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Introduction

Introduction to Petroleum Chemistry is a secondestar course. It is a
two-unit credit degree course available tb saildents offering the
Bachelor of Science (B.Sc.) Chemistry.

Petroleum Chemistry is a special field ofngml chemistry. The
practitioner is primarily a chemist and must benied in the same way
and work with the same method as his/her colleagies specialise in
other areas of chemistry. If we are to follow thisis not possible to
discuss the development of petroleum chemistry awuithireating the
development of general chemistry simultaneously.

The concept of Petroleum Chemistry has various megarto people in
different fields. The main concern of Petroleum Chemistry is with the
petroleum engineers, with petroleum occupatiang with problems
associated with petroleum production. PetmolelChemistry is a
discipline which studies the various problems asgéed with petroleum
production. The purpose underlying the study ofdeam Chemistry is
to develop greater and better ways of solving aasat problems with
production of petroleum products.

What you will Learn in this Course

The course consists of units and a Course Guids Thurse Guide
tells you briefly what the course is about, whatrse materials you will
be using and how you can work with these materi@saddition, it
advocates some general guidelines for the amoutitnefyou are likely
to spend on each unit of the course in order toptet® it successfully.

It gives you guidance in respect of your T«Ntarked Assignment
which will be made available in the assignmélet There will be

regular tutorial classes that are related to thesm It is advisable for
you to attend these tutorial sessions. The couib@mepare you for the
challenges you will meet in the field of Petrole@memistry.

Course Aims
The aim of the course is not complex. The coursesdb provide you

with an understanding of Petroleum Chemistry; $ioahims to provide
you with solutions to problems in Petroleum Chenyist

Course Objectives

To achieve the aims set out, the course has & sdfjectives. Each unit
has specific objectives which are included at tbgitning of the unit.
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You should read these objectives before you stimdyunit. You may
wish to refer to them during your study to checkyomr progress. You
should always look at the unit objectives after ptation of each unit.
By doing so, you would have followed the instrungan the unit.

Below are the comprehensive objectives of the @as a whole. By
meeting these objectives, you should have achi¢hedaims of the
course as a whole. In addition to the aims abtivs, course sets to
achieve some objectives. Thus, after gadimgugh the course, you
should be able to:

explain the concept of Petroleum Chemistry andigaificance
identify the basic concepts, terms and importaseines in the
development of Petroleum Chemistry.

identify the significance, strategies, approachas problems in
Petroleum Chemistry

Course Materials

The main components of the course are:

1. The Course Guide

2. Study Units

3. References/Further Reading
4. Assignments

5. Presentation Schedule
Study Units

The study units in this course are as follows:

Module1l Basic Concepts in Petroleum Chemistry

Unit1 Origin of Crude Oil

Unit 2 Fate of Organic Matter in Sedimentary Basins
Unit 3 Gas Origin, Transportation and Uses

Unit4 Oil Well, Oil Field and Reservoir

Module2  Composition of Crude and Natural Gas

Unit 1 Composition, Properties and ClassificatioiCaude oll
Unit 2 Origin, Transportation and Uses
Unit 3 Basic Petroleum Refining

Unit4 Natural Gas Treatment Processes
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Module 3 Distribution of Petroleum and Natural Gases

Resources
Unit 1 Distribution of Natural Gases
Unit 2 Nigeria Natural Gas Potential
Unit 3 Petrochemicals from Natural Gas

The first unit of module one focuses on the basiecept in Petroleum
Chemistryviz-a-vizthe origin of petroleum. The second unit deals with
the fate of organic matter in sedimentary basime third and the fourth
units are concerned with the origin of natural gestransportation and
the various types of oil and gas well, oil fieldelaeservoir.

Units one, two, three and four of module two deghwhe composition,
properties and classification of crude oil and reltgases, refining and
treatment of natural gas.

While, units one, two and three of module three @acerned with
distribution of petroleum, distribution of naturgdses, Nigeria natural
gas potential andetrochemicalérom natural gas.

Each unit consists of one or two weeks’ wakd includes an
introduction, objectives, reading materials, exas| conclusion,
summary, tutor-marked assignments (TMAs) aeterences/further
reading. The unit directs you to work on exercisdated to the required
reading. In general, these exercises test you emtaterials you have
just covered or require you to apply it in some veay thereby assist
you to evaluate your progress and to reinforce yammprehension of
the material. Together with TMAs, these exercises will help you in
achieving the stated learning objectives of theviddal units and of the
course as a whole.

Presentation Schedule

Your course materials have important dates for géady and timely

completion and submission of your TMAs and attegdurtorials. You

should remember that you are required to submiyalr assignments
by the stipulated time and date. You should gugairet falling behind
in your work.

Assessment

There are three aspects to the assessment of uhgecéirst is made up
of Self AssessmentExercises, second consists of the Tutor-gdrk
Assignments and third is the written exarnordend of course
examination.
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You are advised to do the exercises. In tacklimgabsignments, you are
expected to apply information, knowledge and teghes you gathered
during the course. The assignments must be sulohdtgour facilitator
for formal assessment in accordance wilih deadlinesstated in the
presentation schedule and the assignment file.Widr& you submit to
your tutor for assessment will count for 30% of ytotal course mark.
At the end of the course you will need to sit fdiireal or end of course
examination of about three hours duration. Thismaration will count
for 70% of your total course mark.

Tutor-Marked Assignments (TMAS)

The TMA is a continuous assessment component afr gourse. It
accounts for 30% of the total score. You will beeg four (4) TMAS to
answer. Three of these must be answered beforangallowed to sit
for the end of the course examination. The TMAs ldae given to you
by your facilitator and returned after you have €ldhe assignment.
Assignment questions for the units in this course @ntained in the
assignment file. You will be able to complete yassignment from the
information and material contained in your readmggerences and study
units. However, it is desirable in all degyréevels of education to
demonstrate that you have read and researcheck into your
references, which will give you a wider view poartd may provide you
with a deeper understanding of the subject.

Make sure that each assignment reaches your &eiliobn or before the
deadline given in the presentation schedule asdj@asent file. If for

any reason you cannabmplete your work on time, contact your
facilitator before the assignment is due to disdhes possibility of an
extension. Extension will not be granted after thee date unless in
exceptional circumstances.

Final Examination and Grading

The end of course examination for introduction eréleum Chemistry
will be for about two hours and it has a value 8%/of the total course
score. The examination will consist questions, which will reflect the
type of self-testing, practice exercise andoiarked Assignment
problems you have previously encountered. All sugfathe course will
be assessed.

It is better to use the time between finishing e unit and sitting for
the examination to revise the whole course. Yoghtfind it useful to

review your self-test, TMAs and comments trem before the
examination. The end of course examination covdi@mation from

all parts of the course.

iv
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Course Marking Scheme

Assignment Marks

Assicnments 1- 4 Fourassgnmens, bes three maiks of the
four count at 10% each — 30% of course
marks.

Enc of courst | 70% of overal coursemarks.

examination

Total 100% of course materials.

Facilitators/Tutors and Tutorials

There are 16 hours of tutorials provided in suppdrthis course. You

will be notified of the dates, times and locatidriltese tutorials as well
as the name and phone number of your facilitasrsoon as you are
allocated a tutorial group.

Your facilitator will mark and comment on your agsmnents, keep a
close watch on your progress and any difficultess might face and
provide assistance to you during the course. Yeueapected to malil
your Tutor-Marked Assignment to your facilitatorfbee the schedule
date (at least two working days are required). yTwwél be marked by
your tutor and returned to you as soon as possible.

Do not delay to contact your facilitator by telepkoor e-mail if you
need assistance.

The following might be the circumstances in whichuywould find
assistanceecessaryhence you would have to contact your facilitator i

You do not understand any part of the study orabksigned
readings

You have difficulty with the self-tests

You have a question or problem with an assignmentith the
grading of an assignment.

You should endeavour to attend the tutorials. Thithe only chance to
have face to face contact with your coufaeilitator and to ask
guestions which ar@answeredinstantly. You can raise any problem
encountered in the course of your study.

To gain much benefit from course tutorialsegare a question list
before attending them. You will learn a lot fronrfg@pating actively in
discussions.
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Summary

Introduction to Petroleum Chemistry is a coursd theends to provide
the concept of the discipline and is concerned Wwakic processes and
the entire system of petroleum generation, extacand purification.
Upon completing this course, you whke equipped with the basic
knowledge of crude oil and natural gas, generatdstiribution and
purification. In addition, you will be able to answthe following type
of questions:

What is crude oil?

Whatis natural gas?

Of what importance is crude oil and natugals to national
development?

Define the term crude oil.

Define natural gas.

Discuss the different stages of petroleum genearatio

Define the term organic matter, and source rock.

Discuss the role of photosynthesis in crude oilegation.

What is diagenesis, catagenesis and metagenesis?

Definitely, this list of questions that you can aes is not limited to the

above. To gain the most from this course you sheunlieavour to apply
the principles you have leartd your understanding of Petroleum
Chemistry.

| wish you success in the course and | hope thatwil find it both
interesting and useful.

Vi
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MODULE 1 BASIC CONCEPTS IN PETROLEUM
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Unit 2 Fate of Organic Matter in Sedimentary Basins
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UNIT 1 ORIGIN OF CRUDE OIL
CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content

4.0
5.0
6.0
7.0

1.0

3.1  Definition of Crude OiIl

3.2  Generation of Petroleum (Crude Oil)

3.3 Production and Accumulation of Organic Matter

3.4  Organic Source Materials

3.5 Photosynthesis: the Basis for Mass Productic@rganic
Matter

3.6 Carbon Cycle

Conclusion

Summary

Tutor-Marked Assignment

References/Further Reading

INTRODUCTION

This unit will explain petroleum and its origin.\ill also introduce you

to generation of petroleum (crude oil) and the l@tween crude oil and
photosynthesis.In addition, the importance of carbon cycle in
maintaining the carbon balance as well as the daterganic matter in
sedimentsviz-a-viz the three main stages of transformation of organic
matter in sediments will also be discussed.

2.0

OBJECTIVES

By the end of this unit, you should be able to:

define crude oll

describe the involvement of photosynthesispmoduction of
crude oil

explain the carbon cycle

show diagrammatically the carbon cycle

describe the three main stages of organic matteediments:
diagenesis, catagenesis and metagenesis.
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3.0 MAIN CONTENT

3.1 Definition of Petroleum (Crude oil)

Petroleum can be broadly defined as the complextumax of
hydrocarbons that occurs in the earth in liquicsegaus, or solid forms.
It is a naturally-occurring brown to black flamntadiquid (Fig. 1).
Crude oils are principally found in oil resers associated with
sedimentary rocks beneath the earth’s surface.

Fig.1: A Sample of Medium Heavy Crude Oill
(Source http//www.wikipedia.ory

3.2 Generation of Petroleum (Crude oil)

Although exactly how crude oil originated ot established, it is
generally agreed that crude oil is derived fromineganimal and plant
debris subjected to high temperatures and presdtiiesalso suspected
that the transformation may have been catalysedobly constituents.
Regardless of their origins, crude ol mainly constituted of

hydrocarbons mixed with variable amounts of sulphuoitrogen, and
oxygen compounds. Metals in thiBoerms of inorganic salts or
organometallic compounds are present in the crudeura in trace

amounts, the ratio of the different constituentscinde oil, however,
varies appreciably from one reservoir to another.

Petroleum generation occurs over long periodsimie—millions of
years. In order for petroleum generation to ocotganic matter such as
dead plants or animalustaccumulaten large quantities. The organic
matter can be deposited along w#idimentsand later buried as more
sediments accumulate on top. The sediments andiorgaaterial that
accumulate are called source rock. After buriaknoital activity in the
absence of oxygen allows the organic materialhimm $ource rock to
change into petroleum without the organic mattepsy rotting. A good
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petroleum source rock is a sedimentary rock sucthate or limestone
that contains between 1and 5% organic carbon.

Rocks occur in many environments, including lal#eep areas of the
seas and oceans, and swamps. The source rocksbeumiried deep
enough below the surface of the earth to heat apotiganic material,
but not so deep that the rocks metamorphose othbairganic material
changes to graphite or materials other than hydooces. Temperatures
of less than 302°F (150°C) are typical for petrategeneration.

Geologists often refer to the temperature rang&hith oil forms as an
“oil window” below the minimum temperature oil rams trapped in
the form of kerogen, andbove the maximum temperature the oil is
converted to_natural gashrough the process of thermal cracking
Although this temperature range is found at diffiéreepths below the
surface throughout the world, a typical depth tog bil window is 4—

6 km. Sometimes, oil which is formed at extremetkhgpnay migrate
and becomérappedat much shallower depths than where it was formed.
The Athabasca Oil Sandgsan example of this.

According to generally accepted theory, petroleis derived from
ancient _biomassThe theory was initially based on the asoin of
molecules from petroleum that closely resemblewkndiomolecules
(Fig. 3. A number of geologists in Russia adhere ® #iogenic
petroleum originhypothesis and maintain that hydrocarbons of gurel
inorganic origin exist within Earth’s interior. Ashomer_Thomas Gold
championed the theory in the Western wdblgd supporting the work
done by_Nikolai Kudryavtsewn the 1950s. It is currently supported
primarily by Kenney and Krayushkin.

R
Fig. 2:Structure of Vanadium porphyrin compound (left) extracted
from petroleum by Alfred Treibs, father of organic
geochemistry Treibs noted the close structural similarity of
this molecule and_chlorophyll(right)
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Biomass, a renewable energy souisédiological materiatierived from
living, or recently living organisms, such as woedste, and alcohol
fuels. Biomass is commonly plant matter grown toagate electricityr
produce heat. For example, forest residues (sudeadirees,branches
and tree stumps yard clippings and wood chips may be duss
biomass. However, biomass also includes plant ananmatter used
for production of fibers or_chemical8iomass may also include
biodegradable wastethat can be burnt as fuel. It excludesaorg
materialsuch as fossil fuslwhich have been transformed by geological
processednto substances such as caal petroleum Although fossil
fuels have their origin in ancient biomass, theg not considered
biomass by the generally accepted definitlmetause they contain
carbon that has been “out” of the carbon cycle dovery long time.
Their combustion therefore disturbs the carbon idexcontent in the
atmosphere.

The abiogenic origin hypothesis lacks scientifupport. Extensive
research into the chemical structure of kerogenitlantified algae as
the primary source of oil. The abiogenicgori hypothesis fails to
explain the presence of these markers in kerogeh ah as well as
failing to explain how inorganic origin could be achieved at
temperatures and pressures sufficient to convedgea to graphite. It
has not been successfully used in uncovering q@bsiés by geologists,
as the hypothesisacks any mechanism for determining where the
process may occur.

3.3 Production and Accumulation of Organic Matter

In spite of the common occurrence of petroleum, gredgreat amount
of scientificresearchon it that has been carried out by many reseascher
there remain many unresolved questions regardsngrigin. Although it

is recognised that the original source ofbca and hydrogen in
petroleum was in the original materials that magethe primordial
earth, it is generally accepted that these tvemments have to pass
through an organic phase to be combined into #ging complex
molecules recognised as petroleum. There are muwseyeochemical
and geological reasons for this belief, a few ofaltare listed below:

Petroleum is commonly associated with sediargntrocks,

principally those deposited under marine cbows but also
including continental sediments. Conversely, thera complete
absence of commercial deposits of petroleum whelgigneous

or metamorphic rocks are present.

The optical activity of petroleum (the ability totate the plane of
polarised light) is almost completely confineddmmpounds of
biogenic origin.
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Most types of petroleum contain complex hydrocarbon
compounds termed porphyrins, formed eithemfrthe green
colouring matteof plants (chlorophyll) or from the red colouring
matter of blood (hemin).

Carbon isotope ratios”C/°C) indicate that petroleum may be
derivedin large part from the lipid (fats and waxes) fractions of
organisms.

Many petroleum-like hydrocarbons have been foundecent
marine sediments as well as in soils in many glabeoughout
the world. This occurrence forms a link betweeaspnt living
organisms and the petroleum found sadiments of older
geological ages.

Thus, in order to produce petroleum, orgammatter has to be
synthesised by living organisms and thereafter siggid and preserved
in sediments. Depending on further geologieaknts, part of the
sedimentary organic matter may be transfornmd petroleum-like
compounds called source rock. It is important @lise that during the
history of the earth the conditions for $wdis, deposition and
preservation of organic matter have changed.

SELF ASSESSMENT EXERCISE 1

1. What is petroleum?

2. Why it is that crude oil cannot be used diretlythe production
of chemicals?

3. What are the constituents of crude oil?

4. What are kerogens?

3.4 Organic Source Materials

The organic material that is the source of mostoEim has probably
been derived from the single-celled plankto(fiee-floating) plants
such as diatoms and blue green algae, amglesicelled planktonic
animals such as foraminifers, that live in freghter. These simple

forms were abundant in seas long before the beginoi the Paleozoic
Era (The Paleozoic covers the period froma fhist appearance of
abundant, soft-shelled fossils when the continentwere beginning to
be dominated by large, relatively sophistidateptiles and modern
planty 570,000,000 years ago, and could have ddrithe source
organisms of the petroleum found in the Bndarian and early
Paleozoic rocks they also may have contrbbute much of the
petroleum found in younger rocks. In addition, lagdnts brought into
the lakes and seas by rivers apparently have theesource of some
crude oils. The larger, more complex forms of Basuch as corals,

mollusks, crustaceans and shellfish are neithenddmt enough nor are

5
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their remains adequately preserved from the seangars to constitute
a source for crude oil.

All organic matter can be divided into the classégroteins (amino
acids), carbohydrates(sugars, cellulose), lignin, pigments (incluglin
porphyrins), and lipids (fats, fatty acids). Alitblignin are present in
both living plants and animals tremurce materials for petroleum are
among these five building blocks of living organgsm

The proteins and their amino acids are relativelilg decomposed and
probably contribute little to the petroleurousce material (organic
matter). Carbohydrates make up the major portibiath plant and
animal matter. They are subject to rapid and ndatbt degradation but
may provide a logical source material for somegietm.

Lignins must definitely be considered as a majartgbutor to organic
deposits of land plants, and although these hawribated largely to
lignite and coal deposits, many authoritieslidve that they may
constitute a progenitor of petroleutrydrocarbons as well. The

pigments, particularly the porphyrins, are knownfaom a minor but
recognisable source of crude oil.

It is lipids, however, that may form the chief apdmary source of

petroleum. Biochemically the lipids (fats and fadtgids) are insoluble in
water but are soluble in ether, benzene, or cfdono. Some of the

planktonic plants (phytoplanktons) produce andesttatty oils during

photosynthesis. Moreover th&C/*°C ratios in petroleum closely
resemble the ratios found in the lipid cfrans of the various
phytoplanktons. Because the lipiftaction, which contains the

hydrocarbons most closely resembling petroleums, miuch more stable
than the water-soluble proteins and carbohydratesould well be the

mainbuilding block from which petroleum is constructed.

3.5 Photosynthesis: the Basis for Mass Production fo
Organic Matter

Photosynthesis is the basis for the mass producioorganic matter.
About two billion years ago in Precambriame, photosynthesis
appeared as a worldwide phenomenon.The emergeoice
photosynthesis as a worldwide phenomenon is awaotky historical

event with respect to the formation qgfotential source rocks.

Photosynthetic process converts light energy iltendcal energy. It is
basically a transfer of hydrogen from the watercéwbon dioxide to
produce organic matter in the form of glucose axyfen.
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The oxygen produced in this reaction is from théewanolecule and not
from the carbon dioxide. Autotrophic organismse(arganisms that
produce their own organic compounasing carbon dioxide from the air
or water in which they live) can then synthesisk/geccharide, such as
cellulose and starch, and all other necessamystituents from the
glucose produced during photosynthesis. Primitiveitotaophic
organisms, such as photosynthetic bacteria anddrken algae were
the first organisms responsible for this sngwoduction. A basic
requirement for photosynthesis tise light absorbing green pigment
called chlorophyll (Equation 1)

h.v
6CO, + 12H0* =~—— CgHO + 60 + 6H,0
674Kcal
(Glucose)
Pdysaccaide

Equation1l: Equation of Photosynthesis. Glucoskatively rich in
energy is formed by green plants with the helpuwflight
(h.v). Oxygen is the by-product of this process

You may be wondering that of what significance h®fosynthesis to the
production of organic matter which eventually le&mishe production of

source rocks. However, dwot lose sight of the fact that without the
production of glucose as a result of photosynthigse will be nothing

for autotrophic organisms to synthesise polysasedbar

3.6 Carbon Cycle

A closer look at the equation of photosynitheshows that carbon
dioxide is usedip in the reaction. Since photosynthesis is a continuous
process it will come to a time that alletltarbon dioxide in the
atmosphere will be used up and photosynthesiscwitie to a stop and
subsequently deposition of organic matter will adsop. However, this
does not happen, carbon dioxide is reintroducéal the atmosphere.
Thus, reintroduction and mass balance of carbod usphotosynthesis

is what is known as carbon cycle.

The carbon cycle is the biogeochemical cylle which _carbonis
exchanged among the biosphepedospheregeospherehydrosphere
and _atmospheref the Earth.The carboncycle is usually thought of as
four major reservoirs of carbon interconnected pgthways of
exchange. These reservoirs are:
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The plants

The terrestrial biosphere, which is usually defi to include
fresh water systems and non-living organic matesiath as soil
carbon.

The oceansincluding dissolved inorganic carb@md living and
non-living marine biota.

The sedimentscluding fossil fuels

The annual movements of carbon, the carbochanges between
reservoirs, occur because of various chemical, ipalyggeological, and
biological processes. The ocean contains léingest active pool of
carbon near the surface of the Earth, but the deepnpart of this pool

does not rapidly exchange with the atmosphé&tee global carbon
budget is the balance of the exchanges (incomedassds) of carbon
between thecarbon reservoirs or between one specific loop.(e.
atmosphere— biosphere) of the carbon cycle. An examinationthaf

carbon budget of a pool or reservoir can providéormation about
whether the pool or reservoir is functioning asocairse or sink for
carbon dioxide.

Most of the carbon on earth is concentrated inmsedtary rocks of the
earth’s crust. Part of it is fixed as organic carband a greater part as
carbonate carboni.e. compounds containing carbonate anion. A
relationship of course exists between orgacacbon and carbonate
carbon. The atmospheric carbon dioxide reseri®in a constant
exchange with the hydrospheric carbon dioxide keserFrom aquatic
environments, carbonates may be precipitated cosieul by organisms
(shells, skeleton etc.) to form carbonate sediments. Conversely,
carbonate rocks may be dissolved to congibiat the equilibrium
reaction between CH, HCO;, and CQ in waters.

Primary organic matter is formed directly rfrothe atmospheric
reservoir by terrestrial plants, or by photosystheof marine plants
from dissolved C®in the hydrosphere.

Terrestrial and marine organic matter, in turnjaiggely destroyed by
oxidation. Thus, C© is returned for re-circulation in the system. A
simplified sketch showing the main processes arldweys concerning
the element carbon in the earth’s crust is giverFigure 3. Only an
almost negligible portion of the organic carbaonthe earth’s crust,
including the hydrosphere, is found in living orgams and in dissolved
state.
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Fig. 3 : Diagram of the Carbon Cycle

The black numbers indicate how much carbon is dtoia
variousreservoirs, in billions of tons (“GtC” st for GigaTons of
Carbon and figures are circa 2004). The purple barmmindicate how
much carbon moves between reservoirs each year.s€timents, as
defined in this diagram, do not include the 70 iollGtC of carbonate
rock and kerogen.

(Source:http//www.wikipedia.org

SELF ASSESSMENT EXERCISE 2

1. Explain the term autotrophic organism.

2. List the four major reservoirs of carbon.

3. What information can you obtain by examining thelget of a
pool or reservoir.

4.0 CONCLUSION

This unit has examined the origin of petroleum, tndrade oil is and its
generation. Also, it has showed the link betwebaot@synthesis and
crude oil. Photosynthesis as the basis for massmadation of organic
matter was also discussed. In addition, rible of carbon cycle in
reintroducing and maintaining mass balance of carioxide used in
photosynthesis was also examined.
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5.0 SUMMARY

This unit has introduced you to the origin of cruak the prerequisite
for the existenceof petroleum source rock. Furthermore, it defined
organic matter or material as materials comprisedrganic molecules

in monomeric or polymeric forms, derived directly mdirectly from
organic parts of organisms. In addition, it dividgdisorganic matters into
five classes namely proteins (amino acidsarbohydrates (sugar,
cellulose), lignin, pigments (including porphyrire)d lipids.

Finally, the unit has also introduced you to coondi necessary for the
production of petroleum which include synthesisoajanic matter by
living organisms, deposition and preservation @hsorganic matter.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are the facts that support the thetbrat carbon and
hydrogen found in crude oil were in the originaatarials that
made up primordial earth i.e. organic.

2. State why abiogenetic theory / hypothesis failed
3. Define the following terms:

a. Oil window

b. Source rock

C. Paleozoic era

d. Precambrian era
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1.0 INTRODUCTION

This unit will discuss the transformation of orgamnatter deposited in
sediments. It will also discuss the various geological boundary
conditions controlling the accumulations of organisediments.

Furthermore, it will discuss the physicocheahid¢ransformation of
organic matter in sediments, and will also disdassors that determine
the variation of sediments. A general scheme aiution of organic
matter from time of deposition in sediments wilk@lbe examine. In
order to understand the discussion the followirggess of evolution:
diagenesis, catagenesis, metagenesis and metasmrphill be
considered.

2.0 OBJECTIVES

By the end of this unit, you should be able to:
state the favourable conditions for the deposibbrsediments
rich in organic matter

define and discuss diagenesis, catagenesis andenetas
explain transformation of organic matter.

12
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3.0 MAIN CONTENT

3.1 Accumulation of Organic Matter

Production, accumulation and preservation ofdagraded organic
matter are prerequisites for the existence ofopmim. It should be
noted that the term “organic matter’ does notudel mineral skeletal
parts, such as shells, bones, and teeth. The atauom of organic
matter in sediments is controlled by a number aflggaical boundary
conditions. It is practically restricted to sedirmheleposited in aquatic
environments, which must receive a certain mininramount of organic
matter. This organic matter can be supplied eitinéine form of dead or
living particulate organic matter or as a dissdh\aganic matter. The
organic material may be autochthonous to the enment where it is
deposited, that is, it originated in the water cwmhuabove or within the
sediment in which it is buried, or it may be alltadnous, i.e., foreign to
its environment of deposition. Both the energyaibn in the water
body in question and the supply of mineral sedirwgnparticles must
be such as to allow a particular kind of sedimeoatf the energylevel
in a body of water is too high, either there issesn of sediment rather
than deposition, or deposited sediment is ¢oarse to retain low-
density organic material. An example is a beacl argh strong wave
action. Furthermore, in coarse-grained sedimantple diffusion of
oxygen is possible through the wide open poresti@nother hand, if
the level of energy is very low, too little sedinés supplied, and there
is, like-wise, no appreciable organic sedimentatiBxamples of this
type occur ircertainpartsof the deep sea.

Once these boundary conditions are satisfibd, accumulation of
organic matter in sediment is dependent tbe dualism between
processes that conserve and concentrate and tredsgestroy and dilute
organic matter.

3.2 Diagenesis

Sediments deposited in sub-aquatic environmentsaitofarge amounts
of water (the amount of water is 60% of the totalight of sediment),
minerals, dead organic material, and numerousdivnicroorganisms.
Such a mixture results from various sedimentarg@sees and primary
components of very different origin it is not inuddrium and therefore
unstable, even if microorganisms are not preseiagdhesis is a process
through which the system tends to apgroaquilibrium under
conditions of shallow burial, and through which gediment normally
becomes consolidated. The depth interval concemedthe order of a
few hundred meters, occasionally to a few thousaatkrs. In the early

13
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diagenetic process, the increase in temperaturg@ssure is small and
transformation of the sediments occurs under nalttdions.

During early diagenesis, microbial activity nsforms the sediment.
Anaerobic organisms reduce sulphates to free oxythee oxygen so
produced is consumed by aerobic microorganisinad live in the
uppermost layer of sediments. The energy requsegrovided by the
decomposition of organic matter, which in the psscies converted into
carbon dioxide, ammonia and water. The converssonsually carried
out completely in sands and partly in mud. Durihgs tperiod, the Eh
decreases abruptly and the pH increases slightlyaddition, certain
solids like CaC@ and SiQ dissolve and reach saturation and re-
precipitate, together with authigenic minerals saslsulphides of iron,
copper, lead and zinc.

Within the sediment, organic material proceeds tdaaequilibrium.
Furthermore, during diagenesis proteins and cadiraltes (known as
biogenic polymers or biopolymers) are destroyedrigrobial activity.
Their constituents become progressively engagestwn polycondensed
structures leading to the productionka&rogen.Kerogen is the organic
constituent of sedimentary rocks that is not s@uhblaqueous alkaline
solvents or in common organic solvents. The péarthe sedimentary
rock that is soluble in organic solvents is knowerb@éumen Kerogen is
the most important form of organic carbon on eaatid it is 100 times
more abundant than coal plus petroleum in resesyvamd is 50 times
more abundant than bitumen. Kerogens that havegh hydrogen /
carbon ratio have potential for oil and gas gemamatThus diagenesis
begins in recently deposited sediments where miar@ztivity occurs.
At the end of diagenesis, the organic mattensists mainly of a
fossilised, insoluble organic residue called keroge

3.3 Catagenesis

Continuous deposition of sediments results in tingabof previous bed
to a depth reaching several kilometers of overburdesubsiding basins.
This leads to a considerable increase in temperatnd pressure. Such
increase again places the system out of equilib@meh results in new
changes. There are some changes in the clay fnastide the mineral
phase’'s composition and texture are conserVUdég main inorganic
modification at this stage involves the compactainthe rock, water
continue to be expelled, porosity and permeabiliecreases greatly,
salinity of the interstitial water increasesmd may come close to
saturation.

On the other hand, liquid petroleum is first progllidoy the kerogen

generated in the diagenesis stage. In ar latage, wet gas and
condensate areproduced. Both liquid oil and condensate are

14
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accompanied by significant amount of methane. Thasethe major
changes that the organic matter experience dudtagenesis.

The end of catagenesis is reached when the disameeaof aliphatic
carbon chain in kerogen is completed. Catagisnresults from an
increase in temperature during burial in sedimgntasins. Thermal
breakdown of kerogen is responsible fibe generation of most
hydrocarbons.

3.4 Metagenesis

The last stage of the evolution of sediments iswkn@s metagenesis.
Metagenesis is reached only at great depthere temperature and
pressure are high. At this stage, organic matecomposed only of
methane and a carbon residue. The constituentssafual kerogen are
converted to graphite carbon. Minerals are severr@ysformed under
this condition, clay mineral lose their interlaygater and gain a higher
stage of crystallinity iron oxides containing stiwral water (goethite)
change to oxides without water (hematite) etc. levpressure
dissolution and recrystallisation occur, like tltoemation of quartizite,
and may result in a disappearance of the orignoak structure. The
rock reaches temperature conditions that leadhe metagenesis of
organic matter. At this stage, the organic mattecomposed only of
methane and a carbon residue, where some crystalldering begins to
develop. Coals are transformed into anthracite.

SELF ASSESSMENT EXERCISE
Explain the following terms:

a. Autochthonous
b. Allochthontous

3.5 Transformation of Organic Matter

The time covering sedimentation processes andemesalin the young
sediment, freshly deposited, represents a veryapage in the carbon
cycle. The first few meters of sediment, just belin water-sediment
contact, represent the interface through whichamig carbon passes
from the biosphere to the geosphere. The residpeded of organic

compounds in this zone of the sedimentary columong compared to
the lifetime of the organisms, but very short coregato the duration of
geological cycles e.g. 1-m section often represgdsto 10000 years.

During sedimentation processes, and later ich syoung sediments,
organic material is subjected to alterations by varying degreés
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microbial and chemical actions. As a result, itsnposition is largely
changed and its future fate during the rest of dbelogical history
predetermined within the framework of its sefuent temperature
history. When comparing the nature of thiganic material in young
sediments with that of the living organisms fromiethit was derived,
the striking point is that most of the uswanstituents of these
organisms, and particularly the biogenic macromolecules, have
disappeared. Proteins, carbohydrates, lipids, @mihlin higher plants
amount to nearly the total dmyeight, on an ash-free basis, of the
biomass living in sub-aquatic or sub-aeriavinments. The total
amount of the same compounds that can be extracedvery young
sediments is usually not more than 20% of thel tmtganic material,
and often less. This situation results from degtad of the
macromolecules by bacteria into individual aminascsugars, etc. As
monomers, they are used for nutrition of the nmacganisms, and the
residue becomes polycondensed, forming larg®muats of brown
material, partly soluble in dilute sodium hgxide, and resembling
humic acids.

As a result of microbial activity in water danin sub-aquatic soils,
biogenic polymers have been degraded, then useduak as possible
for the metabolism of microorganisms. Thus, evefinea mud, a part of
the organic matter has been consumed and happdeeed through
conversion into carbon dioxide and water. Anotheat pas been used to
synthesise the constituents of the microbial el thus is reintroduced
into the biological cycle. The residue that canhetincorporated by
microorganisms is now incorporated into a new pohgtensate, which
is insoluble kerogen. Thischemical process occurs under mild
temperature and pressure conditions. Thus, theendle of the increase
of temperature and pressure is likely to be sulbatdi compared to the
nature of the original organic constituents. Theawis confirmed by the
results of experimental evolution tests of heatimganic matter under
inert atmosphere in order to stimulate the trams&tions at greater
depth that is catagenesis and metagenesis butagsresis.

