PETROLEUM CHEMISTRY
Origin of  Petroleum
Petroleum is a decomposed product of the remains of marine organism and plants formed over the ages under high pressure and temperature conditions. It is a dark viscous liquid. It is found in underground rock formations, and it is extracted refining into various fuels and chemical products. The word petroleum is a Latin word, ‘Petra’ which means rock and ‘oleum’ which means oil, therefore petroleum means ‘Rock oil’. It is a complex of hydrocarbon of various alkanes, cycloalkanes, aromatic hydrocarbons and other compounds of oxygen, sulphur and nitrogen.
Petroleum generation occurs over long periods of time—millions of years. In order for petroleum generation to occur, organic matter such as dead plants or animals must accumulate in large quantities. The organic matter can be deposited along with sediments and later buried as more sediments accumulate on top. The sediments and organic material that accumulate are called source rock. After burial, chemical activity in the absence of oxygen allows the organic material in the source rock to change into petroleum without the organic matter simply rotting. A good source of  petroleum is a sedimentary rock such as shale or limestone that contains between 1and 5% organic carbon.
 Rocks occur in many environments, including lakes, deep areas of the seas and oceans, and swamps. The source rocks must be buried deep enough below the surface of the earth to heat up the organic material, but not so deep that the rocks metamorphose or that the organic material changes to graphite or materials other than hydrocarbons. Temperatures of less than 302°F (150°C) are typical for petroleum generation. Geologists often refer to the temperature range in which oil forms as an “oil window” below the minimum temperature oil remains trapped in the form of kerogen, and above the maximum temperature the oil is converted to natural gas through the process of thermal cracking. Although this temperature range is found at different depths below the surface throughout the world, a typical depth for the oil window is 4– 6 km.

Theories of Petroleum                                                                                             
The origin of petroleum still has uncertainties despite the tremendous research and studies devoted to it rather than any other natural substance. 
 Inorganic or Abiotic origin
The abiotic origin states that hydrogen and carbon came together under great temperature and pressure, far below the earth’s surface and formed oil and gas where chemical reactions have occurred. The oil and gas then seeped through porous rock to deposit in various natural underground traps. It has also excluded the hypothesis that petroleum is a finite substance. There are some different theories that describe the inorganic origin of petroleum which include:
· Metal carbide theory Developed by a Russian chemist and states that the deposition of petroleum is controlled by tectonic activities that occurred during the life of sedimentary rock. To explain his observations, he has put forth "metal carbide theory". Metal carbides deep in Earth reacted with water at high pressure and temperature to form acetylene which condenses to heavier hydrocarbons. Reaction equation is: Cac2+H2O= C2H2+Ca(OH)2 Volcanic theory Involves outgassing of the mantle via volcanic activity or eruption. 
· Earthquake theory Involves outgassing deep Earth's mantle via tectonic activities such as faults, and this is still happening till now.
· Serpentinization theory States that hydrocarbon is a by-product that came from a metamorphic transformation of the green dark Olivine mineral ,which was found in Earth's mantle
Overwhelming evidence for inorganic origin of petroleum
i) Geographical location: most of hydrocarbon producing regions are located close to belts of tectonic activities. 
ii) Stability with depth: Corresponding to what organic theory's supporters have admitted themselves; petroleum is a fossil fuel, and there has never been a real fossil found below 16000 feet. Nowadays, there is drilling for oil reservoirs at 28000 feet or 30000 feet where there is not a fossil remains.
Organic (Biotic) origin 
Proposed by Karl Engler, a German scientist, in the late 19th and 20th centuries. He suggested that petroleum originated from the decomposition of marine  animals and plants, mainly microscopic plankton and algae. These remains were settled into seas and accumulated at the ocean floor and buried under several kilometres of sediments. Over a few million years, the layers of the organic material were compressed under the weight of the sediments above them. The increase in pressure and temperature with the absence of oxygen changed the mud, sand, slit or sediments into rock and organic matter into Kerogen. After further burial and heating, the kerogen transformed via cracking into petroleum and natural gas. 
Overwhelming evidence for organic origin of petroleum 
· Presence of brine (sea water) with petroleum. 
· Petroleum is found only in association with sedimentary rocks. There is no petroleum associated with igneous or metamorphic rocks. associated with igneous or metamorphic rocks.
· Polarized light passing through all petroleum resources undergoes a rotation that is similar to all organic oils. 
· Molecules in hydrocarbons are thought to be similar to that of the organic matter. 
· The organic carbon found in plants is depleted into C13 due to photosynthesis process. In dead organic matter, it is further depleted due to radioactive decaying. The same depletion was found in petroleum and natural gas.
Morden Theory of Petroleum

