned to process.
Also, reforming feeds are pretreated to remove poisons that can kill pre-
cious-metal catalysts.

Hydrotreating is an effective method to pretreat reforming feedstocks
(Fig. 13). Combining hydrotreating with reforming is most effective. Due to
cyclization and dehydrogenation of hydrocarbon molecules in the reformer,
hydrogen is a by-product from this operation. Notably, by-product hydrogen
from the reform can be directed to the hydrotreating operations. Thus, the
reformer can provide the refinery with the hydrogen supply for hydrotreat-
ing. A rule of thumb is that the catalytic reformer produces 800-1,200
scf/bbl for naphtha. The excess hydrogen is available for hydrotreating other
fractions in separate hydrotreaters.

/J\ Gas Fuel gas s
. ———»{LT Naph Treater }
Atmospheric H,

crude distillation Hydrotreater .
NV Nagh @___} ’_AFO_YT]_at_IC_SI v Gasollne;
\_extraction /
T

s Aromatics)
. Hydrotreater T T
Kerosine Jet fuel & Kerosine,

Crude oil Crude Hydrotreat:
Gas oil ij rOtreater Diesel & No.2 Fuel oils;
\[/ Residue Heavy Fuels

Fig. 13. Low-investment route to modern products
4.5 Distillates

Jet fuel, kerosine (range oil), No. 1 fuel oil, No. 2 fuel oil, and diesel
fuel are all popular distillate products from the 365-650 °F (185—-343 °C)
fractions of crude oil. Distillates are further classified as light distillates with
a true boiling point range of 365-525 °F (185-275 °C), and heavy distillate
cuts have a true boiling point range from 525 to 650 °F (from 275 to

69



343 °C). Light distillates are blended into kerosine and jet fuels. Heavy dis-
tillate cuts are used to blend diesel fuels and home heating oils.

Some heating oil (generally No. 2 heating oil) and diesel fuel are very
similar and are sometimes substitutes for each other. Home heating oil is in-
tended to be burned in a furnace for space heating. Diesel fuel is intended
for compression — ignition engines.

Distillates are lower cuts from the atmospheric crude distillation col-
umn (Fig. 13); thus, these refinery streams may have high sulfur concentra-
tions due to the feedstock that is processed. Newer product specifications
limit sulfur concentrations in consumer products, especially diesel. Conse-
quently, distillate streams must be upgraded. Hydrotreating improves the
product properties of distillate products; notably it reduces sulfur content.
More important, hydrotreating hydrogenates unsaturated hydrocarbons so
that they will not contribute to smoke and particulate emissions — whether
the fuel is burned in a furnace or used in an engine.

4.6 Residuals

Crude oil is seldom distilled at temperatures above 650 °F (343 °C). At
higher temperatures, coke will form and plug the lower section of the crude
oil distillation tower. This bottom fraction from the atmospheric crude col-
umn has a true boiling point range of 650725 °F (343-385 °C) and is often
referred to as atmospheric gas oil or residuals. This fraction is traditionally
not vaporized. Atmospheric gas oil must be upgraded extensively; it can be
severely hydrotreated to break apart the complex ring compounds and satu-
rate them into lighter products. This stream can be sent to a catalytic cracker
to further upgrade this heavy fraction into gasoline, diesel, and home heating
fuel. The heaviest cut of the atmospheric crude distillation is often referred
to as the long residuum. This fraction is further processed via a vacuum dis-
tillation column.

The residue from crude distillation is usually processed to an asphalt
product as much as possible, since as a component of residual fuel oils it
generally fetches a lower price than as asphalt itself. The residual fuel oil
market is quite competitive since ships and tankers can choose to load at
centers, which offer the lowest cost fuels. Also the price of the heavier
grades of bunker fuel used to supply power stations has to be comparable to
coal to be competitive.

Asphalts made from different crudes are not always mutually soluble
and may require instrumental work before mixing to determine compatibil-
ity. Asphalts are marketed in liquid and low-, medium-, and high-melting
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point solid grades, depending on the intended end use. The melting point
and degree of hardness of an asphalt is affected by the completeness of re-
moval of volatile fractions [2]. If the melting point or hardness of a crude
separated asphalt product is too low, it is oxidized by blowing air through
the heated asphalt until the melting point is raised to the extent desired.

Lower melting point asphalts are used for the waterproofing of flat,
built-up roofs and the like, where the self-sealing qualities are an attraction.
For sloping built-up roofs, higher melting asphalts are required. For asphalt
shingles, roll roofing, and similar sheet roofing products, the melting point
has to be high enough to give an essentially nonsticky surface after fabrica-
tion, under ordinary ambient conditions. Road asphalts normally have to
pass a melting point specification, a penetration test (“pen test”), and other
requirements. The pen test is the extent to which an asphalt sample at 25 °C
Is penetrated by a steel ball or pin of standard dimensions, while a force of
100 g is applied for 5 seconds. It is an important measure of the suitability of
the asphalt for various paving applications. For application as road surfacing
small crushed gravel aggregate is blended into hot asphalt, which serves as
the binder.

By the variety of processing procedures outlined very little of the crude
oil processed is wasted. From the high volatility dissolved gases present, all
the way to the nearly involatile asphaltenes, and suspended carbon, etc. pre-
sent in the original oil are converted to a host of useful products. Any com-
bustible components that are not directly used toward the formulation of a
product are used to generate energy for the refinery itself.

4.7 Petrochemicals

Organic chemicals, such as dyestuffs and derivatives of benzene and
heterocyclic compounds, were first produced from coal-based raw materials.
Since the mid-nineteenth century these products were obtained by the fur-
ther processing of discrete volatile fractions recovered during the coking of
coal. A large fraction of the coke product was destined for the reduction of
iron ore to produce pig iron. Although volatile fractions from the coking of
coal, such as benzene, toluene, and the xylenes are still items of commerce,
petroleum-based sources for these materials have now become much more
important [2]. The attractiveness of petroleum-based feedstocks grew as
both the reliability and scale of petroleum production increased. These as-
pects, plus the gradually increased sophistication of refining methods of the
oil industry of the early twentieth century contributed to the increased ap-
peal of petroleum as a resource for chemicals production.
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As a consequence of its recent development the petrochemical industry
is relatively much younger than the major inorganic chemicals industry.
However, one can easily be misled by the classification of products that are
termed “petrochemical”. Basically a petrochemical is derived directly or in-
directly from a petroleum or natural gas fraction. It may be organic, such as
ethylene, benzene, or formaldehyde, or it may be inorganic, such as ammo-
nia, nitric acid, and ammonium nitrate. So a ‘‘petrochemical’’ is not synon-
ymous with an organic chemical, although most petrochemicals are also or-
ganic chemicals.