At the end of diagenesis, organic matter still cdegs minor amount of
free hydrocarbons and related compounds. They haga synthesised
by living organisms andhcorporatedn the sediment with no or minor
changes. Thus, they can beonsidered as geochemical fossils,
witnessing the depositional environment. As tiared sedimentation
proceed, the sediment is buried to several hundoédseters. Most of
the organic material becomes progressively insoluble as a restilt
increasing polycondensation associated withloss of superficial

hydrophilic functional groups. This completely ihdae organic matter
from sediments has received limited attention ueitlently. It is called
“humiri’ by the few soil scientists who haweorked on sub-aquatic
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soils. In ancient sediments, the insoluble aorg matter is called
kerogenand is obtained by demineralisation of the rocke Tterms

humin and kerogenare not strictly equivalent thus, humin, colleclyve
with other insoluble organic matter such as pollgmres, etc. may be
considered as a precursor of kerogen. Petroleurnhgeaists consider
kerogen as the main source of petroleum compodraswhole process
is referred to as diagenesis and leads from biopety synthesised by
living organisms to geopolymers (kerogen) througittionation i.e. by

separating the mixture into its componerastial destruction and
rearrangement of the building blocks of thmacromolecules. The
transformation of sediments to kerogen can be asgumoccur or takes
place in three steps viz-a-viz biochemical degiadapolycondensation
and insolubilisation.

Kerogen is a mixture of organic chemical compoutitg make up a
portion of the organic matter in sedimentary rockss insoluble in

normal organic solvents because of the huge maeewight (upwards
of 1,000 Daltons) of its component compounds. Tolekde portion is

known as bitumen. When heated to the right tempegatin the Earth’'s
crust, oil window ca. 60°-120°Cgas windowca. 120°-150°C) some
types of kerogen release crude oil or natural gakgctively known as
hydrocarbons (fossil fuels). When such kerogeres mesent in high
concentration in rocks such as shale they form iplessource rocks.
Shales rich in kerogens that have not bheated to a sufficient
temperature to release their hydrocarbons may faitrshale deposits.
As kerogen is a mixture of organic materiather than a specific
chemical, it cannot be givea chemicalformula. Indeed its chemical
composition can vary distinctively from sample sample. Kerogen
from the Green River Formation oil shale depositwestern North

America contains  elements in the proportions C 285330 : O 12 :

N5:S1.

There are three types of kerogen namely dakirogen, refractory
kerogen and inert kerogen. Labile kerogen breakendim form heavy

hydrocarbons (i.e. oils), refractory kerogen beedkwn to form light

hydrocarbons (i.e. gases), and inert kerogen fognaphite. However,

when Van Krevelen diagram is used (Van Krevelergidims are a
graphical-statistical method that cross-pldie txygen: carbon and
hydrogen: carbon ratios of petrolduno classify kerogen. The
following types of kerogen are arrived at:

Type |
Containing alginite, amorphous organic mat&yanobacteria,
freshwater algae, and land plant resins

Hydrogen:Carbon ratio > 1.25
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Oxygen:Carbon ratio < 0.15

Shows great tendency to readily produce liquid bgdrbons.

It derives principally from lacustrine algae andnfig only in
anoxic lakes and several other unusual marine @mvients
Has few cyclic or aromatic structures

Formed mainly from proteins and lipids

n’J

) 005 010 o8 020 azs a30
5 Atomic ratio O/C

= Main path of humic coais (after Durand et al ,1976)
=" Boundaries of the field of kerogen
" _ Evoiution poths of the principul types of kerogen

Fig. 1 : Van Krevelen Diagram(Principal types and evolution path of
kerogen: typesl, Il and Ill are most frequent. Kerogen of
intermediate compositioralso occurs. Evolution of kerogen
composition with increasing burial is marked byanow along

each evolution path I, I, and Il
(Source Petroleum formation and occurrence. B. R. Tissdd. W.
Welte)

Type I

Hydrogen:Carbon ratio < 1.25

Oxygen:Carbon ratio 0.03 to 0.18

Tend to produce a mix of gas and oll.

Several types: exinite, cutinite, resinite, andirigpe

Exinite: formedfrom the casings of pollen and spores
Cutinite: formed from terrestrial plant cuticle

Resinite: formed from terrestrial plant resins amtimal
decomposition resins
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Liptinite: formed from terrestrial plant ligd (hydrophobic
molecules that are soluble in organic solvents)raadne algae
They all have great tendencies to produce petrolanchare all
formed from lipids deposited under reducing cooaisi.

Type II-Sulphur
Similar to Type Il but high in sulphur.
Type Il

Hydrogen:Carbon ratio < 1

Oxygen:Carbon ratio 0.03 to 0.3

Material is thick, resembling wood or coal.

Tends to produce coal and gas (recent researclshwagn that
type Il kerogens can actually produce oil under extreme
conditions).

Has very low hydrogen because of the extensimg and
aromatic systems

Kerogen Type lll is formed from terrestrial plantatter that is lacking
in lipids or waxy matter. It forms from cellulose, the carbofatd
polymer that forms the rigid structure of terredtplants, lignin, a non-
carbohydrate polymer formed from phenyl-propandsuttiat binds the
strings of cellulose together, and terpenes anchgilte compounds in
the plant.

Most of the biomass that eventually becomes petrolés contributed
by the bacteria and protists that decompose thagpyi matter, not the
primary matter itself. However, thgnin in this kerogen decomposes to
form phenolic compounds that are toxic to bactand protists. Without
this extra input, it will only become methane ama/oal.

Type IV (Residue)
Hydrogen:Carbon < 0.5
Type IV kerogen contains mostly decomposed orgamatter in the

form of polycyclic aromatichydrocarbons. They have no potential to
produce hydrocarbons.

3.6 From Kerogen to Petroleum

As sedimentation and subsidence continue, temperaod pressure
increase. In this changing physical environmehég s$tructure of the
immature kerogen is no longer in equilibrium with surroundings.
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Rearrangements will progressively take place tohreahigher, and thus
more stable, degree of ordering. The stéilmderances for higher
ordering have to be eliminated. They are, for ims¢éa nonpolar cycles
(e.g., saturated cycles) and linkages with waithout heteroatoms,
preventing the cyclic nuclei from a parallel arrangent.

This constant adjustment of kerogen to inengagemperature and
pressure results in a progressive elimination atfional groups and of
the linkages between nuclei (including carbon claiA wide range of
compounds is formed, including medium to laonolecular weight
hydrocarbons, carbon dioxide, water, hydrogen sdéhetc.Therefore,

the petroleum generation seems to be a necessargquoersce of the
drive of kerogen to adjust to its new surroundibgsgaining a higher
degree of order with increasing overburden.

Kerogen is a polycondensed structure formed untter mild
temperature and pressure conditions of young sedgrend metastable
under these conditions. Therefore, its charattesi seem to remain
rather constant, even in ancient sediments, asderigey are not buried
deeply. In most cases, howevers sedimentationand subsidence
proceed, kerogen is subjected to a progressiveaser of temperature
and pressure.ltis no longer stable under the new condition.
Rearrangements occur during the successivgestaf diagenesis,
catagenesis, and metagenesis toward thermodynaunidbeum.

Diagenesis of kerogen is marked by decreakeoxygen and a
corresponding increase of carbon content witheasing depth. With
reference to van Krevelen diagram (Figure 1), giege of evolution
results in a slight decrease in the ratio of hydrog carbon and a
marked decrease of oxygen / carbon. Infragpectroscopy has
demonstrated that the decrease of oxygeduies essentially to the
progressive elimination of carbonyl (C=0) groupiténms of petroleum
exploration, this stage corresponds to an immakeregen, and little
hydrocarbon generation has occurred in the sowde However, large
guantities of carbondioxide and water and also some heavy
heteroatomic (N, S, O) compounds may be predun relation to
oxygen elimination.

Catagenesis, the second stage of kerogen degnmadastionarked by an
important decrease of the hydrogen content d@ndthe hydrogen to
carbon ratio, due to generation and release ofdegabons. Again, in
terms of petroleum exploration, the stage of catagis corresponds to
the main zone of oil generation and also to thermagg of the cracking
zone, which produces “wet gas” with a rapidly iregig proportion of
methane As temperature continues to increase, the kerogerhesahe
stage of catagenesis. More bonds of various typgeebraken, like esters
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and also some carbon —carbon bonds, within thegkerand within the
previously generatedragments. The new fragments generated become
smaller and devoid of oxygen, therefore, hydroocasbare relatively
enriched. This corresponds first to the principage of oil formation,
and then to the stage of “wet gas” and condensabergtion. At the
same time, the carbon content increases in theimergekerogen, due to
the elimination of hydrogen. Aliphatic and aliadgchroups are partly
removed from kerogen, carbonyl and carboxyl groaps completely
eliminated, and most of the remaining oxygenncluded in either
bonds and possibly in heterocyclic.

When the sediment reaches the deepest part ofethmentary basins,
temperatures become quite high. A general crackincarbon — carbon
bond occurs, both in kerogen and bitumen alreagherated from it.
Aliphatic groups that were still present in kerogalmost disappear,
correspondingly, low molecular weight compound,eesglly methane,
arereleased. The remaining sulphur, when preseneingen, is mostly
lost, and HS generation may be important. This is the pririgypase of
dry gas formation.

Once most labile functional groups and chains éimireated, aromatisation

and polycondensation of the residual kerogen ira®aas shown by alteration
of optical characteristics and by Infra-Red spectarallel arrangement of
aromatic nuclei extends over wide areas from 88Q0A, forming clusters.

Physical properties evolve accordingly (high refice, electron diffraction).

Such residual kerogen is unable to continue toega hydrocarbons, as
shown by the negative results of thermo-gravimeassays. This stage is
reached only in deep or very old sedimentary baams it corresponds to
metagenesis.

SELF ASSESSMENT EXERCISE 2

1. What is the effect of too high energy in a badywater on
sedimentation?

2. What is the effect of very low energy in a baafywater on
sedimentation?

4.0 CONCLUSION

This unit discussed the production, accumulatiod preservation of
undegraded organic matter in sediments. It alsoudised the various
geological boundargonditionscontrolling the accumulation of organic
matter in sediments.

In addition, this unit also discussed all the fetages of organic matter
evolution in sediments. It further examined the nie@ of kerogen and
the van Krevelen diagram as a graphicalstieél method used in
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classifying kerogen. Finally, the different typesdathe transformation
of kerogen to petroleum were discussed.

5.0 SUMMARY

This unit has introduced you to the produtti@accumulation and
preservation of organic matter, thearious physico-chemical
transformationsof organic matter to kerogen, the differenpety of
kerogen and the Vakrevelendiagramwas also introduced.

Furthermore, the unit classified kerogens intodhnges. The kerogens
were classified by their respective evolution pittthe Van krevelen
diagram.

6.0 TUTOR-MARKED ASSIGNMENT

1. List and briefly discuss the three main stageswwlution of
organic matter.

2. Kerogen can be classified into three types. Idisc

3. What are the geological boundary conditidimat control the
accumulation of organic matter in sediments?

4. Physicochemical transformation of organic maigecontrolled
by certain factors, list them.

5. What are the prerequisites for the existenqeetrioleum?
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1.0 INTRODUCTION

Natural gas is a gas consisting primarily raéthane. It is found
associated with fossil fuels, in coal beds, as amghclathrates, and is
created by methanogenic organisms in marshes, bagdandfills. It is
an important fuel source, a major feedstock fotilieers, and a potent
greenhouse gas. It is often informally refdrrto assimply gas,
especially when compared to other energy sources as electricity.
This unit will examine the origin, generation amigration of natural
gas. It will also examine the differences betweatural and other gases.
Furthermore, processing, uses, environmenticif energy content,
statistics and pricing of natural gas will alsodigcussed.
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2.0 OBJECTIVES
By the end of this unit, you should be able to:

discuss the origin of natural gas

explain the accumulation of natural gas

differentiate between natural gas and other gases
describe the process of natural gas using proagptamt
list uses of natural gas.

3.0 MAIN CONTENT

3.1 Origin of Natural Gas Accumulations

The decomposition of organic material in an oxygeo+ environment,
with the aid of anaerobic bacteria, results in fitnation of methane.
Since organic matter is present in the youngemseuwlis of the earth, so
iIs methane. If all of the existing methane could dmlected, it could
provide most of the world's energy for hundredyexdrs. Unfortunately,
most is too diffuse to be commercially rem@d. Natural gas, a
hydrocarbonmixture consisting primarily of methane and ethane, is
derived from both land plant and marine organicteraOver geologic
time, almost all natural gas reaches the eartfagiand is lost to the
atmosphere. When its upward migration is interrdiitg a geologic trap
(an upwardly convex permeable reservoir resaled above by
impermeable cap rock) commercial quantities of gais accumulate.
This gas is termed non associated gas. Commeroialists of gas also
can accumulate as a gas cap above an oil podl @servoirpressure is
sufficiently high, dissolved in the oil. Suamatural gas is termed
associated gas.

Natural gas generation and migration occurs oveexansive vertical
zone that includes shallow biogenic gas, interateddissolved gas of
the oil window, and deethermal gas. The production of biogenic
methane requires anaerobic microbial activity, snconfined to poorly
drained swamps, some lake bottoms, and marine amagnts below
the zone of active sulphate reduction. Gas of gredantly biogenic

origin constitutes more than 20 percent of gloj@s reserves. The
mature stage of petroleum generation occurs ahddpetween about

6,500 and 16,000 feet, depending upon the geothgmadient. At these
temperatures and pressures, the full range of bgdbons is produced
within the oil window and significant amounts ofetimal methane gas
often are generated along with the oil. Below al8&00 feet, primarily
wet gas that contains liquid hydrocarbons is formadhe post mature
stage, beneath about 16,000 feet, oil is no lostele and the main
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hydrocarbon product is thermal methane gas tha oduct of the
cracking of the existing liquid hydrocarbons.

Gas displays an initial low concentration and hiligpersibility, making
adequate seals very important to conventional gasraulation. Due to
differences in the physical properties of gas amdsomilarly sized oll
traps contain more recoverable energy (on a Btisp#san gas traps,
although more than three-quarters of the lacg gas often can be
recovered. Less than one percent of the gas fefldee world are of
giant size, originally containing at least 3 trillion cubic feet of
recoverable gas. These fields, however, along thithassociated gas in
giant oil fields, account for about 80% tife world’'s proved and
produced gas reserves. Oil is derived mainly froarine or lacustrian
source rocks, but, since gas can be derived frowh dants as well, all
source rocks have the potential for gas iom. Many large gas
accumulations appear to be associated with thedsgadsits.

3.2 Unconventional Gas Accumulations

The boundary between conventional gas andonwemtional gas
resources isiot well defined, because they result from a continuum of
geologic conditions. Coal seam, shale, and tigist gccur in rocks of
low permeability and require special treatmentrémovery. The process
by which vegetation is converted to coal over ggimldime generates
large amounts of natural gas. Much of this gas imesoconcentrated as
conventional gas deposits in permeable sedimenéseat to the coal,
but some gas remains in the coal as unconventiwoaitinuous" gas
deposits. The coal does not form a continuous vegeover an entire
basin, but occurs in individual non-communicatiglcseams separated
by other strata. Coal seams are compartimesda gas reservoirs
bounded by facies changes or faults and the cedlf iyields extremely
variable amounts of gas. Coal seams that asply buried exhibit
significantly reduced permeabilites and, thus, umstl gas
recoverability.

Coal seam gas well productivity depends mostly eservoir pressure
and water saturation.Multi-well patterns are necessary to remove water
from the coal and testablisha favorable pressure gradient. Since the
gas is adsorbed on the surface of the coal angpddhby reservoir
pressure, initially there is low gas production d&ngh water production.
Therefore, an additional expense relates to ikpodal of coal bed
water, which may be saline, acidic, or alkaline.phsduction continues,
water production declines and gas production irsgga before
eventually beginning a long decline. In generalyéeer, coal seam gas
recovery rates have been low and unpredietaBlverage per-well
conventional gas production in a mature gas-bekin is about five
times higher than average per-well coal seam gadugtion. Thus,
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several times as many wells have to be drilledaal cseams than in
conventional gas accumulations to achieve simigarrgcovery levels.

Large continuous gas accumulations are somstipresent in low
permeability (tight) sandstones, siltstones, shale, sandy carbonates
limestone, dolomites, and chalk. Such gasosiep are commonly
classified as unconventional because their resechairacteristics differ
from conventional reservoirs and they requstmulation to be
produced economically. The tight gas is coeté in lenticular or
blanket reservoirs that are relatively impeatnle and can occur
downdip from water-saturated rocks and cut across lithologic
boundaries. They often contain a large amaeintin-place gas, but
exhibit low recovery rates. Gas can be economiagaitpvered from the
better quality continuous tight reservoirs by cirgadownhole fractures
with explosives or hydraulic pumping. The nmhgavertical fractures
provide a pressure sink and channel for glas, creating a larger
collecting area so that the gescoveryis at a faster rate. Sometimes
massive hydraulic fracturing is required, usingadf million gallons of
gelled fluid and a million pounds of sand to kelep fractures open after
the fluid has been drained away.

In the United States, unconventional gas actatons account for
about 2trillion cubic feet (tcf) of gas production per year, some 10 per
cent of total gas output. In the rest bé tworld, however, gas is
predominantly recovered from conventional accuniuhat

3.3 Town Gas

Town gas is a mixture of methane and other gasasjlynthe highly
toxic carbon monoxide that can be used in a similay to natural gas
and can be producelny treating coal chemically. This is a historic
technology, still used as 'best solution' in sdm®al circumstances,
although coal gasification is not usually economticurrent gas prices.
However, depending upon infrastructure consiterg, it remains a
future possibility.

Most town “gas houses” located in the eastern dn@tates in the late
nineteenthand early twentieth centuries were simple by-product of coke
ovens which heated bituminous coal in aintighambers. The gas
driven off from the coal was collected and disttdal through town-
wide networks of pipes to residences and othedimgk where it was
used for cooking and lighting purposes. (Gas hgalid not come into
widespread use until the last half of the twenteghtury.) The coal tar
that collected in the bottoms of the gas house ®wveas often used for
roofing and other water-proofing purposes, and,algeen mixed with
sand and gravel, was used for creating Bitumeth@isurfacing of local
streets.
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3.4 Bio Gas

When methane-rich gases are produced by the anaeletay of non-
fossil organic matter (biomass), these are referred to as bidgas
natural biogas). Sourcesf biogas include swamps, marshes, and
landfills (see landfill gas), as well as sewagalgkiand manure by way
of anaerobic digesters, in addition to enteric fmmation particularly in
cattle.

Methanogenic archaea are responsible forballogical sources of
methane, some in symbiotic relationships with other life forms,
including termites, ruminants, and cultivated sropethane released
directly into the atmosphere would be con@deas a pollutant,
however, methane in the atmosphere is oxddiggoducing carbon
dioxide and water. Methane in the atmosphere hhalfaife of seven

years, meaning that every seven years, half ofntbthane present is
converted to carbon dioxide and water.

Future sources of methane, the principal comapb of natural gas
include landfill gas, biogas and methane ratid Biogases, and
especially landfill gas, are already in used in sameas, but their use
could be greatly expanded. Landfill gas is a typdiogas, but biogas
usually refers to gas produced from organic mdtéhni@ has not been
mixed with other waste.

Landfill gas is created from the decomposition @fste in landfills. If
the gas is not removed, the pressure may getgdothat it works its
way to the surface, causing damage to the lamstfilicture, unpleasant
odour, vegetation die-off and an explosioazard. The gas can be
vented to the atmosphere, flared or burned to m®electricity or heat.

Once water vapour is removed, about half of lahdfas is methane.
Almost all of the rest is carbon dioxide, but thare also small amounts
of nitrogen, oxygen and hydrogen. There are uguadice amounts of
hydrogen sulphide and siloxanes, but their conaéotr varies widely.
Landfill gas cannot be distributed through natgas$ pipelines unless it
is cleanedup to the same quality. It is usually more econoinica
combust the gas on site within a short distance of the landfill using a
dedicated pipeline. Water vapour is often remowackn if the gas is
combusted on site. Other non-methane compsnemby also be
removed in order to meet emission standards, teeptefouling of the
equipment or for environmental considerations.fi@dog landfill gas
with natural gas improves combustion, which lowarsssions.

Biogas is usually produced using agricultural wastgerials, such as
unusable parts of plants and manure. Biogas canla produced by
separating organic materials from waste that otlsergoes to landfills.
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This is more efficient than just capturing the lalhdas it produces. The
use ofmaterialsthat would otherwise generate no income or even cost
money to get rid of, improves the profitabilitycaenergy balance of
biogas production.

Anaerobic lagoons produce biogas from manure, whibgas reactors
can be used for manure or plant parts. Like lahgés, biogas is mostly
methane and carbon dioxide, with small amountsitvbgen, oxygen
and hydrogen. However, with the exception pefsticides, there are
usually lower levels of contaminants.

3.5 Hydrates

Huge quantities of natural gas (primarily methaexest in the form of

hydrates under sediment on offshore continentdiyeheand on land in
arctic regions that experience permafrost sashthose in Siberia
(hydrates require a combination of high pressucklaw temperature to
form). However, as at 2009, no technology Heeen developed to
produce natural gas economically from hydrates.

3.6 Natural Gas Production
The image below (Fig. 1) is a schematic block fldragram of a typical

natural gas processing plant. It shows the vanmisprocesses used to
convert raw natural gas into sales gas pipelingdde@nd user markets.

Raw Gas
gas wells
TalL GAS TREATIMG
Tail Offgas to
f——————————=

Condensate to 0 SRR [VEREES
CONDEHSATE  —=p_ - o refinery Gas :a;zf?ol PrOGEss | incinerator
WATER REMOWAL
‘Wastewater Peid SULFUR UNIT Elemertal Nitragen-rich

Gaz | = Claus process Sulfur gas

ACID GAS REMOWVAL T
Raw gas | "fmine treating DEHYORATION MERCLURY NITROGEN REJECTION

———=p| = EBerfield process e o Glycal unit |- REMOVAL | .| = Cryogenic process
pipeline ™ o peg it = PEA UNit = Mal sieves = fbsorption processes
= fulfinol process = etivated carbon = bdsorption processes
= Others
To zales gas
pipeline "—‘
Etriare +—| SWEETENING UNITS [#+—]| FRACTIONATION TRAIN . T“Gb" RECD:ERY ’
Propane <—— = Herox process <+ = Deethanizer d:;neot::;?;r & an
Eitanes #—— = Sulfrex process [+ = Depropanizer o e (i @l
Pertanes + +— = Mal sieves — * Debutanizer
plants]
LEGEMD:
Located at gas wells Located in gas processing plant

Red Indicates final sales products  Blue  Indicates optional unit processes available
= Condensate is also called natural gasoline or casinghead gasoline
= Pentanes + are pentanes plus heavier hydrocarbons and also called natural gascline
= Mzid gases are hydrogen sulfide and carbon dioxide
= Sweetening processes remove mercaptans from the NGL products
= PSR is Pressure Swing Adsorption
= NGL is Matural Gas Liguids

Fig. 1:Schematic Flow Diagram of a Typical NaturalGas Processing
Plant
(Source http//en.wikipedia.org/wiki/filg
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The block flow diagram also shows how processinghef raw natural
gas Yyields by product sulphur, by product ethand, reatural gas liquids
(NGL) propane, butane and natural gasoline (dermtgukntanes +).

3.7 Uses of Natural Gas

3.7.1 Power Generation

Natural gas is a major source of electricity getenathrough the use of
gas turbines and steam turbines. Most grid peagmger plants and
some off-grid engine-generators use natural gas iB because high
efficiencies can be achieved through combiniras dgurbines with a
steam turbine in combined cycle mode. Natural gasdymore cleanly
than other fossil fuels, such as oil and coal, pratluces less carbon
dioxide per unit energy released.

For an equivalent amount of heat, burning natuaal groduces about
30% less carbon dioxide than burning petroleum abodut 45% less
than burning coal. Combined cycle power generaiging natural gas is
thus the cleanest source of power available uiisgil fuels, and this
technology is widely used wherever gas can be wobthat a reasonable
cost. Fuel cell technology may eventually provideaoer options for
converting natural gas into electricity, but ihist price-competitive.

3.7.2 Domestic Use

Natural gas is supplied to homes, where it is dseduch purposes as
cooking in natural gas-powered engines and/or queatsiral gas-heated
clothes dryers, heating/cooling and centrahting. Home or other
building heating may include boilers, furngcesxd water heaters.
Methane also known as compressed natural gas (@N@ed in rural

homes without connections to piped-in public wilgervices, or with

portable grills. However, due to CNG beingsd economical than
liquified natural gas, LP@ropane)s the dominant source of rural gas.

3.7.3 Transportation Fuel

Compressed natural gas (CNG) is a cleantrnative to other
automobile fuels such as gasoline (petrolyl alesel. The energy
efficiency is generally equal to that of glase engines, but lower
compared with modern diesel engines. Gasoline/betehicles
converted to run on natural gas suffer becauséefdw compression
ratio of their engines, resulting in a croppingdalivered power while
running on natural gas (10-15%). CNG-specific eagjrhowever, use a
higher compression ratio due to its fuel's higheaoe number of 120—
130.
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3.7.4 Fertilizer

Natural gas is a major feedstock for the productibammonia, via the
Haber process, for use in fertilizer production.

3.7.5 Aviation

Russian aircraft manufacturer, Tupolev claims thatcurrent market
prices, an LNG-powered aircraft would cost 5,000lea (~ $218/ £112)
less to operate peon, roughly equivalent to 60%, with considerable
reductions to carbon monoxide, hydrocarbamd nitrogen oxide
emissions.

The advantages of liquid methane as a jet engiek dre that it has

more specific energy than the standard kerosenesvard that its low

temperature can help cool the air which #mgine compresses for
greater volumetric efficiency, ineffect replacing an intercooler.

Alternatively, it can be used to lower the tempeamabf the exhaust.

3.7.6 Hydrogen

Natural gas can be used to produce hydrogen, wighcommon method
beingthe hydrogenreformer. Hydrogen has various applications: i&is
primary feedstock for the chemical industry, a loggmating agent, an
important commodity for oil refineries, and a fisgurce in hydrogen
vehicles.

3.7.7 Others

Natural gas is also used in the manufacturdabrics, glass, steel,
plastics, paint, and other products.

SELF ASSESSMENT EXERCISE 1

What are the by-products of processing raw ahgas?
What is the full meaning of NGL?
What is the full meaning of CNG?
What is the full meaning of LPG?

PoOpdE

3.8 Storage and Transport
The major difficulty in the use of natural g&s transportation and

storage because of its low density. Natural gaslipigs are economical,
but are impractical across oceans.
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LNG carriers can be used to transport liquefiedirzdtgas (LNG) across
oceans, while tank trucks can carry liquefied ampoessed natural gas
(CNG) over shorter distances. Sea transport usk@ €arrier ships that
are now under development may be competitive wlGLiransport in
specific conditions.

For LNG transport, a liquefaction plant is needédha exporting end
and regasification equipment at the receiviegminal. Shipborne
regasification equipment is also practicabl®G transportation is
established as the preferred technology for lorsgadce, high volume
transportation of natural gas, whereas pipelinasirart is preferred for
transport for distances up to 4.000 km overland apgroximately half
that distance overseas. However, for CNG spart, high pressure,
typically above 200 bards used. Compressors and decompression
equipment are less capital intensive and may beauoical in smaller
unit sizes than liquefaction/regasification plarffer CNG mode, the
crucial problem is the investment and operating ob€arriers. Natural
gas trucks and carriers may transport natural gastty to end-users, or
to distribution points such as pipelines for furttransport.

In the past, the natural gas which was remV in the course of
recovering petroleum could not be profitably sold, and was simply
burned at the oil field (known as flaring). Thissteful practice is now
illegal in many countries. Additionally, compani@®w recognise that
value for the gas may be achieved with LNGNG, or other
transportation methods to end-users in the futlilee gas is now re-
injected back into the formation for later recoverhis also assists oll
pumping by keepingindergroundpressuredhigher. The natural gas is
used to generate electricity and heat for desainatSimilarly, some
landfills that also discharge methane gases haea bet up to capture
the methane and generate electricity.

Natural gas is often stored underground inside elegdl gas reservoirs
from previous gas wells, salt domes, or in tankBoaefied natural gas.
The gas is injected during periods of low demand extracted during
periods of higher demand. Storage near the ultireateusers helps to
best meet volatile demands, but this may not alveaygracticable.

With 15 nations accounting for 84% of therldwide production,
access taatural gas has become a significant factor in international
economics and politics. In this respect, contnagrothe pipelines is a
major strategic factor.
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3.9 Environmental Effect

3.9.1 Climate Change

Natural gas is often described as the cleanest fogs, producing less
carbon dioxide per joule delivered than either awabil, and far fewer
pollutants than other fossil fuels. However, irs@te terms it does
contribute substantially to global carbon emissj@ml this contribution
Is projected to grow. According to the IPCC Foultdsessment Report
(Working Group Ill Report, Chapter 4), in 2004 malugas produced
about 5,300 Mt/yr of C@emissions, while coal and oil produced 10,600
and 10,200 respectively but by 2030, accordingntoigdated version of
the SRES B2 emissions scenario, natural gas waeilthé source of
11,000 Mt/yr, with coal and oil now 8,400 and 172fespectively.
(Total global emissions for 2004 were estimateavar 27,200 Mt).

In addition, natural gas itself is a greenhouse fgasnore potent than
carbon dioxide when released into the atmosphetésinot of major
concern due to the small amounts in which this cccMatural gas is
generally comprised of methane, which has a ratieatorcing twenty
times greater than carbon dioxide. This medrsyever, a ton of
methane in the atmosphere traps in as much radias 20 tons of
carbon dioxide. Carbon dioxide still receives tloa's share of attention
over greenhouse gases because it is in much higheentration.

3.9.2 Pollutants

Natural gas produces far lower amounts of sulphoxide and nitrous
oxides than any other fossil fuel.

3.10 Safety

In any form, a minute amount of odourant such bst{d mercaptan,
with a rotting-cabbage-like smell, is added to dtleerwise colourless
and almost odourless gas, so that leaks can betel@tbefore a fire or
explosion occurs. Sometimesralated compound, thiophane is used,
with a rotten-egg smell. Adding odourant to natugak began in the
United States after the 1937 New London 8thexplosion. The
buildup of gas in the school went unnoticédling three hundred
students in a faculty when it ignited. Odourants @nsidered non-toxic
in the extremely low concentrations occurring itunal gas delivered to
the end user.

In mines, where methane seeping from rock formatibas no odour,

sensors are used, and mining apparatus have beeificaly developed
to avoid ignition sources, e.g., the Davy lamp.
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Explosions caused by natural gas leaks occur atiieas each year.

Individual homes, small businesses and ba@ats most frequently
affected when an internal leak builds up gaside the structure.
Frequently, the blast will be enough to signifidprdamage a building

but leave it standing. In these cases, the peaplda tend to have minor
to moderate injuries. Occasionally, the gas cdleaoin high enough

guantities to cause a deadly explosion, thgmating one or more
buildings in the process. The gas usually dissgegadily outdoors, but
can sometimes collect in dangerous quantities Hther conditions are
right. However, considering the tens of millionsstrfuctures that use the
fuel, the individual risk of using natural gas ey low.

Some gas fields yield sour gas containing hydragegphide (HS). This
untreated gas is toxic. Amine gas treating whitam industrial scale
process to remove acidic gaseous componentsdaa offed to remove
hydrogen sulphide from natural gas.

Extraction of natural gas (or oil) leads to decee@s pressure in the
reservoir. This in turn may lead to subsme at ground level.
Subsidence may affect ecosystems, waterways, saviewater supply
systems, foundations, etc.

Natural gas heating systems are a minor sourceadion monoxide
deaths in the United States. According to the UWshsOmer Product
Safety Commission (2008), 56% of unintentionaltdgedrom non-fire
CO poisoning were associated with engine-drivteols like gas-
powered generators and lawn mowers. Natuesl keating systems
accounted for 4% of these deaths. Improvementsiaral gas furnace
designs have greatly reduced CO poisoning concBrigctors are also
available that warn of carbon monoxide and/or esipkd gas (methane,
propane, etc.).

3.10.1 Energy Content, Statistics and Pricing

Quantities of natural gas are measured immab cubic meters

(corresponding to 0°C at 101.325 kPa) orsiandard cubic feet

(corresponding to 60 °F (16 °C) and 14.73).p$he gross heat of
combustion of one normal cubic meter of commergiallity natural gas

is around 39 megajoules10.8 kWh), but this can vary by several per
cent.

The price of natural gas varies greatly dependm¢poation and type of
consumer. In 2007, a price of $7 per 16@fic feet (28 ) was
typical in the United States. The typical caloralue of natural gas is
roughly 1,000 British Thermal Units (BTU) per culfimot, depending
on gas composition. This corresponds to arounde$nillion BTU, or
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around $7 per gigajoule. In April 2008, the wholegarice was $10 per
1,000 cubic feet (28 T ($10/MMBTU). The residential price varies
from 50 to 300 % more than the wholesale priceth&t end of 2007,
this was $12-$16 per 1,000 cu ft (28)m Natural gas in the United
States is traded as a futures contract @ Nbew York Mercantile
Exchange. Each contract is for 10,000 MMBTU &les), or 10
billion BTU. Thus, if the price of gas is $10 per million BTUs on the
NYMEX, the contract is worth $100,000.

Natural gas is also traded as a commodity in Eyrppacipally at the
United Kingdom NBP and related European hubs, aglthe TTF in
the Netherlands. In US units, one standard cubat bf natural gas
produces around 1,028 British Thermal Units (BTThHe actual heating
value when the water formed does not condessthe net heat of
combustion and can be as much as 10% less.