Stages of Petroleum Formation
Petroleum is formed from the remains of ancient marine organisms such as planktons and algae that accumulated in sedimentary basins millions of years ago. The transformation of this organic material into crude oil and natural gas occurs in three main stages:
· Diagenesis(Early Stage) – Formation of Kerogen
Diagenesis is the process where organic matter undergoes chemical and biological changes under mild conditions of heat and pressure after burial. Organic materials mostly from microscopic marine organism over millions of years undergoes microbial and  chemical reactions, decomposing soft tissues and removing oxygen and hydrogen while concentrating carbon. The remaining material is converted into Kerogen ( a solid, waxy organic compound), which is a precursor to petroleum.
· Catagenesis (Main Stage) – Generation of Petroleum
Catagenesis is the process where kerogen undergo thermal decomposition to generate crude oil and natural gas. As sediments layers build up, heat and pressure increases. Kerogen undergoes thermal cracking, breaking down into liquid hydrocarbon (crude oil) and gaseous hydrocarbon (natural gas). The type of hydrocarbon formed depend on the original kerogen  composition.
· Metagenesis (Late stage) – Generation of Natural Gas
Metagenesis is the final stage where crude oil molecules are further cracked into natural gas under extreme heat and pressure. At very high temperatures, hydrocarbons continue to break down. Oil molecules degrade into lighter  hydrocarbons, primarily methane (CH4). Solid residue such as graphite and carbon-rich coke may form. This stage represents the end of petroleum formation as further heating destroys hydrocarbons.
The transformation of organic materials into petroleum is a slow process that takes millions of years. The type of petroleum product formed depend on son the original organic material, temperature and pressure condition. Understanding these stages is crucial  in petroleum exploration, helping geologists locate oil and gas reservoirs.

Classification of Petroleum
Petroleum can be classified based on various criteria, including its origin, composition, sulphur content, API gravity. 
· Classification based on API Gravity
i) Light crude oil: it has low density, high market value and easier to refine into fuels.
ii) Medium crude oil: moderately dense and easily refined
iii) Heavy crude oil: high density, requires more processing
iv) Extra heavy crude oil: very dense, often classified as bitumen or tar sands.
· Classification based on sulphur Content
i) Sweet crude oil :this  contains low sulphur, making it more desirable for refining since it produces less pollution.
ii) Sour crude oil : this has a high sulphur content, requiring additional  processing to remove sulphur before refining.
Petroleum also can be classified based on its hydrocarbon composition into paraffinic, asphaltic, and mixed based crude oil. This classification is important because it affects refining processes, product yield, and economic value.

Paraffin-Based Crude Oil
Composition: contains high percentage of paraffinic hydrocarbons (alkanes).
Properties :
· High API gravity(low density)
· Low sulphur content and metal content
· Produces high yields of gasoline, kerosene, and lubricating oils
· Waxy in nature, which can cause pipeline clogging in cold temperatures
Uses: preferred for producing high quality fuels, lubricants, and petrochemicals.
Asphaltic- Based Crude Oil
Composition: contains high percentage of asphaltenes and naphthenic hydrocarbons (cycloalkanes).
Properties :
· Lower API gravity (denser and heavier)
· Higher sulphur and metal content
· Yields more products like diesel, fuel oil, and asphalt rather than gasoline
· Less waxy but contains more complex hydrocarbons.
Uses: suitable for asphalt production and heavy industrial fuels
Mixed-Based Crude Oil
Composition: contains both paraffinic and asphaltic components in moderate amounts.
Properties:
· Intermediate  API gravity and sulphur content.
· Balanced product yield, producing both light and heavy fractions.
Uses: versatile and suitable for  a wide range of petroleum products.


