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Abstract 

 
The paper discusses the physical properties of petroleum. 
These parameters are basis for separation, filtration, and 

purification, qualitative and quantitative analysis of crude 
oil. Fractions of Crude oil can be characterized based on 
physical and chemical parameters. It provides important 
primary data for evaluation of adulteration in petroleum 
products for government regulations and policies. The 
paper provide reference for the petroleum industry in both 
processing and production. It emphasis on significance of 
characterization, property estimation and methods of their 

development. 
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1. Introduction 

 

Petroleum is one of the most important 

substances consumed by man at present 

time. It is used as a main source of energy 

for industry, heating, and transportation and 

it also provides the raw materials for the 

petrochemical plants to produce polymers, 

plastics, and many other useful products. 

Petroleum is a complex mixture of 

hydrocarbons that occur in the sedimentary 

rocks in the form of gases (gas), liquids 

(crude oil), semisolids (bitumen), or solids 

(wax or asphaltite). Crude oil can be 

characterized based on physical and 

chemical parameters. These parameters can 

be used for qualitative and quantitative 

analysis of Petroleum. Separation and 

transmission processes can be improved 

based on physical properties of Petroleum. 

Based on these parameters complementary 

fuels can also be developed. The paper 

presents physical parameters of crude oil, 

which is basis for separation, filtration, 
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purification, qualitative and quantitative 

analysis.  

 

Specific Gravity (SG) or Density (d)  

 

These parameters are temperature-

dependent; however, specific gravity at 

15.5 degree centrigrade and 1 atm and 

density at 20 degree centrigrade and 1 atm 

used in petroleum characterization are 

included in this category of temperature-

independent properties. The specific 

gravity is also presented in terms of API 

gravity. API gravity is an inverse measure 

of a petroleum liquid's density relative to 

that of water (also known as specific 

gravity). It is used to compare densities of 

petroleum liquids. if one petroleum liquid 

is less dense than another, it has a greater 

API gravity.It is a useful parameter to 

characterize petroleum fluids, to determine 

composition and the quality of a fuel (i.e., 

sulfur content), and to estimate other 

properties such as critical constants, density 

at various temperatures, viscosity, or 

thermal conductivity (Goual and 

Firoozabadi, 2002; Kim et al., 1990). In 

addition to its direct use for size 

calculations (i.e., pumps, valves, tanks, and 

pipes), it is also needed in design and 

operation of equipments such as gravity 

decanters. It is basis for atomic absorption 

spectroscopy. 

 

Boiling Point 

The boiling point of a pure compound at a 

given pressure is the temperature at which 

vapor and liquid exist together at 

equilibrium. If the pressure is 1 atm, the 

boiling point is called the normal boiling 

point. (Tb) or distillation curves such as the 

true boiling point curve of petroleum 

fractions. It is used to determine volatility 

and to estimate characterization parameters 

such as average boiling point, molecular 

weight, composition, and many physical 

properties (i.e., critical constants, vapor 

pressure, thermal properties, transport 

properties) [Goual and Firoozabadi 2002; 

Kawanaka et. al 1988.]. Petroleum fractions 

have different boiling points, the substances 

in crude oil can be separated using 

fractional distillation. The crude oil is 

evaporated and its vapours allowed 

condensing at different temperatures in the 

fractionating column. Gas Chromatography 

is based on boiling point of crude oil 

fractions.  

 

Refractive index (n)  

Refractive index at some reference 

conditions (i.e., 20° and 1 atm) is another 

useful characterization parameter to 

estimate the composition and quality of 

petroleum fractions. It is also used to 

estimate other physical properties such as 

molecular weight, equation of state 

parameters, the critical constants, or 

transport properties of hydrocarbon systems 

[Kawanaka et.al 1991; Janradhan and 

Mansoori 1993.].  

 

Molecular weight (M)  

Molecular weight is used to convert molar 

quantities into mass basis needed for 

practical applications. Thermodynamic 

relations always produce molar quantities 

(i.e., molar density), while in practice mass 

specific values (i.e., absolute density) are 

needed. Molecular weight is also used to 

characterize crude oils, to predict 

composition and quality of crude oils, and 

to predict physical properties such as 

viscosity of petroleum [Zou and Liu 1994; 

Escobedo and Mansoori 2004; Riazi and 

Merrill 2004; Mansoori 1997; Kawanaka 

et.al 1991]. Mass spectrometry is based on 

molecular weight of crude oil fractions.  

