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Abstract: Physicochemical properties of artisanal refined gasoline (ARG), PMS and regular 

automotive gasoline (RAG) sampled from the Eastern Kolo Creek and a tank farm depot in Delta 

State, Nigeria were investigated. This was to compare the physicochemical properties of the 

samples with each other and their compliance with American Society for Testing and Materials 

(ASTM) standards. The finding revealed that the artisanal refined products quality did not comply 

with ASTM standards. The research octane number, motor octane number, Reid vapor pressure, 

and specific gravity of RAG were (ASTM) compliant while only the final boiling point of ARG were 

within ASTM range. Based on the findings, the artisanal refined products might have been poorly 

refined or adulterated and could constitute problems in automotive engines if used. However, this 

crude technology can be upgraded and the gasoline quality improved through alkylation, 

isomerization, and cyclization. Artisanal refiners should be trained to become proficient with the 

intent of becoming incorporated into the upstream petroleum sector.  

Keywords: petroleum, PMS, ASTM, artisanal, refined AGO 
 

mailto:dikebuchi61@gmail.com
https://doi.org/10.37745/%20ijpgem.15/vol7n15572


International Journal of Petroleum and Gas Exploration Management 

Vol.7, No.1, pp.55-72, 2024 

Print ISSN: 2515-0863 (Print) 

Online ISSN: 2515-0871 (Online) 

Website: https://www.eajournals.org/ 

                         Publication of the European Centre for Research Training and Development -UK 

56 

 

 

INTRODUCTION 

 

Petroleum, originally distilled and sold as fractions with desirable physical properties, has been 

recorded as the world’s main source of energy and petrochemical feedstock. In recent times, crude 

oil is distributed in diverse forms which includes: gasoline, diesel and jet fuel, kerosene, lubricant 

oils, asphalts etc. or it is converted to petrochemical feed stocks. Feed stocks form the basis for, 

among others, the plastics, elastomer, and artificial fiber industries. Some feed stocks include: 

ethylene, propylene, butene, butadiene, and isoprene. In brief, a refinery must be recognized as a 

complex network of integrated unit processes for the purpose of producing a variety of products 

from petroleum (Speight, 1999; Speight and Ozum, 2002). These petroleum fractions or products 

are obtained from refining carried out in refineries. The quality of petroleum to be refined is 

measurable from the analysis of its physical properties which include: relative density and specific 

gravity, or viscosity, refractive index, or by empirical tests such as pour point or oxidation stability 

that are intended to relate to behavior in service. Refining in recent times employs the effects of 

heat, catalyst, and other parameters to rearrange petroleum molecules into products. Basically, 

standard Refining of crude follows three basic steps which includes: Separation, conversion and 

treatment. While Separation involves division of petroleum into different fractions depending on 

the nature of the crude material, Conversion demands alteration for the production of desired 

products, usually by skeletal alteration, or even by alteration of the chemical type of the petroleum 

constituents and Finishing is all about removal of impurities from the product as well as 

introduction of additives. 

 

This refining method gives rise to the following products: gasoline (PMS), kerosene (DPK), diesel 

(AGO), bitumen, asphalt, liquefied natural gas (LPG), and others depending on the prevailing 

conditions. For the purpose of this research, PMS will be the main focus. When these petroleum 

fractions are obtained, from standard refineries, they are subjected to analysis to ascertain its 

compliance to standards. According to Vempatapu and Kanaujia (2017), physicochemical 

properties like distillation profile, research octane number (RON), motor octane number (MON), 

and Reid vapor pressure are frequently used to detect the adulteration and quality of gasoline. 

While API, flash point, temperature, specific gravity are used to detect the quality of PMS. It is on 

this basis that this research was designed to compare the physicochemical properties of regular 

automotive gasoline and locally refined gasoline and their compliance with ASTM standards. The 

analysis of petroleum products is necessary to determine the properties that can assist in resolving 
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a process problem as well as the properties that indicate the function and performance of the 

product in service. 