Uses of petroleum
Most of the crude oil is used in the production of fuels such as gasoline , kerosene, and fuel oil. Non-fuel uses include petroleum solvents, industrial gases and waxes, or as raw materials for the synthesis foe petrochemicals. Petroleum products are used to produce synthetic fibres  such as nylon and other polymers such as polystyrene, polyethylene and synthetic rubber. They also serve as raw materials in the production of refrigerants, aerosols, antifreeze, detergents, dyes, adhesives, alcohols, explosives, and pesticides. The H2 given off in refineries  can be used to produce a number of inorganic petrochemicals such as ammonia, ammonium nitrate, and nitric acid from which most fertilizers as well as other agricultural chemicals are made.
Composition of crude oil.
The crude oil mixture is composed of the following:
· Hydrocarbon compounds (compounds made of carbon and hydrogen only).
· Non-hydrocarbon compounds. 
· Organometallic compounds and inorganic salts (metallic compounds). 
Hydrocarbon Compounds 
The principal constituents of crude oil are hydrocarbon compounds. All hydrocarbon classes are present in the crude mixture, except alkenes and alkynes. This may indicate that crude oil originated under a reducing atmosphere. The following is a brief description of the different hydrocarbon classes found in all crude oil.  
Alkanes (paraffins) 
Alkanes are saturated hydrocarbons having the general formula CnH2n+2. The simplest alkane, methane (CH4), is the principal constituent of natural gas. Methane, ethane, propane, and butane are gaseous hydrocarbons at ambient temperatures and atmospheric pressure. They are usually found associated with crude oil in a dissolved state. Normal alkanes (n-alkanes, n-paraffins) are straight-chain hydrocarbons having no branches. Branched alkanes are saturated hydrocarbons with an alkyl substituent or a side branch from the main chain. A branched alkane with the same number of carbons and hydrogens as an n-alkane is called an isomer. 
cycloparaffins (Naphthenic) 
Saturated cyclic hydrocarbons, normally known as naphthenes, are also part of the hydrocarbon constituents of crude oil. Their ratio, however, depends on the crude type. The lower members of naphthenes are cyclopentane, cyclohexane, and their mono-substituted compounds. They are normally present in the light and the heavy naphtha fractions. Cyclohexanes, substituted cyclopentanes, and substituted cyclohexanes are important precursors for aromatic hydrocarbons. Heavier petroleum fractions such as kerosine and gas oil may contain two or more cyclohexane rings fused through two vicinal carbons.
Aromatic Compounds 
Aromatic compounds are present in small amounts in crude oil and light petroleum fractions. The simplest mononuclear aromatic compound is benzene (C6H6). Toluene (C7H8) and xylene (C8H10) are also mononuclear aromatic compounds found in variable amounts in crude oil. Benzene, toluene, and xylenes (BTX) are important petrochemical intermediates as well as valuable gasoline components. Separating BTX aromatics from crude oil distillates is not feasible because they are present in low concentrations. Enriching a naphtha fraction with these aromatics is possible through a catalytic reforming process. Binuclear aromatic hydrocarbons are found in heavier fractions than naphtha. Trinuclear and polynuclear aromatic hydrocarbons, in combination with heterocyclic compounds, are major constituents of heavy crude and crude residues. Asphaltenes are a complex mixture of aromatic and heterocyclic compounds. 
Non-Hydrocarbon Compounds 
Various types of non-hydrocarbon compounds occur in crude oil and refinery streams. The most important are the organic sulphur, nitrogen, and oxygen compounds. Traces of metallic compounds are also found in crude oil. The presence of these impurities is harmful and may cause problems to certain catalytic processes. Fuels having high sulphur and nitrogen levels cause pollution problems in addition to the corrosive nature of their oxidization products.
Sulphur Compounds
 Sulphur in crude oil is mainly present in the form of organic sulphur compounds. Hydrogen sulphide is the only important inorganic sulphur compound found in crude oil. Its presence, however, is harmful because of its corrosive nature. Organic sulphur compounds may generally be classified as acidic and non-acidic. Acidic sulphur compounds are the thiols (mercaptans). Thiophene, sulphides, and disulphides are examples of non-acidic sulphur compounds found in crude fractions. Extensive research has been carried out to identify some sulphur compounds in a narrow light petroleum fraction. Examples of some sulphur compounds Methylmercaptan, Phenylmercaptan , Dimethyl sulphide, Dimethyldisulphide Cyclohexylthiol,  Thiocyclohexane, Thiophene, Benzothiophene. Sour crude oil contains a high percentage of hydrogen sulphide. Because many organic sulphur compounds are not thermally stable, hydrogen sulphide is often produced during crude processing. High-sulphur crudes are less desirable because treating the different refinery streams for acidic hydrogen sulphide increases production costs. Most sulphur compounds can be removed from petroleum streams through hydro treatment processes, where hydrogen sulphide is produced and the corresponding hydrocarbon released. Hydrogen sulphide is then absorbed in a suitable absorbent and recovered as sulphur. 
Nitrogen Compounds 
Organic nitrogen compounds occur in crude oil either in a simple heterocyclic form as in pyridine (C5H5N) and pyrrole (C4H5N), or in a complex structure as in porphyrin. The nitrogen content in most crude oil is very low and does not exceed 0.1 weight per cent. In some heavy crude, however, the nitrogen content may reach up to 0.9 weight per cent. Nitrogen compounds are more thermally stable than sulphur compounds and accordingly are concentrated in heavier petroleum fractions and residues. Light petroleum streams may contain trace amounts of nitrogen compounds, which should be removed because they poison many processing catalysts. During hydro treatment of petroleum fractions, nitrogen compounds are hydrogenated to ammonia and the corresponding hydrocarbon. For example, pyridine is denitrogenated to ammonia and pentane. The following are examples of organic nitrogen compounds; Pyridine, Quinoline, Isoquinoline ,Pyrrole, Indole, Carbazole, Benzocarbazole. 
 Oxygen Compounds 
Oxygen compounds in crude oil are more complex than the sulphur compounds. However, their presence in petroleum streams is not poisonous to processing catalysts. Many of the oxygen compounds found in crude oil are weakly acidic. They are carboxylic acids, cresylic acid, phenol, and naphthenic acid. The following shows some of the oxygen compounds commonly found in crude oil: Esters, amides, Ketones, Furan, Benzofuran.