What is the incentive to produce petrochemicals? It is producer acces-
sibility to profit from the additional value-added stages that are obtained
from conversion of a refined petroleum or gas fraction into a petrochemical,
compared to the value of crude petroleum. Depending on the complexity and
number of stages involved, a petrochemical product may command a price
that is five or six times the price of the oil or gas used to produce it. If more
value-added stages are used to convert a petrochemical commodity into a
consumer product, this may fetch a price as high as 20 times that of the oil
from which it is derived. In short, oil (or natural gas) is worth far more when
converted to chemicals than as fuel.

The majority of the chemical processes of the modern petrochemical
industry rely on just three refinery streams, methane (or natural gas), olefins,
and aromatics comprising just seven hydrocarbons — methane, ethylene,
propylene, the butylenes, benzene, toluene, and the xylenes (dimethyl ben-
zenes). A few of the other hydrocarbons listed also occur to a varying extent
in crude oil streams but in concentrations that are inadequate to meet the
demand. Thus molecular changes are necessary to convert these hydrocar-
bon streams. Some of the procedures used to do this, such as polymeriza-
tion, cyclo-alkylation, and aromatization, produce components of gasoline
as has already been described. Others differ in important respects but still
employ similar principles to obtain the desired product, namely sufficiently
high temperatures to cause carbon—carbon and/or carbon-hydrogen bond
homolytic cleavage, plus suitable conditions (contact time, catalyst, concen-
tration, etc.) to achieve the optimum product yield. Since many refinery op-
erations lead to several of these products simultaneously, computer pro-
grams are used to aid in process optimization to produce the currently re-
quired ratio of products. The tendency to get several simultaneous products
from a single process will be evident from the following discussion of relat-
ed product groups.

Ethylene, the largest scale petrochemical, is probably also the oldest to
have had confirmed preparation in the laboratory. The initial method used,
catalytic dehydration of ethanol, was reported as early as 1797 (Eq. 26).
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- 0
CH3CH,OH MC CH,=CH, + H,0O

catalyst (26)

Although this method is capable of well over 90% yields of ethylene,
and may be used when the local availability and price of ethanol (e.g., occa-
sionally fermentation sources, Brazil) are attractive, other methods are usu-
ally more important.

Refinery ethylene is usually made by the catalytic cracking of ethane,
propane, or a mixed hydrocarbon stream, such as recovered natural gas lig-
uids, naphthas, or gas oil [2]. Cracking conditions are quite severe: 750—
900 °C and 0.1-0.6 second residence time for a low partial pressure hydro-
carbon stream. A number of metal oxide catalysts have recently been evalu-
ated for this purpose [6]. The usual diluent is steam, used at a weight ratio of
steam to hydrocarbon of 0.2:1 for ethane feed, to progressively higher ratios
with the higher molecular weight hydrocarbons of up to 2.0:1 for gas oil.

With an ethane feed the dominant cracking reaction is to ethylene and
hydrogen, together with traces of methane and higher hydrocarbons. The ini-
tiation step involves the homolysis of the carbon—carbon bond (Eqg. 27).

Carbon hydrogen bonds, which are stronger, are much less affected. The
methyl radicals formed can then abstract hydrogen atoms from ethane in the
first of a series of rapid propagation reactions (Egs. 28-30).

H;C + CH;CH; —= CH, + CH,CHj, (28)
CHzCH:; —— H2C=CH2 + I_I. (29)
H + CH;CH;— H, + CH,CH, (30)

Termination reactions are one of the ways in which the higher hydrocarbons
are formed in the cracking of ethane (Egs. 31 and 32).

2 CH,CH; —= CH;CH,CH,CHj; (31)
H + CH,CH; — CH;CH, (32)
Propane cracks to both ethylene and methane, and to propylene and hydro-

gen (Egs. 39 and 40) with product proportions, which change with the crack-
ing temperature (Fig. 14).
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CH3CH2CH3 - H2C=CH2 + CH4 (39)
CH3CH2CH3 — H2C=CHCH3 + H2 (40)

The initial step in the process with propane is still predominantly carbon—
carbon bond cleavage, with methyl and ethyl radicals and to lesser extent
hydrogen atoms serving in the propagation steps, which lead to the products.

Naphtha, or gas oil, may also be efficiently cracked to ethylene and
propylene, although the proportion of ethylene in the product stream is gen-
erally lower for these feedstocks than from ethane or propane. However, this
flexibility of possible feedstocks to ethylene enables a refinery to process
those streams in current excess in order to produce the olefins that it may
currently need.
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Fig. 14. Changes in the product distribution with temperature on the thermal
cracking of propane [2]

Recovery of ethylene (b.p. —103.7 °C) from the mixed hydrocarbon
product vapors is accomplished by compression, condensation, and then
fractionation at progressively lower temperatures. Ethane (b.p. —88.6 °C) is
the most difficult constituent to separate from ethylene, but even this is
technically feasible.

The bulk of the worldwide annual commercial production of ethylene
is based on thermal cracking of petroleum hydrocarbons with steam; the
process is commonly called pyrolysis or steam cracking. The principal ar-
rangement of such a cracking reactor is shown in Figure 15. A hydrocarbon
stream is heated by heat exchange against flue gas in the convection section,
mixed with steam, and further heated to incipient cracking temperature
(500-680 °C, depending on the feedstock). The stream then enters a fired

74



tubular reactor (radiant tube or radiant coil) where, under controlled resi-
dence time, temperature profile, and partial pressure, it is heated from 500—
650 to 750-875 °C for 0,1-0,5s. During this short reaction time hydrocar-
bons in the feedstock are cracked into smaller molecules; ethylene, other
olefins, and diolefins are the major products. Since the conversion of satu-
rated hydrocarbons to olefins in the radiant tube is highly endothermic, high
energy input rates are needed. The reaction products leaving the radiant tube
at 800850 °C are cooled to 550-650 °C within 0.02-0.1 s to prevent degra-
dation of the highly reactive products by secondary reactions. The resulting
product mixtures, which can vary widely, depending on feedstock and sever-
ity of the cracking operation, are then separated into the desired products by
using a complex sequence of separation and chemical-treatment steps. The
cooling of the cracked gas in the transfer line exchanger is carried out by
vaporization of high-pressure boiler feed water (BFW, p =6-12 MPa),
which is separated in the steam drum and subsequently superheated in the
convection section to high-pressure superheated steam (HPSS, 6-12 MPa).
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Steam
drum
Stack
Cracked|gas
| | < Feed
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exchanger l H Convection
section
3 3
Radiant
section U

Fig. 15. Principal arrangement of a cracking furnace

Ethylene (ethene), the first member of the alkenes, is a colorless gas
with a sweet odor. It is slightly soluble in water and alcohol.