In the United States, retail sales are often insunfi therms (th); 1 therm
= 100,000 BTU. Gas meters measure the volume otiged, and this is
converted to therms by multiplying the volume bg #imergy content of
the gas used during thageriod, which varies slightly over time.
Wholesale transactions are generally done in deoath (Dth), or in
thousand decatherms (MDth), or in million decathrerfMMDth). A
million decatherms is roughly a billion cubic feétnatural gas.

In the rest of the world, LNG (liquified natural®)aand LPG (liquified
petroleum gas) is traded in metric tons or mmB®Jspot deliveries.
Long term contracts are signed in metric tons. TN& and LPG are
transported by specialised transport shipsthas gas is liquified at
cryogenic temperatures. The specification of ealiGILPG cargo will

usually contain the energy content, but this infation is in general not
available to the public.

SELF ASSESSMENT EXERCISE 2

1. What is biogas?
2. What is the meaning of BTU?
3. Why is LPG the dominant source of rural gas @&G?

4.0 CONCLUSION

Photosynthesis is the basis for mass productiargenic matter. About

2 billion years ago in the Precambrian, photosyithemerged as a
worldwide phenomenon thus laying the foundation tfe food chain

and the evolution of higher forms of lifgvith the emergence of
photosynthesis the atmospheric oxygen was enribichnalso lead to

the mass production of organic matter.
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The deposition of sediments rich in organic matter, such as contain
more than about 0.5% by weight or organic carlientestricted to
certain boundary conditions. Such sediments aposited in aquatic
environments receiving a certain minimum amourdrgganic matter.

5.0 SUMMARY

The origin, accumulation and migration of naturas gvere examined in
this unit. The difference between natural gas ahérogases, processing
of natural gas and uses was also examined. Prolassogiated with the
storage and transportation of natural gas as dtres$uts low density
was also discussed. In addition, the enviremal effect, energy
content, statistics and pricing was also examined.

6.0 TUTOR-MARKED ASSIGNMENT

1. Accumulation of gas can be conventional unconventional
discuss?

2. What are the problems associated with the storagd
transportation of the various gas product?

3. Tertiary butyl mercaptan (tert-butyl meraapt and related

compounds such as thiophene are added to gas why?
4. Discuss briefly the various uses of natural gas
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1.0 INTRODUCTION

An oil well is a general term for any boring thrduthe earth’s surface
that is designed to find and produce petroleumuslally some natural
gas is produced along with the oil. A well desigtegroduce mainly or
only gas may be termed a gas well. Thus, in tinis we will examine
what an oil well is, different types of well, andnous termsassociated
with oil well such as completion, production, amatbandonment.
Reservoir, traps including different types wp and estimation of
reservoir will also be considered.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

describe an oil field

define an oil well and the various terms associatgd oil well
such as completion, production, and abandonment
state the different types of well
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explain what is meant by reservoir in petroleumnciséry
definetrapsandenumerate different types of traps
discuss an estimation of a reservoir.

3.0 MAIN CONTENT

3.1 Oil Field

Oil field is a region with an abundance of oil vgedixtracting_petroleum
(crude oil) from below ground. Because thk reservoirs typically
extend over a large area, possibly several hurkllechetres across, full
exploitation entails multiple wells scattered asrtise area. In addition,
there may be exploratory wells probing the edgeslipes to transport
the oil elsewhere, and support facilities. Becaaseoil field may be
remote from civilisation, establishing a field often an extremely
complicated exercise in_logistic&or instance, workers have to work
there for months or years and require housing.uhm,thousing and
equipment require electricity and water. Pipelimescold areas may
need tobe heated.Excess natural gaseeds to be burned off if there is
no way to make use of it, requiring a furnace atadks, and pipes to
carry it from well to furnace.

Thus, the typical oil field resembles a small smifitained city in the
midst of a landscapedotted with_drilling rigsand/or the pump jacks
known as "nodding donke%ysbecause of their bobbing arm. Several
companies, such as BJ ServicBechte] Essg Schlumberger Limited
Baker Hughesind Halliburton have organisations that specialise in the
large-scale construction of the infrastructamed providing specialised
services required to operate a field profitably.

More than 40,000 oil fields are scattered aroureglobe, on land and
offshore. The largest are the Ghawar FigldSaudi Arabiaand the
Burgan Fieldin Kuwait, with more than 60 billiorbarrels(9.5x16 m®)
estimated in each. Most oil fields are much smaklecording to the US
Department of Energy (Energy Information Administya), as of 2003
the US alone had over 30,000 oil fields.

In the modern age, the location of oil fields wiitoven_oil reservess a
key underlying factor in many geopolitical conficlThe term oil field
is also used as shorthand to refer to the entirelpem industry

3.2 Oil Well

An oil well is a general term for any boring thrduthe _eartts surface
that is designed to find and produce petroleiinmydrocarbonsUsually
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some _natural gas produced along with the oil. A well designed to
produce mainly or only gas may be termed a gas well

The well is created by drilling a hole of abouto536 inches (127.0 mm
to 914.4 mm) diameter into the earth with a dngling which rotates a
drill string with a bitattached After the hole is drilled, sections of steel
pipe (casing), slightly smaller in diameter thae thorehole, are placed
in the hole. Cement may be placed between thedmutdithe casing and
the borehole. The casing provides structunégrity to the newly
drilled wellbore in addition to isolating mottially dangerous high
pressure zones from each other and from the surface

With these zones safely isolated and the formapostected by the
casing, the well can be drilled deeper (into poédigtmore-unstable and
violent formations) with a smalldyit, andalso cased with a smaller size
casing. Modern wells often have 2-5 sets of sub=aty smaller hole
sizes drilled inside one another, each cementddaaising.

To drill the well:

The drill bit, aided by the weight of thick wallgulpes called
“drill collars” above it, cuts into the rock. Tlerare different
types of drillbit, some cause the rock to fhy compressive
failure. Others shear slices off the rock as théuons.

Drilling fluid (mud) is pumped down the inside dfet drill pipe
and exits at the drill bit. Drilling mud is a cofap mixture of
fluids, solids and chemicals which must be catgftdilored to
provide the correct physical actiemicalcharacteristicsequired
to safely drill the well. Particular functions difi¢ drilling mud
include cooling the bit, lifting rock cuttiegto the surface,
preventing destabilisation of the rock in the Wwetk walls and
overcoming the pressure of fluids inside the reokthat these
fluids don’t enter the wellbore.

The generated rock “cuttings” are swept up by thirgy fluid
as it circulates back to surface outside the giple. The fluid
then goes through “shakers” which strain the og#ifrom the
good fluid which is returned to the pit. Watchingr f
abnormalities in the returning cuttingad monitoring pit volume
or rate of returning fluid are imperative to caticks” (when
the formation pressure at the depth of the bit @arthan the
hydrostatic head of the mud above, whichndt controlled
temporarily by closing the blowout preventers aftdnately by
increasing the density of the drilling fluid wouddlow formation
fluids and mud to come up uncontrollably) early.

The pipe or drill string to which the bit is attachis gradually
lengthened as the well gets deeper by screwingldgitianal 30-
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foot (10 m) joints (i.e., sections) of pipe undke tkelly or top
drive at the surface. This process is called makirgpnnection.
Usually joints are combined into 3 joints equalihgtand. Some
smaller rigs only use 2 joints and some rigs camdlgastands of
4 joints.

This process is all facilitated by a drillingg which contains all
necessary equipment to circulate the drillingdjuhoist and turn the
pipe, control down hole pressures, remove cuttimgsn the drilling

fluid, and generate onsite power for these operatio

3.2.1 Completion

After drilling and casing the well, it must be ‘cpleted’. Completion is
the process in which the well is enabled to prodaiker gas.

In a cased-hole completion, small holes calledgrations are made in
the portion of the casing which passed throughpttegluction zone, to
provide a path for the oil tlow from the surrounding rock into the
production tubing. In open hole completion, ofteand screens' or a

‘gravel pack’ is installed in the last drilled, ased reservoir section.
These maintain structural integrity of the welbban the absence of
casing, while still allowingflow from the reservoir into the wellbore.
Screens also control the migration of formationdsamto production

tubulars and surface equipment, which can causéomés and other
problems, particularly from unconsolidated sandrfations in offshore

fields.

After a flow path is made, acids and fracturingdtuare pumped into
the well to fracture, clean, or otherwiseegare and stimulate the
reservoir rock to optimally produce hydrocarbomto the wellbore.
Finally, the area above the reservoir secwbrthe well is packed off
inside the casing, and connected to the surfacea\saaller diameter
pipe called tubing. This arrangement provides aumddnt barrier to
leaks of hydrocarbonsas well as allowing damaged sections to be
replaced. Also, the smaller diameter of the tubing produces
hydrocarbons at an increased velocity ineordo overcome the
hydrostatic effects of heavy fluids such as water.

In many wells, the natural pressure of the subsari@servoir is high
enough for the oil or gas to flow to the surfac®wever, this is not
always the case, especially in depletiedds where the pressures have
been lowered by other producing wells, orloww permeability olil
reservoirs. Installing smaller diameter tubing nb@yenough to help the
production, but artificial lift methods may also lbeeded. Common
solutions include down hole pumps, gas lift, orfate pump jacks.

40



CHM311 PETROLEUM CHEMISTRR

Many new systems in the last ten years have bdeoduced for well

completion. Multiple packer systems with frac pastgport collars in an
all in one system have cut completion costs andongd production,

especially in the case of horizontal wells. Thessv systems allow
casings to run into the lateral zone wittoper packer/frac port
placement for optimal hydrocarbon recovery.

SELF ASSESSMENT EXERCISE 1

Define oil field.

What do you understand by completion?

Define / explain what is meant by productioretre
What are oil wells?

What is the importance of casing in drillingbafre well?

abrwNPE

3.2.2 Production

The production stage is the most important staga okll's life, when
the oil and gas are produced. By this time, theigd and work over rigs
used to drill and complete the well have movedtloé wellbore, and the
top is usually outfitted with a collection of vatvealled a production
tree. These valves regulate pressures, controkflewd allow access to
the wellbore in case further completion work isdegk From the outlet
valve of the production tree, the flow can be catee to a distribution
network of pipelines and tanks to supply fw@duct to refineries,
natural gas compressor stations, or oil exportiteals.

As long as the pressure in the reservoiraresn high enough, the
production trees all that is required to produce the well. If the preesu
depletes and it is considered economicallgbla, an artificial lift
method mentioned in the completions section caanbgloyed.

Workovers are often necessary in older wells, whiely need smaller
diameter tubing, scale or paraffin removatid matrix jobs, or
completing new zones of interest in a shalloweemasr. Such remedial
work can be performed using workover rigsatso known as pulling
units or completion rigs— to pull and replace tubing, or by the use of
well intervention techniques utilising coiled tubinDepending on the
type of lift system and wellhead a rod rig or fibg can be used to
change a pump without pulling the tubing.

Enhanced recovery methods such as water flooditegnsflooding, or
CO, flooding may be used to increase reservoir presandceprovide a
“sweep” effect to push hydrocarbons out of the mase Such methods
require the use of injection wells (often choseont old production
wells in a carefully determined pattern), aack used when facing
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problems with reservoir pressure depletion, highvacosity, or can
even be employed early in a field's life. In certaases, depending on
the reservoir's geomechanics, reservoir engineaay determine that
ultimate recoverable oil may be increased by apglg water flooding
strategy early in the field's development rathanttater. Such enhanced
recovery techniques are often called “tertiary vecy’.

3.2.3 Abandonment

As a well ages and the reservoir is depleted, thproduced begins to
fall. The production rate at which the well's rewens so low that it no
longer makes a profit is called the "economic tilnThe equation to
determine the economic limit includes taxes, opegatost, oil price,

and royalty. When oil taxes are raised, the ecoodmiit is raised.

When oil price is increased, the economic limilaeered. When the
economic limit is raised, the life of the well isostened and proven oll
reserves are lost. Conversely, whte economiclimit is lowered, the

life of the well is lengthened.

When the economic limit is reached, the well becomdiability and it

is abandoned. In this process, tubing is removed fthe well and

sections of well bore are filled with cement toléde the flow path
between gas and water zones from each other, dsasvahe surface.
Completely filling the well bore with cement is tigsand unnecessary.
The surface around the wellhead is then excavatetithe wellhead and
casing are cut off, a cap is welded in place aed thuried.

At the economic limit, there often is stdll significant amount of
unrecoverable oil left in the reservoir. It mighe tempting to defer
physical abandonment for an extended period of;timoping that the oll
price will go up or those new supplemental recovechnique will be
perfected. However, lease provisions and gowental regulations
usually require quick abandonment, liability ang t@ncerns also may
favour abandonment.

In theory, an abandoned well can be reedteaad restored to
production (or converted to injection service fapglemental recovery
or for downhole hydrocarbons storage), but reeoftgn proves to be
difficult mechanically and not cost effective.

3.2.4 Types of Wells

Oil wells come in many varieties. There can be svéllat produce oil,
wells that produce o#ndnatural gas, or wells thanly produce natural
gas. Natural gas is almost always a by-productroflycing oil, since
the small, light gas carbon chains come ousaitionasit undergoes
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pressure reduction from the reservoir to the setfainilar to uncapping
a bottle of soda pop where the carbon dioxideredfgces. Unwanted
natural gas can be a disposal problem at the well I$ there is not a
market for natural gas near the wellhead it isuaityy valueless since it
must be piped to the end user. Until recently, suictvanted gas was
burned off at the well site, but due toviesnmental concerns this
practice is becoming less common. Often, unwagedstranded' gas
without a market) gas is pumped back irnte teservoir with an
'injection’ well for disposal or repressurising theducing formation.
Another solutionis to export the natural gas as a liquid. Gas-to-Liquid,
(GTL) is a developing technology that convertsraied natural gas into
synthetic gasoline, diesel or jet fuel throuthe Fischer-Tropsch
process. Such fuels can be transported througheodional pipelines
and tankers to users. Proponents claim GTL fuels lzleaner than
comparable petroleum fuels. Another obvious waglassify oil wells is
by land or offshore wells. There is very littleféifence in the well itself.
An offshore well targets a reservoir that happendd¢ underneath an
ocean. Due to logistics, drilling an offshore wislffar more costly than
an onshore well. By far the most common type isoinghore well.

Another way to classify oil wells is by their pug@in contributing to
thedevelopmenbf a resource. They can be characterised as:

production wellsare drilled primarily for producing oil or gas,
once the producing structure and characteristesiarermined
appraisal wellsare used to assess characteristics (such as flow
rate) of a proven hydrocarbon accumulation

exploration wellsare drilled purely for exploratory (information
gathering) purposes in a new area

wildcat wellsare those drilled outside of and not in the vigirat
known olil or gas fields.

At a producing well site, active wells may be fertlcategorised as:

oil producers,producing predominantly liquid hydrocarbons, but
mostly with some associated gas.

gas producersproducing almost entirely gaseous hydrocarbons.
water injectors,injecting water into the formation to maintain
reservoir pressure or simply to dispose of watedpced with
the hydrocarbons because even after treatmewputd be too
oily and too saline to be considered clean for dampverboard,
let alone into a fresh water source, in the casenshore wells.
Frequently water injection has an element of reserv
management and produced water disposal.

aquifer producersintentionally producing reservoir water for re-
injection to manage pressure. This is in effecvimgp reservoir
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water from where it is not as useful to where imere useful.
These wells will generally only be used if produceater from

the oil or gas producers is insufficient for res@rynanagement
purposes. Using aquifer produced water rather ggmwater is
due to the chemistry.

gas injectorsjnjecting gas into the reservoir often as a medns o
disposal or sequestering for later production,dsb to maintain
reservoir pressure.

Lahee classification

New Field WildcafNFW) — far from other producing fields and

on a structure that has not previously produced.

New Pool Wildcat(NPW) — new pools on already producing
structure.

Deeper Pool Tes(DPT) — on already producing structure and
pool, but on a deeper pay zone.

Shallower Pool TestSPT) — on already producing structure and
pool, but on a shallower pay zone.

Outpost(OUT) — usually two or more locations from nearest
productive area.

Development Wel(DEV) — can be on the extension of a pay
zone, or between existing wellgfill ).

3.3 Oil Reservoir

A petroleum reservoir or an oil and gas reserwi subsurface pool of
hydrocarbons contained in porous or fractured rfmrknations. The

naturally occurring hydrocarbons are trapped by overlying rock
formations with lower permeability.

Once a source rock generates and expels lgatnp the petroleum
migrates from the source rock to a rock that canesthe petroleum. A
rock capable of storing petroleum in its pore ggadhe void spaces
between the grains of sediment in a rock, is knawra reservoir rock.
Rocks that have sufficient pore space throughclvipetroleum can
move include sandstone, limestone, and rocks tat Imany fractures.
A good reservoir rock might have pore space tihateds 30% of the
rock volume. Poor quality reservoir rocks have kbss 10% void space
capable of storing petroleum. Rocks that lack pEpace tend to lack
permeability, the property of rock that allows @uio pass through the
pore spaces of the rock. With very few poressinot likely that the

pores are connected and less likely that fluid flolv through the rock

than in a rock with larger or more abundante spacesHighly porous

rocks tend to have better permeability becausé@fgreater number of
pores and larger pore sizes that tend to allovd$lad move through the
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reservoir more easily. The property of pernildgbis critical to
producing petroleum: If fluids cannot migrate thgbua reservoir rock
to a petroleum production well, the wellllwnot produce much
petroleum and the money spent to drill the well besn wasted.

In order for a reservoir to contain petroleum, tleservoir must be
shaped and sealed like a container. Good petroteaarvoirs are sealed
by a less porous and permeable rock known as aosealp rock. The
seal prevents the petroleum from migrating furtiiacks like shale and
salt provide excellent seals for reservoir rocksaose they do not allow
fluids to pass through them easily. Seal-formingksotend to be made
of small particles of sediment that fit closely étiger so that pore spaces
are small and poorly connected. The permeabilitya seal must be
virtually zero in order to retain petroleum in @e&evoir rock for millions
to hundreds of millions of years, the time sparnweein formation of
petroleum to the discovery and production of maeyroleum fields.
Likewise, the seal must not be subject to forcéhimw the earth that
might cause fractures or other breaks in the tedalm.

Reservoir rocks and seals work together to formap for petroleum.
Typical traps for petroleum include hills shapde lupside-down bowls
below the surface of the earth, known as anticlioedraps formed by
faults. Abrupt changes in rock type can fogmod traps, such as
sandstone deposits next to shale deposits, edyatialsand deposit is
encased in a rock that is sufficiently rich in argamatter to act as a
petroleumsource and endowed with the properties of a good seal. An
important aspect of the formation of petroleum acglations is timing.
The reservoir must have been deposited prior twole@m migrating
from the source rock to the reservoir rock. Thd aed trap must have
been developed prior to petroleum accumulatingnéreservoir, or else
the petroleum would have migrated farther. The @@wock must have
been exposed to the appropriate temperature assbyme conditions
over long periods of time to change the organiadenad petroleum. The
necessary coincidence of several conditions idcditf to achievein
nature.

Petroleum is typically found beneath the acef of the earth in
accumulations known as fields. Fields can contdingas, tar, water,
and other substances, but oil, gas, and waterhaenbst common. In
order for a field to form, there must be some sbdtructure to trap the
petroleum, a seal on the trap that prohibits leakafghe petroleum, and
a reservoir rock that has adequate pore spacegidrspace, to hold the
petroleum.

To find these features together in an area in whigtnoleum has been
generated by chemical reactions affecting miggaemains requires
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many coincidences of timing of natural processexkR occur in many
environments, including lakes, deep areas of #@s @nd oceans, and
swamps. The source rocksust be buried deep enough below the
surface of the earth to heat up the organic maténig not so deep that
the rocks metamorphose or that the organic matelmahges to graphite
or materials other than hydrocarbons. Temperatless than 302° F
(150°C) are typical for petroleum generation.

3.3.1 Traps

The traps required in the last step of the reserf@imation process
have been classified by petroleum geologists two typesstructural
and stratigraphic. A reservoir can be formed by one kind of trapaor
combination of both.

3.3.2 Structural Traps

Structural traps are formed by a deformation in thekrdayer that
contains the hydrocarbons. Domesiticlines and foldsare common
structures. Fault-related features also mayclassified as structural
traps if closure is present. Structural traps &ee ¢asiest to locate by
surface and subsurface geological and geophysiedies. They are the
most numerous among traps and have received d@egramount of
attention in the search for oil than all other typé traps. An example of
this kind of trap starts when salt is depositedshgllow seas. Later, a
sinking seafloor deposits organic-rich shale over salt, which is in
turn covered with layers of sandstone and shalepéuried salt tends
to rise unevenly in swells or salt domesd any oil generated within the
sediments is trapped where the sandstonespasbed up over or
adjacent to the salt dome.

3.3.3 Stratigraphic Traps

Stratigraphic traps are formed when other beds &aakervoir bed or when
the permeability changes (facies change) witthie reservoir bed itself.
Stratigraphic traps can form against eitlyeunger or older time
surfaces.

3.4 Estimating Reserves

After the discovery of a reservoir, a programmeppraisal will seek to
build a better picture of the accumulatidn. the simple text book
example of a uniformeservoir, the first stage is to use seismic to
determine the possible size of the trappraisalwells can be used to
determine the location of oil-water contact andhwif the height of the
oil-bearing sands. Often coupled with seismic détas possible to
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estimate the volume of oil bearing reservoir. Thextnstep is to use
information from appraisal wells to estimate th@rgsity of the rock.
This is commonly 20-35% or less (the percentag¢heftotal volume
that contains fluids rather than solid rock). Téés give a picture of the
actual capacity. Laboratory testing can determiree dharacteristics of
the reservoir fluids, particularly the expansiactbr of the oil (how
much the oil will expand when brought from the higressure, high
temperature environment of the reservoir to "sttak" conditions at
the surface.

With this knowledge, it is then possible to estimabw many “stock
tank” barrelsof oil are located in the reservoir. This is cdlibe_Stock
Tank Oil Initially In Place (STOIIR)As a result of studying properties
such as the permeability of the rock (how easiyd§ canflow through
the rock) and possible drive mechanisms, it is iptss$o then estimate
the recovery factor (what proportion of tld in place can be
reasonably expected to be produced). This is camyrizetween 30-
35%. This finally gives a value for the reemble reserves. The
difficulty in practice is that reservoirs are naiform. They have a
variable porosities and permeabilities and maycbmpartmentalised,
with fractures and faults breaking them up and darapng fluid flow.

3.5 Production

To obtain the contents of the oil reservoir, iugially necessary to drill
into the Earth's crust, although surface oil seepst in some parts of
the world. A virgin reservoir may be under sufficieptessure to
initially push hydrocarbons to surface. Howevas the fluids are
produced, the pressure will often decline, and pectidn will falter with
it. However, the reservoir may respond to fluidhditawal in a way that
will tend to maintain the pressure. Artificiatice methods may be
necessary. This mechanism (also known as depldtior) depends on
the associated gas of the oil. The virgin reserg@y be entirely liquid,
but will be expected to have gaseous hydrocarbosslution due to the
pressure. As the reservoir depletes, the pressilieeldelow the bubble
point and the gas comes out of solution to form a gpsat#he top. This
gas cap pushes down on the liquid helping to maiqisessure.

In reservoirs already having a gas cap (the vimgessure is already
below bubble point), the gas cap expands with dbpletion of the
reservoir, pushing down on the liquid sections @ppl extra pressure.

Below the hydrocarbons may be a ground water aquit@ater, as with
all liquids, is compressible to a small degree.tie hydrocarbons are
depleted, the reductioin pressurein the reservoir causes the water to
expand slightly. Although this expansion is minutethe aquifer is
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large enough, this will translate into a large @ase in volume, which
will push upon the hydrocarbons, maintaining pressure. If the n&tura
drives are insufficient, as they very often arentthe pressure can be
artificially maintained by injecting water into tlaguifer or gas into the
gas cap.

3.6 Oilin Place

Oil in place is the total hydrocarbon content of @hreservoirand is
often abbreviated STOOIP, which stands for StoakkT@riginal Oil In
Place, or STOIIP for Stock Tank Oil Initially In &le, referring to the
oil in place before the commencement of productiorthis casestock
tankrefers to the storage vessel (often purely notjoc@htaining the oil
after production.

Oil in place must not be confused with odservesthat are the
technically and economically recoverable portidro volume in the
reservoir. Current recovery factors for oields around the world
typically range between 10 and 60%; some are @@¥. The wide
variance is due largely to the diversiof fluid and reservoir
characteristics for different deposits. Accuratiewation of the value of
STOOIP requires knowledge of:

volume of rock containing oil (bulk rock volume, time USA this
is usually in acre-feet)

percentag@orosity of the rock in the reservoir

percentage water content of that porosity

amount of shrinkage that the oil undergoes whenmdgrbto the
earth's surface

and is achieved using the formula

v_ T8V ¢ (1-5,)

|
4

B, [sth]
Or .
v_ Yoo (1-Su)
) B, [m
Where

N=STOIIP (barrels)
Vi = Bulk (rock) volume (acre-feet or cubic metres)
®= Fluid-filled porosity of the rock (fraction)

Sw= Water saturation - water-filled portion dis porosity
(fraction)
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B,y = Formation volume factor (dimensionless factor the
change in volume between reservoir and standandiwons at
surface)

Gas saturatiof, is traditionally omitted from this equation.

The constant value 7758 converts acre-feet to gtk barrels. An acre
of reservoir 1 foot thick would contain 7758 basref oil in the limiting
case of 100% porosity, zero water saturation andilnghrinkage. If the
metric system is being used, a conversion factoil6.@89808 can be
used to convert cubic metres to stock tank barilsne-cubic metre
container would hold 6.289808 barrels of oil.

3.7 Formation Volume Factor

When oil is produced, the high reservoir penature and pressure
decreases to surface conditions and gas bubblex the oil. As the gas
bubbles out of the oil, the volum& the oil decreases. Stabilised oll
under surface conditions (either’@@and 14.7 psi or £5C and 101.325
kPa) is called stock tank oil. Oil reserves arewlalted in terms of stock
tank oil volumes rather than reservoir oil volum&ke ratio of stock
tank volume to oil volume under reservoimaibions is called the
formation volume factor (FVF). It usually variesoin 1.0 to 1.7. A
formation volume factor of 1.4 is characteristichadh-shrinkage oil and
1.2 of low-shrinkage oil.

3.8 Reservoir Engineering

Reservoir engineering is a branch of petroleengineering which
applies scientific principles to the drainage pewob$ arising during the
development and production of oil and gas resesvsir as to obtain a
high economic recovery. The working tools of theerwoir engineer are
subsurface geology, applied mathematics, and thie be@vsof physics
and chemistry governing the behaviour of liquid aragbor phases of
crude oil, natural gas, and water in reservoir rock

Of particular interest to reservoir engineess generating accurate
reservesestimates for use in financial reporting to tHeCSand other
regulatory bodies. Other job responsibilities imguumerical reservoir
modeling, production forecasting, well testing, well drillingna
workover planning, economic modeling, and PVT asialyf reservoir
fluids.

Reservoir engineers also play a central nolefield development
planning, recommending appropriate and cost effectreservoir
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depletion schemes such as water flooding or gastiop to maximize
hydrocarbon recovery.

Reservoir engineers often specialise in two areas:

Surveillance (or production) engineering, imonitoring of
existing fields and optimisation of production angection rates.
Surveillance engineers typically use analytieadd empirical
techniques to perform their work, includindecline curve
analysis, material balance modeling, and inflowflout analysis.
Simulation modeling, i.e. the conduct of res@ simulation
studies to determine optimal development plansofband gas
reservoirs.

SELF ASSESSMENT EXERCISE 2

Mention the two types of traps that you know.

What is the full meaning of STOOIP?

Define oil reservaolr.

What is responsible for the deviation of wedirfr true vertical
position?

5. What are the two areas of specialisation ofrueseengineers?

PoNPE

4.0 CONCLUSION

In this unit, we have been able to know that oitl aratural gas are
produced by the same geological process by ana@edajestion / decay
of organic matter deep under the earth’s surfacea Aonsequence, oil
and natural gas are often found together. Becaadedd and natural
gas are lighter than water, they tend to rise fthewr sources until they
either seep to the surface or are trapped by apeomeable layer of
rock. Like oil, naturalgas is often found underwater in offshore gas
fields.

In addition, we have also been able to know thme téchnology utilised
to extract and transport offshore natural gasfiemint from land-based
fields in that a few, very large rigs are usuaked.

5.0 SUMMARY

In this unit, you have learnt that:

Oil field is a region with an abundance of oil veekxtracting
petroleum (crude oil) from below ground.

An oil well is a general term for any boring thréuthe earth’s
surface that is designed to find and produce patraloil (crude
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oil). Usually some natural gas is produced alonthhe oil. A
well designed to produce mainly gas may be ternaesdngll.

A petroleum reservoir or an oil and gas reserwia isubsurface
pool of hydrocarbons contained in porous fiactured rock
formations.

Oil in place is the total hydrocarbon content of @hreservoir
known as Stock Tank Original Oil In Plaead is often
abbreviated STOOIP.

Reservoir engineering is a branch of petroleangineering
which applies scientific principles to theaithage problems
arising during thedevelopmentand production of oil and gas
reservoirs so as to obtain a high economic recovery

6.0 TUTOR-MARKED ASSIGNMENT

=

Briefly discuss stock tank oil

How will you estimate how many stock tank bar@ oil located
in a reservoir?

Discuss in details Oil in Place.

Explain the usefulness of a gas cap reservoir.

What are the attributes of a good reservoir?

There are different ways of classifyingwell. Discuss the
classification based on their purpose in contributing to
developing a resource.

7. What are the problems associated with estahtjshifield?

N

o gk w
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1.0 INTRODUCTION

The exact nature of crude oil varies, quite widétgm oil field to oll
field but, on average, it has a hydrogen conteratbaiut 12% by weight
and a carborrontentapproaching88% by weight. The remainder is
mainly sulphur and nitrogen. In most caskserd are hundreds of
different chemical compounds in a sample of cruiiebat they nearly
all have the common property of containing onlybcar and hydrogen.
This unit examines the composition of crude ad, properties which
distinguish it from natural gas. The different slifisation of crude oil
will also be examined.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

explain the composition of crude oil state
the properties of crude oil enumerate the
various types of crude oll.

3.0 MAIN CONTENT

3.1 Composition of Crude Oil

The crude oil mixture is composed of the following:

Hydrocarbon compounds (compounds made of ocarand
hydrogen only).

Non-hydrocarbon compounds.

Organometallic compounds and inorganic salts (rietal
compounds).

3.2 Hydrocarbon Compounds

The principal constituents of crude oil are hydrboam compounds. All

hydrocarbon classes are present in the crude raixéxcept alkenes and
alkynes. This may indicate that crude oil origathtunder a reducing
atmosphere. The following is a brief desaonipt of the different

hydrocarbon classes found in all crude oil.

3.2.1 Alkanes (paraffins)
Alkanes are saturated hydrocarbons having the gefemula GHop.».

The simplest alkane, methane ({Hs the principal constituent of
natural gas.Methane, ethane, propane, and butane are gaseous
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hydrocarbons at ambient temperatures and atmosppegssure. They
are usually found associated with crude oil in sdived state. Normal
alkanes (n-alkanes, n-paraffins) are straight-chaurocarbons having
no branches. Branched alkanes saturatechydrocarbonsvith an alkyl
substituent or a side branch from the main chairbranched alkane
with the same number of carbons and hydrogens asadiane is called
anisomer.For example, butane (@0 has two isomers, n-butane and
2-methyl propane (isobutane). As the molecular weigf the
hydrocarbon increases, the number of isomers alseeases. Pentane
(CsHyp) has three isomers; hexanegH) has five. The following
shows the isomers of hexane:

CHs

CHa
CHy(CH.CH, CHyCHCH,CH,CH, CH,CH,CHCH,CH,
n-Hexane 2-Methylpentane 3-Methylpentane
isohexane
- CH;
CH.CCH.CH, CHsCHCHCH,
Sy CHs

2,2-dimethylbutane 2,3-dimethylbutane

An isoparaffin is an isomer having a methyl grou@nzhing from
carbon numbe2 of the main chain. Crude oil contains many short,
medium, and long-chain normal and brancherhfppas. A naphtha
fraction (obtained as a light liquid stream fromde fractionation) with

a narrow boiling range may contain a limited buit &rge number of
isomers.

3.2.2 Cycloparaffins (Naphthenic)

Saturated cyclic hydrocarbons, normally known gshtfzenes, are also
part of the hydrocarbon constituents of crude Tileir ratio, however,

depends on the crude type. The lower membérsaphthenes are
cyclopentane, cyclohexane, and their monoigutesd compounds.

They are normally present in the light and the je@aphtha fractions.

Cyclohexanes, substituted cyclopentanes, and sutlesticyclohexanes
are important precursors for aromatic hydrocarbons.

The examples shown here are for three naphthenesspetial
importance. If a naphtha fraction contains thesmpmunds, the first
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two can be converted to benzene, and tle Gmpound can
dehydrogenate to toluene during processing. Dinheyblphexanes are
also important precursorfor xylenes (see “Xylenes” later in this
section).Heavier petroleum fractions such as keeosaind gas oil may
contain two or more cyclohexane rings fugbdough two vicinal
carbons.

