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Chapter 1 : Classification of Crude Oil 

1- Introduction:  

          Petroleum has been defined as Gaseous, liquid and solid mixture of 

hydrocarbon and non hydrocarbon components which  are derivatives that occur 

naturally in the earth. 

         Gaseous hydrocarbon is composed of lighter fractions, of which the more 

common  is methane ( CH4 ) that refer to as natural gas. Liquid petroleum 

consists of the liquid hydrocarbon but also contain varying proportion of 

dissolved gases and bituminous materials , it is most commonly called crude oil. 

Solid and semisolid petroleum is consists of heavier fraction from hydrocarbon 

and bituminous materials and had been refer to as bituminous or asphalt.     

2- Definition of Petroleum : 

          It is a mixture of  hydrocarbon compounds and relatively small quantities 

of other materials such as oxygen, nitrogen, sulphur, salt , water, dissolved gases 

such as hydrogen sulphide ( H2S ) and trace amounts of metals such as iron, 

nickel, copper and vanadium. 

3- Origin of Petroleum :   Tow assumptions are explaining the formation of  

petroleum as follows: 

A- Inorganic hypothesis :   

           This hypothesis assume the oil hydrocarbon compounds produced from 

reaction  hot water vapor with carbides which will form the hydrocarbon 

substances under high pressure and temperature as follows: 

 

 

Al4C3 + 12H2O               4Al(OH)3 +  3CH4 

CaC2  + 2H2O                C2H2  +  Ca(OH)2 

C2H2                              petroleum 
Highly Temp. 

 

Highly Press. 
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B- Organic hypothesis : 

            This hypothesis assume that the petroleum is formed from the 

decomposition of the animals and plants dead which converted to liquids and 

gases hydrocarbon by effect the high temperature, Pressure and catalyst (  as a  

small microscopic beings ) . Some sources suggest this hypothesis to explain the 

formation of the Arabian Gulf's petroleum.  

4- Importance of petroleum :  

      a - It represent the major sources for energy in the world ( 45% crude oil and  

            15% natural gases). 

      b – Electrical power generation. 

     c – Fuel for cars, ships and airliners. 

     d – Fuel for heating and cooking. 

     e – It is used in petrochemicals industrials to produce various materials 

            useful such as clothes, plastics, drugs, pipes, …...etc . 

     f – It used for lubrication engines of different types.            

5- Chemical analysis of crude oil : 

            The proportion of hydrocarbons in the mixture is highly variable and 

ranges from as much as 97% by weight in the lighter oils to as little as 50% in 

the heavier oils and bitumen. 

            The exact molecular composition varies widely from formation to 

formation but the proportion of chemical elements vary over fairly narrow limits 

as follows: 
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Element  Wt % 

C ( Carbon ) 83 -  88 

H2 ( Hydrogen )  11 – 14 

S ( Sulphur )  0.05 – 8 

N2 ( Nitrogen ) 1 – 2 

O2 ( Oxygen )  0.05 – 1.5 

Metals ( Fe , Ni , Cu , V ,  ….. ) < 0.03 

 

6- Chemical composition of crude oil :  

           The hydrocarbons in crude oil are mostly paraffin , naphthene, olefin and 

various aromatic hydrocarbons while the other organic compounds contain 

nitrogen, oxygen and sulfur, and trace amounts of metals such as iron, nickel, 

copper and vanadium as follows :  

A- Hydrocarbons components : 

               All the petroleums contains the same hydrocarbons groups such as 

normal, branch, cyclic paraffins, olefins and aromatic. They generally have from  

1 to 60 carbon atoms per molecule. 

 I- Paraffins :           

            The paraffins, also known as alkanes, are saturated hydrocarbons with 

straight, branched or cyclic chains which contain only carbon and hydrogen. It is 

found in different formula as follows: 

 

 



Properties of Petroleum and Natural Gas                                                      Second Class   

 5 

i- Normal /or series paraffins:  

         The hydrocarbon chain is straight , the general formula CnH2n+2 , example  

n butane  mean n = 4 = carbon atoms ( C4H10 ). The properties of branch 

paraffins are: 

 High molecular weight. 

 High boiling point.  

 Low octane number. 

ii- Branch /or  iso paraffins: 

         The hydrocarbon chain is branched, the general formula CnH2n+2 , example  

iso butane  mean n = 4 = carbon atoms ( C4H10 ). The properties of branch 

paraffins are: 

 Low boiling point. 

 High octane number therefore is favorite in cars fuel. 

 The common in crude oil is one branch and less tow branches. 

iii- Cycloparaffins ( Naphthenes ): 

           The cycloalkanes, also known as napthenes, are saturated hydrocarbons 

which have one or more carbon rings to which hydrogen atoms are attached 

according to the formula CnH2n. Cycloalkanes have similar properties to alkanes 

but have higher boiling points. 