 

Defined characterization parameters such 

as Watson K, carbon-to-hydrogen weight 

ratio, (CH weight ratio), refractivity 

intercept (Ri), and viscosity gravity 

constant (VGC) to determine the quality 

and composition of petroleum fractions 

[Escobedo and Mansoori 2004; Riazi and 

Merrill 2004; Mansoori 1997.].  

 

Composition of petroleum fractions in 

terms of wt% of paraffins (P%), naphthenes 
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(N%), aromatics (A%), and sulfur content 

(S%) are important to determine the quality 

of a petroleum fraction as well as to 

estimate physical properties through 

pseudocomponent methods [Janradhan and 

Mansoori 1993; Mousavi-Dehghani et. al; 

Buckley 1996; Fotland et. al 1993.]. 

Composition of other constituents such as 

asphaltene and resin components are quite 

important for heavy oils to determine 

possibility of solid-phase deposition, a 

major problem in the production, refining, 

and transportation of oil [Escobedo and 

Mansoori 1995.].  

 

Pour Point 

Pour point (Tp), and melting point (TM) 

have limited uses in wax and paraffinic 

heavy oils to determine the degree of 

solidification and the wax content as well 

as minimum temperature required to ensure 

fluidity of the oil.  

 

Flash Point 

Flash point (TF) is a very useful property 

for the safety of handling volatile fuels and 

petroleum products especially in summer 

seasons.  

 

Critical Temperature 

Critical temperature (Tc), critical pressure 

(Pc), and critical volume (Vc) known as 

critical constants or critical properties are 

used to estimate various physical and 

thermodynamic properties through 

equations of state or generalized 

correlations [Pan and Firoozabadi 2000].  

 

Acentric Factor 

Acentric factor (ω) is another parameter 

that is needed together with critical 

properties to estimate physical and 

thermodynamic properties through 

equations of state [Pan and Firoozabadi 

2000].  

 

Density 

Density (ρ) as a function of temperature 

and pressure is perhaps the most important 

physical property for petroleum fluids 

(vapor or liquid forms). It has great 

application in both petroleum production 

and processing as well as its transportation 

and storage. It is used in the calculations 

related to sizing of pipes, valves, and 

storage tanks, power required by pumps 

and compressors, and flow-measuring 

devices. It is also used in reservoir 

simulation to estimate the amount of oil 

and gas in a reservoir, as well as the 

amount of their production at various 

reservoir conditions. In addition density is 

used in the calculation of equilibrium ratios 

(for phase behavior calculations) as well as 

other properties, such as transport 

properties. Density is defined as mass per 

unit volume of a fluid. Density is a state 

function and for a pure compound depends 

on both temperature and pressure and is 

shown by p. Liquid densities decrease as 

temperature increases but the effect of 

pressure on liquid densities at moderate 

pressures is usually negligible. Density is 

measured by an instrument called 

hydrometer. The knowledge of density is 

useful for quantity calculations and 

assessing ignition quality. The unit of 

density is kg/m3. Density is 830 kg/m3 

(780-860 kg/m3 at 40 ºC) for Gasoline. 
 

Thermal Expansion Coefficient 

Thermal expansion coefficient is 800⋅10-6 

K-1. 880 kg/m3 for biodiesel (860-900 

kg/m3 at 40 ºC) for Diesel. 

 

Ignition Limits 

Lower 0.5-1%, upper 7-15% for Gasoline. 

 

Cetane Number  

Cetane number is 45 (between 40-55); 60-

65 for biodiesel. This is a measure of a 

fuel's ignition delay; the time period 

between the start of injection and start of 

combustion (ignition) of the fuel, with 

larger cetane numbers having lower 

ignition delays. This is only of interest in 

compression-ignition engines, and only 

valid for light distillate fuels (because of 

the test engine; for heavy fueloil, a different 
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burning-quality index is used, calculated 

from the fuel density and viscosity). 

 

Vapor Pressure 

Vapor pressure (Pvap) is a measure of 

volatility and it is used in phase equilibrium 

calculations, such as flash, bubble point, or 

dew point pressure calculations, in order to 

determine the state of the fluid in a 

reservoir or to separate vapor from liquid. 

In a closed container, the vapor pressure of 

a pure compound is the force exerted per 

unit area of walls by the vaporized portion 

of the liquid. It is needed in calculation of 

equilibrium ratios for operation and design 

of distillation, absorber, and stripping 

columns in refineries. It is also needed in 

determination of the amount of 

hydrocarbon losses from storage facilities 

and their presence in air. Vapor pressure is 

the property that represents ignition 

characteristics of fuels. For example, the 

Reid vapor pressure (RVP) and boiling 

range of gasoline govern ease of starting 

engine, engine warm-up, rate of 

acceleration, mileage economy, and 

tendency toward vapor lock [Daubert et. al 

1994].  