CH
5 @ O
Methylcyclopentane Cyclohexane Methylcyclohexane

3.2.3 Aromatic Compounds

Lower members of aromatic compounds are presesinall amounts in
crude oil and light petroleum fractions. The simplest mononuclear
aromatic compound is benzenegHg). Toluene (GHg) and xylene
(CgHyg) are also mononuclear aromatic compounds founsaimable
amounts in crude oil. Benzene, toluene, amwtknes (BTX) are
important petrochemical intermediates as wadl valuable gasoline
components. Separating BTX aromatics from cruddisiillates is not
feasible becausethey are present in low concentrations. Enriching a
naphtha fraction with these aromatics is possthteugh a catalytic
reforming process. Binuclear aromatic hydrooagh are found in
heavier fractions than naphtha. Trinuclear gudynuclear aromatic
hydrocarbons, in combination with heterocyclic coaupds, are major
constituentsof heavy crude and crude residues. Asphaltenes are a
complex mixture of aromatic and heterocyclic coompas. The nature
and structure of some of these compounds have ibgestigated. The
following are representative examples of scamematic compounds
found in crude oil:

CHj CHj
CHg,
Benzene Toluene p-Xy|ene
1,2-Benzopyrene Tetralin

Naphthalene
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SELF ASSESSMENT EXERCISE 1

1. What are the principal constituents of crud@ oil

2. Crude oil is composed of how many grogbscompounds?
Name thegroups.

3. What is the difference between n-paraffins @ogaraffins?

3.2.4 Non-Hydrocarbon Compounds

Various types of non-hydrocarbon compounds occucride oil and
refinery streams. The most important are the omauniphur, nitrogen,
and oxygen compounds. Traces of metallic compoanelslso found in
crude oil. The presence of these impurities is larmand may cause
problems to certain catalytic processes. Fuelsnigakiigh sulphur and
nitrogen levels cause pollution problems in additio the corrosive
nature of their oxidization products.

3.2.5 Sulphur Compounds

Sulphur in crude oil is mainly present in the foahorganic sulphur
compounds. Hydrogen sulphide is the only importaatganic sulphur
compound found in crude oil. Its presence, howegenarmful because
of its corrosive nature. Organic sulphur compoumdgy generally be
classified as acidic and non-acidic. Acidic sulplscompounds are the
thiols (mercaptans). Thiophene, sulphides, andmhsiles are examples
of non-acidic sulphur compounds found in crude fractions. Extensive
research has been carried out to identify somehsulpompounds in a
narrow light petroleum fraction. Examples of sosuéphur compounds
from the two types are:

Acidic Sulphur compounds
SH SH
CH,SH © ©
Methylmercaptan Phenylmercaptan Cyclohexyithiol

Non -acidic Sulphur compounds

CH5SCH, CH3S-3CH;

Dimethyl sulphide Dimethyldisuphide

57



CHM311 PETROLEUM CHEMISTRR

GRS S
S S S
Thiocyclohexane  Thiophene Benzothiophene

Sour crude oil contains a high percentage of hyeinagulphide. Because
many organic sulphur compounds are not thermdtpls, hydrogen
sulphide is often produced during crude processitigf-sulphur crudes
are less desirable because treating the differefinery streams for
acidic hydrogen sulphide increases productomsts. Most sulphur
compounds can be removed from petroleum misethrough hydro
treatment processes, where hydrogen sulphsd@roduced and the
corresponding hydrocarbon released. Hydrogen gid#phis then

absorbed in a suitabsbsorbenandrecovered as sulphur.

3.2.6 Nitrogen Compounds

Organic nitrogen compounds occur in crude ether in a simple
heterocyclic form as in pyridine £dsN) and pyrrole (GHsN), or in a
complex structure as in porphyrin. The nitrogentenohin most crude
oil is very low and does not exceed 0.1 weightgant. In some heavy
crude, however, the nitrogen content may reachoup.® weight per
cent. Nitrogen compounds are more thermalbblst than sulphur
compoundsand accordingly are concentrated in heavier petroleum
fractions and residues. Light petroleum strgamay contain trace
amounts of nitrogen compounds, which should be vemdecause they
poison many processing catalysts. During hydrotrimeatof petroleum
fractions, nitrogen compounds are hydrogenatednion@nia and the
corresponding hydrocarbon. For example, pyridinderitrogenated to
ammonia and pentane:

) + 5H, ——= NH; + CH;CH,CH,CH,CH,

—

N

Nitrogen compounds in crude may generally be diaskinto basic and
non-basic categories. Basic nitrogen compoundsnairly those having
a pyridine ring, and the non-basic compounds hapgreole structure.
Both pyridine and pyrrole are stable compounds utheir aromatic
nature. The following are examples of organic Igé&o compounds.
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Basic Nitrogen Compounds
O O Coy e

N N7 N NT

Pyridine Quinoline Isoquinoline Acridine

Porphyrins are non-basic nitrogen compoundse Pporphyrin ring
system is composed of four pyrrole rings joined=§H-groups. The
entire ring system is aromatiany metalions can replace the pyrrole
hydrogens and form chelates. The chelate is plaramd the metal ion
and resonance results in four equivalent bonds ftmitrogen atoms
to the metal. Almost all crude oil and biem contain detectable
amounts of vanadyl and nickel porphyrins.

Non-Basic Nitrogen Compounds

&

Pyrrole Indole Carbazole Benzocarbazole

Separation of nitrogen compounds is difficult, ahd compounds are
susceptible to alteration and loss during handlidgwever, the basic
low molecular weight compounds may be extractedh @itute mineral

acids.

3.2.7 Oxygen Compounds

Oxygen compounds in crude oil are more complex tten sulphur
compounds. However, their presence in pairolestreams is not
poisonous toprocessingcatalysts.Many of the oxygen compounds
found in crude oil are weakly acidic. They are caiic acids, cresylic
acid, phenol, and naphthenic acid. Naphtheattds are mainly
cyclopentane and cyclohexane derivatives havingraoxyalkyl side
chain. Naphthenic acids in the naphtha tifvac have a special
commercial importance and can be extracted bygusditute caustic
solutions. The total acid content of most crudgeserally low, but may
reach as much as 3%, as in some California crude-adidic oxygen
compounds such as esters, ketones, and amidessaralbundant than
acidic compounds. They are of no commercial vallige following
shows some of the oxygen compounds commonly fourdude oil:
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Acidic Oxygen Compounds
COO H COO H

CH4(CH,),COOH

An aliphatic acid Cyclohexane carboxylic acid Aromatic acid

OH ™ OH
@ t _CH 4
CH g, . :
Phenol Para cresylic acid Ortho cresylic acid

Non-Acidic Oxygen Compounds

0]
R—COOR" RCONH R  R-C—R
Estas Amides Ketone
Y Iy
0 O
Furan Benzduran

3.2.8 Metallic Compounds

Many metals occur in crude oil. Some of the monenalant are sodium,
calcium, magnesiumaluminium, iron, vanadium, and nickel. They are
present either as inorganic salts, suchsadium and magnesium
chlorides, or in the form of organometallic compdsinsuch as those of
nickel and vanadium (as in porphyrins). Calcium andgnesium can
form salts or soaps with carboxylic acids. Ehe®mpounds act as
emulsifiers, and their presence is undesirablendigh metals in crude
are found in trace amounts, their presence is fuhrand should be
removed. When crude oil is processed, sodium arghesaum chlorides
produce hydrochloric acid, which is very corrosilesalting crude oil

IS a necessary step to reduce these sadmadium and nickel are
poisons to many catalysts and should be reduceekeityp low levels.
Most of the vanadium and nickel compounds are concentrated in the
heavy residuesSolvent extraction processes are used to reduce the
concentration of heavy metals in petroleum residues
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3.3 Properties of Crude QOil

Crude olil differs appreciably in their propertiesarding to origin and
the ratio of the different components in the migtuLighter crude oil
generally yields more valuable light and middletidle&ges and are sold
at higher prices. Crude oil containing a high pemtaf impurities, such
as sulphur compounds, are less desirable than uwpthgr crude oll
because of their corrosive properties and éxéra treating cost.
Corrosive properties of crude oil is a fuoct of many parameters
among which are thetype of sulphur compounds and their
decomposition temperatures, the total aowimber, the type of
carboxylic and naphthenic acids in the crude ail Hreir decomposition
temperatures. It was found that naphthenic acigsnlkie decompose at
600°F. Refinery experience has shown that aboveF/5here is no
naphthenic acid corrosion. For a refiner, itnecessary to establish
certain criteria to relate one crude oil to anotteebe able to assess its
guality and choose the best processing schemefolloaving are some
of the important tests used to determine the ptigseof crude oil.

3.3.1 Density, Specific Gravity and API Gravity

Density is defined as the mass of unit volume ofaderial at a specific
temperature. A more useful unit used by fgetroleum industry is
specific gravity, which is the ratio of the weighfta given volume of a
material to the weight of the same volume of wategasured at the
same temperature. Specific gravity is used to tatledhe mass of crude
oil and its products. Usually, crude oil and tH&juid products are first
measured on a volume basis, and then changedetaadttesponding
masses using the specific gravifjhe API (American Petroleum
Institute) gravity is another way to express thatnee massef crude
oil. The API gravity could be calculated mamatically using the
following equation:

141 5
—131.5

ﬂ.de

Sp. gr. E‘ﬂffﬁﬂﬂ

A low API gravity indicates a heavier crude oil apetroleum product,
while a higher API gravity means a lighter crudeosiproduct. Specific
gravities of crude oil roughly range from 0.82 fghter crude to over
1.0 for heavier crude.

3.3.2 Salt Content

The salt content expressed in milligrams of sodamoeride per liter olil
(or in pounds/barrel) indicates the amount of dasolved in water.
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Water in crude oil is mainly present in an emuésifiform. A high salt
content in a crude oil presents serious corrogpi@blems during the
refining process. In addition, high salt @onitis a major cause of
plugging heat exchangers and heater pipes. Acsatenthigherthan 10
Ib/1,000 barrels (expressed as NaCl) requires tiegal

3.3.3 Sulphur Content

Determination of the sulphur content in crude silimportant because
the amount of sulphur present indicates the typeatment required
for the distillates. To determine sulphur contentyeighed crude sample
(or fraction) is burned in an air stream. All dup compounds are
oxidised to sulphur dioxide, which is further oxédd to sulphur trioxide
and finally titrated with a standard alkali. lddéying sulphur
compounds in crude oil and their products is dfeliuse to a refiner
because all sulphur compounds can easily be dasidgd by hydrogen
to hydrogen sulphide and the corresponding hydbmea The sulphur
content of crude, however, is important and is Uguwansidered when
determining commercial values.

3.3.4 Pour Point

The pour point of a crude oil or product is the éstvtemperature at
which oil is observed to flow under the conditimfghe test. Pour point
data indicates the amount of long-chain paraffpetrpleum wax) found
in a crude oil. Paraffinic crude usually have highwax content than
other crude types. Handling and transporting caitleand heavy fuels is
difficult at temperatures below their poupimgs often, chemical
additives known as pour point depressants are wsagdprove the flow

properties of the fuel. Long-chain n-paraffinrenging from 16-60
carbon atoms in particular, are responsibleniar-ambientemperature

precipitation. In middle distillates, less than ¥¥&x can be sufficient to
cause solidification of the fuel.

3.3.5 Ash Content
This test indicates the amount of metallic constits in a crude oil. The
ash left after completely burning an oil samplealisuconsists of stable

metallic salts, metal oxides, and silicon oxidee®sh could be further
analysed for individual elements using spectrosctgshniques.

3.4 Crude Oill Classification

Various crude oil classifications have been progdsgegeochemists and
petroleum refiners. The interests of the geochemists and pairol
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refiners are different. In addition, thehypical and/or chemical
parameters used in the classifications are difteren

Petroleum refiners are mostly interested in thewarhof the successive
distillation fraction e.g. gasoline, naphtha, ke, gas, oil, lubricating
distillate, and the chemical composition or physjmaperties of these
fractionsviz-a-vizviscosity, cloud test etc.

Geochemist and geologist are more interestedidentifying and
characterising the crude oil in order to relatarth® the source rocks
and to measure their grade of evolution. As alrdbey rely on the
chemical and structural information of crude oihstituents, especially
on the molecules which are suppose to conveytgemaformation.
Therefore, molecules at relatively low concatbns, such as high
molecular weight n-alkanes, steroids and tegpe may be of great
interestto geochemisand geologist.

Appreciable property differences appear betweedecnil as a result of
the variable ratios of the crude oil components. For a refiner dealing
with crudes of different origins, a simple critarimay be established to
group crudes with similar characteristics. Crude aan be arbitrarily
classified into three or six groups depending anrilative ratio of the
hydrocarbon classes that predominate in thetumgx The following
describes six types of crudes:

Paraffinic.

Paraffinic - naphthenic
Naphthenic.
Aromatic-Intermediate.
Aromatic - asphaltic
Aromatic — naphthenic.

3.4.1 Paraffinic Class

This class of petroleum is generated in delta @st sediments of the
continental margins, or in non-marine source bed and is comprised of
light crude oil, some being fluid and some highxwhigh-pour point
crude oil. The viscosity of these high-popoint oils at room
temperature is high, due to a high content of rvadls (>20). At slightly
elevated temperature of between 38cH0however, the viscosity
becomes normal. In addition specific gravity isalgubelow 0.85. The
amount of resins plus asphaltenes is below 10%cogity is generally
low except when n-alkanes of high molecular ghtiare abundant.
Aromatic content is subordinate and mostly comgosemono- and
diaromatics, frequently  including monoaromatic  Gies.
Benzothiophenes are very scarce; sulphur contéoiviso very low.
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The paraffinic class comprises some oils from Nohfiica, United
States, South America, some tertiary oils froviest Africa, Libya,
Indonesia and Central Europe.

3.4.2 Paraffinic-Naphthenic Class

The Paraffinic — Naphthenic oil is also generatedieltaic or coastal
sediments of the continental margins, or in nonkmeasource bed, it has
a moderate resins-plus — asphaltenes content/ly$145% and low
sulphur content (0-1%). Aromatics amount to 25-40% of the
hydrocarbons. Benzo- and dibenzothiophenes are naiatie abundant.

Density and viscosity are usually higher than ia pgaraffinic oil but

remain moderate. The Paraffinic — Naphtherlass includes many
crude oil from Colorado, Paris, West Texas, Nortjukaine and North

Sea basins.

3.4.3 Naphthenic Class

There are only few crude oil in this claasd this includes some
immature oils from the Jurassic and Cretaceous of South America.
However, the class includes mainly degraded oilcWwhisually contains
less than 20% n+isoalkanes. They originate fronchm@onical alteration

of paraffinic or paraffinic- naphthenic oil and thesually have low
sulphur content. Examples are found in the Gulfstagea, in the North
Sea, and in Russia.

3.4.4 Aromatic Intermediate

This class of crude oil is frequently generatedmarine sediments,
deposited in a reducing environment. They are az®g of crude oil
which is often heavy. Resins and asphaltenes coist@iout 10-30% it
may sometime be higher while the sulphur conteabve 1%.

Aromatics amount between 40 and 70% of hydrocarbivescontent of
monoaromatics, and especially those of steroi@,tyg relatively low.

Thiophene derivatives (benzo-and dibenzothiophane)abundant (25-
30% of the aromatics and more). The specific gyaidtusually high

(that is, more than 0.85). This class inekiccrude oil from Saudi
Arabia, Quatar, Kuwait, Iraq, Syria, Turkegpme oils of West
Africa,Venezuela, California, and the Mediterran€&pain, Sicily, and
Greece).

64



CHM311 PETROLEUM CHEMISTRR

3.4.5 Aromatic-Asphaltic and Aromatic Naphthenic

These are mostly altered crude oil. During biodédgtian, alkanes are
first removed from crude oil. This results in shoftthe crude oil away
from the alkane pole. Later, a more advanced degjcad may involve
removal of monocycloalkanes and oxidation. Thengbsition of olil is
also shifted toward the aromatic pole.

Therefore, most aromatic-naphthenic and aran@sphaltic oils are
heavy, viscous oils resulting originally from dadation of paraffinic,
paraffinic-naphthenic, or aromatic-intermediaié#s. The resin-plus-
asphaltene content is usually above 25% and mah re@%. However,
the relative content of resins and asphaltenestr@dmount of sulphur,
may vary according to the type of the original awd.

The six classes of crude oil described abave very unevenly
populated. Most normal (non-degradable) cradebelong to three
classes only. They are: aromatic-intermediate, fpai@naphthenic and
paraffinic oil. This evaluation is based on thefatiént oil investigated.
However, if we now consider the total amount of wngproduction and
reserves, the relative importance of the classehasnged. By far the
most important classes with respect to qtyardére the aromatic-
naphthenic, then the aromatic-asphaltic and aremagrmediate.

SELF ASSESSMENT EXERCISE 2

1. List the most important non-hydrocarbon comp@uadcurring
in crude oil.

2. List the various metals that we can find in erad.

3. What is the effect of these metals in the catalgracking of
crude oil?

4. What are the parameters that determine ctiveosiveness of
crudeoil?

4.0 CONCLUSION

This unit has examined the complex nature of caitlenixture and the

presence of some impurities that are corrosiveomsgnous, as a result
crude oil are not used directly as fuels or asdemk for the production

of chemicals. A general knowledge of thismposite mixture is

essential for establishing a processing strategy.

Crude oil is therefore, refined to separadte mixture into simpler

fractions that can be used as fuels, lubtgaor as intermediate
feedstock to the petrochemical industries.
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5.0 SUMMARY

In this unit, you have learnt that:

Oil and gas form the basic sources of fualsdd organic
compounds in general. Fuel use takes 93% of allecail.

Crude oil is almost completely made up of compouwuaigaining
carbon and hydrogen, called hydrocarbons. Thesedealkanes
cycloalkanes and aromatic compounds.

The complex mixture of hydrocarbons in crude oihruat be
separated easily into individual compounds by sargpstillation
but can however bseparatedinto individual components by
fractional distillation

The fractions thus obtained are used as faeld lubricants
however, for the fractions to be useful as feedstbey must be
chemically transformed.

6.0 TUTOR-MARKED ASSIGNMENT

1. List the various classes of crude oil. Discuss ©f these classes
in details.

2. Explain the following terms: (i) Ash content )(ii Pour
point.

3. How would you determine Sulphur content and Saittent in
crude oil?

7.0 REFERENCES/FURTHER READING
http//www.wikipedia.org

Matar, S. & Hatch, L.F. (1994Chemistry of Petrochemical Processes
(2nd ed.).
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1.0 INTRODUCTION

Natural Gas is a vital component of the world'spdyf energy. It is
one ofthe cleanestsafest, and most useful of all energy sourcespibes
its importance, however, there are many miscommeptabout natural
gas. Thus, in this unit, we shall disctlss historical aspect of natural
gas, its formation, the various types of natura \ghich includesdeep
natural gas, natural gas underneath the surfatieeadarth, tight natural
gas, shale gas, coal bed gas, off shore gas, neethairate and other
forms of gas.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

explain the formation of natural gas

discuss the historical aspect of natural gas

describe the natural gas under the earth

explain briefly deep natural gas, tight natural, gdmale gas, coal
bed gas and off shore gas
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explain methane hydrate
state other forms of gas.

4.0 MAIN CONTENT
3.1 The Formation of Natural Gas

Natural gas is a fossil fuel like oil and coal. &ibsuels are, essentially,
the remains of plants and animals and miganisms that lived
millions of years ago. So, how do these once livanganisms become
an inanimate mixture of gases?

There are many different theories as to the origihfossil fuels. The
most widely accepted theory says that fossil fuels formed when
organic matter (such dbe remainsof a plant or animal) is compressed
under the earth, at very high pressure for a Veng time. This is
referred to as thermogenic methane. Similar to furenation of oil,
thermogenic methane is formed from organic padithat are covered
in mud and other sediment. Over time, more mud and sediment and
other debris are piled on tay the organic matter. This sediment and
debris put a great deal of pressure tba organic matter, which
compresses it. This compression, combined \mih temperatures
found deep underneath the earth, break down tHsoeadoonds in the
organic matter. The deeper under the eakhist, the higher the
temperature. At low temperatures (shallowepodés), more oil is
produced relative to natural gas. At higher temjpees however, more
natural gas is created, as opposed to oil. Thathg natural gas is
usually associated with oil in deposits that areo 2 miles below the
earth's crust. Deeper deposits, usually contamarly natural gas, and
iIn many cases, pure methane.

Natural gas can also be formed through the tram&ftion of organic
matter by microorganisms. This type of methda referred to as
biogenic methane.Methanogens,methane producing microorganisms,
chemically break dowrorganic matter to produce methane. These
microorganisms are commonly found in areas nearsiindace of the
earth that are void of oxygen. These microorganisies live in the
intestines of most animals, including humans. Fdionaof methane in
this manner usually takes place close to the sarédche earth, and the
methane produced is usually lost into thienosphere. In certain
circumstances, however, this methane can ragpéd underground,
recoverable as natural gas. An example of biogem@thane is landfill
gas. Waste containing landfills produce a reldiviarge amount of
natural gas, from the decomposition of the wasttenals that they
contain. New technologies allow this gasbe harvested and added to
the supply of natural gas.
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Another way in which methane (and natural g&s)oelieved to be
formed is through abiogenic processes. Extremedyp dender the earth's
crust, there exist hydrogen-rich gases and carbolecules. As these
gases gradually rise towards the surface of thén,etlrey may interact
with minerals that also exist underground, in thxsemce of oxygen.
This interaction may result in a reactidiorming elements and
compounds thatare found in the atmosphere (including nitrogen,
oxygen, carbon dioxide, argon, awdter).If these gases are under very
high pressure as they move towards the surfac@eokearth, they are
likely to form methane deposits, similar to therraoig methane.

3.2 Natural Gas under the Earth

Although there are several ways that methane, laungl natural gas, may
be formed, it is usually found underneath the axefof the earth. As
natural gas has a low density, once formed It mM8e towards the
surface of the earth through loose, shale type esakother material.
Most of this methane will simply rise to the sudaand dissipate into
the atmosphere. However, a great deal of this methall rise up into
geological formations that ‘trap’ the gas endhe ground. These
formations are made up of layers of porous, sediangmock (similar to
a sponge, that absorbs the gas), with a denseermgable layer of rock
on top. This impermeable rock traps the naturalugeker the ground. If
these formations are large enough, they can trgueat deal of natural
gas underground, iwhatis known as a reservoir. There are a number of
different types of these formations, but the mostnmon is created
when the impermeable sedimentary rock forms a 'dcimgpe, like an
umbrella that catches all of the natural gas thdloating to the surface.
There are a number of ways that this sort of ‘domay be formed. For
instance, faults are a common location for oil aatural gas deposits to
exist. A fault occurs when theormal sedimentarylayers sort of 'split’
vertically, so that impermeable rock shifts downtrtap natural gas in
the more permeable limestone or sandstonerdayEssentially, the
geological formation layers of impermeable rock ron®re porous, oil
and gas rich sediment, has the potential to fomasarvoir. The picture
(Fig. 1) below shows how natural gas and oil cantfapped under
impermeable sedimentary rock, in what is knoas an anticlinal
formation. To successfully bring these fossil fuighe surface, a hole
must be drilled through the impermeable rock teasé the fossil fuels
under pressure. Note that in reservoirs that cordgdiand gas, the gas,
being the least dense, is found closest to thasesfwith the oil beneath
it, typically followed by a certain amount of water
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Fig. 1: Schematic Diagram of a Petroleum Trap
(Source United State Energy Information Administration)

With natural gas trapped under the earththis fashion, it can be
recoveredoy drilling a hole through the impermeable rock. Gas in these
reservoirs is typically under pressure, allowimga escape from the
reservoir on its own. In addition to being foundairtraditional reservoir
such as the one shown above, natural gas may al$oubd in other
‘unconventional’ formations.

Historically, conventional natural gas depoditave been the most
practical, and easiest, deposits to mine. Howeasrtechnology and
geological knowledge advances, unconventional ahgas deposits are
beginning to make up an increasingly larger pentoof the supply
picture. So, what exactly is unconventional gagirécise answer to that
qguestion is hard to find. What was unconnera yesterday, may
through some technological advance, or ingenious pr@cess, become
conventional tomorrow. In the broadest sense, mveational natural
gas is gas that is more difficult, almseconomicallysound, to extract,
usually because the technology to reach it had@en developed fully,
or is too expensive.

For example, prior to 1978, natural gas that hashlsiscovered buried
deep underground in the Anadarko basin was vistuahtouched. It
simply wasn't economical, or possible, to extrai hatural gas. It was
unconventional natural gas. However, dereguiatdf the area (and
particularly the passage of the Natural Gas PoActy which provided
incentives towards searching and extracting unaatiimeal natural gas),
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spurred investment into deep exploration amdetbpment drilling,
making much of the deep gas in the basin convegitypaxtractable.

Therefore, what is really considered unconventioralral gas changes
over time,and from deposit to deposit? The economics of extraction
play a role in determiningvhether or not a particular deposit may be
unconventional, or simply too costly to extractsséntially, however,
there are six main categories of unconventionalrahtyas. These are
deep gas, tight gas, gas-containing shale, coal begthane,
geopressurised zones, and arctic and sub-sea éydrat

3.3 Deep Natural Gas

Deep natural gas is exactly what it sounds likegnmsh gas that exists in
deposits very far underground, beyond ‘conventiat@dling depths.
This gas is typically 15,000 feet or deeper undergd, quite a bit
deeper than conventional gas deposits, whreltraditionally only a few
thousand feet deep, at most.

Deep gas has, in recent years, become more coomahtDeep drilling,

exploration, and extraction techniques havéstntially improved,

making drilling for deep gas economical. Howewdegp gas is still

more expensive to produce than conventional natgaa) and as such,
economic conditions have to be such that it isifable for the industry

to extract from these sources.

SELF ASSESSMENT EXERCISE 1

What are the misconceptions about natural gas?

What is pure natural gas made of?

What are the impurities found in natural gas?

What are the various ways of measuring natas?Pg

State the most widely accepted theory of thgimof fossil fuels.

arwnhPE

3.4 Tight Natural Gas

Another form of unconventional natural gas is nefdrto as tight gas.
This is gas that is stuck in a very tight formatiomderground, trapped
in unusually impermeable, hard rock, or in a stms or limestone
formation that is unusually impermeable and norepsr(tight sand). In
a conventional natural gas deposit, once drilled, gas can usually be
extracted quite readily, and easily. A great deatareffort has to be put
into extracting gas from a tight formation. Sevdrihniques exist that
allow natural gas to be extracted, including fwacg and acidising.
However, these techniques are also very costlye ik unconventional
natural gas, the economic incentive must be thenecite companies to
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extract this costly gas instead of more easily iobtae, conventional
natural gas.

3.5 Shale Gas

Natural gas can also exist in shale deposits. Danoshales are formed
from the mud of shallow seas that existed about 188lon years ago
(during the Devonian period of the Paleozoic e&hale is a very fine-
grained sedimentary rock, which is eadiakableinto thin, parallel
layers. It is a very soft rock, but does not disgrate when it becomes
wet. These shales can contain natural gas, uswaky too thick, black
shale deposits 'sandwich' a thinner area of sBaleause of some of the
properties of these shales, the extractionnatural gas from shale
formations is more difficult (and thus expensivéhan extraction of
conventional natural gas. Most of the natural gaistaining Devonian
shale in the U.S. is located around the Appalaclidasin. Although
estimates of the amount of natural gas containe¢dese shales are high,
it is expected that only about 10% of the gas @®verable. However, its
potential as a natural gas supply is stéky promising, given an
adequate technological and economic environmentofASlovember
2008, FERC estimated that there are 742 Tcf ofnieally recoverable
shale gas in the United States, representing a kmg growing share of
total recoverable resources.

3.6 Coal Bed Methane

Coal, another fossil fuel, is formed undergroundeamsimilar geologic
conditions as natural gas and oil. These coal sleppare commonly
found as seams that run underground, and are rbnelyging into the
seam and removing the coal. Many coal seams alst@ioconatural gas,
either within the seam itself or the surroundingkioThis coal bed
methane is trapped underground, and is generatlyeteased into the
atmosphere until coal mining activities unleash it.

Historically, coal bed methane has been considareulisance in the
coal mining industry. Once a mine is built, andilcis extracted, the
methane contained in the seam usually leaks dottime coal mine
itself. This poses a safety threat, as too higbraentration of methane
in the well create dangerous conditions for coatars. Inthe past,the
methane that accumulated in a coal mine was imieallly vented into
the atmosphere. Today, however, coal bed amethhas become a
popular unconventional form of natural gatisT methane can be
extracted and injected into natural gas pipelifoesresale, used as an
industrial feedstock, or used for heating and el@ty generation. The
Potential Gas Committee estimates that 16BcD of technically
recoverable coal bed methane exists in the Unitate§ making up
7.8% of the total natural gas resource base. Whatomce a by-product
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of the coal industry is becoming an increasinglypamant source of
methane and natural gas.

3.7 Geopressurised Zones

Geopressurised zones are natural underground fiomsahat are under
unusually high pressure for their depth. Thesesaaea formed by layers
of clay that are deposited and compacted very tyick top of more
porous, absorbent material such as sand or sidtei\and natural gas
that is present in this clay is squeezed out byréped compression of
the clay, and enters the more porous sand or eqiosits. This natural
gas, due to the compression of the clay, is degubsit this sand or silt
under very high pressui@encethe term 'geopressure’). In addition to
having these properties, geopressurised zonedyaieally located at
great depths, usually 10,000-25,000 feet belowstiréace of the earth.
The combinations of all of these factors make thieaetion of natural
gasin geopressurisedones quite complicated. However, of all of the
unconventional sources of natural gas, geopressurised zones are
estimated to hold the greatest amount of gas. Miodte geopressurised
natural gas in the U.S. is located in the Gulf €oagion. The amount
of natural gas inthese geopressurised¢ones is uncertain. However,
experts estimate that anywhere from 5,000 to 49Ta80f natural gas
may exist in these areas! Given the curechnically recoverable
resources are around 1,100 Tcf, geopressurised zffex an incredible
opportunity for increasing the nation's natural gasply.

3.8 Methane Hydrates

Methane hydrates are the most recent form of urexmonal natural
gas to be discovered and researched. These tmgrésrmations are
made up of a lattice of frozen water, which fornmsoa of ‘cage’ around
molecules of methane. These hydrates look likeingeknow and were
first discovered in permafrost regions of tAectic. Research into
methane hydrates has revealed that they may be moacé plentiful

than first expected. Estimates range from 7,000td acdver 73,000 Tcf.
In fact, the USGS estimates that methane hydnagg contain more
organic carbon than the world's coal, oil, and emtvonal natural gas
combined. However, research into methane hgdras still in its

infancy. The kind of effects the extraction of natk hydrates may
have on the natural carbon cycle is not known.

Unconventional natural gas constitutes a large gtam of the natural

gas that is left to be extracted in North Amer@ag is playing an ever-
increasing role in supplementing the nation's raigas supply.
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3.9 Offshore Gas Fields

Like oil, natural gas is often found underwateroffshore gas fields
such as the North Se€&orrib Gas Fieldoff Ireland and the_Scotian
Shelf near_Sable Islandrhe technology utilised to extract and transport
offshore natural gas is different from land-baseddé in that a few,
very large rigs are usually used, due to the codtlagistical difficulties

in working over water. Rising gas prices have enaged drillers to
revisit fields that, until now, were not considesmbnomically viable.

Fig.2:The Dirillship Discoverer Enterprise is shown in the
background, at work during exploratory phaseof a new
offshore field. The Offshore Support Vessel Toisa Perseus is
shown in the foreground, illustrating part of the complex
logistics of offshore oil and gas exploration angbroduction.
(Source:http//www.wikipedia.org)

3.9.1 Stranded Gas Reserve

A stranded gas reserve is_a natural gas fieéd has been discovered,
but remains unusable for either physical or ecooammsons. Gas that
is found within _oil wellsis conventionallyregarded as associated gas
and has historically been flarett is sometimes recirculated back into
oil wells in order to maintain extractionepsure orconvertedinto
electricity using gas powered engines.

3.9.2 Economically Stranded Gas

Areserve of gas can be economically strandedrierar two reasons:

a. The reserve may be too remdtem a market for natural gas,
hence making the construction of_ pipelinesprohibitively
expensive.

b. The reserve may be in a region where aeinfor gas is

saturatedand the cost of exporting gas beyond this reggaimo
great. These are most likely to be tapped in tieré when
existing sources begin to run out.
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3.9.3 Physically Stranded Gas

A gas field that is too deep to drill for, or isn@ath an obstruction, may
be considered physically stranded despiteessccbeing desirable.
Continual evolution of drilling technology has gressively unlocked

access to many hard fields.

3.10 Examples of Stranded Gas

Alaska has large reserves of natural gas stranded imrugh®e Bay oil
field. The largest gas plant in the United States et for the sole
purpose of re-injectinghe associatedgas back into the oil fields.
Marketing of the gas awaits the completion of thaska gas pipelinto
carry it to the lower 48 states. Building of th@gline hadheendelayed
by the availability of low-cost natural gas in Cdaaand development of
non-conventional gagelds in the lower 48 states, as well as politica
considerations.

Canadahas large amounts of stranded gas in its Arctenid$ Beaufort
Sea and _Mackenzie DeltaMarketing of this gas would require
completion of the Mackenzie Valley Pipelit@ bring it south along the
Mackenzie River Some companies would like to combine ithw
Alaska gas by building a pipeline offshore in thect’c Oceanfrom
Alaska to the Mackenzie Delta. The Government afsikhis resisting
this concept because it would prefer to bring d¢las first to southern
Alaska, and then transport it across thekoriualong the_Alaska

Highway.

Russia which has the world's largest natural gas reservas much of
it stranded in Siberidn some cases, the easiest way to bring it tketar
would be to pipeline it across the Bering Strand then feed it into the
proposed Alaska gas pipeline. Other options inclemeing it south to
China, or west to Europe. Another option would bebtild liquefied
natural gagLNG) terminals at Siberian ports, in which caseauld be
shipped to anportin the world with an LNG re-gasificaticlerminal.

SELF ASSESSMENT EXERCISE 2

What are the forms of coal deposit?

What are geopressurised zones?

Define gas field.