Experimental Procedures 

Materials and Methods 

Petroleum 

Petroleum is a complex gaseous, liquid, or solid mixture of hydrocarbons found on the earth's 

surface. The term "petroleum," which comes from the Latin words "petra" (rock or stone) and 

"oleum," was first used in a treatise by Georg Bauer in 1556. (Riva, 2006). More than 5000 years 

ago, the Sumerians, Assyrians, and Babylonians used crude oil and asphalt (James H. Gary, Glenn 

E. Handwerk, Mark J. Kaiser 2007). The Egyptians utilized oil as a weapon of war; the Arabs and 

Persians distilled crude oil to make combustible products early in the Christian period; and, most 

likely as a result of the Arab invasion of Spain, distillation became available in Western Europe 

by the year 1000. Petroleum and its derivatives were not widely used in ancient times. Oil became 

a commercial commodity only after the discovery of kerosine (James H. Gary, Glenn E. 

Handwerk, Mark J. Kaiser, 2007). Abraham Gesner discovered a method for producing a liquid 

fuel from coal in 1846, which he dubbed "kerosine" (or coal oil) and sold in Halifax, Nova Scotia 

(Knowles 1983; Yergin 1993). Since man has been using oil since Biblical times, petroleum has 

held a significant role in human history. Petroleum, often known as crude oil, is a fossil fuel that 

is formed when dead creatures trapped beneath sedimentary rocks are exposed to extreme heat and 

pressure. Petroleum is a naturally occurring mixture of hydrocarbons that may also contain sulfur, 

nitrogen, oxygen, metals, and other elements in a liquid form (ASTM D-4175). According to 

(Adebayo, 1999), petroleum is thought to be generated from aquatic plants and animals that lived 

millions of years ago and whose remains were mingled with mud and sand in layered deposits 

before transforming geologically into sedimentary rock. After migrating from the source bed to 

more porous and permeable rocks (sandstone and siltstone), the petroleum is trapped in a reservoir 

(Adegeye et. al. 1993).  

 

Crude Oil 

Crude oil is a liquid that can be found deep within the Earth's crust in various formations. This 

liquid is formed by the decomposition of organic material that has been around for millions of 

years. Crude oil is a mixture of complex hydrocarbon molecules and other organic substances, as 

revealed by its chemistry. Petroleum is another name for this material, albeit that term also refers 

to goods made from refined material. Crude oil is distilled after it has been extracted. Depending 
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on the liquid's particular composition, this process breaks it down into several components of 

varying weights. The major products of crude are used to create energy carriers such as gasoline, 

jet fuel, diesel, and heating oil. Tar, asphalt, paraffin wax, and lubricating lubricants are all made 

with heavier materials. Sulfur, petroleum coke, and petrochemicals are among the substances that 

can be extracted from the liquid. There are about 6000 things derived from petroleum byproducts 

in addition to the products directly obtained from crude oil. Fertilizer, perfume, pesticides, soap, 

and vitamin capsules are just a few examples. 

 

Kerosene 

The lighter end of a collection of petroleum streams known as the middle distillates is referred to 

as kerosene. Kerosene is produced by distilling crude oil at atmospheric pressure (straight-run 

kerosene) or catalytic, thermal, or steam cracking of heavier petroleum streams (cracked kerosene). 

To eliminate or lower the level of sulfur, nitrogen, or olefinic components in the kerosenes, a range 

of methods (including hydrogenation) are used. The exact composition of any given kerosene will 

be determined by the crude oil used to make it and the refining methods utilized to make it. 

Regardless, kerosenes are primarily composed of C9 to C16 hydrocarbons and boil at temperatures 

ranging from 145 to 300 degrees Celsius. The main constituents of kerosenes include branched 

and straight chain paraffins, as well as naphthenes, which make up around 70% of the substance. 

Aromatic hydrocarbons, primarily alkylbenzenes and alkylnaphthalenes, make up less than 25% 

of kerosene streams. Olefins typically make up less than 5% of kerosenes. 