       

       Cyclopentane              Cyclohexane                    Decalin      

 

      CH3 – CH2 – CH2 – CH3 

         

                n butane   

           CH3        

           │       

CH3 – CH – CH3       iso butane   
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II- Olefins:  

          The olefins, also known as alkenes, are unsaturated hydrocarbons with 

general formula ( CnH2n ). The low boiling olefins are probably not present in 

crude petroleum, but they are found in cracked products.     

 

 

III- Aromatics:  

             The aromatic hydrocarbons are unsaturated hydrocarbons which have 

one or more planar six-carbon rings called benzene rings, to which hydrogen 

atoms are attached with the formula ( CnHn ) and many have a sweet aroma and 

a carcinogenic.   

 

 

                                                                           
methyl benzene                 ortho Xylene                         meta Xylene                      para Xylene                      

   ( Toluene )              (1,2-dimethyl benzene)       (1,3-dimethyl benzene)     (1,4-dimethyl benzene)   
   

 

      CH3 – CH2 – CH = CH2 

         

                1- butene   

http://upload.wikimedia.org/wikipedia/commons/9/9a/Benzene_Representations.svg
http://upload.wikimedia.org/wikipedia/commons/9/9a/Benzene_Representations.svg
http://en.wikipedia.org/wiki/File:Toluol.svg
http://en.wikipedia.org/wiki/File:Ortho-Xylol_-_ortho-xylene_2.svg
http://en.wikipedia.org/wiki/File:Meta-Xylol_-_meta-xylene_2.svg
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B- Non hydrocarbons components : 

        The non hydrocarbon components are caused :   

1- Corrosion. 

2- Break down in the refinery operation. 

the non hydrocarbon components are divided to : 

I- Sulphur components : 

           It is the most important one that increase as the density increased. The 

types of sulphur components in the petroleum are : 
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     i- Hydrogen Sulphide    H- S- H   ( or   H2S  )    

     ii- Mercaptance :     H- S- R     ,  where  R is Alkyl   (  H- S- CH3 ) . 

    iii- Sulphides :   

             *  Aliphatic sulphide :    R- S- R 

             *  Cyclo sulphide :                                      S  

                                                                        CH2          CH2                                                                                                          

Disadvantages of Sulphur components: 

1- Corrosion the metal parts of the engine. 

2- Reduce O.N ( octane number ). 

3- Reduce oxidation resistance. 

4- Solids deposition. 

II- Oxygen components :  

           These compounds increase with increasing the ( b.p. = boiling point ) of 

the fraction. The types of oxygen components in the petroleum are :      

i- Acidic oxygen components:  

         1- Normal organic acid :  

         2- Branch organic acid : 

         3- Aromatic acid : 

ii- Non acidic oxygen components: 

         1- Esters                                                 2- Amides                       

    O 

    ║ 

R-C-OH             or           R-C-OOH       
    R 

     | 

R-C-OOH         

              - COOH 

    O 

    ║ 

R-C-O-R  or  R-C-OO-R         

    O 

    ║ 

R-C-NH-R      
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         3- Ketons                                                  4- Ethers        

         5- Alcohol  

III- Nitrogen components : 

           More asphaltic crudes will contain N2  compounds. They usually tolerate 

up to 0.25 wt%. 

Disadvantages: 

1- Can poison catalysts. 

2- Increased carbon residue . 

3- Decreased API. 

Types of nitrogen components in the petroleum : 
 

                               
    Pyridine                                     Quinoline 

 

IV- Metallic components : 

Disadvantages : 

1- Affected on catalyst activity.            2- Coke formation. 

    3-Reduced the yield of the gasoline.       4- Corrosion. 

   5- Form ash deposits-power generation   plants. 

R-OH  (           CH3-OH               ,              C2H5-OH      )  

                        methanol                               ethanol    

    O 

    ║ 

R-C-R      
R-O-R      

http://en.wikipedia.org/wiki/File:Pyridine_numbers.svg
http://en.wikipedia.org/wiki/File:Quinoline_chemical_structure_part1.png
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Types of metallic components in the petroleum :  

1- Organic metallic  ( Iron Fe , Nickel Ni , Vanadium V , Cadmium  Cd,…). 

2- Soap metallic ( Magnesium Mg ,  Calcium Ca , ….. ). 

3- Salt metallic ( Na
+
 , Ba

2+
 , ....  ).  

VI- Brine water : 

           Water molecules are suspension in crude oil with extremely high 

concentrations of dissolved salt ions nearly 300 – 300 000 ppm . The ions are    

divided to types: 

       1- Positive ions    (   Na
+
 , Ba

2+
 ,  Mg

2+
 ,  Al

3+
 , ………  ) . 

      2- Negative ions   (  Cl
-
  ,  Br

-
 ,  SO4

2-
 ,  I

- 
 ,  ……..  ) . 