What is the difference between conventional amcbnventional
gas?

PobPE
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4.0 CONCLUSION

This unit has been able to show us that naturaligas combustible
mixture of hydrocarbons gases. That natural gderised primarily of
methane; it can also include ethane, propdmgane and pentane.
Furthermore, the composition of natural gas cary vadely. Natural
gas is considered dry when it is almost pure methéinis found in
reservoirs underneath the earth, natural gas isymny associated with
crude oil deposits. Production companies searcheVadence of these
reservoirs by using sophisticated technologst thelps to find the
location of the natural gas, and drill wells in #@sarth where it is likely
to be found. Once brought from underground, theimahigas is refined
to remove impurities like water, other gases, saatd other
compounds.

50 SUMMARY
In this unit, you have learnt that:

Natural gas is a fossil fuel

Fossil fuels are formed when organic matter is aasged under
the earth, at very high pressure for a very longgti

Natural gas can also be formed through the tramsftbon of
organic matter by microorganisms. This type of natural gas is
referred to as biogenic methane.

A third way in which natural gas is formed is thgbuabiogenic
processes.

Natural gas can be divided into conventional ancbumentional
natural gases.

Conventional natural gas deposits have been the prastical
and easiest deposit to mine.

Unconventional gas includes deep natural gas, tightral gas,
shale gas, coal bed gas, gas found in geopresduzne, and
methane hydrates.

Natural gas is often found under water in offshgas fields.
Natural gas can be economically or physically steah

6.0 TUTOR-MARKED ASSIGNMENT

=

Discuss three of the various unconventional gase

2. Define / explain the following terms: (1) Stdsal gas (i)
Physically stranded gas  (iii) Economically strandes.

3. What do you understand by tight natural gas?

4. List and discuss the various ways of naturalfgemsation.
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1.0 INTRODUCTION

Crude oil as it is found in nature consisfs complex mixtures of
compounds containing hydrogen and carbon (hydroceb In addition

to the hydrocarbons, compounds of sulphur, nitnoged oxygen are
present in small amounts. Furthermore, thare usually traces of
vanadium, nickel, chlorine and arsenic. These camg@s are harmful

unless they are removed from crude oil by refiningthis unit, we shall

discuss the various methods of refining erunil. These include
fractional distillation, vacuum distillation andher methods such as
solvent extraction, absorptionthermal diffusion, crystallisation,

absorption and stripping.
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2.0 OBJECTIVES

By the end of this unit, you should be able to:

discuss the historical aspect of refining

describe fraction distillation of petroleum

explain vacuum distillation

list and explain other methods of refining crude oi

3.0 MAIN CONTENT
3.1 Historical Aspect

Petroleum refining began in the United States ofeAoa and Russia in
the second half of the T%entury, following the discovery in 1859 of
“rock oil” in Pennsylvania. In the earliest refines, simple distillation
separated crude oil into impure gasoline, keroskricating oil, and
fuel oil fraction. Kerosene, or lamp oil, was thenpipal marketable
product. To improve its odour and appearance, ka®svas treated
chemically with caustic soda or sulphuric acid.

The earliest automobile fuel was composed of tHosetions of crude
oil that were too light to be included in keroseBefore the invention of
automobile, this fraction had been virtually ub$taas demand for it
rose and there was increase in production and tguathprovement.
Methods for continuous distillation of crude oil ientroduced.

After World War | a major improvement in refiningame with the

development of the cracking process, congsih heating surplus
heavier oils under pressure and thereby crackingplitting, their large
molecules into the smaller ones that form tighter, more valuable

fractions. After appropriate chemical treatmentsal@me manufactured
by cracking performed better in automobilegiees than gasoline
derived from straight distillation.

During the 1930s and World War Il, sophisticatetinieg processes
involving the useof catalysts led to further improvements in the duali
of fuels and increase in supply. These improvescgsses, including
catalytic cracking, polymerisation, alkylation, and isomerisation,
permitted the petroleum industry to meet the highiggmance demands
of combat aircraft and, after the war, to supply thcreasing quantities
required by commercial aviation.

The 1950s and 1960s brought a large-scale demandtftuel and for
high-quality lubricating oils. Catalytic reformingas established as the
leading process for upgrading automotive majasoline for use in
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higher compression engines. Hydrocracking, accaiet by addition
of hydrogen during refining, also improved the @il fractions.

3.2 Separation into Components

The various hydrocarbon compounds that are mixgeéther in crude
oil have different boiling points, but apafitom the lightest, the
differences between the boiling points of neighbbmgyimembers in the
rising scale of molecular weight are so small, dinfction of a degree
that they cannot be separated by ordinastilldiion. Fortunately,
separationis not usually necessary. Most common petroleum yortsd
consist of mixtures of compounds whose boilingnpoifall within a
specified range.

Four main types of hydrocarbons are present inecroidl They are
normal paraffins, isoparaffins, cycloparaffins (naphthenes), and
aromatics. Somerudeoil, such as the heavy Mexican and Venezuelan
crude oil, are predominantly naphthenic and arle mcasphalt (a high
boiling semi solid material). Wax is usually, buitralways, associated
with paraffin-base crude oil. In addition to the hydrocarbons,
compounds of sulphur, nitrogen, and oxygem gresent in small
amounts in crude oil. These are harmful unless #reyremoved. Also,
there are usually traces of vanadium, nickel, ¢chéoand arsenic.

When a liquid mixture of compounds is heated itdyaand the vapour
above the liquid is richer in the lower boiling cpoments. If the vapour
is led away from the liquid and condensed, the unéxtan be separated
into components boiling at different temperatur@$is procedure is
known as simple distillation. Chemists, workinn a laboratory,
normally carry out this procedure in an appsgatalled distillation
apparatus and it is similar to that shown in Figure

2 Thermometer

Water-cooled
condenser

® Mixture is beated
and volatile g
component :

vaporizes .
Distilling \

flask

@ Vapors in contact with
cool glass condense to
form pure liquid distilla,

Heating
mantle

¢ /B Distillate
5 / collected in
recetving fla:

Fig. 1:A Simple Distillation Apparatus
(Source George H. Schimd Organic Chemistry)
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The temperature of the vapour condensing lom thermometer is
normally taken to be the boiling temperature of @ayticular fraction.
By changing the receiver flask when the readingtte thermometer
changes, pure compounds can often be separated.

Crude oil containsso many components with similar boiling
temperatures that the temperature slowly irsggathroughout a
distillation, and as there is no clear sapan, only mixtures of
compounds can be obtained a result of the fact that the boiling
temperature of the constituents of crude oil angequlose to each other
thus, making the isolation of individual constittedifficult.

Therefore, simple distillation is not efficient ergh to separate crude
oil. A related process calleflactional distillation or fractionation is
used. The industrial plameededfor fractionation of crude oil is very
different from the laboratory equipment; thoughyodifferent in scale
but the principles are the same.

A schematic diagram of a fractionating tower ofdgwil on industrial
level is shown in Figure 2. The olil is first heatesty strongly by gas
burners (usually the gas used is a by-product effthctionation). The
hot, vapourised oil then passes up the tower wheee is a series of
trays. The higher boiling fractions collect in thaver trays and are
piped out.

The lower boiling fractions pass through to higlrrys before being
taken off. Gasessuchas methane, ethane and propane are led off at the
top of the tower and recycled to the burners. bbsing range of the
fractions can be controlled very accurately by stiljlg the amount of
heating in the first stage. During fractionatior thydrocarbon are not
chemically changed but are separated physically.
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_{naat

Fig. 2: Fractional Distillation Column
(Diagram by the Institute of Petroleum, UK)

The hydrocarbon fractions are, for many purposs®d unchanged.
Typical uses of fractions, sometimes with otherrbgdrbons added are
in ascending order of boiling temperature.

The primary refinery process is fractional distiba, which may be

followed by other physical separation methodsich as solvent
extraction, in which superior lubricating stocke axtracted by means
of a solvent, usually furfural obtained from oatlw

3.2.1 Fractional Distillation and Vacuum Distillation

Modern petroleum distillation units operate continsly over a long

period of time and are large compared with thosé ¢hrry out the same
process in other industries. Units with 100,000 ddarper day capacities
are common place, and units of over 200,000 bapeiglay are now in
operation. The American barrel is the most widedgdi unit in the oil

industry and comprises 42 U.S. gallons, or 35 imapepallons which is

about 160 litres.

Figure 2 shows the principles of operation of acticmal distillation
unit. Crude oil is pumped at a constant rate thinostgel alloy tubes in a
furnace, fired by gas oil, and heated to a tempegadbetween 315 and
370°C depending on the type of crude oil and the endywst desired. A
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mixture of vapour and unvapourised oil passes ftloenfurnace into the
fractionating column, a vertical cylindrical tower as much as 150 feet
(45 metres) high, provided witB0 or 40 perforated fractionating trays
spaced at regular intervals. The bubble-cap trajij@gscommonest type
used, but the sieve tray (less expensive, but witlarrower operating
range) is sometimes employed. It consists of a Isimprforated plate
with small hole of about 3/16 to % inch in diameter

The oil vapours rise up through the column and @edensed to a
liquid in a water-cooled condenser at the top.mak amount of gas
remains uncondensed; théspipedaway to the refinery fuel-gas system.
A pressure control valve on this line maintaingacfionating column
pressure at the required pressure, usually nearsatmeric pressure.

Part of the condensed liquid, called reflux, is pech back into the top
of the column and runs down from tray to tray, tecting the rising
vapours as they pass through the slots in thelbutdps. The liquid
progressively absorbs heavier constituents fromviq@our and in turn
loses its lighter components. Condensation andapearation take place
on each tray. Eventually, equilibrium is reachadwhich there is a
continuous gradation of temperature and of oil props throughout the
column, with the lightest constituent on the togytand the heaviest at
the bottom. The use of reflux and a column of ttyse distinguish
fractional distillation from simple distillation.

In the column shown in Figure 2, fractions ledlside streams are
withdrawn at several points. These products have properties
intermediate fromthe top and base of the column. Typical boiling
ranges for various products are as follows; lighgaline (overhead) 25 -
95°C; naphtha (no 1 side stream) 95-%Gkerosene (no 2 side stream)
150 -230C; and gas oil (no 3 side stream) 230810

In practice, the boiling ranges of these produes be varied within
wide limits according to requirements. This is accomplished either by
selecting different draw off points in the coluron by varying the
guantity of oil withdrawn and has the effect of sbeng the equilibrium
concentration of the liquid on the tray concerned.

The degree of fractionation, or sharpness separation between
hydrocarbons, depends on the number of trays lagid éfficiency in
achieving equilibrium between vapour and liquidalko depends on the
reflux ratio, i.e., the volume of liquid pumpdahck divided by the
volume of overhead product. Reflux ratios drude oil distillation
columns are usually between 1:1 and 3:1.
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Unvapourised oil entering the column (Fig. 1) flodswnward over
another sebf traysin the lower part of column called stripping trays,
which remove any light constituents remaining ie liquid. To assist in
this, steam is injected at the bottom of #tw@umn. The residue that
passes from the base of the fractionating colunsuiigble for blending
into fuel oils. Alternatively, it may be distilled second time under
vacuum conditions and further quantities of distél recovered for use
as a starting material for manufacturing lubriogtoil or as feedstock
for catalytic cracking.

The principles of vacuum distillation resemileose of fractional
distillation, and except that larger diameter cahsnare used to maintain
comparable vapour velocities at reduced presstivequipment is also
similar. The vacuum is produced by steanecteys in vacuum
distillation. Components that are less volatile ¢endistilled without
raising the temperature to the range at which a@ngcloccurs, as it
would at atmosphericpressure. Firing conditions in the furnace are
adjusted so that the oil temperature does not exabeut 408C. The
residue after vacuum distillation is asphalt, dauimen.

Superfractionation is an extension of fractionatilation employing
columns with a much larger number of trays (e.d)lhd reflux ratios
exceeding 5:1 withsuch equipment, it is possible to obtain fractions
containing only afew hydrocarbons or even to separate pure
compoundsBY this method, isopentane of over 90% purity is produced
for aviation gasoline. Isohexane and isoheptaneeamrates are also
prepared for the same purpose, these isoparafiwe much higher
octane numbers than corresponding normal paraffins.

3.2.2 Absorption and Stripping

Absorption and stripping are processes used toiroltauable light

products such as propane / propylene and butdngylene from the
gasoline vapours that pass out of the top of thetifsnating tower. In
the absorption process, gasoline vapours are bdibbieugh absorption
oil such as kerosene or heavy naphtha inipetent resembling a
fractionating column. The light products dissolvethe oil while dry

gases such as hydrogen, methane, ethane, an@rethghss through
undissolved. Absorption is more effective undersptge of about 100-
150 pounds per square inch (7-11kg/cm) thams iat atmospheric
pressure.

The light products are separated from the absarpdibin the stripping
process. The solution of the absorption oil antitligroducts is boiled
by steam and passes to stripping column wheredhe product vapour
pass upward and are recovered by condensation tey w@oling under
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pressure. The unvapourised oil passes from the dfadee column for
reuse.

3.2.3 Solvent Extraction and Adsorption

Solvent extraction process is used primafity the removal of

constituents that would have an adverse effechempérformance of the
product in use. The quality of kerosene is improlbgdhe extraction of
aromatic compounds that burn with a smoky flameothar important

operation is the removal of heavy aromatic compsunaim lubricating

oils. Removal improves viscosity-temperature retaghip of the oill,

extending the temperature range over which satsfa lubrication is

obtained. The usual solvents for extraction of ikdting oil are furfural

and phenol. Other solvents are dichloroethyletimirobenzene, and a
mixture of liquid propane and cresylic acid.

Certain highly porous, solid materials have thelitgbto select and
adsorb specific types of molecules, thus sepayatiiem from other
types. Silica gel is used in this way to sepaeatematics from other
hydrocarbons, and activated charcoal used to remove liquid
components from gases.

Adsorption is thus somewhat analogous to the psocd#sabsorption
with oil, although the principles are differentayers of the absorbed
material with only a fewmoleculesthick are formed on the extensive
interior surface of the adsorbent;this intergurface may amount to
several acres per pound of material.

Recent years have brought new developments indheiadsorbents of
a very selective nature called molecular sieveslebllar sieves are
produced by dehydration of naturally occurring synthetic zeolites
(crystalline alkali metal aluminosilicates). Thehgidration leaves inter-
crystalline cavities that have pore openings ofnilef size, depending
upon the alkali metal of the zeolite. Under adgeeptonditions, normal
paraffins molecules can enter the crystallinedatend be selectively
retained, whereas the other molecudes excluded.This principle is

used commercially for the removal of normal pareffirom gasoline
fuels, thus increasing their octane number. Theafisaolecular sieves
has also been extended to the separation ofobgdrons of higher
molecular weight.

3.2.4 Thermal Diffusion and Crystallisation

When a mixture of hydrocarbons is passed througareow gap, of the
order of 1/100 inch, between hot and coldfaxzes, some of the
constituents concentrate near the hot surfaceoirets near the cold.
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The phenomenon is known as thermal diffusidnjs not clearly
understood, but it is believed that sepamatoxcurs as a result of
differences in the shapes thie molecules.Though this process has been
applied in the laboratory as an analytical toois itinlikely to find much
use in industry as the thermodynamic efficiendgvs.

The crytallisation of wax from lubricating oil fraons is essential to
make the oils suitable for use. A solvent, for ragke, a mixture of
benzene and methyl ethyl ketone is first addetiéooil and the solution
is chilled to about . The function of the benzene is to keep theroil i
solution and maintain its fluidity at low ni@eratures, whereas the
methyl ethyl ketone (butanone) acts as a wax pitaaip Rotary filters
are used to filter off the wax crystals on a spgciaoven canvas cloth
stretched over a perforated cylindrical drum.vAcuum, maintained
within the drum, sucks the oil into it. The wax stals are removed from
the cloth by metal scrapers, after washing witlvesail to remove traces
of oil. The solvents are later distilled from theamd reused.

3.3 Alteration of Molecular Structure

The separation processes described above are basdidferences in
physical properties of the components of erwdl. By chemically
changing their molecular structure, it is posstol€onvert less valuable
hydrocarbon compound into those in demand.

The first of these conversion processes isckang or thermal
decomposition of long chain hydrocarbon molesuinto shorter
molecules with lower boiling points, for example, paraffin molecule
such as dodecane (#l,¢) has such poor antiknock properties that it
cannot be used in a modern automobile engine, tderiintense heat it
breaks down into shorter molecules such as pasaffiyH,,) or olefins
l.e. alkene (gH1», GCsHig), which are suitable for motor fuels. The
chemical reactions that take place in a crackingrafppn are complex.
The product derived from cracking process is, filea@, a synthetic
crude oil.

3.4 Cracking

Cracking is the name given to breaking up largertgarbon molecules
into smaller and more useful bits. This ashieved by using high
pressures and temperatures without a catalysbweritemperatures and
pressures in the presence of a catalyst. Jhwece of the large
hydrocarbon molecules is often the naphthaction or the gawil
fraction from the fractional distillation of crude oil (weteum). These
fractionsare obtainedfrom the distillation process as liquids, but eze
vapourised before cracking.
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There is no any single unique reaction that happensg cracking. The
hydrocarbon molecules are broken up in a fairlydoan way to produce
mixtures ofsmaller hydrocarbonssome of which have carbon-carbon
double bonds. One possible reaction involving thdricarbon GsHao
might be:

2 15H4:2 w 2CaH4 + CgHe + CeHia

ethene popeEne  octane

Or, showing more clearly what happens to the varadoms and bonds:

Rasasssisasssss s

) T
Flotce the douhble bonds formed.

Fig. 3 : Schematic Diagram of Cracking
(Source http//www.wikipedia.org)

This is only one way in which this particular malée might break up.
The ethene and propene are important materialsnéing plastics or
producing other organic chemicals. The octane & @nthe molecules
found in petrol (gasoline).

SELF ASSESSMENT EXERCISE 1

1. List the four major types of hydrocarbon foundiude oil.

2. What are the distinguishing features betweermlgirdistillation
and fractional distillation?

3. Define the term cracking.

4. Why do we need to refine petroleum?

3.4.1 Thermal Cracking and Reforming

The earliest cracking techniques are typified dogcesses in which
kerosene or gas oil materials were converted byirfgeto temperatures
between 450-54C at pressure of 250 to 500 pounds per square inch
This process produced gasoline with octane numBgewfich is low by
modern standard. In thermal cracking, high tempeest (typically in
the range of 450-750°C) and pressures (up to alfbatmospheres) are
used to break the large hydrocarbons intmller ones. Thermal
cracking gives mixtures oproducts containing high proportions of
hydrocarbons with double bonds — alkenes.
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Visbreaking, another thermal cracking processjuces viscosity of
heavy crude oil residues to make them more s@itéin inclusion in
fuel olils.

The steam cracking process by which ethylene ahdroablefins are
made from naphtha differs from thermal crackinghat it is carried out
at low pressures and higher temperatures.

Steam cracking is a petrochemicarocess in which saturated
hydrocarbons are broken down into smaller, oftensaturated,
hydrocarbons. It is the principal industrial methfmat producing the
lighter alkenes (or commonly olefins), includinthene (or ethylene)
and propene (or propylene).

In steam cracking, a gaseous or liquid hydrocartsad like naphtha,
LPG or ethane is diluted with steam and brieflyated in a furnace
without the presence of oxygen. Typically, thectem temperature is
very high, at about 850°C, but the reaction is allgwed to take place
very briefly. In modern cracking furnaces, the desice time is even
reduced to milliseconds, resulting in gas velosifi@ster than the speed
of sound,to improve yield. After the cracking temperature has been
reached, the gas is quickly quenched to stop thetiom in a transfer
line heat exchanger.

The products produced in the reaction depend ordhgosition of the
feed, the hydrocarbon to steam ratio and on thekang temperature
and furnace residence time. Light hydrocarbon degach as ethane,
LPGs or light naphtha give product streanth in the lighter alkenes,
including ethylene, propylene, and butadiene. Haawdrocarbon(full
range and heavy naphthas as well as other refpreducts) feeds give
some of these, but also give products rich in atmnigydrocarbons and
hydrocarbons suitable for inclusion in gasolinefwel oil. The higher
cracking temperature(also referred to as severity) favours the
production of ethene and benzene, whereasr|®ggerity produces
higher amounts of propene, C4-hydrocarbons anddliguoducts. The
process also results in the slow deposition of caki@rmof carbon,on
the reactor walls. This degrades the efficiencyhefreactor, so reaction
conditions are designed to minimise this. Nones®la steam cracking
furnace can only run for a few months at a timevben de-cokings.
Decoking require the furnace to be isolated from phocess and then a
flow of steam or a steam/air mixture is passedugincthe furnace coils.
This converts the hard solid carbon layerctobon monoxide and
carbon dioxide. Once this reaction is complete, the furnace dBn
returned to service.
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Thermal reforming, a modification of the thmd cracking process,
reforms or alters the properties of low gradomponents such as
naphthas by convertinghe moleculesinto those of higher octane
number, Pressures used are somewhat higher thae ithh@racking. At
a temperature from 950 to 10%Qit is possible to obtaigasolinewith
octane numbers of between 70 and 80 from compowéiss than 40.

3.4.2 Hydrocracking

Hydrocracking is a catalytic cracking process asdiby the presence of
an elevated partial pressuséhydrogengas. Similar to the hydrotreater
the function of hydrogen is the purification of thgdrocarbon stream
from sulphur and nitrogen hetero-atoms.

The products of this process are saturated hydvoogrdepending on
the reaction conditions (temperature, pressurglys activity) these
products range from ethanePG to heavier hydrocarbons comprising
mostly of isoparaffinsHydrocracking is normally facilitated by a bi-
functional catalyst that iscapable of rearranging and breaking
hydrocarbon chainas well as adding hydrogen to aromafeosl olefins
to produce naphthenasid alkanes

Major products from hydrocracking are jet fuehd diesel while also
high octane rating gasoline fractions and LPG mozluced. All these
products have a very low content of sulphod other contaminants

It is very common in IndiaEurope and Asia because those regions have
high demand for diesel and keroserie the US, Fluid Catalytic
Cracking is more common because the demand fotigas® higher.

3.4.3 Catalytic Cracking

By 1950, a reforming process was introduced thaileyed a catalyst to
improve theyield of the most desirable gasoline components while
minimising the formation of unwanted heavy produand coke. (A
catalyst is a substance that promotes a chemieatiom but does not
take part in it) In catalytic reforming, as thermal reforming, a
naphtha-type material serves as the feedstbuk,the reactions are
carried out in the presence of hydrogen, whichhiéithe formation of
unstable unsaturated compounds that polymerise higher-boiling
materials.
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CATALYTIC CRACKING

heat and
SELE
impurities i
spent cat-cl_'atkerl
B .catal],-'st gasoline
cat-cracked
light pas oil
; fractional cat-cracked
regenerator ﬁn"b‘:r raciianator heavy gas oil
air
fresh cle
catalyst :'::?I
heavy
nil ar‘lfals
flasher tops

Fig. 4. A Catalytic Cracking Unit
(Source:http//www.wikipedia.org)

In most catalytic reforming processes, platinunthis active catalyst; it
is distributed on the surface of an aluminaxide carrier. Small
amounts of rhenium, chlorine, and fluorine act aalyst promoters. In
spite of the high cost of platinum, the processasnomical because of
the long life of the catalyst and the high quadihd yield of the products
obtained. The principal reactions involve the bnegkdown of long-
chain hydrocarbons into smaller saturated chantsthe formation of
isoparaffins, made up of branched-chain molecut@smation of ring
compounds (technically, the cyclisation of paragfinto naphthenes)
also takes place, and the naphthenestlae dehydrogenatednto
aromatic compounds (ring-shaped unsaturated conasowith fewer
hydrogen atoms bonded to the carbon). The hydrdgerated in this
process forms a valuable by-product of g#tal reforming. The
desirable end products are isoparaffins and aremaoth having high
octane numbers.

In a typical reforming unit the naphtha charge irstfpassed over a
catalyst bed in the presence of hydrogenreémove any sulphur
impurities. The desulphurised feed is then mixethwiydrogen (about
five molecules of hydrogen to one of hydrocarbonyl eheated to a
temperature of 500-540° C (930-1,000° F). The gesseuxture passes
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downward through catalyst pellets in a series oég¢hor more reactor
vessels. Early reactors were designed to operaéait 25 kilograms
per square centimetre (350 pounds per square,ibcih)current units
frequently operate at less than 7 kg?qt00 poundser square inch).
Because heat is absorbed in reforming reactiores nitxture must be
reheated in intermediate furnaces between theamsact

After leaving the final reactor, the product is densed to a liquid,
separated from the hydrogen stream, and gassea fractionating
column, where the light hydrocarbons produdedthe reactors are
removed by distillation. The reformate producttli®en available for
blending into gasoline without further treatmenheThydrogen leaving
the product separator is compressed and returnibe t@actor system.

Operating conditions are set to obtain the requiretdne level, usually
between 90 and 100. At the higher octane levelsdyct yields are
smaller, and more frequent catalyst regeneratavasrequired. During
the course of the reforming process, minateountsof carbon are
deposited on the catalyst, causing a gradual oestion of the product
yield pattern. Some units are semiregenerativdities that is, they
must be removed from service periodically (onceéwdce annually) to
burn off the carbon and rejuvenate the catalystesy—but increased
demand for high-octane fuels has also ledth® development of
continuous regeneration systems, which avdd periodic unit
shutdowns and maximise the yield of high-octanerreate (Fig.4).
Continuous regeneration employs a moving bed aflysttparticles that
is gradually withdrawn from the reactor system gadsed through a
regenerator vessel, where the carbon is vethcand the catalyst
rejuvenated for reintroduction to the reactor syste

3.5 Fluid Catalytic Cracking

Fluid Catalytic Cracking (FCC, invented by Tom Biouse) is the
most important conversion process used in petnoleefineries. It is
widely used to convert the high-boiling, high-molecular weight
hydrocarbon fractions of petroleum crude oil to envaluable gasoline,
olefinic gases and other products. Cracking ofgbetm hydrocarbons
was originally done by thermal cracking whi¢tas been almost
completely replaced by catalytic cracking hmsea it produces more
gasoline with a higher octane rating. It also picas byproduct gases
that are more olefinic, and hence more valuablm those produced by
thermal cracking.

The feedstock to an FCC is usually that portiothef crude oil that has

an initial boiling point of 340 °C or higher at atepheric pressure and
an average molecular weight ranging from about 20600 or higher.
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This portion of crude oil is often referred to asafy gas oil. The FCC
process vapourises and breaks the long-chain mekof the high-
boiling hydrocarbon liquids into much shorter mailes by contacting
the feedstock, at high temperature and mdeelemessure, with a
fluidised powdered catalyst. In effect, refise use fluid catalytic
cracking to correct the imbalance between mh@rket demand for
gasoline and the excess of heavy, high boiling egm@ducts resulting
from the distillation of crude oil.

As of 2006, FCC units were in operation at 400 gletrm refineries
worldwide and about one-third of the crude oilmefi in those refineries
is processed in an FCC to produce high-octaneligasand fuel oils.
During 2007, the FCC units in the United Statescpssed a total of
5,300,000 barrels (834,300,000 litres) per dayesfdstock and FCC
units worldwide processed about twice that amount.

The modern FCC units are all continuous procesdashwoperate 24
hours a day for as much as 2 to 3 years betweddakins for routine
maintenance. There are a number of different jpetgry designs that
have been developed for modern FCC units. Ehesdignis available
under a license that must be purchased from thigrddsveloper byany
petroleumrefining company desiring to construct and opeaaté-CC of
a given design.

Basically, there are two different configuratiorss fan FCC unit, the
"stacked" type where the reactor and théalgst regenerator are
contained in a single vessel with the macabove the catalyst
regenerator and the "side-by-side" type where #daetor and catalyst
regenerator are in two separate vessels. eTlaes the major FCC
designers and licensors. Each of the proprietasygdeicensors claims
to have unique features and advantages.

3.5.1 Reactor and Regenerator

The schematic flow diagram of a typical modern F@@ in Figure 5

below is based upon the "side-by-side" configoratiThe preheated
high-boiling petroleum feedstock (at about 315 0 48) consisting of
long-chain hydrocarbon molecules is combined wilsycle slurry oil

from the bottom of the distillation column and ictied into thecatalyst

riser where it is vapourised and cracked into #maimolecules of
vapour by contact and mixing with the very hot pevetl catalyst from
the regenerator. All of the cracking reactions tpkece in the catalyst
riser. The hydrocarbon vapours "fluidise" the poredecatalyst and the
mixture of hydrocarbon vapours and catalyst floysvard to enter the
reactor at a temperature of about 535 °C and a pressuabait 1.72

barg.
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The reactor is in fact merely a vessel in which tnacked product
vapours are: (a) separated from the so-cajeeht catalysby flowing
through a set of two-stage cyclones within the tmaand (b) thespent
catalystflows downward through a steam stripping sectiorreémove
any hydrocarbon vapours before gpent catalysteturns to theatalyst
regenerator The flow of spent catalyst to the regeneratoegulated by
aslide valven the spent catalyst line.

Since the cracking reactions produce some ocadeous material
(referred toas coke that deposits on the catalyst and very duick
reduces the catalyst reactivity, the catalyst generated by burning off
the deposited coke with air blown into the regetweral he regenerator
operates at a temperature of about 715 °C andssyne of abou®.41
barg. The combustion of the coke is exothermic as idpoes a large
amount of heathatis partially absorbed by the regenerated catalyst and
provides the heat required for the vapourisatiotheffeedstock and the
endothermic cracking reactions that take placéenendatalyst riser. For
that reason, FCC units are often referred to asgitesat balanced

Catalyst
Fines Flue gas 535 °0

Electrostatic

Precipitator Cracked MNaphtha

Bailer

Sidecut
Stripper

Feaction
( Product Gas
Distillation Column

Catalyst Fines

Happers +— Steam

Fuel Qil

Steam  Ajr

Pumg

Fuel Qil

Catalyst

CO o Carbon monoxice
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Thn  Steam 4 to 430 °C
Cond Condenzate

1 Start-up steam turbine 6 Catalyst withdraweal wel
Ajr compressar ¥ Catalyst rizer
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Cyclones

:

:

Fig.5 : A Schematic Flow Diagram of a Fluid Cataltic Cracking
Unitas used in Petroleum  Refineries

(Source:http//www.wikipedia.org)

The hot catalyst (at about 715 °C) leaving the megator flows into a
catalyst withdrawal wellvhere any entrained combustion flue gases are
allowed to escape and flow batko the upper part to the regenerator.
The flow of regenerated catalyst to the feedstogiction point below
the catalyst riser is regulated by a slide valvéhinregenerated catalyst
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line. The hot flue gas exits in the regeneratoeraftassing through
multiple sets of two-stage cyclones that removeagméd catalyst from
the flue gas.

The amount of catalyst circulating between tegenerator and the
reactor amounts to abobtkg per kg of feedstockwhich is equivalent
to about 4.66 kg per litre of feedstock. Thus, &CFunit processing
75,000 barrels/day (12,000,000 litres/day) willcalate about 55,900
metric tons per day of catalyst.

3.5.2 Distillation Column

The reaction product vapours (at 535 °C and a pressf 1.72 barg)
flow from the top of the reactor to the bottom s&ttof the distillation
column (commonly referred to dise main fractionato) where they are
distilled into the FCC end products of cracked nlah fuel oil and
offgas.

After further processing for removal of sulphur gmunds, the cracked
naphtha becomes a high-octane component ofrefeery's blended
gasolines.

The main fractionator off gas is sent to whatafled agas recovery

unit where it is separated into butanes and éned, propane and
propylene, and lower molecular weight gaghgdrogen, methane,
ethylene and ethane). Some FCC gas recovery umitsaiso separate
out some of the ethane and ethylene.

Although the schematic flow diagram (Fig. 5 ) oeafl depicts the main
fractionator as having only one side cut strippet ane fuel oil product,
many FCC main fractionators have two strippers pratluce a light
fuel oil and a heavy fuel oil. Likewise, many FCGim fractionators
produce light cracked naphtha and a heawacked naphtha. The
terminologylight andheavyin this context refers to the product boiling
ranges, with light products having a lower boilirmnge than heavy
products.

The bottom product oil from the main fractionatantains residual
catalyst particles which were not completely rentblag the cyclones in
the top of the reactor. For that reason, the bottomduct oil is referred
to as slurryoil. Part of that slurry oil is recycleblack into the main
fractionator above the entry point of the hot reacproduct vapours so
as to cool and partially condense the reactiomyrbvapours as they
enter the main fractionator. The remainder of gshery oil is pumped
through a slurry settler. The bottom oil from tHeris/ settler contains
most of the slurry oil catalyst particles and isyded back into the
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catalyst riser by combining it with the FCC feed&t@il. The so-called
clarified slurry oil or decant oil is withdrawn from the top of slurry
settler for use elsewhere in the refinery or agavig fuel oil blending
component.

3.5.3 Regenerator Flue Gas

Depending on the choice of FCC design, tlenbustion in the
regenerator of the coke on the spent catalygy or may not be
complete combustion to carbon dioxide (.(’he combustion air flow
is controlled so as to provide the desired raticabon monoxide (CO)
to carbon dioxide (C¢@) for each specific FCC design.

In the design shown in Figure 5, the coles lonly been partially
combusted to CO The combustion flue gas (containing CO and,)&®
715 °C and at a pressure of 2.41 barg is routezligfir a secondary
catalyst separator containiisgvirl tubesdesigned to remove 70 to 90%
of the particulates in the flue gas leaviting regenerator. This is
required to prevent erosion damagehe blades in the turbo-expander
that the flue gas is next routed through.