Metallic Compounds 
Many metals occur in crude oil. Some of the more abundant are sodium, calcium, magnesium, aluminium, iron, vanadium, and nickel. They are present either as inorganic salts, such as sodium and magnesium chlorides, or in the form of organometallic compounds, such as those of nickel and vanadium (as in porphyrins). Calcium and magnesium can form salts or soaps with carboxylic acids. These compounds act as emulsifiers, and their presence is undesirable. Although metals in crude are found in trace amounts, their presence is harmful and should be removed. When crude oil is processed, sodium and magnesium chlorides produce hydrochloric acid, which is very corrosive. Desalting crude oil is a necessary step to reduce these salts. Vanadium and nickel are poisons to many catalysts and should be reduced to very low levels.
Natural Gas
Natural gas is a mixture of lightweight alkanes, accumulated in porous rocks. A typical sample of natural gas when it is collected at its source contains about 80% methane, 7% ethane, 6% propane, 4% butane, and 3% pentane. 
Uses of Natural Gas 
Power Generation
 Natural gas is a major source of electricity generation through the use of gas turbines and steam turbines. Most grid peaking power plants and some off-grid engine-generators use natural gas. This is because high efficiencies can be achieved through combining gas turbines with a steam turbine in combined cycle mode. Natural gas burns more cleanly than other fossil fuels, such as oil and coal, and produces less carbon dioxide per unit energy released. For an equivalent amount of heat, burning natural gas produces about 30% less carbon dioxide than burning petroleum and about 45% less than burning coal. Combined cycle power generation using natural gas is thus the cleanest source of power available using fossil fuels, and this technology is widely used wherever gas can be obtained at a reasonable cost. Fuel cell technology may eventually provide cleaner options for converting natural gas into electricity, but it is not price competitive.


