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Crude oil isa complex liquid mixture made up of a vast number of hydrocarbon compounds
that consist mainly of carbon and hydrogen in differing proportions. In addition, small
amounts of organic compounds containing sulfur, oxygen, nitrogen, and metals such as
vanadium, nickel, iron, and copper are also present.
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1. Table 2.1 shows the elemental composition of crude oils based on their weight

percentage (wt%)

e Carbon (83.0 — 87.0%): Carbon is the primary element in crude oil, making up
the majority of its composition.

e Hydrogen (10.0 — 14.0%): Hydrogen is the second most abundant element,
contributing to the hydrocarbon structure of crude oil.

e Sulfur (0.05 - 6.0%): The sulfur content varies significantly. High sulfur crude
oil is called sour crude, while low sulfur crude is known as sweet crude.

e Nitrogen (0.1 — 0.2%): Found in small amounts, nitrogen can impact the
refining process and product quality.

e Oxygen (0.05 — 2.0%): Also present in minor amounts, oxygen-containing
compounds affect crude oil stability.

e Nickel (Ni) <120 ppm: A trace metal that can act as a catalyst poison during
refining.

e Vanadium (V) <1200 ppm: Another trace metal that can cause corrosion issues
in refining equipment

Table za Elemental composition of crude oils (Roussel and
Boulet, 1995¢)

Element Composition (wt%)
Carbon 83.0-87.0
Hydrogen 10.0-14.0

Sulphur 0.05-6.0

Nitrogen 0.1-0.2

Oxygen 0.05-2.0

N1 <120 ppm

V <1200 ppm

2. Crude oil is not classified based on carbon content — This means that crude oil is
not categorized solely by the amount of carbon it contains but rather by other factors
such as sulfur content, API gravity, and hydrogen-to-carbon ratio.
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3. Impurities in crude oil (low concentrations) — Crude oil contains unwanted
impurities such as sulfur, nitrogen, oxygen, and metals. Even in low concentrations,
these impurities are undesirable because they:
o Affect crude oil processability in refining.
o Reduce the quality of final petroleum products.
4. Catalyst poisoning and corrosion — During refining, the impurities present in crude
oil cause two major issues:
o Catalyst poisoning: Certain metals (e.g., nickel and vanadium) deactivate
catalysts used in refining.
o Corrosion: Sulfur and acidic compounds can damage refinery equipment.
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There are three main classes of hydrocarbons, which are classified based on the type of
carbon-carbon bonds present.

1. Saturated Hydrocarbons
o Contain only single carbon-carbon bonds.
o Called paraffins (alkanes) if they are acyclic (straight or branched chains).
o Called naphthenes (cycloalkanes) if they are cyclic (ring structures).
2. Unsaturated Hydrocarbons
o Contain multiple carbon-carbon bonds (double, triple, or both).
o Called olefins due to their chemical reactivity.
o Alkenes contain one or more carbon-carbon double bonds.
o Alkynes contain one or more carbon-carbon triple bonds.
3. Aromatic Hydrocarbons
o A special class of cyclic compounds.
o These hydrocarbons are related to benzene and have a distinct ring
structure.
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2.2.1 Paraffin (Alkanes)

Paraffins (alkanes) are saturated hydrocarbons that follow the general formula
(CwHaa+2), where n represents the number of carbon atoms.

Normal paraffins (n-paraffins or n-alkanes) are straight-chain hydrocarbons with
no branching.

Each paraffin molecule differs from the next by a (-CHz-) methylene group,
meaning each successive alkane is longer by one carbon unit. (Table 2.2)

Table 2.2 Names and formulas of the first ten parrafins (alkanes)

Number of Molecular Number
Name carbon atoms formula Structural formula of isomers
Methane 1 CH, CH, 1
Ethane 2 C->Hq CH;CH; 1
Propane 3 C;Hg CH;CH,CHj;4 1
Butane 4 CsH,o CH;CH,CH,CHj;4 2
Pentane 5 CsH;» CH;(CH,);CH4 3
Hexane 6 CegHyy CH;(CH,),CH; <
Heptane 7 CsH,6 CH3(CH»)sCH3 9
Octane 8 CgH;s CH;(CH,),CH3 18
Nonane 9 CoH» CH;(CH,);CH3 35
Decane 10 CioHa2> CH;(CH»)sCH3 75
Iso-Paraffins (Iso-Alkanes) and Isomerization

Iso-paraffins (iso-alkanes) are branched-chain hydrocarbons that undergo
structural isomerization.