 

Kerosene's normal color is white, and it's often referred to as "the white product"; colorimeters are 

used to measure its color. If the fractions aren't tuned appropriately, they can be dangerous to 

people, engines, and the environment. Kerosene is categorized into two kinds: domestic kerosene, 

also known as household kerosene (HHK), and jet kerosene, also known as aviation turbine 

kerosene (ATK). Kerosene is the main fuel used in Nigeria by the majority of third-class citizens 

for cooking and lighting as a substitute for electricity and gas (ASTM 2005). Other uses include 

fire breathing, fire juggling, fire dancing, antidote for snakebites,local insecticides on stagnant 

water,local disinfectant to treat cuts and burns, & solvent for removal mucilage & candle wax on 

glass, & lubricant for cutting glass & machining aluminum. Kerosene density varies between 0.74 

and 0.85g/cm3 & it is miscible with petroleum solvents but immiscible with water (ASTM 2005). 

 

Gasoline 

Gasoline is a refined product of petroleum consisting of a mixture of hydrocarbons, additives, and 
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blending agents. The composition of gasolines varies widely, depending on the crude oils used, 

the refinery processes available, the overall balance of product demand, and the product 

specifications. The typical composition of gasoline hydrocarbons ( percent volume) is as follows: 

4-8 percent alkanes; 2-5 percent alkenes; 25-40% isoalkanes; 3-7% cycloalkanes; l-4% 

cycloalkenes; and 20-50% total aromatics (0.5-2.5% benzene) (IARC 1989). To increase the 

performance and stability of gasoline, additives and blending agents are added to the hydrocarbon 

mixture (IARC 1989; Lane 1980). Anti-knock agents, anti-oxidants, metal deactivators, lead 

scavengers, and anti-rust agents are among these substances, agents, anti-icing agents, lubricants 

for the upper cylinders, detergents, and dyes (IARC 1989; Lane 1980). Finished gasoline typically 

contains more than 150 different components at the end of the manufacturing process. Although 

some blends have had as many as 1,000 compounds identified (Domask 1984;Mehlman, 1990). 

According to Vempatapu and Kanaujia (2017), physicochemical properties like distillation profile, 

research octane number (RON), motor octane number (MON), and Reid vapor pressure are 

frequently used to detect the adulteration and quality of gasoline. It is on this basis that this research 

was designed to compare the physicochemical properties of regular automotive gasoline and house 

hold kerosene and locally refined gasoline and house hold kerosene and their compliance with 

ASTM standards. 

Operating Systems 

Upstream Operating Systems 

Exploring crude oil resources and crude oil production are examples of upstream operations. 

Corporations that operate with oil drilling rights (such as ExxonMobil) and corporations that 

provide support services to the drilling sector of the industry are examples of companies that 

belong in the upstream segment of the industry (e.g. Halliburton). 

Operations in the Midstream 

The transportation of crude oil to refiners, the refining of crude oil into commercially viable 

products, and the distribution of products to wholesalers and retailers are all examples of 

midstream activity. Companies that transport oil by pipeline, truck, or barge (e.g., Magellan 

Pipeline) are examples of companies that belong in the midstream section of the industry. 

as well as refineries of crude oil (e.g., Tesoro). 

Operations in the Downstream 

The retail of petroleum products is part of downstream activity. The most prominent downstream 

companies are gasoline stations, but companies that distribute heating oil or propane would also 
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fall into this group. Some petroleum firms engage in activities that fall into the upstream, 

midstream, and downstream categories. ExxonMobil is an example of a company like this. Others 

have activities that are primarily focused on a single market niche. Petroleum refineries are 

massive industrial facilities that convert crude oil into marketable petroleum products (and 

sometimes other feedstocks like biomass). Petroleum refining and quality analysis, which covers 

this scope of study, is a mid-stream operation. 

 

Figure 1: Pictorial Representation of Upstream, Midstream and Downstream (Angela et al, 

2018) 

 

 Figure 2: Typical Complex Oil Refinery (Plant Process Equipment Incorporated) (Angela 

et. al. 2018) 
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Figure 3: Process Flow Sheet (Angela et al, 2018) 

Petroleum Products 

Although the average consumer tends to think of petroleum products as consisting of a few items 

such as motor gasoline, jet fuel, home heating oils, and kerosine, a survey by the American 

Petroleum Institute (API) conducted at petroleum refineries and petrochemical plants revealed 

over 2000 products made to individual specifications (API 1958). 