The chemical properties of ethylene result from the carbon — carbon
double bond, with a bond length of 0.134 nm and a planar structure. Eth-
ylene is a very reactive intermediate, which can undergo all typical reactions
of a short-chain olefin. Due to its reactivity ethylene gained importance as a
chemical building block. The complex product mixtures that have to be sep-
arated during the production of ethylene are also due to the reactivity of eth-
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ylene. Ethylene can be converted to saturated hydrocarbons, oligomers, pol-
ymers, and derivatives thereof. Chemical reactions of ethylene with com-
mercial importance are: addition, alkylation, halogenation, hydroformyla-
tion, hydration, oligomerization, oxidation, and polymerization.

The following industrial processes are listed in order of their 1993
worldwide ethylene consumption:

1) Polymerization to low-density polyethylene (LDPE) and linear low-
density polyethylene (LLDPE)

2) Polymerization to high-density polyethylene (HDPE)

3) Addition of chlorine to form 1,2-dichloroethane

4) Oxidation to oxirane (ethylene oxide) over a silver catalyst

5) Reaction with benzene to form ethylbenzene, which is dehydrogen-
ated to styrene

6) Oxidation to acetaldehyde

7) Hydration to ethanol

8) Reaction with acetic acid and oxygen to form vinyl acetate

9) Other uses, including production of linear alcohols, linear olefins,
and ethylchloride, and copolymerization with propene to make ethylene —
propylene (EP) and ethylene — propylene — diene (EPDM) rubber

Chemicals Derived from Ethylene

Ethylene surpasses all other organic petrochemicals in production and
in the amount sold. It is used as raw material for a greater number of com-
mercial synthetic organic chemical products than is any other single chemi-
cal. Figure 16 shows the more important derivatives of ethylene.

Ethylene consumption has grown explosively since 1940 when 300
million 1b were used, mostly for making ethanol and ethylene oxide. During
World War II, styrene use grew markedly, and polyethylene was developed
as insulation for the then — new radar electronics. These materials later
found a multitude of applications, which were responsible in large part for
ethylene consumption reaching nearly 5 billion 1b in 1960. Strong growth in
ethylene dichloride and ethylene oxide contributed to over 18 billion Ib of
ethylene consumption in 1970. Continued growth raised this figure to 27 bil-
lion Ib in 1978 and over 58 billion Ib in 2000, which is almost two hundred
times the 1940 volume. The overall growth for 48 years averaged a remark-
able 10 percent/year.

Nowadays Global ethylene production was 107 million tons in 2005
[18], 109 million tonnes in 2006. NNFCC Renewable Chemicals Factsheet:
Ethanol, 138 million tonnes in 2010 and 141 million tonnes in 2011 [19] By
2010 ethylene was produced by at least 117 companies in 55 countries. [20]
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To meet the ever increasing demand for ethylene, sharp increases in produc-
tion facilities are added globally, particularly in the Mideast and in China.
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Fig. 16. Important derivatives of ethylene [3]

Propylene (Propene)

Propylene, or propene by IUPAC (International Union of Pure and Ap-
plied Chemistry) nomenclature, is probably the oldest petrochemical feed-
stock, employed as it was in the early processes to isopropanol. It is pro-
duced by the cracking of propane or higher hydrocarbons in the presence of
steam under conditions very like those outlined for ethylene. Propane is the
feedstock of choice for a product stream to contain the maximum concentra-
tion of propylene. The yield of propylene rises as the cracking severity of
the propane is increased, but reaches a maximum before the maximum con-
version of ethylene is achieved. Thus, even with use of propane as the feed-
stock for propylene production, it is common to have more moles of eth-
ylene than propylene product in the exit stream for optimum cracking eco-
nomics.

Propylene is also recovered as a by-product of other refinery opera-
tions, principally from the fluid catalytic cracking (FCC) of gas oils and to a
lesser extent from the volatile products of coking, when coking is used. All
refinery streams containing recoverable fractions of propylene will be com-
bined into a mixed C; stream for propylene separation. Distillation of this
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combined stream then gives propylene (b.p. —47.7 °C) as the overhead prod-
uct and propane (b.p. —42.1 °C) plus traces of other higher boiling point
products as the bottom fraction.

Chemicals Derived from Propylene

Propylene consumption for chemical synthesis in 1998 in the United
States was 30 billion Ib. This demand was exceeded by that of only one oth-
er synthetic organic chemical, ethylene. The demand was projected to grow
at about 4.7 percent/year through 2003. Major uses of propylene are in poly-
propylene, acrylonitrile, propylene oxide, and cumene. A breakdown of
propylene consumption by product is:

~ Polypropylene 45 %
~ Acrylonitrile 12 %
~ Propylene oxide 11 %
~ Cumene 8 %
~ Oxo alcohols 8 %
~ Isopropyl alcohol 4 %
~ Oligomers 4 %
~ Acrylic acid 5%
~ Export, other 3%

Benzene, Toluene, and the Xylenes (BTX)

Aromatics are typically concentrated in product streams from the cata-
lytic reformer. When aromatics are sought for petrochemical applications,
they typically are extracted from the reformer product stream by solvent ex-
traction or distillation extraction. A common solvent used is sulfolane; new
processes now use n-formylmorpholin as the extractive solvent.