The expansion of flue gas through a turbo-expapdevides sufficient
power to drive the regenerator's combustion air compressor. The
electrical motor-generator caionsumeor produce electrical power. If
the expansion of the flue gas does not provide gimpawerto drive the

air compressor, the electric motor/generatoovides the needed
additional power. If the flue gas expansion pregidnore power than
needed to drive the air compressor, than the radegtotor/generator
converts the excess power into electric powet exports it to the
refinery's electrical system.

The expanded flue gas is then routed through ansggmerating boiler
(referred to as €0 boiler) where the carbon monoxide in the flue gas is
burned as fuel to provide steam for use in theneey as well as to
comply with any applicable environmental regulattmyits on carbon
monoxide emissions.

The flue gas is finally processed through an ebstatic precipitator
(ESP) to remove residual particulate matier comply with any
applicable environmental regulations regardpeyticulate emissions.
The ESP removes patrticulates in the size rangetofZ® microns from
the flue gas.

The steam turbine in the flue gas processing sygs@iown in the above
diagram) is used to drive the regenerator's cotidyugir compressor
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during start-ups of the FCC unit until there isfgignt combustion flue
gas to takeverthattask.

3.5.4 Catalysts

Modern FCC catalysts are fine powders with a budksity of 0.80 to

0.96 g/cc and having a particle size distributianging from 10 to 150
um and an average particle size of 60 to 308. The design and
operation of an FCC unit is largely dependent uffen chemical and
physical properties of the catalyst. The desirgblgperties of an FCC
catalyst are:

Good stability to high temperature and to steam
High activity

Large pore sizes

Good resistance to attrition

Low coke production

A modern FCC catalyst has four major componentgstalline zeolite,
matrix, binder and filler. Zeolite is the primaagtive component and
can range from about 15 to 50 weight percent otttalyst. The zeolite
used in FCC catalysts is referred to as faujagitaso Type Y and is
comprised of silica and alumina tetrahedra withhe@trahedron having
either an aluminium or a silicon atom at the cemsted four oxygen
atoms at the corners. i& a molecular sieve with a distinctive lattice
structure that allows only a certain size rangéyafrocarbon molecules
to enter the lattice. In general, the zeolite doesallow molecules
larger than 8 to 10 nm (i.e., 80 to 90 angstrom®xtter the lattice.

The catalytic sites in the zeolite are strong ag¢etguivalent to 90%
sulphuric acid) and provide most of the catal@wtivity. The acidic
sites are provided by the alumina tetrahedra. Tinmiaum atom at the
center of each alumina tetrahedra is at3aoxidation state surrounded
by four oxygen atoms at the corners whiale a&hared by the
neighbouring tetrahedra. Thus, the net charge efatbmina tetrahedra
is -1 which is balanced by a sodium ion during the pobidm of the
catalyst. The sodium ion is later replaced by amamum ion which is
vapourised when the catalyst ssbsequentlydried, resulting in the
formation of Lewis and Brgnsted acidic sites. Irmed~CC catalysts,
the Brgnsted sites may be later replaced by rarth @aetals such as
cerium and lanthanum to provide alternative actigitd stability levels.

The matrix component of an FCC catalyst containsrahous alumina

which also provides catalytic activity sites and in larger portésat
allows entry for larger molecules than does thditeed hat enables the
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cracking of higher-boiling, larger feedstock molesuthan are cracked
by the zeolite.

The binder and filler components provide the qitgl strength and
integrity of the catalyst. The binder is usualliicai sol and the filler is
usually clay (kaolin). Nickel, vanadium, iron, gy and other metal
contaminants, present in FCC feedstock in the gaatsmillion ranges,
all have detrimental effects on the catalyst atgtiand performance.

Nickel and Vanadium are particularly troublesombere are a number
of methods for mitigating the effects of the conitaant metals listed as
follows:

Avoid feedstock with high metals contenthis seriously
hampers a refinery's flexibility to process vasoarude oil or
purchased FCC feedstocks.

Feedstock feed pretreatment. Hydro-desulphurisaifothe FCC
feedstock removes some of the metals and edsluces the
sulphur content of the FCC products. However, ihis costly
option.

Increasing fresh catalyst addition: All FCC unitghadraw some
of the circulating equilibrium catalyst asesp catalyst and
replace it with fresh catalyst in order to maintairesired level
of activity. Increasing the rate of such excharmeelrs the level
of metals in the circulating equilibrium catalystt this is also a
costly option.

Demetalisation: The commercial proprietary Demnmrocess
removesnickel andvanadium from the withdrawn spent catalyst.
The nickel and vanadium are converted to chloridbgch are
then washed out of the catalyst. Afdnying, the demetalised
catalyst is recycled into the circulating ¢gga Removals of
about 95% nickel and 67 to 85% vanadium have beported.
Despite that, the use of the Demet prodess not become
widespread, perhaps becausk the high capital expenditure
required.

Metals passivation: Certain materials can be useadditives which can
be impregnatedinto the catalyst or added to the FCC feedstock in the
form of metal-organic compounds. Such materialetrgath the metal
contaminants and passivate the contaminagtéorming less harmful
compounds that remain on the catalyst. For examghtimony and
bismuth are effective in passivating nickeldatin is effective in
passivating vanadium. A number of proprietary pas®n processes
are available and fairly widely used.
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SELF ASSESSMENT EXERCISE 2

1.
2.
3.
4

4.0

Define or explain the following terms: (i) Vigaking (ii) Steam
cracking (iii) Thermal reforming

What are the desirable properties of an FCOysdta

There are two different configurations for and~@nit.

Why is the bottom product oil from the main tranators of a
distillation column called slurry oil.

CONCLUSION

In this unit, you have learnt that petroleum is anplex mixture of

compounds containing hydrogen and carbon. In additompounds of
sulphur, nitrogen and oxygen are present in srmatiumts; furthermore,
there are usually traces of vanadium, nickel, eghéoand arsenic. As a
result of the harmful nature of these compoutidse is a need to
remove them from crude oil by refining. You havecabeen able to
learn the various methods of refining crude petrot which include

fractional distillation, vacuum distillation, abgdion, stripping, solvent
extraction, adsorption, thermal diffusion aratystallisation. Other
methods are thermal cracking and reforming, hydwdng, catalytic

cracking, and fluid catalytic cracking.

5.0 SUMMARY

In this unit, you have learnt that:
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Petroleum refining began in the United States ofeAoa and
Russia in the second half of the™1Gentury, following the
discovery in 1859 of “rockil” in Pennsylvania.

Crude oil is a complex mixture of compoundentaining
hydrocarbons. In addition to the hydrocarbonsnhpounds of
sulphur, nitrogen and oxygen are presentsimall amounts
furthermore, there are usually traces ofnadium, nickel,
chlorine and arsenic. These compounds arenfoarunless
removed from crude oil by refining.

Fractional distillation, vacuum distillation, abption, stripping,
solvent extraction, adsorption, thermal diffusionnda
crystallisation are some of the methods used in refining crude
petroleum.

The processes mentioned in 3 above are based f@nedies in
physical properties of the components of crudehoilvever, by
chemically changing the molecular structurke the various
components of crude oll, it is possible to convess valuable
hydrocarbon compound into valuable one. Tikisknown as
alteration of molecular structure.
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Thermal cracking and reforming, hydrocracking, i
cracking, and fluid catalytic cracking are sometloé methods
used in alteration of molecular structure.

7.0 TUTOR-MARKED ASSIGNMENT

1. What are the desirable properties of a fluidalgéit cracking

catalyst?

2. List the major components of a modern fluid lyaia cracking
catalyst

3. Write short note on each of the components wiodern fluid

catalytic cracking catalyst.

4, What do you understand by the term feedstock?

5 List the various methods of altering moleculmucure in crude
petroleum.

6. What is the primary reason for carrying out salvextraction in
crude petroleum?

7. What are the various methods of mitigating tffects of the
contaminant metals in fluid catalytic cracking ¢pst?
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1.0 INTRODUCTION

Like crude oil, natural gas is also found in compigixture with other
gases such as carbon dioxide, hydrogen sulphidewater vapour, the
presence of these gases is undesirable, &ianoe the presence of
hydrogen sulphide in natural gas is poisonous, nmoportantly if the
gas is for domestic use. In this unit we are gdam¢pok at the various
ways of making natural gas safe and of great hgattue.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

explain the treatment of acid gas

describe the condensable gas hydrocarbons
explain the process of treatment of liquefied raltgas
state the properties of natural gas.
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3.0 MAIN CONTENT

3.1 Natural Gas Treatment Processes

Raw natural gases contain variable amounts of cadimxide, hydrogen
sulphide, and water vapour. The presence of hydrogen sulphile i
natural gas for domestic consumption cannot beadatdd because it is
poisonous. It also corrodes metallic equipmedarbon dioxide is
undesirable, because it reduces the heatmgevof the gas and
solidifies under the high pressure and loswngeratures used for
transporting natural gas. For obtaining a sweet, réhtural gas, acid
gases must be removeaid water vapour reduced. In addition, natural
gas with appreciable amounts of heavy hydrocarlstwsild be treated
for their recovery as natural gas liquids.

3.2 Acid Gas Treatment

Acid gases can be reduced or removed by one or aidiee following
methods:

1. Physical absorption using a selective absormaivent.
2. Physical adsorption using a solid adsorbent.
3. Chemical absorption where a solvent (a chemicapable of

reacting reversibly with the acid gases is used.
3.2.1 Physical Absorption

Selexol, sulphinol, and rectisol are the most inguar processes used
for physical absorption of gases. In addition, they also commercially
viable. In these processes, no chemical reactioaredetween the acid
gas and the solvent. The solvent, or absorbeat)icuid that selectively
absorbs the acid gases and leaves out the hydoosarinthe Selexol
process for example, the solvent is dimetéthier of polyethylene
glycol. Raw natural gas passes counter ctiyredn the descending
solvent. When the solvertiecomessaturated with the acid gases, the
pressure is reduced, and hydrogriphide and carbon dioxide are
desorbed. The solvent is then recycled to the ahbsartower. Figure 1
shows the Selexol process.
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Off gas

Air or gas

Fig. 1. The Selexol Process for Acid Gas Removal:)(BAbsorber, (2)
Flash Drum, (3) Compressor, (4) Low-pressurddrum, (5)
Stripper, (6) Coole
(Source:Chemistry of Petrochemical Processes)

3.2.2 Physical Adsorption

In these processes, a solid with a high surfaca ereised. Molecular
sieves(zeolites) are widely used and are capable of adsorbing large
amounts of gases. In practice, more than one afisorped is used for
continuous operation. One bed is in use evliie other is being
regenerated. Regeneration is accomplished by massindry fuel gas
through the bed. Molecular sieves are cortipetionly when the
guantities of hydrogen sulphide and carbdisulphide are Ilow.
Molecular sieves are alsmpableof adsorbing water in addition to the
acid gases.

SELF ASSESSMENT EXERCISE 1

1. What are the disadvantages of having tHewog gases in
natural gas?

a. Hydrogen sulphide @9)
b. Carbon dioxide (C9

2. What are the various ways of removing acid gasnfnatural
gas?
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3.2.3 Chemical Absorption (Chemisorption)

This process is characterised by a high capabilitybsorbing large
amounts of acid gases. A solution of a relativeBak base, such as
monoethanolamine is used. The acid gas forms & Wwead with the
base which can be regenerated easily. Mono anthatielamines are
frequently used for this purpose. The amao&centration normally
ranges between 15 and 30%. Natural gas is passedgththe amine
solution where sulphides, carbonates, andrliicetes are formed.
Diethanolamine is a favoured absorbent due tooitget corrosion rate,
smaller amine loss potential, fewer utility reguirents, and minimal
reclaiming needs. Diethanolamine also reaetsersibly with 75% of
carbonyl sulphides (COS), whileehe monoethanotamine reacts
irreversibly with 95% of the COS and forms a degtamh product that
must be disposed of. Diglycolamine (DGA), is anotheiine solvent
used in the econamine process (Fig. 2). Absorpmifaacid gases occurs
in an absorber containing an aqueous solution oAD&hd the heated
rich solution (saturated with acid gases)pumpedto the regenerator.
Diglycolamine solutions are characterised by loaefzing points, which
make them suitable for use in cold climates. Strbagic solutions are
effective solvents for acid gases. Howevéiesé solutions are not
normally used fotreatinglargevolumes of natural gas because the acid
gases from stable salts, which are not easily mgded. For example,
carbon dioxide and hydrogen sulphide reacth wvaqueous sodium
hydroxide to yield sodium carbonate and sodiumisdip respectively.

Acid gas

Trealed gas

Fig. 2: The Econamine Process: (1) Absorption Tower (2)
Regeneration
Tower
(Source Chemistry of Petrochemical Processes)
CO, + 2NaOH,q) EE— Na, CO; + H,0O

H,S+2NaOH,y ———> NaS+2HO

104



CHM311 PETROLEUM CHEMISTRR

However, a strong caustic solution is used to reanmercaptans from
gas and liquid streams. In the Merox Process,ef@mple, a caustic
solvent containing a catalyst such as cobahjch is capable of
converting mercaptans (RSH) to caustic insolubkulghides (RSSR),
is used for streams rich in mercaptans after retnmivel,S. Air is used
to oxidise the mercaptans to disulphides. The tassiution is then
recycled for regeneration. The Merox proc@sg. 3) is mainly used for
treatment of refinery gas streams. In general, gmnmaw materials are
naturally occurring substances that have not bebjested to chemical
changes after being recovered. Natural gas anceooudare the basic
raw materials for the manufacture of petrochemic8&scondary raw
materials, or intermediates, are obtained from naatgas and crude oll
through different processing schemes. The interaesi may be light
hydrocarbon compounds such as methane ahdnest or heavier
hydrocarbon mixtures such as naphtha or gas oth Baphtha and gas
oil are crude olil fractions with different boilimgnges. Coal, oil shale,
and tar sand are complex carbonaceous rateriala and possible
future energy and chemical sources. Howeweey must undergo
lengthy and extensive processing before they yiedds and chemicals
similar to those produced from crude oil (Substitatural Gas (SNG)
and synthetic crudes from coal, tar sand and ailegh

Excess air

Extracted product Disulfide

H.S free feed

r

Rich -
Mero_x \ Merox-caustic
caustic solution

Catalyst
injection

Fig. 3 : The Merox Process: (1) Extractor, (2) Oxidtion Reactor
(Source:Chemistry of Petrochemical Processes)

3.2.4 Water Removal
Moisture must be removed from natural gas réaluce corrosion
problems and to prevent hydrate formation. Hydradee solid white

compounds formedfrom a physical chemical reaction between
hydrocarbons and water under the high pressuresoantemperatures
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used to transport natural gas via pipelingdrdtes reduce pipeline
efficiency, to prevent hydrate formation; naturakgnay be treated with
glycols, which dissolve water efficiently. Ethylene glycol (EG),
diethylene glycol (DEG), and triethylene glyc@EG) are typical
solvents for water removal. Triethylene glycol pseferable in vapour
phase processes because of its low vapour presguich results in less
glycol loss. The TEG absorber normally containso61®2 bubble-cap
trays to accomplish the water absorption. Howererte contact stages
may be required to reach dew points below —40T&lculations to
determine the number of trays or feet of packihg, tequired glycol
concentration, or the glycol circulation ratequire vapour-liquid
equilibrium data. Predicting the interaction vbee¢n TEG and water
vapour in natural gas over a broad range allowslésggns for ultra-low
dew point applications to be made. A computer @ogwas developed
by Grandhidsaret al (1999), to estimate the number of trays and the
circulation rate of lean TEG needed to dry natged. It was found that
more accurate predictions of the rate coodd achieved using this
program than using hand calculation. Figure 4 showe Dehydrate
process where EG, DEG or TEG could be used as sorlznt. One
alternative to using bubble-cap trays is dtmal packing, which
improves control of mass transfer. Flow passagesctdihe gas and
liquid flow countercurrent to each other. Amathway to dehydrate
natural gas is by injecting methanol into gas lite$ower the hydrate-
formation temperature below ambient. Water caw &ls reduced or
removed from natural gas by using solid adsorbsuth as molecular
sieves or silica gel.

Water vapor

Dry gas

",

Water vapor
and glycol

Welgas |1
@ Rich glyool

=]

Lean glycal

Fig. 4:Flow Diagram of the Dehydrate Process{l) Absorption
Column,

(2) Glycaol Sill, (3) Vacuum Drum
(Source: Chemistry of Petroclemical Processes)
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3.3 Condensable Hydrocarbon Recovery

Hydrocarbons heavier than methane that are présewttural gases are
valuable raw materials and important fuels. Thay be recovered by
lean oil extraction. The first step in this sches& cool the treated gas
by exchange with liquid propane. The cooled gabkesn washed with a
cold hydrocarbon liquid, which dissolves maxst the condensable
hydrocarbons. The uncondensed gas is dry natusahigd is composed
mainly of methane with small amounts of ethane and heavier
hydrocarbons. The condensed hydrocarbons duratagas liquids
(NGL) are stripped from the rich solvent, whichrecycled. Table 1
compares the analysis of natural gas before aied tiéatment. Dry
natural gas may then be used either as a fuel arche&mical feedstock.
Another way to recover NGL is through cryogenic loopto very low
temperatures (=15 to —180°F), which are achievechgsily through
adiabaticexpansiorof the inlet gas.

Table 1 Components of a Typical Natural Gas beforand after
Treatment

Pipeline Gas Fee( Components Mole (%)
N> 0.4% 0.62

CG, 27.8¢ 3.5(C

H,S 0.001: -

C, 70.3¢ 04.8¢

C, 0.8< 0.9¢

Cs 0.22 0.003

C, 0.1% 0.00¢4

Cs 0.00¢ 0.00¢4

C64 0.11 0.01¢

(Source:Chemistry of Petrochemical Procegses

The inlet gas is first treated to remove water andl gases, and then
cooled via heat exchange and refrigeration. Furtbeting of the gas is
accomplished through turbo expanders, and ghs is sent to a
demethaniser to separate methane from NGL. Impr&N@d recovery
could be achieved through better control strategies$ use of on-line
gas chromatographic analysis.

3.4 Natural Gas Liquid (NGL)

Natural gas liquids (condensable hydrocarbons)tlasse hydrocarbons
heavier than methane that is recovered from nagasl
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The amount of NGL depends mainly on the percentdgine heavier
hydrocarbonspresentin the gas and on the efficiency of the process
used to recover them. (A high percentage is ndynmetpected from
associated gas.) Natural gas liquids are normedigtibnated to separate
them into three streams:

1. An ethane-rich stream, which is used for prodg@thylene.

2. Liquefied petroleum gas (LPG), which is paopane-butane
mixture. It is mainly used as a fuel or a chemitzddstock.
Liquefied petroleum gas is evolving into an impattéeedstock
for olefin production. It has beeredictedthat the world (LPG)
market for chemicals will grow from 23.1 millionrte consumed
in 1988 to 36.0 million tons by the year 2000.

3. Natural gasoline (NG) consists of ‘O%ydrocarbons and is added
to gasoline to raise its vapour pressuretufdh gasoline is
usually sold according to its vapour pressure.

Natural gas liquids may contain significant amouotsyclohexane, a
precursor for nylon  recovery of cyclohexane from INGyy
conventional distillation is difficult and not ecomical because heptane
iIsomers are also present which boil at temperstosarly identical to
that of cyclohexane. An extractive distillation pess has been recently
developed by Phillips Petroleum Company to separatiohexane.

3.5 Liquefied Natural Gas (LNG)

LNG
to tanks

Fig. 5 : Flow Diagram of the Expander Cycle for Liquefying Natural
Gas:
(1) Pretreatment (mol.sieve), (2) Heat Exchanger3J
Turboexpander

(Source: Chemistry of Petroclemical Processes)
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After the recovery of natural gas liquids, sweet datural gas may be
liquefied for transportation through cryogenic tark Further treatment
may be required to reduce the water vapour belowd@ and carbon
dioxide and hydrogen sulphide iess than 100 and 50 ppm,

respectively. Two methods are generally used teekg natural gas: the
expander cycle and mechanical refrigeration. Inetkgander cycle, part
of the gas is expanded from a high transmissi@sgure to a lower
pressure. This lowers the temperature of gas. Through heat
exchange, the cold gas cools the incoming gas,hwhi@a similar way

cools more incoming gas until the liquefaction temgure of methane
is reached. Figure 5 is a flow diagram fbe expander cycle for
liquefying natural gas. In mechanical refrigerafi@ multicomponent

refrigerant consisting of nitrogen, methane, ethame propane is used
through a cascade cycle. When these lig@dapourate, the heat
required is obtained from natural gas, which losesrgy/temperature
till it is liquefied. The refrigerant gases are aapressed and recycled.
Figure 6 shows the MCR natural gas liquefactiorcpss. Table 2 lists
important properties of a representative liquehatural gas mixture.

Ll\IG to storage

2] i

Py ]
| 2

Treated natural gas feed

. 4 Y
@ cw oW 3

Mixad refrigerant

Fig. 6: The MCR Process for Liquefying Natural Gas:(1) Coolers,
(2)
Heat Exchangers, (3,4) Two Stage Compressors, (5guid-
Vapour Phase Separator
(Source:Chemistry of Petrochemical Processes)
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3.6 Properties of Natural Gas

Treated natural gas consists mainly of methaneptbeerties of both
gases (natural gas and methane) are nearly simditavever, natural gas
is not pure methane, and its properties are mallifie the presence of
impurities, such as Nand CQ and small amounts of unrecovered
heavier hydrocarbons.

Table 2: Important Properties of a Representatie Liquefied
Natural Gas Mixture

Density, Ib/cf 27.00

Boiling point, °C -158

Calorific value, Btu/lb 21200

Specific volume, cf/lb 0.037

Critical temperature, °C* -82.3

Critical pressure, psi* -673

* Critical temperature and pressure for pure ligumethane.
(Source:Chemistry of Petrochemical Processes)

An important property of natural gas is its heatuadue. Relatively high
amounts of nitrogen and/or carbon dioxide redueshéating value of
the gas. Pure methane has a heating value of BQOR®. This value is
reduced to approximately 900 Btd/if the gascontainsabout10% N
and CQ. (The heating value of either nitrogen or carbooxide is
zero.) On the other hand, the heating value of naturalapald exceed
methane’s due to the presence of higher-molecutaghw hydrocarbons,
which have higher heating values. For example,netlsaheating value
is 1,800 Btu/ft, compared to 1,009 Btuffor methane. Heating values
of hydrocarbons normally present in natural gasstu@vn in a Table.
Natural gas is usually sold according to its heptralues. The heating
value of a product gas is a function of the cdustits present in the
mixture. In the natural gas trade, a heating vaiuene million Btu is
approximately equivalent to 1,000 fif natural gas.

3.7 Gas Hydrates

Gas hydrates are ice-like materials which condishethane molecules
encaged ira clusterof water molecules and held together by hydrogen
bonds. This material occuns large underground deposits found beneath
the ocean floor on continental margins amgblacesnorth of the Arctic
Circle such as Siberia. It is estimated that gadrdtg deposits contain
twice as much carbon as all other fossil fuels arthe This source, if
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proven feasible for recovery, could be a feitienergy as well as
chemical source for petrochemicals. Due to its mayshature (a solid

material only under high pressure and low tempeedt it cannot be

processed by conventional methods used for nag@sland crude oil.
One approach is by dissociating this cluster ingihane and water by
injecting a warmer fluid such as sea water. Anothpproach is by
drilling into the deposit. This reduces the pressand frees methane
from water. However, the environmental effectssath drilling must

still be evaluated.

SELF ASSESSMENT EXERCISE 2

1. What is the name of the base that is normalgdus chemical
absorption?

2. Name the two methods used to liquefy natural gas

3. Why must moisture be removed from natural gas

4 Explain the following terms: (i) NGL  (ii) LNG

5.0 CONCLUSION

In this unit, you have learnt the various methoflgr@ating raw natural
gas, because the presence of impurities saghcarbon dioxide,
hydrogen sulphide, and water vapour are urai@s. The various
method of treating raw natural gas was alsscxussed. In addition,
properties of treated natural gas was discuss#thuagh, treated natural
gas consists mainly of methane however, natural gasn& pure
methane. Th@ropertiesof treated natural gas were compared with pure
methane.

6.0 SUMMARY

In this unit, you have learnt that:

Raw natural gas is found as a complex mixture witler gases
such as carbon dioxide, hydrogen sulphide, andrwajeour.

The presence of these gases is undesirabtejnstance the
presence of hydrogen sulphide in natural gas isgmaus more
importantly if the gas is for domestic use.

Raw natural gas can be treated by various methadstlaese
include: physical absorption, physical adsorptiahemical
absorption, and water removal.

Hydrocarbons heavier than methane (condensableotadyon)
are valuable raw material and important fuel.

Hydrocarbons heavier than methane are known agabhagas
liquids (NGL).
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6.0

3.

4.

7.0

The amount of NGL recover from raw naturasgdepends
mainly on the percentage of the heavier hydrocaghmesent in
the gas and on the efficienoythe process used to recover them.
Gas hydrates are ice-like materiaéhich consist of methane
molecules encaged in a cluster of water molechédd together
by hydrogen bonds.

TUTOR-MARKED ASSIGNMENT

Acid gases can be reduced or removed by oneooe methods.
Discuss all the methods.

List and discuss the three streams that nagaslliquids are

fractionated into.

How can hydrocarbon heavier than methane beveeed using
lean oil extraction?

How and why is water vapour removed from rawiratgas

REFERENCE/FURTHER READING
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1.0 INTRODUCTION

World natural gas consumption which was about #botr cubic feet

(tcf) in 1994 is rising faster than that of any other fossil fuel. The

increase is as a result of increase in gas den@nddustrial and power
generation, in heating of buildings and homesthe design, and
operation of gas turbines. This unit shall exaniieeglobal distribution,
production, consumption and trade in natural gas. scussion will
also include local distribution, production andnsomption, political
activities and civil unrest within Nigeria contexill also be mentioned.
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2.0 OBJECTIVES
By the end of this unit, you should be able to:

explain the world natural gas distribution and preicbn
describe the world natural gas consumption ancetrad
differentiate between upstream and downstreamisecto
discuss political activity and civil unrest

discuss border disputes

explain government underfunding.

3.0 MAIN CONTENT

3.1 Petroleum Industry

The petroleum industry is usually divided into #hm@ajor components:
upstreammidstreamand downstream. Midstream operations are usually
included in the downstream category.

3.1.1 Upstream

The upstream oil sector is a term commonlgdugo refer to the
searching forand the recovery and production of crude oil and natural
gas.

The upstream oil sector is also known asdkgloration and production
(E&P) sector It includes the searching for potential undeogi or
underwater oil and gas fields, driling @Xploratory wells, and
subsequently operating the wells that recoaed bring the crude
oil and/or raw natural gas to the surface.

The upstream oil industry is the single most imguattsector in the
country's economy, providing over 90% of itgal exports. Oil is

produced from five of Nigeria’'s seven sedimentbagins: the Niger
Delta, Anambra, Benue Trough, Chad, and Benin. Niger Delta, the

Onshore and Shallow Offshore basins can desidered explored.
Ventures here are low risk and the basiostain about 80% of
producing wells drilled in Nigeria. During the ¢at1990s, exploration
focus turned to high risk ventures in the fronbasins of the deep water
offshore with encouraging success. These vestware becoming
increasingly attractive with developments in degjgwaxploration and

production technology.

114



CHM311 PETROLEUM CHEMISTRR

3.1.2 Downstream

The downstream oil sector is a term commordgduto refer to the
refining of crude oi) selling and distribution of natural gasd products
derived from crude oilSuch productsinclude_liquified petroleum gas
(LPG), gasoline or petrplet fuel diesel oi) other fuel
oils, asphaltand petroleum  coke It also includes oill
refineries petrochemicaplants, petroleum product distribution, retail
outlets and natural gas distribution companies. dtwenstream industry
touches consumers through thousands of producksasipetrol, diesel,
jet fuel, heating oil asphalt,_lubricantssynthetic
rubber plastics fertilizers antifreeze pesticidegpharmaceuticals

natural gas and propane.

The downstream oil industry in Nigeria is anoth&y ksector in the
country's economy. The country has four oil refiee and there are
eight oil companies and 750 independentsaalive in marketing
petroleum products. Cross-border smuggling is agomy problem and
there are frequent reports of large scale corraptighe distribution and
marketing chain. The government through it30% state-owned
national oil company, Nigerian National Petroleunr@ration (NNPC)
has had an all encompassing control over itltistry through its
shareholding in all the companies involvedd an the setting of
wholesale and retail prices.

3.2 Oil Tanker

An oil tanker, also known as a petroleum tanker ghipdesigned for
the bulk transport of oil. There are two basic types of oil tankers:
the crude tanker and tpeoduct tanker.Crude tankers move large
guantities of unrefined crude dilom its pointof extraction to refineries.
Product tankers, generally much smaller, are designed to
move_petrochemicalsom refineries to points neaonsumingmarkets.
Oil tankers are often classified by their size adl ws their occupation.
The size classes range from inland or coastal tankersfefvathousand
metric tons of deadweigh{DWT) to the mammoth tankef
550,000 DWT. Tankers move approximately 2,000,000,000 metric
tons(2.2046x16 short ton} of oil every year. Second only to pipelines
in terms of efficiency, the average cost @f transport by tanker
amounts to only twoothree United States cents per
1USgallon(3.81).

Some specialised types of oil tankers have evol@t of these is the
naval replenishment oilera tanker which can fuel a moving vessel
Combination ore-bulk-oil carrieend permanently moored floating
storage unitgre two other variations on the standard oil tarmeasign.
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Oil tankers have been involved in a number of dantagnd high-
profile oil spills As a result, they are subject to stringent desigd
operational regulations.

3. 2.1 Pipeline Transport

Pipeline transport is the transportation of godusugh a pipe Dmitri
MendeleeWirst suggested using a piper
transporting petroleurm 1863 Most commonly, liquid and gases are
sent, but pneumatic tub#sat transport solid capsules using compressed
air have also been used.

As for gases and liquids, any chemically stablestarixe can be sent
through a pipeline. Therefore, sewagkirry, water or
even_beepipelines exist, but arguably the most vhleaare those
transporting fuelsoil, natural gaggas grid) and biofuels

3.3 Investment

There are risks associated with investment in Nagefhese can be
grouped into three main categories, political\aistiand civil unrest,
border disputes and government underfundifgere is also the
continuing problem of corruption within the system.

3.4 Political Activity and Civil Unrest

The issue at the basis of most civil unrest isdateitable sharing of the
country’s annual oil revenues among its populadad the question of
the environmental responsibilities of the oil nudtiionals. Although all
multinationals have been targeted in the dispusé®ll has been the
main target. Civil unrest has resulted inerov700 deaths since
Obasanjo’s take over in 1999 and also resultedarshut in of terminals
and flow stations. The situation is exacerbateadyuption within the
industry and the government. Obasanjo has commitiedjovernment
to resolving the problems and cleaning ue thdustry and the
government in terms of corruption.

3.5 Border Disputes

In the complex boundary delimitations of the Nidgzlta area, border
disputes are common. Cameroon and Nigeria eacin ¢lee Bakassi
Peninsula located in the Gulf of Guinea and whe&chelieved to contain
significant reserves of oil. In February 1994, @aoon submitted the
dispute to the International Court of Justice (I@¥) settlement, and
Nigeria later followed with its own suit to the IClhe ICJ began formal
hearingsn March 1998 but no decision had been reached by mid 1999.
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Nigeria is in dispute over Equatorial Guinea’s solenership of the
Zafiro oilfield in Block B from which Mobil beganrpducing in 1996.
Elf holds the concession OMILO2 in Nigeria; just 3.5 km north of
Equatorial Guinea’s Block B. Nigeria and Edntendthat the seismic
evidence indicates that Zafiro is part of an ditfiehat straddles the
international boundary between the two ¢oes In 1998, EIf
announced the Ekanga discovery based on two welled in OML
102. Equatorial Guinea claims that the wellsre drilled in their
territorial waters in Block B. Nigeria has calleor fa determination of
the boundary and the establishment of a joint fiederation.
Negotiations have met with little success so far.

3.6 Government Underfunding

A recurring problem in the upstream sector is trability of the NNPC

to meet its funding obligations to the JVs. Undértdrms, the NNPC
shares costs with its foreign partners. Since 1888getary constraints
on the NNPC have resulted in it being ueabb meet its JV
commitments leading to cut backs in exploration @naduction. The

government is seeking to diversify fundingr fthe industry and
alternative funding schemes have been approve&tietl’'s EA project

and are being considered for Elf's developmenhefAmenam field.

SELF ASSESSMENT EXERCISE 1

1. What do you understand by the following termsised in the oll
industry? (i)Upstream (ii) Downstream.
2. What are the risks associated with investmenNligeria?

3.7 World Natural Gas Distribution and Production

As is the case with oil, natural gas is unevensgributed throughout the
world. More than one-third of the world's origirgds endowment was
in the territory of the former Soviet Union. Tlsecond largest gas
resource, located in the Middle East, compriseduab®% of the world
total. Some 17% of the world's original recoveratpes was located in
North America. However, North America has accourftadmore than
one-half of the world's gas production, and nowtams only 11% of
the world's remaining gas resources. Abo@% 3of the world's
remaining gas is in the former Soviet Union and 25%ocatedin the
Middle East. South America, Europe, Africa, andadSiceania are each
projected to contain less than 10% of the worlefsaining natural gas.