MATERIALS 

The following equipment’s and glass wares will be used for products analysis: 

Reid vapor pressure tester, Flash point tester, Octane rating tester, Distillation column, Round 

bottom flask, Measuring cylinder, Refrigerator, Gas cylinder, Sampling cans, Hydrometer, 

Thermometer 

Two samples each of artisanal refined gasoline (ARG) and artisanal refined house hold kerosene 

(HHK) will be randomly collected from the Ogbia Creek in Niger Delta, Nigeria and two samples 

each of regular automotive gasoline (RAG) and regular house hold kerosene samples will also be 

randomly obtained from Matrix Energy Limited, Warri depot tank farm. All samples will be 

Labeled in sample bottles (2.5 L). At each sampling station, the sample bottle will be rinsed with 

the sample to be collected. The sample will be introduced into the sample bottle via the dispenser 

nozzle, labeled, and transported to the laboratory for treatment and analysis. ASTM standards will 

be used as reference standards and all samples analyzed according to ASTM test methods. 
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SOME OF THE GLASSWARES AND EQUIPMENTS USED: 

 
Figure 4: AGO and HHK 

 

 

 

Figure 6: Abel Closed Cup Flash Point 

Machine 

  

Figure 8: Petrotest DU 4 Distillation Unit 

 

 

Figure 5: Measuring Cylinder 
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Figure 7: Measuring Cylinder 

 

 



International Journal of Petroleum and Gas Exploration Management 

Vol.7, No.1, pp.55-72, 2024 

Print ISSN: 2515-0863 (Print) 

Online ISSN: 2515-0871 (Online) 

Website: https://www.eajournals.org/ 

                         Publication of the European Centre for Research Training and Development -

UK 

64 

 

Test Methods 

ASTM D86 Standard Test Method for Distillation of Petroleum Products and Liquid Fuels at 

Atmospheric Pressure: 

Based on its composition, vapor pressure, expected IBP and/or FBP, the sample is placed in 

one of four groups. Apparatus arrangement, condenser temperature, 

and other operational variables are defined by the group in which the sample falls. 100-ml of 

the sample is distilled under prescribed conditions for the group in which the sample falls. The 

distillation is performed in a laboratory batch distillation unit at ambient pressure under 

conditions that provide one theoretical plate fractionation. Systematic observations of 

temperature readings and volumes of condensate are made. The volume of the residue and the 

losses are also recorded. 

Determination of the initial and final boiling point of the samples will be conducted according 

to the ASTM-D86 standard test method (ASTM, 2006b). The gasoline sample (100mL) was 

added into a round bottom flask. The distillation machine was switched on and the temperature 

was adjusted to 300◦C. The initial boiling point (IBP) temperature of the gasoline samples were 

recorded immediately when the first drop of gasoline entered the measuring cylinder. The 

temperature of the distillation machine was increased to take the final boiling point (FBP) 

reading. Also,the total recovery (TR) temperature was recorded. 

RESULTS 

Distillation Profile for AGO Samples 

Distillation (or volatility) characteristics of a diesel fuel exert a great influence on its 

performance, particularly in medium- and high-speed engines. Distillation characteristics are 

measured with a procedure (ASTM D-86, IP 123) in which a sample of the fuel is distilled and 

the vapor temperatures are recorded for the percentages of evaporation or distillation 

throughout the range. The volatility requirement of diesel fuel varies with engine speed, size 

and design. However, fuels having too low volatility tend to reduce power output and fuel 

economy through poor atomization, and those having too high volatility may reduce power 

output and fuel economy through vapor lock in the fuel system or inadequate droplet 

penetration from the nozzle. In general, the distillation range should be as low as possible 

without adversely affecting the flash point, burning quality, heat content, or viscosity of the 

fuel. If the 10% point is too high, poor starting may result. An excessive boiling range from 

10% to 50% evaporated may increase warm up time. A low 50% point is desirable in preventing 

smoke and odor. Low 90% and end points tend to ensure low carbon residuals and minimum 
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crankcase dilution. The temperature for 50% evaporated, known as the mid-boiling point, 

usually is taken as an overall indication of the fuel distillation characteristics where a single 

numerical value is used alone. For example, in high-speed engines, a 50% point above 575°F 