The mixture of aromatics is typically referred to as BTX and is an ab-
breviation for benzene, toluene, and xylene. The first two components —
benzene and toluene — usually are separated by distillation, and the isomers
of the third component — xylene — are separated by partial crystallization.
Benzene is the starting chemical for materials such as styrene, phenol, and
many fibers and plastics. Toluene is used to make a number of chemicals,
but most is blended into gasoline. Xylene usage is dependent on its isomer.
Para-xylene (p-xylene) is a precursor compound for polyester. Ortho-xylene
(o-xylene) is the building block for phthalic anhydride. Both compounds are
widely used to manufacture consumer products.

This BTX monoaromatic product stream is usually produced in several
different refinery operations. Each of these rank in the top 30 chemicals
produced in the United States by volume. They have reached this signifi-
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cance because of their large demand as feedstocks for many of the important
plastics. Preparation of these materials is discussed together because several
are produced at the same time from many of the processes from which they
arise. The chief sources of these aromatics may be conveniently divided into
three groups.

In the first group, the production of aromatics is a complementary ob-
jective to the refinery processing of gasoline fractions to raise the aromatic
content, which evidently links these refining functions. Catalytic reforming
processes are used to convert paraffins to naphthenes (cycloparaffins) to be
followed by dehydrogenation of naphthenes to aromatics. Since aromatiza-
tion of naphthenes is an easier process to accomplish than cycloalkylation,
the emphasis in refinery operations is on maximization of the second step in
this sequence, when there is an adequate supply of naphthenes. The demand
for the aromatics component of gasoline will compete with the feedstock ar-
omatic need from this source.

The second group includes some of the processes used for ethylene
production, particularly those using naphtha or gas oil as feedstocks, which
may also produce large amounts of BTX. The conditions used (temperature,
pressure, feedstock ratios, etc.) to operate these processes provide some
flexibility to alter the product distribution slightly in response to the distri-
bution of the demand.

The third group of processes to benzene, toluene, and xylenes, or p-
xylene is discretionary and depends on the proportion of these products that
are available from the first two classes of processes in comparison to the
current demand. Benzene consumption is more than twice that of toluene. It
may be conveniently produced in almost 90% vyields by the catalytic hydro-
dealkylation of toluene (Eg. 35) [7]. Or if both benzene and xylenes are in
short supply, toluene may be catalytically transalkylated to mainly benzene
and xylenes [8].

540-800 °C
QCH3 +H2 H,, catalyst @ N CH4
> (35)

Ethylbenzene, too, may be isomerized to xylenes. Xylenes are normally re-
covered from a mixed aromatics stream by extraction with sulfolane or a
glycol. If the market for one xylene isomer is greater than that available by
separation of the mixture, the low demand isomers may be isomerized to
raise the proportion of the desired isomer(s).

About half of the benzene produced as a chemical feedstock is for sty-
rene production, followed by large fractions for phenol and cyclohexane-
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based products. As much as half of the toluene produced is converted to
benzene, depending on the price and demand differential. The largest use of
toluene itself is as a component of gasoline. Much smaller amounts are used
as a solvent, or in the manufacture of dinitrotoluene and trinitrotoluene for
military applications. Xylenes are also used in gasoline formulations and
function as octane improvers like toluene. para-Xylene and o-xylene are the
dominant isomers of value as chemical feedstocks, for the production of ter-
ephthalic acid (and dimethyl terephthalate) and phthalic anhydride, respec-
tively. Polyester and the synthetic resin markets, in turn, are major consum-
ers of these products. meta-Xylene is oxidized on a much smaller scale to
produce isophthalic acid, of value in the polyurethane and Nomex aramid
(poly(m-phenylene isophthalamide)) technologies.

Glossary
d

Asphalt ['esfalt] (n) — a sticky, black and highly viscous liquid or semi-solid
that is present in most crude oils and in some natural deposits some-
times termed asphaltum. It is most commonly modeled as a colloid.

Bitumen ['brtjumin ] (n) — a mixture of organic liquids that are highly vis-
cous, black, sticky, entirely soluble in carbon disulfide and composed
primarily of highly condensed polycyclic aromatic hydrocarbons.

Burner ['b3:no] is a device which produces heat or a flame, especially as part
of a cooker, stove, or heater.

Catalyst ['keet(o)list] a substance that increases the rate of a chemical reac-
tion without itself undergoing any permanent chemical change.

Coil [korl] (n) a length of something wound or arranged in a spiral or se-
quence of rings.

Coke [kauk] (n) — a solid-fuel product containing about 80 percent of carbon
produced by distillation of coal to drive off its volatile constituents:
used as a fuel and in metallurgy as a reducing agent for converting
metal oxides into metals.

Conversion [kon'v3;f(a)n] — the process of changing or causing something to
change from one form to another

Convection section [kon'vek[(a)n ’'sek[(a)n] — the part of the furnace in
which tubes receive heat from the flue gases by convection.
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Diesel oil ['di:z(o)l o1l] — a fuel obtained from petroleum distillation that is
used in diesel engines. It has a relatively low ignition temperature
(540 °C) and is ignited by the heat of compression, also called (Brit-
ain): derv.

Endothermic [ endo(u)'03:mik] (adj) — accompanied by or requiring the ab-
sorption of heat.

Exothermic [eksa(u)'03:mik] (adj) — requiring a net input of heat for its for-
mation from its constituent elements.

Explosive [1k'splousiv] is a substance or device that can cause an explosion.

Feedstock ['fr.dstpk] (n) — raw material to supply or fuel a machine or indus-
trial process.

Fermentation [ f3:men'terf(a)n] (n) — the chemical breakdown of a substance
by bacteria, yeasts, or other micro-organisms, typically involving effer-
vescence and the giving off of heat.

Fuel oil [fjual o1l] — fraction obtained from petroleum distillation, either as a
distillate or a residue. Generally, fuel oil is any liquid petroleum prod-
uct that is burned in a furnace or boiler for heat generation or power
generation in an engine, except oils having a flashpoint of approximate-
ly 40 °C (104 °F) and oils burned in cotton or wool-wick burners. Fuel
oil is made of long hydrocarbon chains, particularly alkanes, cycloal-
kanes and aromatics. The term fuel oil is used in a stricter sense to refer
only to the heaviest commercial fuel that can be obtained from crude
oil, heavier than gasoline and naphtha.

Gasoline ['gaes(a)lr:n] (n) — US and Canadian, any one of various volatile
flammable liquid mixtures of hydrocarbons, mainly hexane, heptane,
and octane, obtained from petroleum and used as a solvent and a fuel
for internal-combustion engines. Usually petrol also contains additives
such as antiknock compounds and corrosion inhibitors, also called (es-
pecially in Britain): petrol.