Structural isomerization occurs when two molecules have the same molecular
formula but different bonding arrangements.

The molecules have the same formulas but different atomic arrangements, which
is why they are called isomers.

Example: Butane and Pentane have structural isomers, meaning they have
identical molecular formulas but different structural configurations.
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CHy— CH,— CH, - CHs CHy— CH,~ CHy ~ CHy— CH,
n-Butane n-Pentane
CH, CH, CH,
I I |
CH3 —CH — CH3 CH3— CH— CHZ_ CH3 CH3— C —CH3
Isobutane isopentane '
(2-methylpropane) (2-methylbutane) CHs,
neopentane

(2,2-dimethylpropane)

[J Paraffins in the range of Cs—Ci.:
e There are more than 600 possible isomers for paraffinswith 5 to 12 carbon atoms.
o However, only 200-400 of these isomers are commonly found in petroleum
fractions.
[ Isomers Have Different Properties:
e The differences in molecular structure cause variations in physical and chemical
properties.
o Iso-paraffins in gasoline increase the octane number, which improves fuel
efficiency and combustion performance.

2.2.2 Olefins (Alkenes and Alkynes)
o Olefins (Alkenes) are unsaturated hydrocarbons that contain at least one carbon-
carbon double bond.
e Compounds with carbon-carbon triple bonds are called acetylenes (alkynes).
e The general formula for:
e Olefins (Alkenes): C,Hz, (R—-CH=CH-R’). (<lusl¥l) cladd oY)
o Acetylenes (Alkynes): C,Hz, 2 (R-C=C-R’). ((<ulSIY)) ciluliwdi)
o Olefins are not naturally present in crude oil; instead, they are formed during
conversion processes such as cracking and refining.
e The lightestalkenes are ethylene (C2H4) and propylene (CsHs), which are essential
feedstocks in the petrochemical industry.
e The lightest alkyne is acetylene.

Ethylene Propylene Acetylene
(ethene) (propene) (ethyne)
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2.2.3 Naphthenes (Cycloalkanes)

o Naphthenes, also known as cycloalkanes, are saturated hydrocarbons that contain
at least one ring of carbon atoms.

e They follow the general formula C,Hz,.

e A common example is cyclohexane (CsHiz2), which consists of a six-carbon ring
structure.

Properties of Naphthenes

« Higher boiling points and densities than alkanes with the same number of carbon
atoms.

e Naphthenes commonly found in crude oil are rings with five or six carbon atoms.

e These rings usually have alkyl substituents (side chains) attached to them.

e Multi-ring naphthenes are typically present in the heavier fractions of crude oil.
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H,C CH,
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H,C ~ CH,
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Cyclohexane
: : 'R O/ R [ I ]
Alkylcyclopentanes Alkylcyclohexanes Bicycloalkanes
CH, CH, CHy
@ O/ B Q/ o
methylcyclopentane 1,2-dimethylcyclopentane 1-ethyl-2-methylcyclopentane

2.2.4 Aromatics

e Aromatics are unsaturated cyclic hydrocarbons that contain one or more benzene
rings.

e The benzene ring has three double bonds arranged in a unique way, making it
highly stable.

Types of Aromatic Compounds in Crude Oil:

e Mono-aromatics:
o Contain one benzene ring.
o Some hydrogen atoms may be replaced by alkyl groups.
o Examples: Toluene and Xylene.
o Importance: Used as petrochemical feedstocks and help increase octane
number in gasoline.
e Polynuclear Aromatic Compounds (Complex Aromatics):
o Consist of multiple fused benzene rings.
o Found in heavy petroleum fractions.
o Undesirable because they:
= Cause catalyst deactivationand coke deposition during processing.
= Create environmental problems, especially in diesel and fuel oils.
o The heaviest portion of crude oil contains asphaltenes, which are
polynuclear aromatic compounds with complex structures.
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2.2.5 Sulphur Compounds in Crude Oil

e Sulphur content in crude oil varies from less than 0.05% to more than 10 wt%, but
most crude oils have 1-4 wt% sulphur.

e Crude oil with less than 1 wt% sulphur is called low sulphur or sweet crude.
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Crude oil with more than 1 wt% sulphur is called high sulphur or sour crude.