Domestic Use 
Natural gas is supplied to homes, where it is used for such purposes as cooking in natural gas-powered engines and/or ovens, natural gas-heated clothes dryers, heating/cooling and central heating. Home or other building heating may include boilers, furnaces, and water heaters. Methane also known as compressed natural gas (CNG) is used in rural homes without connections to piped-in public utility services, or with portable grills. However, due to CNG being less economical than liquified natural gas, LPG (Propane) is the dominant source of rural gas.
Transportation Fuel 
Compressed natural gas (CNG) is a cleaner alternative to other automobile fuels such as gasoline (petrol) and diesel. The energy efficiency is generally equal to that of gasoline engines but lower compared with modern diesel engines. Gasoline/petrol vehicles converted to run on natural gas suffer because of the low compression ratio of their engines, resulting in a cropping of delivered power while running on natural gas (10-15%). CNG-specific engines, however, use a higher compression ratio due to its fuel's higher octane number of 120– 130. 
Fertilizer 
Natural gas is a major feedstock for the production of ammonia, via the Haber process, for use in fertilizer production.
Aviation 
Russian aircraft manufacturer, Tupolev claims that at current market prices, an LNG-powered aircraft would cost 5,000 rubles (~ $218/ £112) less to operate per ton, roughly equivalent to 60%, with considerable reductions to carbon monoxide, hydrocarbon and nitrogen oxide emissions. The advantages of liquid methane as a jet engine fuel are that it has more specific energy than the standard kerosene mixes and that its low temperature can help cool the air which the engine compresses for greater volumetric efficiency, in effect replacing an intercooler. Alternatively, it can be used to lower the temperature of the exhaust.
Properties of Crude Oil 
Crude oil differs appreciably in their properties according to origin and the ratio of the different components in the mixture. Lighter crude oil generally yields more valuable light and middle distillates and are sold at higher prices. Crude oil containing a high per cent of impurities, such as sulphur compounds, are less desirable than low-sulphur crude oil because of their corrosive properties and the extra treating cost. Corrosive properties of crude oil are a function of many parameters among which are the type of sulphur compounds and their decomposition temperatures, the total acid number, the type of carboxylic and naphthenic acids in the crude oil and their decomposition temperatures. It was found that naphthenic acids begin to decompose at 600°F. Refinery experience has shown that above 750°F, there is no naphthenic acid corrosion. For a refiner, it is necessary to establish certain criteria to relate one crude oil to another to be able to assess its quality and choose the best processing scheme. The following are some of the important tests used to determine the properties of crude oil. 
Density, Specific Gravity and API Gravity
 Density is defined as the mass of unit volume of a material at a specific temperature. A more useful unit used by the petroleum industry is specific gravity, which is the ratio of the weight of a given volume of a material to the weight of the same volume of water measured at the same temperature. Specific gravity is used to calculate the mass of crude oil and its products. Usually, crude oil and their liquid products are first measured on a volume basis and then changed to the corresponding masses using the specific gravity. The API (American Petroleum Institute) gravity is another way to express the relative masses of crude oil. The API gravity could be calculated mathematically using the following equation: A low API gravity indicates a heavier crude oil or a petroleum product, while a higher API gravity means sa lighter crude oil or product. Specific gravities of crude oil roughly range from 0.82 for lighter crude to over 1.0 for heavier crude. 
Salt Content
The salt content expressed in milligrams of sodium chloride per liter oil (or in pounds/barrel) indicates the amount of salt dissolved in water. Water in crude oil is mainly present in an emulsified form. A high salt content in a crude oil presents serious corrosion problems during the refining process. In addition, high salt content is a major cause of plugging heat exchangers and heater pipes. A salt content higher than 10 lb/1,000 barrels (expressed as NaCl) requires desalting. 
Sulphur Content 
Determination of the sulphur content in crude oil is important because the amount of sulphur present indicates the type of treatment required for the distillates. To determine sulphur content, a weighed crude sample (or fraction) is burned in an air stream. All sulphur compounds are oxidised to sulphur dioxide, which is further oxidised to sulphur trioxide and finally titrated with a standard alkali. Identifying sulphur compounds in crude oil and their products is of little use to a refiner because all sulphur compounds can easily be desulphurised by hydrogen to hydrogen sulphide and the corresponding hydrocarbon. The sulphur content of crude, however, is important and is usually considered when determining commercial values. 
Pour Point 
The pour point of a crude oil or product is the lowest temperature at which oil is observed to flow under the conditions of the test. Pour point data indicates the amount of long-chain paraffins (petroleum wax) found in a crude oil. Paraffinic crude usually has higher wax content than other crude types. Handling and transporting crude oil and heavy fuels is difficult at temperatures below their pour points often, chemical additives known as pour point depressants are used to improve the flow properties of the fuel. Long-chain n-paraffins ranging from 16–60 carbon atoms in particular, are responsible for near-ambient temperature precipitation. In middle distillates, less than 1% wax can be sufficient to cause solidification of the fuel. 
 Ash Content
 This test indicates the amount of metallic constituents in a crude oil. The ash left after completely burning an oil sample usually consists of stable metallic salts, metal oxides, and silicon oxide. The ash could be further analysed for individual elements using spectroscopic techniques.
Extraction and refining of petroleum
Extraction 
Petroleum extraction is the process of removing crude oil and natural gas from underground reservoirs for refining and commercial use. It involves multiple technical and geological steps, beginning with exploration and ending in production. It involves the following stages
Exploration
Petroleum exploration is the first and most critical step in the petroleum industry. It involves
identifying location with potential oil and gas reservoirs hidden beneath the earths surface. 
This stage combines geological science, advanced technology, and risk analysis to determine 
Whether the reservoir is worth drilling.
Drilling 
Once a potential petroleum deposit is identified, drilling begins. There is various method
used in drilling, vertical drilling( used to reach straight reservoirs), directional /horizontal
drilling ( used to access hard to reach or layered reservoirs, increasing efficiency).
The well is created by drilling a hole of about 5 to 36 inches (127.0 mm to 914.4 mm) diameter into the earth with a drilling rig which rotates a drill string with a bit attached. After the hole is drilled, sections of steel pipe (casing), slightly smaller in diameter than the borehole, are placed in the hole. Cement may be placed between the outside of the casing and the borehole. The casing provides structural integrity to the newly drilled wellbore in addition to isolating potentially dangerous high pressure zones from each other and from the surface.
This process is all facilitated by a drilling rig which contains all necessary equipment to circulate the drilling fluid, hoist and turn the pipe, control down hole pressures, remove cuttings from the drilling fluid, and generate onsite power for these operations.