Halogenation [ herlouodsr'nerf(a)n] (n) — is a chemical reaction that incorpo-
rates a halogen atom into a molecule. More specific descriptions exist

that specify the type of halogen: fluorination, chlorination, bromina-
tion, and iodination.

Heavy crude oils or Extra heavy crude oil — any type of crude oil which
doesn’t flow easily. It is referred to as “heavy” because its density or
specific gravity is higher than of light crude oil.

Hydration [har'drerf(a)n] (n) — a chemical addition reaction where a hydrox-
yl group and proton are added to a compound.
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Hydroformylation [ hardravfo:mju‘leif(a)n] (n) - also known as oxosynthesis,
IS an important industrial process for the production of aldehydes from
alkenes. This chemical reaction entails the addition of a formyl group
(CHO) and a hydrogen atom to a carbon-carbon double bond.

Kerogen ['karadzen] (n) — the solid organic material found in some rocks,
such as oil shales that produce hydrocarbons similar to petroleum when
heated.

Kerosene ['kerasi:n] (n) — a combustible hydrocarbon liquid, sometimes
spelled kerosine in scientific and industrial usage. The name is derived
from Greek keros meaning wax.

LRP — Lead (Pb) Replacement Petrol [led rr'plersmant ‘petr(a)l] (also called
LPG, GPL, LP Gas, or autogas) — is a mixture of hydrocarbon gases
used as a fuel in heating appliances and vehicles, and increasingly re-
placing chlorofluorocarbons as an aerosol propellant and a refrigerant
to reduce damage to the ozone layer.

Lubricating oilstream ['lu:brikertiy o1l 'strr:m] — the highest boiling distillate
(i.e., volatile) fraction from the crude, b.p. 400-520 °C, which also
contains much of the grease and wax yield of the crude oil.

Mineral oil ['min(a)r(a)l o1l] (n) — 1) Britain: any oil of mineral origin, espe-
cially petroleum; 2) US and Canadian: a colorless almost tasteless oily
liquid obtained by petroleum distillation and used as a laxative, also
called (in Britain and certain other countries): liquid paraffin.

MTBE methyl tertiary-butyl ether ['mee(a)l 'tef(o)r1-'bju:til '1:60] — a lead-
free antiknock petrol additive. It is highly refined and high octane light
distillate used in the blending of petrol.

Naphtha ['nefes] (n) — 1) a distillation product from coal tar boiling in the
approximate range 80-170 °C and containing aromatic hydrocarbons;
2) a distillation product from petroleum boiling in the approximate
range 100-200 °C and containing aliphatic hydrocarbons: used as a
solvent and in petrol.

Octane number ['oktein 'nambs] — a measure of petrol’s resistance to pre-
ignition which is the sound made by an engine when pre-ignition oc-
curs, particularly at low revs and high speed.

Oligomerization [ olig(s)merar'zeif(a)n] — a chemical process only converts
monomers to a finite degree of polymerization.

Oxidation [ oksr'derf(e)n] — is a process in which a chemical substance
changes because of the addition of oxygen.
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Paraffin wax ['perafin waeks] (or simply "paraffin®, but see alternative name
for kerosene, above) — is mostly found as a white, odorless, tasteless,
waxy solid, with a typical melting point between about 47 °C to 64 °C
(116.6 °F to 147.2 °F), and having a density of around 0.9 g/cm’.

Petrochemical [ petra'kemik(a)l] (n) — any chemical derived from fossil fuel.
These include purified fossil fuels such as methane, propane, butane,
gasoline, kerosene, diesel fuel, aviation fuel, or fuel oil, and also include
many agricultural chemicals such as pesticides, herbicides and fertilizers,
and other items such as plastics, asphalt and synthetic fibers. Also a wide
variety of industrial chemicals are petrochemicals.

Petroleum coke [pa'trauliam kauk] (n) — often abbreviated petcoke, is a car-
bonaceous solid derived from oil refinery coker units or other cracking
processes. Other coke has traditionally been derived from coal.

Petroleum products [pa'trauliom 'prodakts] — useful materials derived from
crude oil (petroleum) as it is processed in oil refineries.

Purge ['p3:d3] to remove (impurities and other elements) by or as if by
cleansing.

Radiant section ['rerdiont 'sekf(a)n] — is where the tubes receive almost all
their heat by radiation from the flame.

Reactor [rr'ekto] — a device for containing and controlling a chemical reac-
tion.

Refinery gas [ri'famn(o)r1 gaes] — is produced in petroleum refineries by
cracking, reforming, and other processes; principally methane, ethane,
ethylene, butanes, and butylenes.

Stack [steek] — the industrial terminology for an industrial plant chimney.

Steam drum ['stzm dram] — is a standard feature of a water-tube boiler. It is
a reservoir of water/steam at the top end of the water tubes. The drum
stores the steam generated in the water tubes and acts as a phase-
separator for the steam/water mixture.

Stripper ['stripa] — a device used for stripping/cleaning/removing something.

Transfer line exchanger — after the cracking temperature has been reached,
the gas is quickly quenched to stop the reaction in a transfer line heat
exchanger.

Vent [vent] — an opening that allows air, gas, or liquid to pass out of or into
a confined space.
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Review Questions and Exercises

Enumerate the areas of final products application obtained from eth-
ylene and propylene.

Can we obtain the same final products from another feedstock without
olefin synthesis? And why?

Give “for” and “against” arguments of oil employment for olefin syn-
thesis.

Using data from Fig. 16 write down a flowsheet of polyvinyl alcohol
synthesis and give real life examples of its application. Explain, is it
possible to get polyvinyl from another raw material?

Exercise 4.1.

NoabkowhE

>

Match the terms with their definitions:

Petrochemical

Petrol (gasoline in the United States and Canada)
Oil refinery

Cracking

Coke

Steam cracking

Hydrocracking

a solid carbonaceous residue derived from low-ash, low-sulfur bitumi-
nous coal

a petrochemical process in which saturated hydrocarbons are broken
down into smaller, often unsaturated, hydrocarbons.

the process whereby complex organic molecules are converted to sim-
pler molecules by the breaking of carbon -carbon bonds in the precur-
Sors.