(302°C) probably would cause smoke formation, give rise to objectionable odor, cause 

lubricating oil contamination, and promote engine deposits. At the other extreme, a fuel with 

excessively low 50% point would have too low a viscosity and too low a heat content per unit 

volume. Thus a 50% point in the range of 450–535 F (232–280°C) is most desirable for the 

majority of automotive-type diesel engines. This average range usually is raised to a higher 

temperature spread for larger, slower-speed engines. Although determining the volatility of 

diesel fuel is usually accomplished through a boili range distribution (ASTM D-86, IP 123). 

 
Figure 9: Distillation Profile Of Different Petroleum Products. 

DOI: http://dx.doi.org/10.5772/intechopen.90639 

 

Table 1: Distillation Profile Results For PMS Samples From Illegal Refining Source and 

  Certified Suppliers 

 
DISTILLATION 

PROFILE (%) 

PMS Illegal refinery 1 

(℃) 

PMS Illegal refinery 2 

(℃) 

PMS 3 

(℃) 

Standards (℃) 

IBP 46 55 45  

5 64 65 58  

10 75 80 66 70 max 

20 89 99 87  

30 98 115 92  

40 106 123 103  

http://dx.doi.org/10.5772/intechopen.90639
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50 115 130 110 77-121 max 

60 123 141 122  

70 131 153 139  

80 143 169 157  

90 159 183 178 190 max 

95 175 199 197  

FBP 194 212 205 225(max) 

% Recovery 97% 92% 99%  

% Loss 2% 5% 0.5%  

% Residue 1% 3% 0.5% 2% max 

 

From the above comparative result, the initial boiling point (IBP) of the illegally refined PMS 

samples are higher than the IBP of the well refined samples.  

 

Also, the distillation profiles of the 2nd locally refined sample exceeded the standard values at 

different points, this is an indication that the sample is not well refined.It is worthy of note that 

the percentage recovery for the locally refined sample was way lower than that of the well 

refined sample and as well below the recommended standard. This implies that for sample 1, 

for every 100%   PMS sample, at least 1%  impurities are present and 2% is lost as vapor while 

for sample 2, at least 3% impurities are present while 5% was lost as vapor, unlike sample 3 

with negligible traces of impurities. The low recovery rate of samples 1 and 2 can be traced to 

poor refining techniques which accommodates impurities in final product.  

 

One of the widely used methods for measuring fuel volatility is the distillation test. ISO 

3405(2000, 2011). The volatile properties of diesel have a significant impact on the 

performance of engines as Low volatility results in high distillation endpoints as obtained in 

the bunker samples. This indicates that heavy hydrocarbons have a long burning time and are 

inadequately burned. This leads to smoke formation, power loss, and increased fuel 

consumption. If highly volatile, fuel can cause "vapor lock" accidents on the line. Álvarez F., 

J.A., Callejón A, I., Forns F.(2005) also noted that Very high FBP can result in incomplete 

combustion of the less volatile components, fuel droplets reaching the cylinder wall and 

causing dilution of the lubricating oil. This increases wear and produces coked deposits in the 
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combustion chamber and waste segments. The distillation test profile measures the percentage 

of fuel recovered at different temperatures as the Temperature increases. The test result is a 

curve obtained under standardized conditions of Temperature versus percentage recovered as 

plotted in the graph below. It is expedient to note: 

 

 

Table 2: PMS RVP and Octane Rating Number for the Analysis Results for PMS   

Samples From Illegal Refining Source and Certified Suppliers 

 

 

The quality that the octane number measures is the anti-knock characteristic of petrol or 

gasoline. 