Well completion
After drilling and casing the well, it must be 'completed'. Completion is the process in which the well is enabled to produce oil or gas. In a cased-hole completion, small holes called perforations are made in the portion of the casing which passed through the production zone, to provide a path for the oil to flow from the surrounding rock into the production tubing.

Production
The production stage is the most important stage of a well's life, when the oil and gas are produced. By this time, the oil rigs and work over rigs used to drill and complete the well have moved off the wellbore, and the top is usually outfitted with a collection of valves called a production tree. These valves regulate pressures, control flows, and allow access to the wellbore in case further completion work is needed. From the outlet valve of the production tree, the flow can be connected to a distribution network of pipelines and tanks to supply the product to refineries, natural gas compressor stations, or oil export terminals.


Abandonment
When the economic limit is reached, the well becomes a liability and it is abandoned. In this process, tubing is removed from the well and sections of well bore are filled with cement to isolate the flow path between gas and water zones from each other, as well as the surface. In theory, an abandoned well can be rented and restored to production (or converted to injection service for supplemental recovery or for downhole hydrocarbons storage).

Refining process
History of Refining
Petroleum refining began in the United States of America and Russia in the second half of the 19th Century, following the discovery in 1859 of “rock oil” in Pennsylvania. In the earliest refineries, simple distillation separated crude oil into impure gasoline, kerosene, lubricating oil, and fuel oil fraction. Kerosene, or lamp oil, was the principal marketable product. To improve its odour and appearance, kerosene was treated chemically with caustic soda or sulphuric acid. The earliest automobile fuel was composed of those fractions of crude oil that were too light to be included in kerosene. Before the invention of automobile, this fraction had been virtually unstable as demand for it rose and there was increase in production and quality improvement. Methods for continuous distillation of crude oil were introduced. After World War I, a major improvement in refining came with the development of the cracking process, consisting of heating surplus heavier oils under pressure and thereby cracking, or splitting, their large molecules into the smaller ones that form the lighter, more valuable fractions. After appropriate chemical treatment, gasoline manufactured by cracking performed better in automobile engines than gasoline derived from straight distillation. During the 1930s and World War II, sophisticated refining processes involving the use of catalysts led to further improvements in the quality of fuels and increase in supply. These improved processes, including catalytic cracking, polymerisation, alkylation, and isomerisation, permitted the petroleum industry to meet the high-performance demands of combat aircraft and, after the war, to supply the increasing quantities required by commercial aviation. The 1950s and 1960s brought a large-scale demand for jet fuel and for high-quality lubricating oils. Catalytic reforming was established as the leading process for upgrading automotive motor gasoline for use in higher compression engines. Hydrocracking, accomplished by addition of hydrogen during refining, also improved the crude-oil fractions.
Separation into component. 
The various hydrocarbon compounds that are mixed together in crude oil have different boiling points, but apart from the lightest, the differences between the boiling points of neighbouring members in the rising scale of molecular weight are so small, only fraction of a degree that they cannot be separated by ordinary distillation. Crude oil contains so many components with similar boiling temperatures that the temperature slowly increases throughout a distillation, and as there is no clear separation, only mixtures of compounds can be obtained as a result of the fact that the boiling temperature of the constituents of crude oil are quite close to each other thus, making the isolation of individual constituents difficult. Therefore, simple distillation is not efficient enough to separate crude oil. A related process called fractional distillation or fractionation is used. The industrial plant needed for fractionation of crude oil is very different from the laboratory equipment; though only different in scale but the principles are the same.  