Africa’s natural gas reserves lie largely in thertdoAfrican countries;
Algeria, Egypt, and Libya, and in the Gulf of Gueneith Nigeria alone
accounting for 36% of proved African reserves.
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Thus, the world distribution of natural gas mirrdheat of oil, which
might be expected since oil and gas are often g&uttiand reservoired
together. However, the Middle East, althougbntaining a very
significant amount of gas, does not dominate wgdd as it does world
oil. The former USSR holds the dominant natural gg®urce. Also, it
is the world's leading gas producer, but its outpwinly slightly higher
than that ofNorth America. North America produces a large amount of
gas from a relatively small reserve. Its reserveslipction (R/P) ratio of
12/1 contrasts with the 80/1 R/P ratio of the fortd8SR.

The R/P ratio is a measure of the rate of prodoctiba proved gas
reserve. Associated gas is produced alondp wit, which can be
efficiently recovered at amaximum R/P ratio of about 10/1. Non-
associated gas, which is more volatile than oih, lsa produced at faster
rates sometimes as fast as an R/P ratio of 5/1raf§§yeeregional R/P
ratios for intensively and efficiently developedtural gas provinces
may range between 7/1 and 10/1. In general, theageeR/P ratio of a
gas province or a country is indicative of its depenent maturity, for it
will consist of a combination of low R/P ratios aider depleting fields
and higher R/P ratios in more newly developed §eldince, thdarger
fields are usually found early in the exploration cycleqhuse of their
large size and anomalous geology), they widiminate and, with
depletion, tend to decrease the average R/P datip.gas reserves that
remain undeveloped or are not produced efficieh#yp to increase
average R/P ratios. An average R/P ratio mabbve 12/1 usually
indicates a gas province or country in which negniicant discoveries
are being made and/or one in which gas developmentt intensive or
production is not optimised.

North America, and particularly the United Statestt{ an R/P of 9/1),
is an intensively developed and mature gas producegion. Russia,
with an R/P of 82/1, contains significantly larggs reserves than does
the United States, but its gas output is only 18#her. The United
Kingdom also is intensively developed, producing gaan R/P ratio of
9/1. Average European gas production is atR4R ratio of 24/1,
indicating that substantial proved reservemsiaia. In Asia/Oceania,
South America, and Africa gas reserves anderdeveloped, with
average R/P ratios ranging from 54/1 to 131/1. Middle East, with its
moderate gas output and enormous gas reserveasn RI& of 409/1.

3.9 World Natural Gas Consumption and Trade

The global market for natural gas is much smalantfor oil because
gas transport is difficult and costly, due to refalty low energy content
in relation to volume. Currently, only abod6% of global gas
production is internationally traded, with ledsan 4% of the trade
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accounted for by LNG. In spite of the high cospes transportation and
the remote location ofsome future supply regions, increasing
international trade in natural gas is expected.

Global gas reserves are abundant, but of an undigtnbution. The
North American market is self sufficient in natugas, although gas is
traded within the region. Canada is expected taanera net exporter of
gas to the United States. Substantial natgeslreservesare located in
Europe. The gas trade within the region is extensiith Norway and
the Netherlands the main sources. Europe,etew is and will
increasingly become more dependent on ggsorted from other
regions. Its traditional foreign suppliers, thener Soviet Union (at
20% of demand) and Algeria (at 10%), are expeatethdrease their
shares of the European gas market. Important gasrtexs in the Asia-
Pacific region are Indonesia, Malaysia, Bruneil #ustralia, the gas
being shipped as LNG to Japan, Taiwan, and Soutleddrhe Middle
East is another important supply center for natges. Abu Dhabi and
Qatar deliver significant volumes of LNG to the &$tacific region and
future exports could be sent to Europe and Souih.A3as demand in
Africa, South Asia, and China are met by domesticegional supplies.
Some gas is being traded within South America.

The United States consumes about 2.4 tcf more alajas per year than
it produces. Germany imports even more gas thatthieed States (2.6
tcf per year) and Japan slightly less (2.3 tcf yesar). North America is
the leading consumer of natural gas, but alsol&ading producer. The
former USSR region leads the world in gas produgtand is second in
consumption. Europe ranks third in natural gas gonion, but has to
import 4.1 tcf per year. Asia/Oceania also mugbarh natural gas to
satisfy demand. The other regions are relativelyomproducers and
consumers of gas.

Compared to oil, only moderate amounts of natues gre traded on
world markets. The low density of gas makes itranexpensive to

transport than oil. A section of pipe oil service can hold 15 times
more energy than when used to transport high preggas. Thus, gas
pipelines must be of larger diameter to i@emy energy movement.
Compression adds to the disparity between the pategtion costs of

the two fuels. An oil pumping station uses enemggvtercome frictional

losses, but a gas line requires a large amounh&fgg to compress the
gas before pipeline friction is even encountered.

Pipeline transportation is not always feasible heeaof the growing
geographicdistance between gas reserves and markets. Alsaesin
potential politicalinstabilitiesmay affect long pipeline routes, importing
countries may wish to diversify supply sources. M/hatural gas can be
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piped in a gaseous state, it needs to be conddigpaified) in order that
sufficient energy is packaged to be economicadnsported by ship. A
full liquefied natural gas (LNG) chain consists afliquefaction plant;
low temperature, pressurised, transport shgrs]d a regasification
terminal. World LNG trade is currently about 60 Irih metric tons per
year, some 65% of which is imported by Japan. Gtheorters include
France, Spain, Korea, Belgium, Taiwan, and Italglonesia accounts
for 39% of LNG exports, with Algeria in second mawith 24%. Other
exporters include Malaysia, Brunei, Australia, Abuabi, and Libya.
The United States imports and exports about 1 onilinetric tons of
LNG per year. No grassroots LNG project has beenngsigsioned since
1989 due to intense competition with other fuetsably oil (the world
price of which remains low).

Table 4: Current Regional Natural Gas Status (in tf)

-R/P

Region Current_ Proved Ratio Current .
Production Reserves Consumption

North Ameica 25.5 312.7 12/1 24.4

South Ameica 2.1 189.1 90/1 2.7

Europe 9.2 216.3 24/1 13.3
Former USR 25.7 2057.5 80/1 20.9

Africa 2.6 341.6 131/1 1.6

Middle East3.9 1594.3 409/1 4.7
Asia/Oceania 6.5 350.6 54/1 7.8
TOTALWORLD | 75.5 5062.1 67/1 75.4

(Source: http//en.wikipedia.org/wiki/file)

Nigeria has a population of over 110 million people an abundance
of natural resources, especially hydrocarbonss the 10th largest oil

producer in the world, the third largest in Afrigad the most prolific oll

producer in Sub-Saharan Africa. The Niger@ronomy is largely
dependent on its oil sector which supplies 95%tofareign exchange
earnings.

The upstream oil industry is Nigeria’s lifeblooddayet it is also central
to the ongoing civil unrest in the country, which gained worldwide
publicity with the trial and execution of Ken SaMwa, and eight other
political activists in 1995. The upstream olil inttyss the single most
important sector in the economy. According to ti0®& BP Statistical
Energy Survey, Nigeria had proved oil reserves@®3 billion barrels
at the end of 2007 or 2.92% of the world's reserves
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Table 5: Regional Natural Gas Distribution (in tcf)

Undiscovered

Region Resources
North America 856.5
South America 291.1
Europe 299.9
Former USSR 1840.0
Africa 411.4
Middle East 1013.7
Asia/Oceania 561.4
TOTALWORLD 5274.0

Original  GasCumulative

Endowment Production Remaining
Gas
2118.3 949.1 1169.2
523.9 43.7 480.2
736.4 220.2 516.2
4358.9 461.4 3897.5
788.7 35.7 753.0
2665.7 57.7 2608.0
908.1 86.1 912.0

12190.0 1853.9 10336.1

(Source: http//len.wikipedia.org/wiki/file)

The Nigerian government planned to expand its praeserves to 40
billion barrels by 2010. Most of this is producedrh the prolific Niger
Delta. Despite problems associated with ethniestrborder disputes
and government funding, Nigeria’s wealth of oil reakt most attractive
to the major oil-multinationals, most of them aepnesented in Nigeria,
with the major foreign stakeholder being Shellg#tia produced an
average oR2355.8thousandbarrels of crude oil per day in 2007, 2.92%
of the world total and a change of -4.8% compaoe2D06.

According to the 2008 BP Statistical Energy Survdigeria had 2007
provednaturalgasreserves of 5.29 trillion cubic metres, 2.98% loé t
world total. Due, mainly, to the lack of a gasrastructure, 75% of
associated gas is flared and 12% re-injected. Niget a target of zero
flare by 2010 and is providing incentives for thedquction and use of
gas. The government also plans to raiseirgggnfrom natural gas
exports to 50% of oil revenues by 2010. It has beeorted in the 2008
BP Statistical Energy Survey that Nigeria ha@07 natural gas
production of 34.97 billion cubic metres, %48of the world total.
However, it should be noted that great controversfjecting differing
societal values, surrounds the search for and dprednt of gas, as
opponents to drilling cite potential environmerdamage.

Nigeria's downstream oil industry is also a keytsedncluding four
refineries with a nameplate capacity of 438,750cblroblems such as
fire, sabotage, poamanagementjack of turnaround maintenance and
corruption have meant that the refineries oftenratge at 40% of full
capacity, if at all. This has resulted in shortagesefined product and
the need to increase imports to meet domestic denidigeria has a
robust petrochemicals industry based on its subataefining capacity
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and natural gas resources. The petrochemical indisstocused around
the three centres of Kaduna, Warri and Eleme.

Until 1960, government participation in the oil usdry was limited to
regulation and administration of fiscal policies.1971, Nigeria joined
OPEC and in line with OPEC resolutions, the NigerNational Oil
Corporation (NNOC) was established, later becomMdPC in 1977.
This giant parastatal, with all its subsidiary c@mjes, controls and
dominates all sectors of the oil industry, bothtrgzsm and downstream.

In April 2000, the Nigerian government set up a reammittee on oil
and gas reform to deal with the deregulation amhpsation of NNPC.
Seven subsidiaries of NNPC are due to be sattuding the three
refineries, the Eleme Petrochemicals Compang, lthe Nigerian
Petroleum Development Company and the partiallyedwoil marketing
firm, HysonNigeria Ltd.

The petroleum industry in Nigeria is regulatbg the Ministry of
Petroleum Resources. The government retains aos&ol over the
industry and the activitiesf the NNPC, whose senior executives are
appointed by the ruling government.

SELF ASSESSMENT EXERCISE 2
1. Define the following terms:
(i) Oil tanker (ii) Pipeline transport (i) Resa/production ratio.

2. Why is the global market for natural gas muclaltan than for
oil?

4.0 CONCLUSION

This unit examined the world gas distribution, dquotion, and

consumption it also examined the global marketsrfatural gas. In
order to encourage increased domestic djjlliand, thus, future
domestic gas production, all the problems assatmith investment in
gas production muste addressed.However, great controversy,
reflecting differing societal values and environi@mlamage must also
be resolved especially with the indigenous poputoeind the gas / oil
fields.
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5.0

SUMMARY

In this unit, you have learnt that:

7.0

Natural gas is unevenly distributed throughoutwiogld.

More than one-third of the world’s original gas enanent was
in the territory of the former Soviet Union.

Africa’s natural gas reserves lie largely ire tNorth African
countries; Algeria, Egypt, and Libya, and in thelfGaf Guinea
with Nigeria alone accounting for 36% ofoyped African
reserves

World natural gas consumption is rising faster tiiaait of any
other fossil fuel.

About two-thirds of the increase in gas demana e industrial
and power generation sectors while the remainirgtaid is in
heating of buildings and homes.

North America is the leading consumer and produdenatural
gas.

Moderate amounts of natural gas are traded on vmaaidkets

The low density of gas makes it more expensiveansport than
oil.

The upstream oil sector is a term commonly useckfer to the
searching for and the recovery and productiorrade
oil and naturalgas, and the downstream oil sector is a term
commonly used to refer to the refiningcrude oil selling and
distribution of natural gaand products derived from crude oil.
There are risks associated with investment in Nagand this
include political activity and unrest,border disputes and
government underfunding which is a recurripgpblem in
upstream sector.

TUTOR-MARKED ASSIGNMENT

Why is the global market for natural gas is msetaller than for
oil

World natural gas consumption is rising fastemtthat of any

other fossil fuel. Discuss.

Discuss the various modes of transporting petirol products
from refinery to the consumers.
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1.0 INTRODUCTION

Natural gas is a vital component of the world'spdyof energy. It is
one of the cleanest, safest, and most useful en&lfgy sources. Despite
its importance, however, there are many miscommeptabout natural
gas. For instance, the word ‘gas’ itself has aetgrof different uses and
meanings. Therefore in this unit, we shall lookhat potential of Nigeria
gas,the costof production, the infrastructure that is availabbe the
production of natural gas in Nigeria, theolpgems associated with
investment in natural gas production, the potenti@rket and other
problems associated with Nigerian gas production.
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2.0 OBJECTIVES

By the end of this unit, you should be able to:

discuss the potential of Nigeria gas

explain the cost of production of natural gas

list infrastructure that is available for the protan of Natural
gas in Nigeria

enumerate the potential market for natural gas

state the problems associated with Nigerian Gadyaton.

7.0 MAIN CONTENT

3.1 Nigeria Natural Gas: A Transition from Waste to
Resources

The decree issued by the Nigerian government tp #te flaring of
natural gas in hydrocarbon exploration and produc{E&P) activities
by 2008 is an effort to realise commercial besefiom the nation’s
huge gas reserves. Nigeria has more thand5@nd gas fields, with
about 2,600 producing oil wells and a total oil guwotion of about 2
million barrels per day (mb/d). The proven oil ne®s are estimated at
27 billion barrels while the proven gas reservesisisting of about 50%
associated and 50% non-associated gas stand dtillidga cubic feet
(tcf), or about 21 billion barrels of oil equivale This is one-third of
Africa’s total gas reserves. Nigeria is the nirdingest gas producer in
the world and a major potential gas supplier. Trevgd, probable and
possible gas reserves are about 300 tcf.

Oil provides annual revenue of $10 billion for Nigeand accounts for
90% of the nation’s total export earnings and 75%he gross domestic
product. In2000,the Nigerian president declared that “within four ygar
revenue from gas will not only be substantial buk mearly be equal to
that of crude oil.” Although the plan is ambitiouthe government
pursues it rigorously, it has the opportunity tlmgete close to $10
billion per year from sales of natural gas produicethe country in the
next few years.

In the past, exploration and production effortséhaoncentrated on oil
while the associated gas has been treated as a.wWasat 2002, Nigeria
has produced approximately 19 billion barrels dfsocnce production
started in 1960. Total gas productien currently estimated at
approximately 1.9 tcf per year, with an averag&%s billion cubic feet
(bcf) per year being flared. The amouwit gas flared would result in
equivalent annual revenue loss of $2.5 billionratgerage gas price of
$3 per thousand cubic feet (mcf). Based on our estimation of gas
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production, the country has flared an amount of ggsable of paying
off its national debt, which stands at $31 billitinthe production rate is
maintained, Nigeria has the capability to prodges for the next 70
years based on theroduction-to-reservesratio. This is a larger
production-to-reserves ratio than for oil.

The natural gas price in Nigeria is currently véw, ranging from
$0.20/mcf to $0.65/mcf. Domestic demand for gagriacipally from
the powersectorandthe fertilizer, aluminum smelting, steel and cement
industries. To realise value for natural gasduced in Nigeria, a
substantial export market must be found.

The worldwide proven natural gas reserves are agtuinto be about
5,300 tcf, while the world gas demand is 225 bcf gay, giving a
production-to-reserves ratio equivalent to 60 ye#Hrproduction. The
United StatesWesternEurope and Japan account for half of the world’s
gas consumption, but between them, they accourés$srthan one-fifth

of the world’s natural gas reserves. They rely owparts from gas-
producing countries to meet their demand. Gas guppihe consuming
countries is mainly in the form of pipelines anggreasingly, liquefied
natural gas (LNG).

LNG trade is economically attractive at a minimuas gorice range of
$2.50 to $3.50 per mcf. The gas price has not edms range during
most of thepast 10 years, thus discouraging the LNG market. More
important, because of the scarcity of trattesre has not been an
internationally and widely accepted price for natugas, as there has
been for oil.

In the last three years, these trends hagaeifisantly reversed, as
forecasts of natural gas demand have greatly oethbtte supply, and
prices have spiked at over $10/mcf. Withmded already rising,
coupled with depleted gas reserves in the consucwmogptries, the gas
price is likely at least to stabilise at a pricaga that will make the LNG
trade economically attractive for a long time tane Most probably,
natural gas prices will be maintained consideraltigve this range until
LNG becomes a reality in a massive way. This pwsitvas recently
buttressed by the pronouncement by U.S. FederagriResChairman
Alan Greenspan.

Nigeria has been targeted clearly as a major atycer for the next
decade, especially from the offshore blocks, baitpotential for gas
production has been underestimated thus Tae quota from the
Organisation of the Petroleum Exporting Coestr(OPEC) for the
member countries regulates oil activities. AlthoulQREC has not set
specific quota for gas production from member coasf constraint on
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oil production limits the amount of associated tag can be produced
daily. This constraint can be overcome if discoe®rmf non-associated
gas are made. Recently, a total of 13 tcf of n@moaated gas reserves
were discovered in Bosi and Dodeepwatetblocks at a depth of less
than 4,500 feet.

The OPEC World Energy Models forecast that worlddemand will

rise from 76 million barrels per day in 2000 to 1®8lion barrels per
day in 2020. In spite of this large increase, tileshare of energy
demand will decline from 41- 38%, while the gasrsehat world energy
demand will rise from 22 - 27%. Some suggest thstgilisation would
be much higher than the conventional estimates, predicinsgead that
by 2020, gas would account for 45-50% o tworldwide energy
demand while oil will be reduced to 25%.

In spite of such differences, there is universakament in all forecasts
that gas utilisation will increase substantiallgusing a decrease in the
oil share over the next twaecadesThis provides a major incentive for
Nigeria to produce much more natural gas amgort it as LNG to
places of ever-increasing demand.

3.2 Nigeria’s Natural Gas Potential

Nigeria’s natural gas reserves are found in retdyivsimple geologic
structuresalong the country’'s coastal Niger Delta and the odfgh
blocks. Other prospective hydrocarbon-bearing nsasiave yet to be
fully explored, including the Benin basin, Anamlasin, Benue trough,
Bida basin and Chad basin.

Most of the proven gas reserves are found as asdajas in the Niger
Delta basin, while the majority of the nmsaciated gas has been
discovered in the offshore blocks. The proven gaserves of Nigeria
are 124 tcf, and 90% of hydrocarbon resesvoi Nigeria contain
potential commercial volume gas-caps. Laok interest in gas
exploration in previous years has resulted in comrakreserves of gas
being locked in. This situation will improve witimdreased efforts to
drill for gas. If the theory of finding huge gasserves in deepwater
fields holds trudor Nigeria,then there are surprises yet to be discovered
in the huge deepwater region.

3.3 Accessibility and Infrastructure

Nigeria has often been referred to as a countri Vatge reserves of
“stranded” gas. The current infrastructure for the use of gasida
Nigeria includes a transportation network asmime gas utilisation
projects.

12¢



CHM311 PETROLEUM CHEMISTRR

When the producing oil field is located onshoregetier land or swamp,
the producingwell is tied to a flow station. A flow station serves hse t
collection centre for many wellandthe facility is used to separate gas
from the remaining hydrocarbon fluid. Much of tlseparated gas is
flared at the flow station, little quantity is settt the gas-gathering
system for treatment for domestic or export uses-@aducing fields
are connected directly to processing plants f@tinent.

However, if the well is located in shallow wateitsmay be tied to a

fixed platform where the gas is partially separdtean the remaining

hydrocarbon fluid.Developed wells in shallow waters have recently
been tied to floating production facilities whetdl treatment occurs for

export purposes. Offshore wells are developed wighuse of floating

production and storage facilities, which enablé¢ theélatment and storage
of thehydrocarborfor immediate export.

Operators have embarked on the construction ofseggthering system
that will collect the gas that had previously bd&med at the flow
stations. The collected gas will be piped to LNGilfaes for treatment
and export.

Associated gas produced from floating produrctiacilities that are
located in the shallow and deepwater areas wilcdrenected via the
proposed newoffshore gas-gatheringsystem and sent to the nearest
LNG facility for treatment and export. The curréhinking is either to
develop major offshore non-associated gas fieldh ¥loating LNG
facilities or to pipe the gas to an LNG facilityckied at the shore. The
economics of such big projects is still under rewvie

Internal gas utilisation includes current aptbposed projects. An
existing pipeline system supplies treated gasdastries in the southern
part of the country. Natural Gas Corporation (NG&)wholly owned
subsidiary of Nigeria National Petroleum Corponatioperates a large
share of the transmission network located in thgrsd&Several large gas
export projects have been initiated and new onegkmned to ensure
that revenues are generated from gas resoumod gas flaring is
eliminated. The proposed West Africa Gas pipelirgget, for example,
is expected to supply gas to Nigeriaisighbours,Benin, Togo and
Ghana, for the purpose of power generation.

A recent proposal is to construct a trans-Sahgrelipe that will deliver
Nigerian gas to Europe. Capital investment for pigeline was put at
roughly $9 billion with an annual operating co$t$749 million. The
project projected a positive internal rate of retat a gas price of $1.50.
One of the major challenges for the projduwever, is that the
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proposed pipeline route passes through foumntigs with difficult
logistical and political conditions.

3.4 Potential Market for Nigerian Gas

There are two potential growth markets forgédian natural gas:
domestic toa lesserdegree, and export to a much larger scale. Domesti
uses involve power generation, the cemenustig, iron and steel
plants, petrochemicals, aluminum smelting andribigtion for other
industrial uses.

3.4.1 Power Sector

The largest single domestic consumer of nhtges is the Power
Holding Company of Nigeria (PHCN), accounting fd?%4 of the gas
consumed in the country. The expected growth favgvgademand for a
developing nation like Nigeria is estimated 8% per year. Power
generation and supply in Nigeria is grosbBlow demandthereby
resultingin underdevelopments in every facet of life. PHC&herates
power from two sources: the hydroelectric powerggation plant in the
Kainji dam and gas-fired electric generation maloicated throughout
the country. The manufacturing industry is paratyBem erratic supply
of energy. Efforts to remedy the situation will pebthe country in the
path to development and realisation of otlesources that are
dependent on energy supply.

3.4.2 Cement

Non-gas-fired cement is not competitive with th@ax market because
of its production cost. Nigeria has eight cemelaints, only three of
which operate above one-quarter of their instatlapacity. Production
from these three plants meets only 50% of locamated, while the
remaining cement is imported. Expected growth is ithdustry can only
happen if local producers can reduce their prodactosts efficiently
and competitively. This can only happen if gas bansupplied at a
relatively low cost to other gas plants in the doyn

3.4.3 Fertilizer

The Nigerian application of fertilizer averageskildgrams per hectare,
one of the lowest in Africa. There are opportusitie expand fertilizer

utilisation beyond the 800,00tbns per year currently consumed.
Fertilizer demand is projected to increase by 6p&¥oyear over the next

20 years.
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3.4.4 Steel

This sector has been dysfunctional for years bst tha capability to
pick up with change in government policies and giisation. The two
plants owned by the government have the agpdo produce 1.8
million tons of steel per annum but are currenttgducing only 0.4
million tons. There is a chance for growth this sector since the
demand for steel in the country is currently $iis by imports and
other private-sector mills.

3.4.5 Other Sectors

Other sectors that utilise gas are the small-soalestry and residential
consumption of bottled liquid propane gd&PG). The use of

compressed natural gas (CNG) as a substitute f& WwBs hurt by the
cost of developing the CNG infrastructure. A stdllgt was done in this
area indicated that domestic consumers would nathbe to afford the
cost of purchasing CNG. The anticipated growth e¢aghis small-scale
energy demand area is around 7.5% per annum.

The projected growth of the domestic market for g@gation depends
on a number of factors. They are the enabling enwrent that allows
the public and private secttw investin the industries, regulations that
will encourage oil multinationals to invest in gas-utilisation
infrastructure like energy generation, changessome government
monopoly policies and a transparent structure fas gricing in the
country. Figure 2 shows the current and projectdidation capacity of
natural gas for domestic use.

Information derived from Figures 1 and 2 indicatattNigeria has a
capacity to export more than 2 tcf of gas per yeaa number of years,
in spite of the projected increase in domestic dema

The export market for Nigerian natural gas staintedl999 after the
construction of the Bonny LNG plant, located inifma, Bonny Island.
It was built primarily onreclaimed land. Developed to be one of the
world’s major exporters of LNG, the plantesihas a capacity to
accommodate up to six trains. The base project with trains was
completed in August 1999. An expansion projecthwone train and
associated LPG facilities was finished in Noven@02. Development
work on the fourth and fifth trains commenced B899, with start-up
planned for 2005. Nigeria LNG currently providé% of the world’s
LNG requirements. This figure will rise to 13% whére fourth and
fifth trains come on stream, making the countrywold’s third largest
exporter of LNG.
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3.5 Nigeria Gas for the United States Market

For Nigeria to realise an export market prick $3.50, a greater
percentage of the volume of gas exported mustit;dvay to the U.S.
market, which is already in short supply. We eatenthat the U.S.
market will be able to absorb 1 tcf/annumLdNG from Nigeria. This

will follow the trends of oil export, rememberinpat the U.S. is also
Nigeria’s largest market for crude oil.

Projections indicate that the U.S. gas demand letviad00 and 2020
will grow by 60%, and that this growth can be satisfied almost
exclusively by imports. The high increase in gasem the last couple

of years confirms that the supply of natural gasthe U. S. is not
meeting the demand.

Nigeria started supplying the U.S. with LNG in 208@h a total supply

of 12 billion cubic feet (bcf), compared to Algerihich supplied 44

bcf. Considering the U.S. futureeedsof LNG, Nigeria can increase its
gas supply to the U.S. for a good price.

SELF ASSESSMENT EXERCISE 1

1. What are the various means of measuring gas?
2. What do you understand by Btu?
3. Where in Nigeria do we have the proven gas veSer

3.6 Cost of exporting Nigerian Natural Gas

Development of gas infrastructure and gas utilisaprojects in Nigeria
Is very capital intensive. To obtain commercial &i@s from natural gas
exported from Nigeria, the price of gas in the axpnarket must be
greater than the cost of production, liquefe transportation and
regasification. The most critical of these costghiat of liquefaction,
which in most cases represents between 55 and 789 total cost.

To appreciate the economics of gas developmené@mojn Nigeria, we
will use two classifications based on the sourcgas:

non-associated gas produced from offshore fields
associated gas produced from onshore and offsiedds f

The gas activation index used is definedttas capital investment
required to produce and process 1 mcf/day of gasxXport as LNG.
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3.7 Cost of Production of Non-Associated Gas in Deé&Vater
Field

The majority of gas produced in Nigeria is assecagas. Commercial
reserves of non-associated gas have recently dseovered in the
deepwater region. There are two plausible metliodsieveloping the
deepwater non-associated gas fields:

construction of floating LNG facilities
gas-to-shore approach

3.8 Cost of Production of Associated Gas from Onshe and
Offshore Fields

Associated gas is collected from the flow statigiassthe gas-gathering
systems that are developed in the NigertaDa@rea. The gas is
transported to the LNG plamor exportor for distribution via the gas-
processing plants for domestic use.

In analysing the project economics of associatesl g@duction, the
conditions obtained from the associated fasnework agreement
developed by the oil industry for government appiaw 1992 is:

All investment necessary to separate oil gyas from the
reservoir into useable products is considered qglathe oil field
development;

Capital investment for facilities to delivelssaciated gas in
useable form at utilisation or designated custtdpsfer points
will be treated for fiscal purposes as part of ¢dhpital investment
for oil development;

Capital expenditures will be depreciated over fyears at 20%
per annum for the first four years and 19% in st {ear;

The capital allowances will be offset against atame at a tax
rate of 85%; and

The operating expenses for delivery of gas for cencral use
and revenues from sales of gas, and products &xdrac derived
from the gas, will be treated under thecdisterms for gas
producers — that is, at a tax rate of 40% (now 30%)

To calculate the activation index for associated gp to the point of

conversion to LNG, we obtained the capitabktcfor the upstream
activities (notably the cost gdroviding the gas-gathering system) and
the capital cost for liquefaction.
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Almost all the values obtained are higher than highest activation
index obtained for most commercial gas projectshm United States.
The highest activation index value computed f&t.8. gas project is
$2,760/mcf/d. It would appear that gas producedhftbese projects is
not economically attractive for export. For exam@apele AGG, with
an activation index value of $6,692/mscf/d, retuansequilibrium price
of $10.34/mscf of gas.

However, the reason the production of associatedrgthe Niger Delta
may be profitable despite these capital-intensivgepts is that a large
part of the capital cost iBidden within the project economics of the
accompanying oil production as stated in the &aork agreement;
otherwise, the projects will not be profimbfor the operators. A
newcomer planning to explore for gas in the onsliietds needs to be
aware of this situation. Producing gas thequires a gas-gathering
system in the onshore area may be uneconomichkeutine typical
offshore single commercial reserves.

Operators now charge a tariff of $0.30/mcf to sydeked gas to the
Bonny LNG plant. This price returns an activationdex of
$194/mscf/d, which is low, meaning that stranded gn Nigeria is
obviously much cheaper than gas drilled on purpose.

Thus, producing Nigerian onshore natural gas fqoexmay not be as
cheap assome now perceive. Much of the capital costs for the gas-

gathering projects are embedded in the capitascastociated with oil
production.

SELF ASSESSMENT EXERCISE 2

1. Why do you think the production of associated gathe Niger

Delta may berofitable?

2. What are the methods of developing thepdeater non-
associated gas fields in Nigeria?

3. Define gas activation index as used in this.unit

3.9 Cost of Liquefaction

The cost estimate of constructing an LNG plant thiit process 1.35
bcf/d of natural gas either with a floating LNGanshore LNG plant is
put at $2.80 billion. This cost estimate compdaurably with the
cost of the recently completed LNG plant in Nigefiae first phase of
the Bonny LNG plant, which cost $2.5 billion, ispexted to treat 900
million cubic feet (MMcf) per day of feed gas. Thest estimate gives
an average activation index of $2,074/mscf/d andalibrium price of
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$2.35/mcf for just the liquefaction process. Altghusome believe the
cost of liquefaction could be between $0.80 an@@ncf.

3.10 Cost of Transportation and Regasification

The cost of transporting LNG from a place like Nigego the United
States and the cost of regasification has beebgiuteen $0.80/mcf and
$1.05/mcf of natural gas. If the feed gas can bderavailable at the
current tariff price of $0.30/mcf to the digfaction plant, then the
equilibrium price for supplyingtNG from Nigeria to the U.S. would be
$3.45/mcf.

This price is barely within the perceived accematainge. However, if
we consider the situation of drilling for gas the deep water, the
equilibrium price could be at least $4.25/mcf, whis outside the price
range that is currently considered attractive.

3.10.1 Challenges Ahead

There are no adequate clauses either inJtiet Venture Contract
Arrangementor the Production Sharing contracts that address the
development of major gas projects. Most tbése contracts were
developed on the assumption that gas is a by-ptamfuail production.
The Nigerian government needs to remove the bottleneck and
institutional structure in the gas sector alow for free-market
operation. For the Nigerian government to achiewe mo-gas-flaring
decree by2008, both the government and oil companies must be
financially committed to the capital-intensive gas-gathering and
treatment systems that need to be in place. Alseaay market must
exist to take the entire volume of gas that wowdpiboduced from all
fields.

The gas price inside Nigeria is very discgurg, and for the oil
companies to invest in the no-gas-flaring visiaxpat markets for the
gas must be found that would ensure good returnnieestment. In
addition, transparency, security and a stable ipalitenvironment are
necessary to increase the confidence of foreigastors.

4.0 CONCLUSION

This unit has examined the potential of Nigeriatunal gas and the
problems associated with developing the gas sattdigeria. Although
Nigeria has adequate reserves of associated amégsociated natural
gas for development, there is a strong indicati@t the current efforts
and the planned program by the Nigerian guwent and the oil-
producing companies will lead to an increase ingasluction that will
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meet the demand for domestic utilisation wih excess of 2.0
tcf/annum for export in the next two decades.

Because the Nigerian government wants to stopnfiagas, there is an
obvious incentive to bring this gas to the expoarket, likely the U.S.,
as LNG. This can happen as long as the producerstidlrwilling to sell
the gas for $0.30/mcf, which will give an equililom price of $3.45/mcf
in the U.S. market. However, any additional drdlifor gas purpose
may give an equilibrium price of $4.25/mcf, whighunattractive by
current market perceptions.

50 SUMMARY
In this unit, you have learnt that:

Natural gas is a vital component of the world’s@ymf energy.
The decree issued by Nigerian government to stedl#ning of
natural gas in hydrocarbon exploration and produactctivities
Is an effort to realise commerciaénefitsfrom the nation’s huge
gas reserves.

In the past exploration and production efforts hawacentrated
on oil while the associated gas have been trest@daste.

The natural gas price in Nigeria is currently véow, and that
domestic demand for gas is principally foe thower sector
fertilizer, aluminium, steedndcementandustries.

Most of the proven gas reserves are found in thgeNDelta
basins, while most of the non-associated gas has thscovered
in the offshore block.

There are two potential growth markets for Nigematural gas:
domestic to a lesser degree, and export to a namghr scale.
The gas price inside Nigeria is very discouragengd for the oil
companies to invest in the no-gas-flaring visioxpat markets
for the gas must be found that would ensure gadrm for
investment. In addition, transparencsecurity and a stable
political environment are necessary to increasectheidence of
foreign investors.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the different ways of measuring natgaal
2. What are the potentials of Nigeria Natural Gas?
3. Highlight the infrastructural and accessdipilchallenges of

Nigeria Natural gas.
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1.0 INTRODUCTION

Natural gas and crude oil are the basic raw maseioa the manufacture
of petrochemicals. Secondary raw materials, irdermediates, are
obtained from natural gas and crude oil throudiieddnt processing
schemes. The intermediates may be light hydrocadoeompounds such
as methane and ethane, or heavier hydrocarbon m@sxguch as naphtha
or gas oil. Therefore in this unit we shall disctiss different types of
petrochemicalghat can be obtained from natural gas and crude oil.
These include: chemicals based on direct reactionedhane, synthesis
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gas, chemicals based on synthesis gas, naphtha bhasenicals and
chemicals from high molecular weight n-paraffins.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

listthe chemicals that can be obtained from nayaa

explain the following methods methanation, oxidati@f
paraffins, and shift conversion

state the uses of carbon disulphide.