. any chemical derived from fossil fuel.

a petroleum-derived liquid mixture consisting primarily of hydrocar-
bons, used as fuel in internal combustion engines.

an industrial process plant where crude oil is processed and refined into
useful petroleum products.

. the cracking of heavier hydrocarbons in the presence of hydrogen.
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Exercise 4.2.

4 Find Russian equivalents 1-10 to English ones 1-10:
1. Cut 1. ObGeccepuBanue HedTU
2.  Stright run gasoline 2. I'mopoournctka
3. Virgin naphtha 3. AJKuIupoBaHHE
4. Naphtha 4. U3omepu3arius
5.  Fueloil 5. Ceipas He(Tb
6. Asphalt 6. [e3zakTuBanus
7. Alumina 7. BUTyMHUHO3HBIN
8. Silica 8. Yrmucteii
9. Gasoall 9. AmopdHBIi, HEKPUCTATHYECKUN
10. Coal-tar 10.Mas030JIbHBI#H
Exercise 4.3.
4 Describe the technological process of acrylonitrile synthesis

via propylene oxidation in terms of its chemical reaction and
technological parameters. Could you please describe the situation/sphere

where is it applied?

Steam
4—_
Water |

A
Propene
Ammonia

Air

Exhaust

gas

1

Crude Crude

e HCN
acrylonitrile /L

Crude
acetonitrile

Acrylonitrile

f

Nonvolatile
impurities

H,O
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Exercise 4.4.
Crossword

10

11
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NoakowhE

8.

9.

A substance or device that can cause an explosion.

Accompanied by or requiring the absorption of heat.

Raw material to supply or fuel a machine or industrial process.

A length of something wound or arranged in a spiral or sequence of rings.
The industrial terminology for an industrial plant chimney.

Any chemical derived from fossil fuel.

A mixture of organic liquids that are highly viscous, black, sticky, entirely
soluble in carbon disulfide and composed primarily of highly condensed poly-
cyclic aromatic hydrocarbons.

A chemical process only converts monomers to a finite degree of polymeriza-
tion.

A device used for stripping/cleaning/removing something.

10. The chemical breakdown of a substance by bacteria, yeasts, or other micro-

organisms, typically involving effervescence and the giving off of heat.

11. A chemical reaction that incorporates a halogen atom into a molecule.
12.To remove (impurities and other elements) by or as if by cleansing.
13. The process of changing or causing something to change from one form to an-

other.
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Appendix A

Phrasal verbs
Exercise A.1.

4 Mind the meaning of the following phrasal verbs.

1) To bring about — ocymecTBIsATH

2) To build up — o6pa3oBbIBaTH

3) To consist in — 3akm0UaThCS B

4) To consist of — coctosTh U3

5) To carry out — ocyIecTBIsITh

6) To draw up — cocTaBJIATh IOKyMEHT

7) To end up — 3aKkpyrisiTh, 3aKaHYUBATH YTO-JINOO

8) To give off — BeIACIATH, HCITYCKATh

9) To give up — BBIIOJIHATH

10) To leave over — oTkiaabIBaTh (BOIPOC, PEIICHNUE)

11) To leave up — ocTaBisITH

12) To make up — coctaBnATh (TU1aH, IEPEYCHb U T.J.), COCTOATH U3
13) To result from — GbITH pe3yILTATOM YETO-THOO

14) To result in/ to lead to — mpuBOAKUTH K YeMy-THOO

15) To put down/to cut down — ype3ats pacxobl

16) To put forward — BelABUTaTE/IpEAIAraTh UACIO

17) To set up — ycraHaBIMBaTh, YUPESHKIATh

18) To take up — Gpartbcs 3a yTO-1MO0, IPUHUMATHCS 33 YTO-THOO
19) To use up — pacxoa0BaTh

20) To take-off (casing-head gas) — oTOupars HeTSIHOW ra3 Ha yCThe

CKBA>XHWHBI
Exercise A.2.
Translate the following sentences into Russian.
d

1) Iron makes up about 4 percent of solid rocks of the
earth crust.

2) Higher temperatures bring about more frequent collisions between
molecules.

3) If we pass an electric current through water using platinum or gold
electrodes we found two gases to be given off at the electrodes and
the water to be used up.

90


http://www.multitran.ru/c/m.exe?t=2055531_1_2&s1=take-off%20casing-head%20gas

4) Supersaturated solutions are unstable; they readily give up their ex-
cess solute if shaken.

5) Each of the sodium atoms gives off an electron and forms an ion
which goes into solution.

6) The flow of electrons in one direction results in an electric current.

7) Convection is resulted from the change in density that takes place
when the substance is heated.

8) The transmission of heat energy by conduction consists in the trans-
mission of Kinetic energy from particle to particle within the sub-
stance.

9) We know steam to consist of minute drops of water.

10) The technological scheme of the process must be drawn up.

11) We need to leave over the issue about the additional instrumentation
use.

12) To make the enterprise economically profitable we need to cut
down the expenses.

13) A new installation has been set up.

14) Separation method of stabilization leaves up to 2 % of hydrocar-
bons C;-C, in oil.

15) The casing-head gas is taken off at the top of the well or at the sepa-
rator.

Exercise A.3.

@2
=4 Make up your own examples on oil refining using the phrasal
d

verbs above.

91



Appendix B

How to talk about a visual aid

Choosing the right visual aid

A flow chart is a diagram showing the
progress of material through the steps
(étapes) of a manufacturing process
(processus) or the succession of opera-
tions in a complex activity

A pie chart displays the size (taille)
of each part as a percentage of a
whole(untout).

Digitol Flowers pl
Board of Directors

EE—— Munuglngblnﬂaf —_—

|
|

M,

Pmemd Produdm Flmn« Marketing

) 9 g 9

!nlnlng Works Sales

Accounts

A line chart depicts changes over a
period of time, showing data and
trends

A table is a convenient way to
show large amount of data (don-
nées, informations) in a small space

$40 -

$30

$20

End of month

$10
1996 ‘97 ‘a8

}03“ 1.&19 1036 6170
m 2061 1836 | 6897 6107, 0130

ws 3&9 1200 1134 0.024
-10831 | 0395 0296 008

- | 0376, 0333 0007
mml - 0885/ 0019
374 3007 | 1129, .| oo
1982 mn'sm‘m |

0.159 0484 | m 2
0425 | 0.145 0781
0480 0.164 0882

767 4137

A (vertical or horizontal) bar chart is
used to compare unlike (different)
items

A diagram is a drawing showing
arrangements and situations, such
as networks (réseaux), distribution,
fluctuation ...