The oil is first heated very strongly by gas burners (usually the gas used is a by-product of the fractionation). The hot, vapourised oil then passes up the tower where there is a series of trays. The higher boiling fractions collect in the lower trays and are piped out. The lower boiling fractions pass through to higher trays before being taken off. Gases such as methane, ethane and propane are led off at the top of the tower and recycled to the burners. The boiling range of the fractions can be controlled very accurately by adjusting the amount of heating in the first stage. During fractionation the hydrocarbon are not chemically changed but are separated physically. The hydrocarbon fractions are, for many purposes, used unchanged. Typical uses of fractions, sometimes with other hydrocarbons added are in ascending order of boiling temperature. The primary refinery process is fractional distillation, which may be followed by other physical separation methods, such as solvent extraction, in which superior lubricating stocks are extracted by means of a solvent. Petroleum refining is the complex industrial process of transforming crude oil. The refining process is divided into several categories
Conversion
Second process of refining crude oil is called conversion process. This is done to alter the size and or/molecular structure of hydrocarbons molecules to produce wide range of products. This is done via various process:
· Cracking 
This is achieved by using pressure, temperature, and catalysts.
· Thermal cracking
The earliest cracking techniques are typified by processes in which kerosene or gas oil materials were converted by heating to temperatures between 450-540oC at pressure of 250 to 500 pounds per square inch. In thermal cracking, high temperatures (typically in the range of 450-750°C) and pressures (up to about 70 atmospheres) are used to break the large hydrocarbons into smaller ones. Thermal cracking gives mixtures of products containing high proportions of hydrocarbons with double bonds – alkenes.
· Hydrocracking 
Hydrocracking is a catalytic cracking process assisted by the presence of an elevated partial pressure of hydrogen gas. The products of this process are saturated hydrocarbons , depending on the reaction conditions (temperature, pressure, catalyst activity) these products range from ethane. Major products from hydrocracking are jet fuel and diesel and olefins , while also high octane rating gasoline fractions and LPG are produced. All these products have a very low content of sulphur and other contaminants .
· Catalytic Cracking
 The decomposition of takes place by catalytic action. The catalyst  used in refineries are typically, zeolite, aluminium hydrosillicate, treated bentonite clay, fuller’s earth, bauxite, and silica-alumina, all which come in in form of powders, beads, or pellets.
· Catalytic reforming
This is an important process used to convert low octane rating naphtha into high octane rating. Depending on the properties of the naphtha feedstock and catalyst used, reformates can be used to produce high concentrations of toluene, benzene, xylene, and other aromatics useful in gasoline, blending and petrochemical processing. Most processes use platinum as the active catalyst. 
· Polymerization
This is the joining of low molecular weight fraction to form high molecular weight components. This process converts by products hydrocarbon gas to liquid hydrocarbons that are suitable for use as high octane number fuels and for petrochemical industries.

Alkylation
It is the combination of alkenes with an aromatic hydrocarbon. It is use for converting gaseous hydrocarbons to gasoline in the presence of an acid catalyst such as hydrogen fluoride or sulphuric acid. This process is usually exothermic and similar to polymerization.
Treating
Treating is a means by which contaminants such as organic compounds containing sulphur, nitrogen, and oxygen: dissolved metals, and inorganic salts, and soluble salts. Treating can be accomplished at an intermediate stage in the refining process or just before sending the finished product to storage. Choices of a treating  method depends on the nature of the petroleum fractions, amount and type of impurities, and end- product specification. Treating  materials include acids ,solvent, alkalis, oxidizing , and adsorption agents.
Petrochemical Industries 
Petrochemical Industries 
The petrochemical industry is a sector of the chemical industry focused on transforming hydrocarbon into chemical products for use in various sector including packaging, pharmaceutical, construction, agriculture, and electronics.
Petrochemicals are chemicals, other than fuels derived from petroleum. These chemicals include a large number of aliphatic and aromatic compounds of various functional groups. The various components of petroleum used as raw material in the production of other chemicals are known as ‘Feedstock’. Feedstock such as naphtha, ethane, propane, gas oil are subjected to processes like cracking, reforming and polymerization to produce basic petrochemicals.
The table below shows some petrochemicals, their derivatives and various applications
	Basic Petrochemicals
	Derived Products 
	Applications 

	Ethylene 
	Polyethylene, Ethanol, Ethylene glycol
	Plastics, antifreeze, fibres, packaging

	Propylene 
	Polypropylene, propylene glycol
	Plastics parts, textiles, carpets, packaging

	Benzene
	Styrene, phenol, aniline
	Paints, rubber, dyes, plastics, resins.