3.0 MAIN CONTENT

3.1 Chemical Based on Direct Reactions of Methane

A few chemicals are based on the direct reactiomethane with other
reagents. These are carbon disulphide, hydrogen cyanide,
chloromethanes, and synthesis gas mixture. Cuyremttedox fuel cell
based on methane is being developed.

3.2 Carbon Disulphide (CS)

Methane reacts with sulphur (an active non metineht of group 6A)
at high temperatures to produce carbon dmaddp The reaction is
endothermic, and activation energy of approximald® KJ is required.
Activated alumina or clay is used as ttegalystat approximately 675°C
and 2 atmospheres. The process starts by vapourising pulphur,

mixing it with methane, and passing the ome&t over the alumina
catalyst. The reaction could be represented as:

CH4 (9) + 282 (9) > Csz(g) + 2H28(g) AH°298 =
+150 KJ/mol

Hydrogen sulphide, a co-product, is used to receulighur by the Claus
reaction. A C$Syield of 85 to 90% based on methane is anticipaied.

alternative route for GSis by the reaction of liquid sulphur with
charcoal. However, this method is not used verylmuc

3.2.1 Uses of Carbon disulphide

Carbon disulphide is primarily used to produce raymd cellophane
(regenerated cellulose). €8 also used to produce carbon tetrachloride
using iron powder as a catalyst at 30°C:

CS + 3CpL — > CCl, + SCl,
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Sulphur monochloride is an intermediate that is treacted with carbon
disulphide to produce more carbon tetrachloridesanghur:

2SCl, + C§; ——mMm> CCl, + 6S
The net reaction is:
csS +2C,b, —mm CCl, + 2S

Carbon disulphide is also used to produce xantR&Q€(S) SNa as an
ore flotation agent and ammonium thiocyanate aereosion inhibitor
in ammonia handling systems.

3.3 Hydrogen Cyanide

Hydrogen cyanide (hydrocyanic acid) is a colourlepsid (b.p.25.6°C)
that ismiscible with water, producing a weakly acidic solution. Itais
highly toxic compound, but a very useful chemigakermediate with
high reactivity. It is used in the syntisesof acrylonitrile and
adiponitrile, which are important monomers for gtasand synthetic
fiber production. Hydrogen cyanide is producad the Andrussaw
process using ammonia and methane in presence. ofhe reaction is
exothermic, and the heat released is used to engpit the required
catalyst-bed energy:

2CH, + 2NH; + 30, 2HCN + 610

A platinum-rhodium alloy is used as a catalyst alOQ°C.
Approximately equal amounts of ammonia and methaitie 75 vol %

air areintroduced to the preheated reactor. The catalyst has several
layers of wire gauze with a special meske sfapproximately 100
mesh).In Degussa process on the other harmmmonia reacts with
methane in absence of air using platinum, alumimutnenium alloy as

a catalyst at approximately 1200°C. The reaction producegrdgen
cyanide and hydrogen, and the vyield is 096f6. The reaction is
endothermic and requires 251 KJ/mol.

CH;+NH3 +251 KJ—/ > HCN + 3H
Hydrogen cyanide may also be produced by the maaif ammonia

and methanol in presence of oxygen:
NH; + CH;OH + O, HCN + 3H,0

Hydrogen cyanide is a reactant in the productioaaf/lonitrile, methyl
methacrylates (from acetone), adiponitrile, andiwm cyanide. It is
also used to make oxamide, a long-lived fertiltteat releases nitrogen
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steadily over the vegetation period. Oxamide islpoed by the reaction
of hydrogen cyanide with water and oxygemngisa copper nitrate
catalyst at about 70°C and atmospheric pressure.

3.4 Chloromethanes

The successive substitution of methane hyehreg with chlorine
produces a mixture of four chloromethanes:

CH,+Cl, — CH;Cl + GCI
CHsCI + Cl, — CH, Cl,+ HCI
CH,Cl,+Cl, — CHCE+HCI
CHCI;+Cl, — CCl+HCI

Each of these four compounds has many industrigicgtions that will
be dealt with separately.

3.4.1 Production of Chloromethanes

Methane is the most difficult alkane to cilate. The reaction is
initiated by chlorine free radicals obtained Vi tapplication of heat
(thermal) or light (hv). Thermal chlorination (more widely used
industrially) occurs at approximately 350-3Z0%and atmospheric
pressure. A typical product distribution for a £€l, feed ratio of 1.7 is:
mono- (58.7%), di-(29.3%) tri- (9.7%)and tetra- (2.3%)
chloromethanes. The highly exothermic chlorinatteaction produces
approximately 95 KJ/mol of HCI. The first step l®etbreaking of the
CI-CIl bond (bond energy = + 584.2 KJ), which fortws chlorine free
radicals (Cl atoms):
hv

Cl, —> 2CI

The CI atom attacks methane and forms a methylradial plus HCI.
The methyl radical reacts in a subsequent step avithlorine molecule,
forming methyl chloride and a Cl atom:

ClI + CH, CH; + HCI

CH; + Ch CHCI + CI

The new Cl atom either attacks another methane cul@do repeat the
above reaction, or reacts with a methyl chlorideletae to form a
chloromethyl free radical Ci€,-and HCI.

Cl + CHCl —> CH,ClI' + HCI
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The chloromethyl free radical then attacks anottt@orine molecule
and produces dichloromethane along with a Cl atom:

CHClI + Cb, —>CH)\CI, + ClI

This formation of CIl free radicals continuesitili all chlorine is
consumed. Chloroform and carbon tetrachloride arméd in a similar
way by the reaction of CHgZand CC} free radicals with chlorine.

Product distribution among the chloromethanes daéperimarily on
the mole ratio of the reactants. For example, the vyield of
monochloromethane could be increased to 80fnirlwreasing the
CH,/Cl, mole ratio to 10:1 at 450°C. If dichloromethanalesired, the
CH4/CI, ratio is lowered and the monochloromethanerecycled.
Decreasing the CHCI, ratio generally increases polysubstitution and
the chloroform and carbon tetrachloride yiefkh alternativeway to
produce methyl chloride (monochloromethane) tie reaction of
methanol with HCI. Methyl chloride could be furthehlorinated to
give a mixture of chloromethanes (dichloromethartdproform, and
carbon tetrachloride).

3.4.2 Uses of Chloromethanes

The major use of methyl chloride is to produceceiii polymers. Other
uses include the synthesis of tetramethyd lea a gasoline octane
booster, a methylating agent in methyl cellulosedpction, a solvent,
and a refrigerant. Methylene chloride has a wid#etyaof markets. One
major use is as a paint remover. It is also usea @gsgreasing solverd,
blowing agent for polyurethane foams, and a solvent cellulose
acetate. Chloroform is mainly used to produce rduiluoromethane
(Fluorocarbon22) by the reaction with hydrogen fide:

CHCl; + 2HF — > CHCIRCI + 2HCI

This compound is used as a refrigerant and asrasa@eropellant. It is
also used to synthesise tetrafluoroethylene, wigcpolymerised to a
heat resistant polymer (Teflon):

2CHCIF, —> CF=CFR, + 2HCI

Carbon tetrachloride is used to produce clilooocarbons by the
reaction with hydrogen fluoride using an imainy pentachloride
(SbCL) catalyst:

CCly + HF — > CCLF + HCI

CCly + 2HF — > CC}F, + 2HCI
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The formed mixture is composed of trichlorofluordgheme (Freon-11)
and dichlorodifluoromethane (Freon-12). These camps are used as
aerosols and as refrigerants. Due to the depleteffect of
chlorofluorocarbons (CFCs) on the ozone layer,ptueluction of these
compounds may be reduced appreciably. Muebsearch is being
conducted to find alternatives to CFCs with litde no effect on the
ozone layer. Among these are HCFC-123 (HCE}) to replace Freon-
11 and HCFC-22 (CHCHy to replace Freon-12 in such uses as air
conditioning, refrigeration, aerosol, and foam. §&eompounds have a
much lower ozone depletion value compared to Féelgnwhich was
assigned a value of 1. Ozone depletion waliegr HCFC-123 and
HCFC-22 relative to Freon-11 equals 0.02 and 0.G#sfpectively.

3.5 Synthesis Gas (Steam Reforming of Natural Gas)

Synthetic gas may be produced from a variety ofisesk. Natural gas
is the preferred feedstock when it is availabient gas fields (non
associated gas) or from oil wells (associated glsg. first step in the
production of synthetic gas is to treat natural gagemove hydrogen
sulphide. The purified gas is then mixed with steamd introducedo
the first reactor (primary reformer). The reactor dsnstructed from
vertical stainlesssteeltubes lined in a refractory furnace. The steam to
natural gas ratio varies from 4 — 5 depending daorahgas composition
(natural gas may contain ethane and heawerobarbons) and the
pressure used. A promoted nickel type catalystaioetl in the reactor
tubes is used at temperature and pressure rang€9-e800° C and 30 —
50 atmospheres, respectively. The reformingctiea is equilibrium
limited. It is favoured at high temperatures, lpvessures, and a high
steam to carbon ratio. These conditions minimigthame slip at the
reformer outlet and yield an equilibrium noise¢ that is rich in
hydrogen.

The product gas from the primary reformer is a mmtof H, CO, CQ,
unreactedCH,, andsteam.

The main stream reforming reactions are:

CHy () + H20 (g > COg +3H: (g) °=+206 KJ
H°g00:c = +226 KJ
CHy g+ 2H,0 (g > CO, (gt 4Hyg) H°=+164.8 KJ

For the production of methanol, this mixture cobklused directly with
no further treatment except the adjustment gf (80 + CQ) ratio to
approximately 2:1. For producing hydrogen Bommonia synthesis,
however, further treatment steps are needed. REmstrequired amount
of nitrogen for ammonia must be obtained from afphesic air. This is
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done by partially oxidizing unreacted methane ia #xit gas mixture
from the first reactor in another reactor (secogdaforming). The main
reaction occurring in the secondary reformer is ghetial oxidation of
methane with a limited amount of air. The prodigcta mixture of
hydrogen, carbon dioxide, carbon monoxide, plusgén, which does
not react under these conditions. The reactioapsasented as follows:

CH; +%(0,+3.76 N) — > CO+2H +1.88N H°=-321
KJ

The reactor temperature can reach over 900°C is¢bendary reformer
due to the exothermic reaction heat. Typical amslgsthe exit gas from
the primary andhe secondaryreformers is shown in Table 1. The
second step after secondary reforming is remoeergpon monoxide,
which poisons the catalyst used for ammonia symhdsis is done in
three further steps, shift conversion, carlbdioxide removal, and
methanation of the remaining CO and O

Table 1: Typical Analysis of Effluent from Primary and
Secondary Reformers

Constituent Primary Reformer Secondary Reformer
H, 47 39.0

CO 10.2 12.2

CGO, 6.3 4.2

CH, 7.C 0.6

H,0O 29.4 27.0

N, 0.0z 17.0

(Source Chemistry of Petrochemical Processes)

3.6 Shift Conversion

The product gas mixture from the secondary reformmetooled then
subjected to shift conversion. In the shift coneertarbon monoxide is
reacted with steam to give carbon dioxide and hyelno The reaction is
exothermic and independent of pressure:

COg) + HO (g > COyg t Hyg H*=-41KJ

The feed to the shift converter contains dargmounts of carbon
monoxide which should be oxidized. An iron catalgsomoted with
chromium oxide is used at a temperature ganfj 425-500°C to
enhance the oxidation. Exit gases from the shifivecsion are treated to
remove carbon dioxide. This may be done by absgrbarbon dioxide
in a physical or chemical absorption solvent oraloigorbing it using a
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special type of molecular sieves. Carbon dioxiseovered from the
treatment agent as a byproduct, is mainly used antimonia to produce
urea. The product is a puhgdrogengascontaining small amounts of
carbon monoxide and carbon dioxide, which are &rrthemoved by
methanation.

SELF ASSESSMENT EXERCISE 1

1. What are the two constituents of synthetic gas?

2. List the chemicals that are based on divect reaction of
methane

3. List the four chloromethanes that are producgdsiiccessive

substitution of methane

3.7 Methanation

Catalytic methanation is the reverse of the steafarming reaction.
Hydrogen reacts with carbon monoxide and carboridé converting
them to methane. Methanation reactions are exwiberand methane
yield is favoured at lower temperatures:

3H; () + COyg) > CHy )+ HO () H°=-206 KJ
4H; )+ CO; (g > CHy )+ 2H,0 (g °=-164.8 KJ

The forward reactions are also favoured at higesgures. However,
the space velocity becomes high with increasedspres, and contact
time becomes shorter, decreasing the vyield. Theiahcprocess
conditions of pressure, temperature, and spaceitelare practically a
compromise of several factors. Raney nickel is gheferred catalyst.
Typical methanation reactor operatiegnditions are 200-300°C and
approximately 10 atmospheres. The productaisgas mixture of
hydrogen and nitrogen having an approximate rdti8:d for ammonia
production. Figure 1 shows the ICI process for the productidn o
synthesis gas for the manufacture of ammonia.
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N Tail gas
pac| ) ! :
Pressure swing
Fee_d gas purification
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He (7
ﬁ Drier
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-——————{ ammonia
Liquid recovery
ammonia [ BFW

Fig. 1: The ICI Process for Producing Synthet Gas and Ammonia; (1)
desulphurisation, (2) feed gas saturator, (3primary reformer, (4)
secondary reformer, (5) shift converter, (6) methaator, (7) ammonia

reactor.

(Source:Chemistry of Petrochemical Processes)

3.8 Chemicals Based on Synthetic Gas

Many chemicals are produced from synthetic gass iEha consequence
of the high reactivity associated with hydrogem aarbon monoxide
gases, the two constituents of synthetic gas.

NH3

———— Hydrogen cyanide

————= Carbon disulfide
Methane > » Synthesis gas(CO/Hy) ——»
CHy ——— Chlorimated methanes

—= Single cell protein

> Urea
b Nitric acid

Ammonia |} Hyirazine

——— Alkanolamines
Metharol

— FTS hydrocarbons
—— Oxo alcohols
» | Methanol

—— Formaldelyde
———» Acetic acid
f——> Methyl esters
Methy! chloride

|-—— Methylamines CH30H

L Hexamethylene
tetramine

L Methylamines
— MTBE
t——» Gasoline (MT®)

Fig. 2: Important Chemicals Based on Methane, Syhetic Gas, Ammonia, and

Methanol

(Source:Chemistry of Petrochemical Processes)
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The reactivity of this mixture was demonstratediryiVorld War I,
when it was used to produce alternative hydrocafhels using Fischer
Tropsch technology. The synthesis gas mixture pragluced then by
gasifying coal. Synthesis gas is also an importankding block for
aldehydes from olefins. The catalytic hydroformigat reaction (Oxo
reaction) is used with many olefins to produce lajdies and alcohols of
commercial importancelhe two major chemicals based on synthesis
gas are ammonia and methanol. Each comp@iagrecursor for many
other chemicals. From ammoniajrea, nitric acid, hydrazine,
acrylonitrile, methylamines and many other oninchemicals are
produced (Fig. 2). Each of these chemicals is algwecursor of more
chemicals Methanol,the second major product from synthesis gas, is a
unique compound of high chemical reactivity aell as good fuel
properties. It is a building block for many reaetigzompounds such as
formaldehyde, acetic acid, and methylamine. It a$ers an alternative
way to produce hydrocarbons in the gasoline raiMy@b{l to Gasoline
MTG process). It may prove to be a competitive seuior producing
light olefins in the future.

3.8.1 Ammonia (NH)

This colorless gas has an irritating odour, andeis/ soluble in water,
forming a weakly basic solution. Ammonia could &asily liquefied

under pressure (liquid ammoniand it is an important refrigerant.
Anhydrous ammonia is a fertilizer by directphgation to the soil.
Ammonia is obtained by the reaction of hydnogand atmospheric
nitrogen, the synthetic gas for ammonia. The 1994 U.Bwmania

production was approximately 40 billion pounds ffsikighest volume
chemical).

3.8.2 Ammonia Production (Haber Process)

The production of ammonia is of historical interbstause it represents
the first important application of thermodymas to an industrial
process. Considering the synthesis reactibnammonia from its
elements, the calculated reaction hedd) and free energy chang&@G)

at room temperature are approximately —46 an@.5-1KJ/mol,
respectively. Although the calculated equilibriwmnstant Kc = 3.6 x
1% at room temperature is substantially high, no iemabccurs under
these conditions, and the rate is practically z€h® ammonia synthesis
reaction could be represented as follows:

N2 () + 3H: (g 2NHs (g  AH°= —46.1 KJ/mol

Increasing the temperature increases the reactien Ibut decreases the
equilibrium (Kc at 500°C = 0.08). According to Le Chatlier’s priniep
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the equilibrium is favoured at high pressures anlbwaer temperatures.
Much of Haber's research was to find a lgatathat favoured the
formation of ammonia at a reasonable rate at |ademperatures. Iron
oxide promoted with other oxides such as potassand aluminum
oxides is currently used to produce ammonia in ggiettl at relatively
low temperatures.

In a commercial process, a mixture of hydrogen mitdgen (exit gas
from the methanator) in a ratio of 3:1 is compeesso the desired
pressure (150 — 1,000 atmospheres). The compresbédre is then
pre-heated by heat exchange with the product sttesore entering the
ammonia reactor. The reaction occurs over the ysitéled at about

450°C. The exit gas containing ammonia is passesutjin a cooling
chamber where ammonia is condensed to ddliquhile unreacted
hydrogen and nitrogen are recycled (Fig. 2). Ugual conversion of
approximately 15% per pass is obtained under tbesditions.

3.8.3 Uses of Ammonia

The major end use of ammonia is the fertilizerdfidr the production of
urea, ammonium nitrate and ammonium phosphatel sulphate.
Anhydrous ammonia could be directly applied to sbé as a fertilizer.
Urea is gaining wide acceptance as a slow-actirtdizer. Ammonia is
the precursor for many other chemicals such agrawid, hydrazine,
acrylonitrile, and hexamethylenediamine. Ammoniaavihg three
hydrogen atoms per molecule, may be viewed as arggrsource. It
has been proposed that anhydrous liquid ammonia lmaused as a
clean fuel for theautomotive industry. Compared with hydrogen,
anhydrous ammonia is more manageable. It is stamemlon or steel
containers and could be transported commerciadypypeline, railroad,
tanker, cars, and highway tanker trucks. The okdateaction could be
represented as:

4NH; + 30, 2N, + 6H,0 AH =-316.9 KJ/mol
Only nitrogen and water are produced. However, nfaoiors must be
considered such as the coproduction of nitrogedesxithe economics
related to retrofitting of auto engines, etc. Tlo#loiving describes the
important chemicals based on ammonia.

3.8.4 Urea

The highest fixed nitrogen-containing fertilizer.46wmt %, urea is a
white solid that is soluble in water and alcoholislusually sold in the
form of crystals, prills, flakes, or granules. Uisaan active compound
that reacts with many reagents. It forms adducts @athrates with
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many substances such as phenol and salicylic 8gidieacting with
formaldehyde, it produces an important commérpolymer (urea
formaldehyde resins) that is usaslylue for particle board and plywood.

3.8.5 Production of Urea

The technical production of urea is based on tlaetien of ammonia
with carbon dioxide. The reaction occurs in two steps: ammonium
carbamate is formed first, followed by a deposition step of the
carbamate to urea and water. The fiesictionis exothermic, and the
equilibrium is favoured at lower temperaturasd higher pressures.
Higher operating pressures are also desirdble the separation
absorption step that results in a higher carbasatéion concentration.

A higher ammonia ratio than stoichiometric is usedcompensate for
the ammonia that dissolves in the melt. The reaeimperature ranges
between 170-220°C at a pressure of about 200 atrapsp

Treated
water
co, Waste water |
- treatment
-w
NH,
A
- Urea to

prilling

Fig. 3 : The Snamprogetti Process for Prodimy Urea; (1) Reactor, (2,3,4)
Carbonate Decomposer, (5,6) Crystallising and Prilhg

(Source:Chemistry of Petrochemical Processes)

The second reaction represents the decomposititimleofarbamate. The
reaction conditions are 200°C and 30 atmosphddesomposition in

presence of excess ammonia limits corrosion prabland inhibits the
decomposition of the carbamate to ammonia and oatttxide.

The urea solution leaving the carbamate decompissexpanded by
heating at low pressures and ammonia recycledr@dtant solution is
further concentrated toraelt, which is then prilled by passing it through
special sprays in an air stream. Figure 3 showStamprogetti process
for urea production.
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3.8.6 Uses of Urea

The major use of urea is the fertilizer dielwhich accounts for
approximately 80% of its production (about 16.Ridm pounds were
produced during 1994 in U.S.). About 10% of ureaused for the
production of adhesives and plastics (urea fornimide and melamine
formaldehyde resins). Animal feed accounts for al&% of the urea
produced.

3.9 Methyl alcohol (CHOH)

Methyl alcohol (methanol) is the first member o thliphatic alcohol
family. It ranks among the top 20 organic chenscadnsumed in the
U.S. The current world demand for methanol israpjmately 25.5
million tons/year (1998) and is expected to rea@hrllion tons by the
year 2002. The 1994 U.S. production was 10.8 bilpounds. Methanol
was originally produced by the destructive digtibn of wood (wood
alcohol) for charcoal production. Currently, itrginly produced from
synthetic gas. As a chemical compound, methanbigkly polar, and
hydrogen bonding is evidenced by its relativelyhhiopiling temperature
(65°C), its high heat of vaporization, and its lgwlatility. Due to the
high oxygen content of methanol (50% wt), it isngeconsidered as a
gasoline blending compound to reduce carbon monoxide and
hydrocarbon emissions in automobile exhaust gdsegs also tested
for blending with gasoline due to its high octamnenber.

During the late seventies and early eighties, nexperiments tested the
possible use of pure (straight) methanol aas alternative fuel for
gasoline cars. Several problems were encounteosekVer, in its use as
a fuel, such as the cold engine startabititye to its high heat of
vapourisation (heat of vapourisation is 3.7 timleat tfor gasoline), its
lower heating value, which is approximately hakttbf gasoline, and its
corrosive properties. The subject has been revidwedeller. However,
methanol is a potential fuel for gas turbines beeaiti burns smoothly
and has exceptionally low nitrogen oxide emissievels.Due to the
high reactivity of methanol, many chemicals coutd derived from it.
For example, it could be oxidised to fordeddyde, an important
chemical buildingblock, carbonylatedo acetic acid, and dehydrated and
polymerised to hydrocarbons in the gasoline raMJEQ process).

Methanol reacts almost quantitatively with isobeteand isoamylenes,
producing methylt-butylether (MTBE) and teryiaamylmethylether
(TAME), respectively. Both are important gasolirddigives for raising
the octane number and reducing carbon monogni@ hydrocarbon
exhaust emissions. Additionally, much of the curmeark is centered
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on the use of shape-selective catalysts to corwelight olefins as a
possible future source of ethylene and propylene.

3.9.1 Production of Methanol

Methanol is produced by the catalytic reaction afbon monoxide and
hydrogen (synthesis gas). Because the ratio oHg@ synthesis gas
from natural gas is approximately 1:3, am@ tstoichiometric ratio
required for methanol synthesis is 1:2, carbonidmxs added to reduce
the surplus hydrogen. An energy-efficient altenatio adjusting the
CO:H, ratio is to combine the steam reforming psscevith auto

thermal reforming (combined reforming) so that #mount of natural

gas fed is that required to produce a synthesisMasa stoichiometric

ratio of approximately 1:2.05. Figure 4 & combined reforming
diagram. If an auto thermal reforming stepaded, pure oxygen
should be used. (This is a major difference betvgsmondary reforming
in case of ammonia production, where air is usedsugaply the needed
nitrogen).

Air Natural gas
Desulfurization
Air
separation !
Steam
reforming
-
Oxygen -~ Autothermal
reforming
Methanol o Methanol
distillation - synthesis
Methanol

Fig. 4: A Block Flow Diagram Showing the Combined Rforming for Methanol
Synthesis

(Source Chemistry of Petrochemical Processes)
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An added advantage of combined reforminghie tecrease in NO
emission. However, a capital cost increase (forsaparation unit) of
roughly 15 % is anticipated when using combt reforming in

comparison to plants using a single train steararneér. The process
scheme is viable and is commercially proven. TH®Wong reactions

are representative for methanol synthesis.

CO(g) + 2H2 (@) —> CH30H(1) AH° =-128 KJ/mol
CO,+3H, —> CH;OH + HO

Old processes use a zinc-chromium oxide catalysa htgh-pressure
range of approximately 270-420 atmospheres for amethproduction.
A low-pressure process has been developed by I&atipng at about 50
atm (700 psi) using a new active copper-basedlysatat 240°C. The
synthesis reaction occurs over a bed of heterogsneatalyst arranged
in either sequential adiabatic beds or placed witleat transfer tubes.
The reactionis limited by equilibrium, and methanol conceniatiat
the converter’'s exit rarely exceeds 7%. The coevezifluent is cooled
to 40°C to condense the product methaaalthe unreacted gases are
recycled. Crude methanol from the separator costaiater and low
levels of by-products, which argemoved using a two-column
distillation system. Figure 5 shows the IClI metHagsmthesis process.
Methanol synthesis over the heterogeneous catmlytsiought to occur
by a successive hydrogenation of chemisorbed cammmoxide. Other
mechanisms have been also proposed.

Natural
gas Reforming

Chimney
Compressor

HP steam H l ]

gl | 09

Yair  MP steam

| Purge 1o fuel

cw

Deaerator
leed water

Condensate
Methanol product

¥
Make-up water
Distalfation

To steam

Fig. 5 :The ICI Low — Pressure Process for Producig Methanol; (1)
desulphurisation, (2) saturator (for producing stean), (3) synthesis
loop circulator, (4) reactor, (5) heat exchanger ath separator, (6)
column for light ends recovery, (7) column for wate

(Source:Chemistry of Petrochemic&rocesses)
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3.9.2 Uses of Methanol

Methanol has many important uses as a chemicaigladnd a building
block. Approximately 50% of methanol prodocti is oxidised to
formaldehyde. As a methylating agent, it is usath vwimany organic
acids to producethe methyl esters such as methyl acrylate,
methylmethacrylate, methyl acetate, and methyliptettealate. Methanol
is also used to produce dimethyl carbonate and yhethutylether, an
important gasoline additive. It is also used todpice synthetic gasoline
using a shape selective catalyst (MTG process)irGlérom methanol
may be a future route for ethylene and propyleneampetition with
steam crackingpf hydrocarbonsThe use of methanol in fuel cells is
being investigated. Fuel cells are theoreticallyadde of converting the
free energy of oxidation of a fuel into electrieark. In one type of fuel
cells, the cathode is made of vanadium which cagsthe reduction of
oxygen, while the anode is iron (Ill) which oxidssmethane to C{and
iron (1) is formed in aqueous30,. The benefits of low emission may
be offset by the high costhe following describes the major chemicals
based on methanol.

3.10 Naphtha-based Chemicals

Light naphtha containing hydrocarbons in th&-&7 range is the
preferred feedstock for producing acetic acid bigation. Similar to the
catalytic oxidation of n-butane, the oxidatiof light naphtha is
performed at approximately the same temperature @medsure ranges
(170-200°C and50 atmospheres) in the presence of manganeseecetat
catalyst. The yield of acetic acid is approximatdyo wt.

Light naphtha + @ — CH3;COOH + by-products + D

The product mixture contains essentially oxygenatedpounds (acids,
alcohols, esters, aldehydes, ketones, etc.). Asymaanl3 distillation
columns are used to separate the complexureix The number of
products could be reducdd/ recycling most of them to extinction.
Manganese naphthenate may be used as an oxidataigst. Rouchaud
and Lutete have made an in-depth study of thedighiase oxidation of
n-hexane using manganese naphthenate. A yield%f@&3C1-C5 acids
relative to n-hexane was reported. The highest yo¢lthese acids was
for acetic acid followed by formic acid. The lowestld was observed
for pentanoic acid. In Europe naphtha is the pretefeedstock for the
production of synthesis gas, which is used to sgife methanol and
ammonia. Another important role for naphtha isuse as a feedstock
for steam cracking units for light olefins producti Heavy naphtha, on
the other hand, is a major feedstock for catalforming. The product
reformates containing a high percentagg C6-C8 aromatic
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hydrocarbons is used to make gasoline. Reformaéealso extracted to
separate the aromatics as intermediates for petnoiclals.

3.10.1 Chemicals from High Molecular Weight n-Pardins

High molecular weight n-paraffins are obtained frodifferent
petroleum fractions through physical separatiorcgsses. Those in the
range ofC8-C14 are usually recovered from kerosines having a high
ratio of these compounds. Vapour phase adsorpiging molecular
sieve 5A is used to achieve the separation. Thmaraffins are then
desorbed by the action of ammonia. Continuous tiperég possible by
using two adsorption sieve columns, one bed orastrerhile the other
bed is being desorbed. n- Paraffins could alsodparated by forming
adduct with urea. For a paraffinic hydrocarbondorf an adduct under
ambient temperature and atmospheric pressbhee,compound must
contain a long unbranched chain of at least sibaaratoms. Ease of
adduct formation and adduct stability increases witcrease of chain
length. As with shorter-chain n-paraffins, theden chain compounds
are not highly reactive. However, they may be med, chlorinated,
dehydrogenated, sulphonated and fermented underiaspconditions.
The C9-C17 paraffins are used to produce olefinsnonochlorinated
paraffins for the production of detergents. The 6L%@pacity for the
U.S., Europe, and Japan was 3.0 billion pounds.

3.10.2 Oxidation of Paraffins (Fatty Acids and Faty Alcohols)

The catalytic oxidation of long-chain parafin(CI8 — 30) over
manganese salts produces a mixture of fatty acits different chain

lengths. Temperature and pressure rangesO6+120°C and 15-60
atmospheres are used. About 60% wt yield of fatigsin the range of
Cl2-Cl4 is obtained. These acids are used for ngakmaps. The main
source of fatty acids for soap manufacture, howesehe hydrolysis of
fats and oils (a non petroleum source). Oxidatbrparaffins to fatty

acids may be illustrated as:

RCH,(CH)NCH,CH,R * %,0, —> R(CH,),COOH +
RCH,COOH
+H,0

Oxidation of CI2 — Cl4 n-paraffins using boron Kide catalysts was
extensively studied for the production of fattyadols. Typical reaction
conditions are 120-130°C at atmospheric pressure-butyl
hydroperoxide (0.5%) was used to initiate the fieactThe yield of the
alcohols was 76.2% wt at 30.5% conversion. Fatiysa(8.9% wt) were
also obtained. Product alcohols were esséntsdcondary with the
same number of carbons and the same structure¥n@ecule as the
parent paraffin hydrocarbon. This shows that nelarey has occurred
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under the conditions used. The oxidation reactioumd be represented
as:

RCH,CH,R + %Q —> R-CH,CHOHR
SELF ASSESSMENT EXERCISE 2

1. What are the two chemicals that use synthetscagabuilding
blocks?

2. What is the effect of increasing temperaturelaer process?

3. List the uses of ammonia and methanol

4.0 CONCLUSION

This unit has been able to show that natural gascande oil are the
basic raw materials for the manufacture of petragbals. In addition, it

has also shown that secondary raw matewalsntermediates are
obtained from light hydrocarbon compounds swash methane and
ethane, or from heavier hydrocarbon mixtures sisahaghtha or gas oll.
Furthermore, we have come to learn that only fewnaubals can be
produced directly from methane under relativelyesevconditions while

many other chemicals can be produced fronthame via a more
reactive synthesis gas mixture.

5.0 SUMMARY
In this unit, you have learnt that:

Carbon disulphide, hydrogen cyanide, chloromethanad
synthetic gas mixture are produced by direct reaatf methane
Carbon disulphide is used to produce rayon, cellophane and
carbon tetrachloride

Hydrogen cyanide is used in the synthesis of aoryite and
adiponitrile, which are important monomers for plastic and
synthetic fibre production.

Successive substitution of methane with chériproduces a
mixture of four chloromethanes namely: monochloromethane,
dichloromethane, trichloromethane and tetrachlotberee

The major use of chloromethane is for the produactd silicon
polymer, other uses include the synthesis of tegthgh lead, as a
methylating agent in methyl cellulose productias, a solvent
and refrigerant.

Synthesis gas may be produced from varidtyfemdstock,
however, natural gas is the preferred femitstwhen it is
available.
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Many chemicals are produced from synthesis gad these
include:ammonia,urea, methyl alcohol (methanol).
Hydrocarbons in the C5 — C7 (light naphtha) are gheferred
feedstock for producing acetic acid. While high ewllar weight
n-paraffins are obtained from different petroleuacfions.

6.0 TUTOR-MARKED ASSIGNMENT

1. List and discuss two of the chemicals producgdiie direct
reaction of methane

2. What are the uses of Carbon disulphide and lggireyanide?

3. Why is methane the most difficult to chlorinate

4, Synthetic gas may be produced from aetarof feedstock,
however, natural gas is the preferred fem#istwhen it is
available. Discuss.

5. Methanol has many important uses as a chenligtahem.
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