GDP Growth Rate
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Presenting a visual

Introduction

Topic Circumstances

This graph shows ...

the results of our products ... |over 10 years.

The diagram outlines ... |rates of economic growth ... |between 1990 and

1996.
This table lists ... the top ten agencies ... in the industrial
world.
This pie chart repre-|the company's turnover ... for this year in our
sents sector.

This line chart depicts|the changes in sales ...

over the past year.

This chart breaks down |the sales of each salesman ... |during the past ten

(ventile) ... weeks.
Indicating upward movement
Verbs Nouns
(to) go/be up (an) increase
(to) grow (a) raise (US), a rise (UK)

(to) increase

(an) upswing

(to) rise (rose, risen)

(a) growth

(to) push/put/step up

(an) extension, expansion

(to) extend, (to) expand

(a) progression

(to) progress (a) boom
(to) boom/soar/climb (@) jump
(to) jump, (to) skyrocket (a) peak

(to) reach a peak, (to) peak

(to) reach an all-time high

Indicating no movement

Verbs Nouns
(to) keep ... stable stability
(to) hold ... constant constancy
(to) stabilize permanency
(to) remain stable
(to) stay constant
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Indicating downward movement

Verbs Nouns
(to) decrease (a) decrease
(to) cut, (to) reduce (a) cut, (a) reduction
(to) fall (off) (fall, fell, fallen) (a) fall
(to) plunge, to plummet (a) plunge
(to) drop (off) (a) drop
(to) go down (a) downswing
(to) decline (a) decline
(to) collapse (a) collapse (dramatic fall)
(to) slump, (to) go bust (@) slump
(to) bottom out

Example of answer

The x axis of this graph shows
the twelve months of the past
year while our sales in millions
of dollars appear on the y axis.
It may be seen clearly that
sales rose steadily in the first
half of the year (from January
to May) and reached their peak
in June. Then they dropped off
in July and levelled out in Au-
gust. After rising sharply dur-
ing September, they suffered a
dramatic (spectaculaire) fall
in October but then made a
significant (sensible) recovery
(redressement) in November.
However, the year ended with
a slight downturn.

45

30 +

] Sales in $m

Jan Feb Mar Apr May June July Aug Sep Oect Nov Dec
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Appendix C

Useful expressions for writing and speaking in English

Addition to what has been previously indicated: above all indeed

first ..... furthermore ......finally particularly
one ...... asecond ....... a third especially
actually furthermore
in addition too
additionally what is more
moreover also
again notably
not only as well (as)
besides obviously
to begin/start with but also
in the second place specifically
further then
to conclude
Comparison
also in the same way
too likewise
similarly both and
correspondingly equally
Example
for example to illustrate
for instance as an illustration
such as to demonstrate
Result
accordingly as a result
now so that
as a consequence in order that
because of therefore
thus consequently
SO hence
then for this/that reason
the result is the consequence is
Summary
in conclusion to conclude
in short to summarise
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hence overall
therefore to sum up
in brief altogether
Speaking expressions
Agreement Diagreement
| agree I’m afraid I disagree

| completely / entirely / totally/agree

I wouldn’t say so

Yes, definitely

I can’t agree

Yes, that’s right

| disagree with that completely

Sure

It is a disputable question

That is out of the question

| guess you are wrong

LINKING DEVICES:

To make contrasting
points

however, nevertheless, in spite of, but, while, de-
spite, even if, even though, at the same time, alt-
hough, yet,

To list points

firstly, in the first place, first of all, to start with,
secondly, thirdly, finally

To add more points to a
topic

what is more, furthermore, also, apart from
this/that, in addition to, moreover, besides, too,
not to mention the fact that

To list advantages/
disadvantages

one/another/one other /the first/the greatest ad-
vantage/disadvantage of...

To express personal
opinion

in my opinion/view, to my mind/way of

thinking, personally | believe, it strikes me

that, | feel very strongly that, I am inclined to, be-
lieve that, it seems to me that, as far as | am con-
cerned

To refer to other
Sources

according to, with reference to

To conclude

finally, lastly, above all, taking everything into
account, on the whole, all things considered, in
conclusion, as | have said, as was previously stat-
ed, to sum up

To express cause

because of, owing to, due to, for this reason

To express effect

therefore, thus, as a result, consequently, so, as a
consequence

To emphasise what you
say

clearly, obviously, of course, needless to say, in
particular
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To express reality

in fact, actually, as a matter of fact, in practice,
the fact of the matter is that

To express difference
between appearance
and reality

on the face of it, at first sight, apparently

To state an argument
against your opinion

it is popularly believed that, people often claim
that, contrary to popular belief, it is a fact that, it
Is often alleged that, people argue that

To state other people's
opinions

many people are in favour of/against, some peo-
ple argue that, a lot of people think/believe

To express balance

while, on the one hand, on the other hand, where-
as

To introduce the other
side of the argument

opponents of this view say, however there are
people/those who oppose... claim that

To refer to what actual-

for example, for instance

ly happens
To make general as a rule, generally, in general, as a general rule,
statements on the whole

To make partly correct
statements

up to a point, to a certain extent, to some extent,
in a way, in a sense

To express limit of
knowledge

to the best of my knowledge, for all | know, as
far as | know

To rephrase

that is to say, in other words

To bring up other
points
or aspects

as far as ... is concerned, regarding, with regard
to, as for

To imply that nothing
else needs to be said

anyway, at any rate, in any case

Accepting the situation

as it is, under the circumstances, things being as
they are
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Appendix D

List of acronyms in oil and gas exploration and product

AADE — American Association of Drilling Engineers
AAPG — American Association of Petroleum Geologists
AAODC — American Association of Oil well Drilling Contractors
AGRU - acid gas removal unit

API — American Petroleum Institute

APS — active pipe support

ASME — American Society of Mechanical Engineers

B or b — prefix denoting a number in billions

bbl — barrel

BBSM — behavior-based safety management

BCPD - barrels condensate per day

boe — barrel(s) of oil equivalent

BOP — bottom of pipe

bopd — barrel(s) of oil per day

BPH — barrels per hour

BPV — back pressure valve (goes on the end of coiled tubing a drill pipe tool
strings to prevent fluid flow in the wrong direction)
BSML — below sea mean level