	Toluene
	TNT, benzene, solvents
	Explosives, adhesives, cleaning agents

	Xylene (o-, m-,p-)
	Terephthalic acid
	Polyester fibers and plastics

	Butadiene
	Synthetic rubber, ABS plastics
	Tires, footwear, seals, belts

	Methanol
	Formaldehyde, MTBE
	Fuel additives, resins, adhesives

	Ammonia 
	Urea, nitric acid
	Fertilizers, explosives



Applications of Petrochemicals
1. Plastics and Packaging
· Polyethylene, polypropylene, PVC: used for containers, bottles, films, bags etc.
2. Synthetic Fibers and Textiles
· 3Nylon, polyester, acrylics: clothing, home furnishing, industrial fabrics
3. Automative and Transport
· Rubber (tires), plastics interiors, synthetics fuels, lubricants.
4. Construction
· PVC pipes, insulation, adhesives, sealants, paints, roofing materials.
5. Agriculture 
· Fertilizers (urea, ammonium nitrate), pesticides, herbicides
6. Healthcare and pharmaceuticals
· Drugs precursors, medical equipment (syringes, tubing), disinfectants
7. Electronics
· Insulating materials, circuit boards, semiconductors, casings
8. Household products
· Detergents, cleaners, cosmetics, perfume, personal care items
Petroleum industries are central to economic development and technological innovation. While the petrochemical industry supports many sectors, it raises pollution issues, carbon emissions etc.
Environmental Pollution and Sustainability Issue from Petroleum use
Petroleum is a vital energy resource and raw material for many products, but its extraction , processing , transportation, and use contribute significantly to environmental degradation and climate change.
Environmental pollution
A. Air pollution
· Combustion of petroleum fuels releases gases such as :
· carbon dioxide (CO2)- a major greenhouse gas contributing to global warming
· carbon monoxide (CO) – toxic and affects oxygen transport in the human body.
· Nitrogen oxides (NOx)- contribute to smog and acid rain.
· Sulphur dioxide (SO2)- leads to acid rain and respiratory problems.
B. Water Pollution
· Oil spills severely damage marine ecosystems
· Runoff from refineries or storage facilities can contaminate rivers and ground water
· Spilled petroleum creates slicks that suffocate aquatic life and disrupts food chains.
C.  Soil Pollution
· Leakages during drilling, transport or storage contaminates soil, making it infertile and toxic to plants and microorganisms.
· Hydrocarbons degrade soil structure and hinder nutrient cycling.
D. Noise and Land Degradation
· Petroleum exploration involves seismic blasts and heavy machinery, causing habitat disruption.
· Large scale extraction operations result in deforestation and land use changes
Sustainability Challenges
Petroleum is a non- renewable source, and its continued use poses challenges for future generation.
Key sustainability issues 
· Resources depletion; fossils fuels are finite, and reserves and dwinding
· Climate change; long term use contributes significantly to global warming
· Economic inequality; oil rich countries may experience boom bust cycles while others suffer from price volatility, and energy poverty.
Sustainability Measures and Solutions
A. Cleaner Technologies
· Cleaner fuels: development of low sulphur diesel and reformed gasoline
· Emissions control: the use of carbon capture technology
· Refinery upgrade: improving energy efficiency and minimizing flaring and leakages.
B. Alternative Energy Sources
· Investing in renewable energy: solar, wind, biofuels, and hydrogen.
· Promoting electric vehicles to reduce reliance on gasoline and diesel.
C. Policy and Regulation
· Strict environmental regulations should be implemented worldwide.
D. Waste Management and Recycling
· Plastic recycling; recycling petrochemical derived plastics to reduce landfill and ocean waste
· Oil recovery; refining used oil into usable lubricants and fuels








 