 

Heat Capacity 

Heat capacity (Cp) of a fluid is needed in 

design and operation of heat transfer units 

such as heat exchangers.  

 

Enthalpy 

Enthalpy (H) of a fluid is needed in energy 

balance calculations, heat requirements 

needed in design and operation of 

distillation, absorption, stripping columns, 

and reactors. 

  

Heat of Vaporization  

Heat of vaporization (ΔHvap) is needed in 

calculation of heat requirements in design 

and operation of reboilers or condensers.  

 

Heats of formation (ΔHf), combustion 

(ΔHc), and reaction (ΔHr) are used in 

calculation of heating values of fuels and 

the heat required/generated in reactors and 

furnaces in refineries. Such information is 

essential in design and operations of 

burners, furnaces, and chemical reactors. 

These properties together with the Gibbs 

free energy are used in calculation of 

equilibrium constants in chemical reactions 

to determine the optimum operating 

conditions in reactors for best conversion of 

feed stocks into the products.  

 

Viscosity 

Viscosity (μ) is another useful property in 

petroleum production, refining, and 

transportation. It is used in reservoir 

simulators to estimate the rate of oil or gas 

flow and their production. It is needed in 

calculation of power required in mixers or 

to transfer a fluid, the amount of pressure 

drop in a pipe or column, flow 

measurement devices, and design and 

operation of oil/water separators [Riazi et. 

al 1998; Hirschfelder et, al 1964.]. 

Viscosity is 0.5⋅10-6 m2 /s at 20 ºC for 

Gasoline. Viscosity=3⋅10-6 m2 /s (2.0⋅10-6 - 

4.0⋅10-6 m2 /s at 40 ºC) for diesel; 4.0⋅10-6 - 

6.0⋅10-6 m2 /s for biodiesel. 

 

Calorific Value 

The calorific value is the measurement of 

heat or energy produced, and is measured 

either as gross calorific value or net 

calorific value. The difference being the 

latent heat of condensation of the water 

vapour produced during the combustion 

process. Gross calorific value (GCV) 

assumes all vapour produced during the 

combustion process is fully condensed. 

 

Specific Heat  

Specific heat is the amount of kcals needed 

to raise the temperature of 1 kg of oil by 1o 

C. The unit of specific heat is kcal/kgo C. It 

varies from 0.22 to 0.28 depending on the 

oil specific gravity. The specific heat 

determines how much steam or electrical 

energy it takes to heat oil to a desired 

temperature. Light oils have a low specific 

heat, whereas heavier oils have a higher 

specific heat. 
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Thermal Conductivity 

Thermal conductivity (k) is needed for 

design and operation of heat transfer units 

such as condensers, heat exchangers, as 

well as chemical reactors [Prausnitz et. al 

1986.].  

 

Diffusivity or Diffusion Coefficient 

Diffusivity or diffusion coefficient (D) is 

used in calculation of mass transfer rates 

and it is a useful property in design and 

operation of reactors in refineries where 

feed and products diffuse in catalyst pores. 

In petroleum production, a gas injection 

technique is used in improved oil recovery 

where a gas diffuses into oil under reservoir 

conditions; therefore, diffusion coefficient 

is also required in reservoir simulation and 

modeling [Riazi et. al 1998; Hill 1960; 

Smith et. al 1996; Huang 1977.].  

 

Surface Tension 

Surface tension (σ) or interfacial tension 

(IFT) is used mainly by the reservoir 

engineers in calculation of capillary 

pressure and rate of oil production and is 

needed in reservoir simulators [Riazi et. al 

1998]. In refineries, IFT is a useful 

parameter to determine foaming 

characteristics of oils and the possibility of 

having such problems in distillation, 

absorption, or stripping columns [Ambrose 

1978.]. It is also needed in calculation of 

the rate of oil dispersion on seawater 

surface polluted by an oil spill [Nokay 

1959.]. Surface tension is 0.029 N/m with 

its vapours, 0.023 N/m with water for 

Gasoline 

 

Equilibrium Ratio 

Equilibrium ratios (Ki) and fugacity 

coefficients (φ°
i) are the most important 

thermodynamic properties in all phase 

behavior calculations. These calculations 

include vapor-liquid equilibria, bubble and 

dew point pressure, pressure-temperature 

phase diagram, and GOR. Such 

calculations are important in design and 

operation of distillation, absorption and 

stripping units, gas-processing units, gas-oil 

separators at production fields, and to 

determine the type of a reservoir fluid 

[Spencer and Daubert 1973; Edmister and 

Lee 1985.].  