Types of Sulphur in Crude Oil:

e Found in different forms:
o Elemental sulphur (S).
o Dissolved hydrogen sulphide (H-S).
o Carbonyl sulphide (COS).
o Organic sulphur compounds, where sulphur is part of the hydrocarbon

structure.

Mercaptans and Sulphides:

Mercaptans (also called thiols) are organic compounds containing a -SH functional

group at the end of an alkyl chain (R-SH).
Mercaptans can be simple like methyl mercaptan (CHsSH) or more complex like
phenyl mercaptan (thiophenol).
e Sulphides and Disulphides:
o Sulphur replaces one or two carbon atoms in the hydrocarbon chain.

o Found in light fractions of crude oil.

o Can be cyclic (ring structures) or aromatic (benzene-like structures).

CH3SH CH;CH,CH,CH, SH OSH

methyl mercaptan n-butyl mercaptan phenyl mercaptan
(methanethiol) (1-butanethiol) (thiophenol)
S S-SR
>
cyclic sulfides Aromatic disulfide
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Thiophenes are polynuclear aromatic compounds where a sulfur atom replaces one
or more carbon atoms in the aromatic ring.

These compounds are typically found in heavier crude oil fractions.
Thiophenes in crude oil may have different chemical formulas, indicating the presence of
various sulfur-containing aromatic structures.

: S i S S
Thiophene Benzothiophene Dibenzothiophene
S
ne
Naphthobenzothiophene
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2.2.6 Oxygen Compounds in Crude Oil

« The oxygen content in crude oil is usually less than 2 wt%.
« Oxygen in crude oil exists in various forms, including:
o Alcohols, Ethers, Carboxylic Acids, Phenolic Compounds,
Ketones, Esters, and Anhydrides.
« The presence of oxygen compounds makes crude oil acidic, leading
to processing issues such as corrosion.

Types of Oxygen Compounds in Crude Oil:

1. Alcohols:
o Have the general formula R—OH.
o Structurally similar to water, but one hydrogen atom is
replaced by an alkyl group.
2. Phenols:
o In aromatic compounds, one hydrogen atom in the benzene
ring is replaced with a hydroxyl (-OH) group.
3. Ethers:
o Contain two organic groups (R and R") connected by an
oxygen atom.
o General formula: R-O-R".

CHs — CH — CHs OH
CHs- OH |
OH

methyl alcohol isopropy! alcohol phenyl alcohol
(methanol) (2-propanol) (phenol)
OH
CH3;CH,—0O-CHjy
o)
ethyl methyl ether diphenyl ether tetrahydropyran

(cyclic ether)
pentamethylene oxide
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e Carboxylic acids are organic compounds that contain a carboxyl functional group (-
COOH).

¢ This functional group is responsible for the acidic properties of these compounds.

e The general formula for carboxylic acids is typically R—-COOH, where R represents a
hydrocarbon chain.
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. A" or R-COOH
~ OH ~ OH

carboxyl group carboxylic acid

Examples of aliphatic and aromatic carboxylic acids are:

COOH
CH,—~COOH

acetic acid benzoic acid
(ethanoic acid)  (benzenecarboxylic acid)

e Ketones are organic compounds that contain a carbonyl functional group (C=0).

¢ In ketones, the carbonyl carbon is bonded to two other carbon atoms.

e This structure distinguishes ketones from aldehydes, where the carbonyl group is at
the end of the molecule.

2.2.7 Nitrogen Compounds in Crude Oil

e Crude oils contain very low amounts of nitrogen compounds.

e More asphaltic crude oil has a higher nitrogen content.

e Nitrogen compounds are more stable than sulphur compounds, making them
harder to remove during refining.

e They can cause poisoning of cracking catalysts and contribute to gum formation
in finished petroleum products.