As the charge of fuel and air is compressed in the cylinder of a spark ignition engine, the 

temperature/pressure of the charge may reach a point at which it ignites on its own, prior to the 

timing of the spark. This is called pre-ignition and causes the engine to ping or knock. The out 

of timing explosion of the fuel charge puts extra stresses on the engine and is detrimental over 

time. Pre-ignition becomes more likely as the compression ratios of engines increase. Octanes 

are among the hydrocarbons that comprise the hydrocarbon mixture we know as gasoline or 

petrol. Octanes, specifically iso-octane are reasonably resistant to pre-ignition. Mixtures 

containing only iso-octane and heptane are used as repeatable standards for comparison to fuel 

mixtures. The octane rating means the fuel you pump into your auto has the same anti-knock 

performance as iso-octane/heptane mixture having the same percentage of iso-octane as the 

rating. Thus, 87 octane gasoline will behave the same with respect to knocking as a mixture of 

87% iso-octane and 13% heptane, and 90 octane fuel will behave the same as a mixture of 90% 

iso-octane and 10% heptane. 

 

 

 

 

 

 

 PMS SAMPLE 1 PMS SAMPLE 2 PMS SAMPLE 3 STANDARD 

RVP (Reid Vapor pressure) 5.3 7.0 7.9 7-9(Max) 

OCTANE RATING 

(research) 

92.2 90.0 92.0 91-95(min) 
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Figure 10: Distillation Profile Results for PMS Samples From Illegal Refining Source and 

Certified Suppliers. 

A Graph of Temperature Against % Recovery. 

 

An abnormally high final boiling point and percentage residue of a kerosene may indicate 

contamination with higher-boiling constituents, although the presence of trace quantities of 

very heavy oils sufficient to cause high char values might not necessarily be revealed by these 

features. Thus, the boiling range of kerosene is an important aspect of kerosene properties. The 

boiling range (ASTM D-86, IP 123) is of less importance for kerosene than for gasoline, but it 

is an indication of the viscosity of the product, for which there is no requirement for kerosene. 

The nature of the distillation range (ASTM D-86, IP 123) is of significance with regard to 

burning characteristics. The initial boiling point and the 10% point chiefly affect the flash point 

and ease of ignition, whereas the mid boiling point is more relevant to the viscosity.  

 

Density (Specific Gravity) 

Density (or specific gravity) is an indication of the density or weight per unit volume of the 

diesel fuel. The principal use of specific gravity (ASTM D-l298, IP 160) is to convert weights 

of oil to volumes or volumes to weights. Specific gravity also is required when calculating the 

volume of petroleum or a petroleum product at a temperature different from that at which the 

original volume was measured. Although specific gravity by itself is not a significant measure 

of quality, it may give useful information when considered with other tests. API gravity (ASTM 

D-1298, IP 160) is an arbitrary figure related to the specific gravity in accordance with the 

following formula: °API = (141.5/ (specific gravity @ 60/60°F)) - 131.5. 
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CONCLUSION 

Previous studies have shown that Nigerian refined gasoline has a low octane rating, which can 

negatively impact engine performance Faruq et al. (2012). However, the results of the current 

research indicate that the Nigerian refined gasoline samples met ASTM standards for octane 

rating, in contrast to the findings of Faruq et al. (2012). Additionally, the flash point of kerosene 

was found to be low, which is consistent with the research of Evbuomwan and Alete (2020). 

This is believed to be a result of a lack of purification and poor refining techniques, as well as 

a lack of equipment and proper handling methods. 

 

Godwin et al. (2020) also investigated the properties of artisanal and regular gasoline samples 

from Eastern Obolo Creek and Mkpat Enin, Akwa Ibom State, Nigeria. The findings of this 

study suggest that artisanal refined gasoline may have been poorly refined or adulterated, which 

could cause issues in automotive engines. The results of this research align with the 

understanding that artisanal refined petroleum products often do not meet the necessary 

standards. 

 

This research work has also shown that adulteration of petroleum products has become 

prevalent in our times. Subsidy and price differential among HHK, PMS and AGO encourages 

diversion, scarcity, adulteration and consequently, explosions that have continually negatively 

affected individuals, homes and industries. Adulteration of petroleum products could be 

deliberate or inadvertent. Most of those involved in adulteration do it for economic gains. 

Adulterated petroleum products had been implicated in most explosions that were recorded in 

Nigeria. Each time such explosion occurred, the victims were usually abandoned both by the 

governments and the NNPC. 
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