 

Freezing and Melting Points of crude oil 

 

Petroleum and most petroleum products are 

in the form of a liquid or gas at ambient 

temperatures. However, for oils containing 

heavy compounds such as waxes or 

asphaltinic oils, problems may arise from 

solidification, which cause the oil to lose its 

fluidity characteristics. For this reason 

knowledge of the freezing point is 

important and it is one of the major 

specifications of jet fuels and kerosenes. 

For a pure compound the freezing point is 

the temperature at which liquid solidifies at 

1 atm pressure. Similarly the melting point, 

TM, is the temperature that a solid 

substance liquefies at 1 atm. A pure 

substance has the same freezing and 

melting points; however, for petroleum 

mixtures, there are ranges of melting and 

freezing points versus percent of the 

mixture melted or frozen. For a mixture, 

the initial melting point is close to the 

melting point of the lightest compound in 

the mixture, while the initial freezing point 

is close to the freezing point (or melting 

point) of the heaviest compound in the 

mixture. Since the melting point increases 

with molecular weight, for petroleum 

mixtures the initial freezing point is greater 

than the initial melting point.  

 

Auto-ignition Temperature  

This is the minimum temperature at which 

hydrocarbon vapor when mixed with air 

can spontaneously ignite without the 

presence of any external source. Values of 

autoignition temperature are generally 

higher than flash point, as given in Table 

2.2 for some pure hydrocarbons. Values of 

autoignition temperature for oils obtained 

from mineral sources are in the range of 

150-320° (300-500° for gasoline it is about 

350° (660° and for alcohol is about 500° 

(930° [Denis et. al 1997.]. With an increase 
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in pressure the autoignition temperature 

decreases. This is particularly important 

from a safety point of view when 

hydrocarbons are compressed.  

 

Carbon-to-Hydrogen Weight Ratio  

 

Carbon-to-hydrogen weight ratio, CH 

weight ratio, is defined as the ratio of total 

weight of carbon atoms to the total weight 

of hydrogen in a compound or a mixture 

and is used to characterize a hydrocarbon 

compound.  

 

Flammability Range 

 

To have a combustion, three elements are 

required: fuel (hydrocarbon vapor), oxygen 

(i.e., air), and a spark to initiate the 

combustion. One important parameter to 

have a good combustion is the ratio of air 

to hydrocarbon fuel. The combustion does 

not occur if there is too much air (little 

fuel) or too little air (too much fuel). This 

suggests that combustion occurs when 

hydrocarbon concentration in the air is 

within a certain range. This range is called 

flammability range and is usually expressed 

in terms of lower and upper volume percent 

in the mixture of hydrocarbon vapor and 

air. If the calculated vol% of hydrocarbon 

in the air is within the flammability range 

then the mixture is flammable by a spark or 

flame.  

 

Aniline Point  

 

The aniline point for a hydrocarbon or a 

petroleum fraction is defined as the 

minimum temperature at which equal 

volumes of liquid hydrocarbon and aniline 

are miscible. Aniline is an aromatic 

compound with a structure of a benzene 

molecule where one atom of hydrogen is 

replaced by the -NH2 group (C6H5-NH2). 

The aniline point is important in 

characterization of petroleum fractions and 

analysis of molecular type. Aniline point to 

determine a rough estimate of aromatic 

content of oils.  

Octane Number  

 

Octane number is a parameter defined to 

characterize antiknock characteristic of a 

fuel (gasoline) for spark ignition engines. 

Octane number is a measure of fuel's ability 

to resist auto-ignition during compression 

and prior to ignition. Higher octane number 

fuels have better engine performance. The 

octane number of a fuel is measured based 

on two reference hydrocarbons of n-

heptane with an assigned octane number of 

zero and isooctane (2,2,4-trimethylpentane) 

with assigned octane number of 100. A 

mixture of 70 vol% isooctane and 30 vol% 

n-heptane has an octane number of 70.  

 

Conclusion 

 

Physical parameters play important role in 

fingerprinting of petroleum fractions. 

Purification techniques should be 

developed based upon physical properties 

of petroleum. These parameters are useful 

to use petroleum as fuel, lubricant and in 

other application. 
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