Types of Nitrogen Compounds in Crude Oil:

e Basic and Non-Basic Nitrogen Compounds:
o Basic nitrogen compounds include pyridines, which are six-membered
heteroaromatic compounds containing one nitrogen atom.
e Polycyclic Nitrogen Compounds:
o When pyridines fuse with benzene rings, they form quinolines and
isoquinolines, which are polycyclic nitrogen-containing aromatic
compounds.
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e Non-basic nitrogen compounds include pyrroles, which are five-membered
heteroaromatic compounds containing one nitrogen atom.

e When pyrrole is fused with a benzene ring, it forms polycyclic heteroaromatic
compounds such as indole and carbazole
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pyrrole indole carbazole
(CaHsN) (CatizN) (CiaHgN)

2.2.8 Metallic Compounds in Crude Oil

o Metallic compounds exist in very small amounts in all types of crude oil.
e Their concentration must be reduced to prevent operational problems and
contamination of products.
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e Metallic compounds cause poisoning of catalysts used in hydroprocessing and
cracking.

e Even trace amounts of metals (such as iron, nickel, and vanadium) can:

o Affect catalyst activity in catalytic cracking.
o Increase gas and coke formation, leading to reduced gasoline yields.

e Vanadium, nickel, copper, and iron exist as oil-soluble compounds and can form
complexes with pyrrole compounds.

e In high-temperature power generators, the presence of vanadium in fuel may:

o Cause ash deposits on turbine blades.
o Lead to severe corrosion and damage refractory furnace linings.

e Crude oils also containinorganic water-soluble salts (e.g., chlorides and sulfates of
sodium, potassium, magnesium, and calcium), which are removed in desalting
operations.

e Oil-soluble metalliccompounds (such as zinc, titanium, calcium, and magnesium)
appear in the form of organometallic soaps.
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2.2.9 Asphaltenes and Resins in Crude Oil

o The physical properties of crude oil, such as specific gravity (API), are significantly
influenced by high-boiling constituents, including heteroatoms (sulphur, nitrogen,
and metals).

o It is essential to characterize the heaviest fractions of crude oil to determine their
properties and processability.

o Two major classes of heavy fractions in crude oil are:

o Asphaltenes
o Resins
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Asphaltenes

Asphaltenes are dark brown, friable (brittle) solids that do not have a defined
melting point and leave carbonaceous residue upon heating.

They are separated from crude oil in laboratories using non-polar solvents like
pentane and n-heptane.

Problems Caused by High Asphaltene Content in Crude Oil:

High amounts of asphaltenes in crude oil can lead to tremendous problems in
production and processing, such as:

Precipitation inside rock pores, wellheads, and surface equipment, leading to flow
restrictions.

Increased viscosity and gravity, causing transportation challenges.

Reduced processability in refining operations.

Coke formation and metal deposition on catalysts, leading to catalyst deactivation.
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Resins in Crude Oil

e Resins are polar molecules with molecular weights ranging from 500 to 1000.
e They are insoluble in liquid propane but soluble in n-heptane.
e Resins playa crucial role in dissolving and stabilizing asphaltenes in petroleum.
e Mechanism of Action:
o Resin molecules surround asphaltene clusters (micelles) and keep them
suspended in liquid oil.
e Resin Content in Crude Oil:
o Since each asphaltene particle is surrounded by multiple resin
molecules, the content of resins in crude oil is higher than that of
asphaltenes.
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2.3 Products Composition in Refineries
There are specifications for over 2000 individual refinery products.
Intermediate feedstocks can be processed in various refinery units to produce different
blended products based on market demand.
Figure 2.1 illustrates common refinery products, detailing their carbon atom contents and
boiling ranges.
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- Number of  Boiling point Uses
carbons range
T!r\ Gases 1-4 0-30°C Bottled and natural gas
Naphthas 5-10 30-180°C Gasoline
Kerosenes  10-16 180-260°C Kerosenefor hojrie

heaters, jet fuel

Diesel fuel, feedstock

Gas oils 16-60 260-350°C :
for cracking
Lubricants >60 350-575°C Motor OiF' feedstock
3 . for cracking
Fuel oil 570 5490°C Candles, fuel on! for ships
Crude oil and power stations
~400°C Asphalt >80 >580°C Roofing tar, road tar
- v
(a) Petroleum distillation tower (b) Petroleum fractions