BS&W — basic sediments and water

BTEX — benzene, toluene, ethyl-benzene and xylene
BTHL — bottom hole log

BTO/C — break to open/close (valve torque)

BTU — British thermal units

BU — bottom up

BUL — bottom up lag

BUR — build-up rate

BVO - ball valve operator

bwd — barrels of water per day (often used in reference to oil production)
bwpd — barrels of water per day

C&E — well completion and equipment cost

C&S — cased and suspended

C1 — methane

C2 — ethane

C3 — propane

C4 — butane

C6 — hexanes

C7+ — heavy hydrocarbon
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http://en.wikipedia.org/wiki/American_Association_of_Petroleum_Geologists
http://en.wikipedia.org/wiki/American_Petroleum_Institute
http://en.wikipedia.org/wiki/American_Society_of_Mechanical_Engineers
http://en.wikipedia.org/wiki/Barrel_(unit)
http://en.wikipedia.org/w/index.php?title=Behaviour-based_safety&action=edit&redlink=1
http://en.wikipedia.org/wiki/British_thermal_units
http://en.wikipedia.org/wiki/Water_injection_(oil_production)
http://en.wikipedia.org/wiki/Methane
http://en.wikipedia.org/wiki/Ethane
http://en.wikipedia.org/wiki/Propane
http://en.wikipedia.org/wiki/Butane
http://en.wikipedia.org/wiki/Hexanes
http://en.wikipedia.org/wiki/Hydrocarbon

CDU - control distribution unit

CDP — common depth point (geophysics)
CDP — comprehensive drilling plan

CDRCL — compensated dual resistivity
CHESM - contractor, health, environment and safety management
CHKSR — checkshot survey report

CCR Cyclic catalytic reforming

DECC — Department for Energy and Climate Change (UK)
DOE — Department of Energy, United States
DTI — Department of Trade and Industry (UK
E&P — Exploration and Production

EAGE — European Association of Geoscientists & Engineers
ECD - Equivalent Circulating Density

ECP — External Casing Packer

ECRD - Electrically Controlled Release Tool
EDP — Exploration Drilling Program Report
EDP — Emergency Disconnect Package

EDR — Exploration Drilling Report

EDR - Electronic Drilling Recorder

EDS — Emergency Disconnection Sequence
EFL — Electrical Flying Lead

EFR — Engineering Factual Report

EHT — Electric Heat Trace

ESP — Electric Submersible Pump

FCC Fluid catalytic cracking or cracker

G/C — Gas Condensate

GAS - Gas Log

GASAN - Gas Analysis Report

GDE - Gross Depositional Environment

GIS — Geographic Information System

GTL — Gas to Liquid

GTW — Gas to Wire

GUN — Gun Set Log

GWC — Gas-Water Contact

GWREP — Geo Well Report

HDC Hydrocracking or hydrocracker

HDS Hydrodesulfurization

HDT Hydrotreating or hydrotreater

HAZ — Heat Affected Zone

HSE — Health, Safety and Environment or Health & Safety Executive (UK)
HPU — Hydraulic Power Unit
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http://en.wikipedia.org/wiki/Department_for_Energy_and_Climate_Change
http://en.wikipedia.org/wiki/United_States_Department_of_Energy
http://en.wikipedia.org/wiki/Department_of_Trade_and_Industry_(United_Kingdom)
http://en.wikipedia.org/wiki/European_Association_of_Geoscientists_and_Engineers
http://en.wikipedia.org/wiki/Electric_Submersible_Pump
http://en.wikipedia.org/w/index.php?title=Gas_Condensate&action=edit&redlink=1
http://en.wikipedia.org/wiki/Geographic_Information_System
http://en.wikipedia.org/wiki/Gas_to_liquids
http://en.wikipedia.org/wiki/Health_%26_Safety_Executive

HVDC - High Voltage Direct Current

IADC — International Association of Drilling Contractors
IPAA — Independent Petroleum Association of America
IWCF — International Well Control Federation

LNG — Liquefied Natural Gas

MEG — Mono-Ethylene Glycol

MMS — Minerals Management Service, (United States)
MPQT — Manufacturing Procedure Qualification Test
MWD — Measurement While Drilling

NACE — National Association of Corrosion Engineers
NOC — National Oil Company

NPD — Norwegian Petroleum Directorate

0&G — Oil and Gas

ONAN — Oil Natural Air Natural cooled transformer
OWC — Oil Water Contact

PCDM — Power and Control Distribution Module

PEDL — Petroleum Exploration and Development License
PESBG — Petroleum Exploration Society of Great Britain
QC — Quality control

ROCT - Rotary Coring Tool

SCHLL — Schlumberger

SCO — Synthetic crude oil

SPE — Society of Petroleum Engineers

TCF — Temporary Construction Facilities

TD — Total Depth

TOFD — Time of first data sample

USGS — United States Geological Survey

VISME - Viscosity Measurement

XC — Cross-connection

YP — Yield Point
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http://en.wikipedia.org/w/index.php?title=International_Association_of_Drilling_Contractors&action=edit&redlink=1
http://en.wikipedia.org/wiki/Independent_Petroleum_Association_of_America
http://en.wikipedia.org/w/index.php?title=International_Well_Control_Federation&action=edit&redlink=1
http://en.wikipedia.org/wiki/Liquefied_Natural_Gas
http://en.wikipedia.org/wiki/Ethylene_glycol
http://en.wikipedia.org/wiki/Minerals_Management_Service
http://en.wikipedia.org/wiki/Measurement_While_Drilling
http://en.wikipedia.org/wiki/National_Association_of_Corrosion_Engineers
http://en.wikipedia.org/wiki/National_Oil_Company
http://en.wikipedia.org/wiki/Norwegian_Petroleum_Directorate
http://en.wikipedia.org/w/index.php?title=Petroleum_Exploration_Society_of_Great_Britain&action=edit&redlink=1
http://en.wikipedia.org/wiki/Schlumberger
http://en.wikipedia.org/wiki/Synthetic_crude_oil
http://en.wikipedia.org/wiki/Society_of_Petroleum_Engineers
http://en.wikipedia.org/wiki/United_States_Geological_Survey
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