Figure 2.1 Principal petroleum products with carbon numbers and boiling ranges

2.3.1 Liquefied Petroleum Gas (LPG)

Liquefied Petroleum Gas (LPG) is a group of hydrocarbon-based gases derived from
crude oil refining or natural gas fractionation.
It includes gases such as:
o Ethane, ethylene, propane, propylene, normal butane, butylenes, isobutane,
and isobutylene.
These gases are liquefied through pressurization to facilitate transportation and storage.
Jodll il 3l (LPG) 45323 5l alall Jadil) 5 S5 (pe A jaiunall 43 50 S 5 sl < Jlall oo sana 58
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2.3.2 Gasoline | ¢
o Gasoline is classified by octane rating into three types:
1. Regular gasoline:
= QOctane rating between 85 and 88
2. Mid-grade gasoline:
= QOctane rating between 88 and 90
3. Premium gasoline:
= Octane rating greater than 90
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1. @l gu3id (Regular gasoline):

= 88585 i LSyl o Ao s s

2. 4 hugie ¢ 3l (Mid-grade gasoline):

w90 988 o Syl By o s sy

3. Jleddl g3l (Premium gasoline):
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2.3.3 Kerosene | ¢pg st

o Kerosene is a light petroleum distillate used in space heaters, cook stoves, and
water heaters. It is also suitable for use as a light source.
o Distillation Properties:
o Maximum distillation temperature: 204°C (400°F) at the 10%
recovery point.
o Final boiling point: 300°C (572°F).
o Minimum flash point: 37.8°C (100°F).
o Kerosene is classified into two grades under ASTM Specification D3699.
e A jet-fuel-based kerosene must meet ASTM Specification D1655, with similar
distillation properties.
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2.3.4 Jet Fuel | < ilall 368 g

e Jet fuel includes both gasoline and kerosene.
e It meets the specifications for use in aviation turbine power units.
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e The quality of diesel fuel is measured by cetane number or cetane index.

o Cetane number (CN) is based on the volume percentage of cetane (CisHss)
(high ignition quality, CN = 100) and alpha-methyl-naphthalene (Ci:H10) (low
ignition quality, CN = 0).

o Railroad diesel fuels are heavier than automotive diesel fuels and have higher
boiling ranges (up to 400°C or 750°F) but lower cetane numbers (CN = 30).
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2.3.6 Fuel Oil | 298l )
English Explanation:

o Fuel oils are mainly used in space heating, with high demand in cold climates.
e No. 1 fuel oil is similar to kerosene, while No. 2 fuel oil is similar to No. 2
diesel fuel.

o Heavier fuel oil grades (No. 3 and No. 4) are also available.
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2.3.7 Residual Fuel Oil | Agiall 368 gl

e Residual fuel oil is mainly composed of vacuum residue.
o Key specifications include viscosity and sulfur content.
e Low-sulfur residues are in higher demand in the market.

o (S1AN A U e il S8 05 (Adlal) 389l <3 (Vacuum residue).
o sl (g ginag da g3 Jadi A ) Cliual gall,
o Gl el il Jhaad cy ) Adaidia ciligal),



Chapter 2 Middle Technical University Sep.2024 Dr. Younis M. Younis
Engineering Technical College-Baghdad
Fuel and Energy Techniques Engineering

2.3.8 Lube Oil | a3l <

e Lubricants are categorized based on viscosity index.
o Paraffinic and naphthenic lubricants have a viscosity index greater than 75.
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2.3.9 Asphalt | «diwy)

e Asphalt is a key material in construction.
e It makes up to 20% of construction products.
e Asphalt is only produced from crude oil containing asphaltic material.
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2.3.10 Petroleum Coke | Joidl aad

e Petroleum coke is formed through thermal conversion of petroleum residues.
e It consists of 85% carbon and 4% hydrogen, with small amounts of sulfur,
nitrogen, oxygen, vanadium, and nickel.
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