7- Classification of crude oil :  

               Classification of crude oil refers to natural and type of crude oil ( type 

of hydrocarbons in crude oil ) by simplified tests. Four  mainly methods are 

used: 

A- Watson characterization factor ( Kw ) :   

              Watson characterization factor ( k ) can be calculated from following 

equation : 

         
FGrSp

T
K

o

poboav

w
60/60..

3
...

  

Where :  
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Kw = Watson characterization factor. 

Tav.bo.po. = average boiling point temperature = Tav. volume  -  ∆t  

Tav. volume = average volume temperature. 

∆t = correction factor = slope of distillation curve. 

Correction factor (∆t ) is calculating as a slope of distillation curve for 

distillation crude oil sample experiment data according ASTM method. 

ASTM = American Society for Testing Materials. 

Sp.Gr. 60/60 
o
F = Specific Gravity at 15

o
C (60 

o
F) 

 

 

Note :       

Temperature  in Rankin unit ( 
o
R ).     

Temperature convertor relationships :   

From               To               Formulae 

Celsius Fahrenheit  F =  C × 1.8 + 32 

Celsius kelvin K = C  + 273.15 

Celsius Rankin  Ra =  C × 1.8 + 32 + 459.67 

                                                                                                

 

 

  

                                  Crude oil density at 60 
o
F  

Sp.Gr.60/60 
o
F =   

                                      Water density at  60 
o
F  

 

 

 

Thermometer 

Condenser 

Crude oil 100ml 
Distillate  %   

http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:Simple_distillation_apparatus.svg
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% Distillate  Temp.   
o
F 

0 To = IBP 

10 T1 

20 T2 

30 T3 

40 T4 

50 T5 

60 T6 

70 T7 

80 T8 

90 T9 

95 T10=FBP 

 

IBP=Initial Boiling Point at 0% distillate. 

FBP=Final Boiling Point at stop distillate.        

Tav. volume  =  ( T1+T2+T3+T4+T5+T6+T7+T8+T9 ) / 9 

∆t = slope = ( T9 – T1 ) / ( 90 – 10 ) =  ( T9 – T1 ) / 80 

Crude oil classificated by Watson characterization factor as follows : 

1-  K = 12.15 – 12.9           paraffinic ( or  light ) based crude oil 

2- K = 11.5 – 12.1              mixed ( or intermediate ) based crude oil 

3- K =  10.5 – 11.45           naphthenic ( asphaltic or heavy ) based crude oil 

 

                      

 

 

 

 

 

                                                              

Temp. 
o
R             Slope=∆t= ∆T /  ∆Dist. 

                        

 

 

 

                                 % Dist.            
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Figure 1.1 . Boiling points V’s molecular weight and gravity (◦API). 

 

B- Key Fraction ( API gravity ) :                               

API = American Petroleum Institute  

The formula to obtain API gravity of petroleum liquids, from specific gravity  is: 

5.131
60/60.

5.141


FGrSp
APIgravity

o  

http://en.wikipedia.org/wiki/American_Petroleum_Institute
http://en.wikipedia.org/wiki/Petroleum
http://en.wikipedia.org/wiki/Specific_gravity
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            Crude oil classificated by API gravity according to distillate  pressure as 

follows:   

1- when the distillate at atmospheric pressure ( Press. = 1 atm ) as follows : 

1- API gravity   >  40                  paraffinic ( or  light ) based crude oil     

2- API gravity  =  33  -  40          mixed ( or intermediate ) based crude oil 

3- API gravity   <  33         naphthenic ( asphaltic or heavy ) based crude oil  

  

2- when the distillate at vacuum pressure ( Press. = 40 mmHg ) as follows : 

4- API gravity   >  30                 paraffinic ( or  light ) based crude oil     

5- API gravity  =  20  -  30         mixed ( or intermediate ) based crude oil 

6- API gravity   <  20         naphthenic ( asphaltic or heavy ) based crude oil 

C - Sulfur Content : 

               Crude oil naturally contains sulfur compounds. Crudes are classed as 

sweet or sour depending on their sulfur content. If a crude has less than 0.5% 

sulfur in it, it is considered to be " sweet crude oil ". If has greater than 2.5% 

sulfur, it is " sour crude oil ". A crude with a sulfur content between these two 

endpoints is called " intermediate ". 

D – Correlation Index ( C.I. ) : 

        This method based on the percentages of various hydrocarbons types in the 

crude oil which are classified into paraffinic or aromatic according to following 

formula  : 
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 8.456)60/60.(.*3.473
48640

..
...

 FGrSp
T

IC o

poboav

 

Where : 

Tav.bo.po .= average boiling point temperature , in Kelvin unit ( 
O
K ). 

Sp. Gr. ( 60/60)
o
F = specific gravity of crude oil at 60

o
F. 

        The crude oil can be classify as follow as : 

a. C.I. = 0  (  normal paraffinic based crude oil ). 

b. C.I = 0-15 ( predominance of n-paraffinic crude oil ).  

c. C.I = 15 – 50  ( paraffinic and aromatic mixture ). 

d. C.I > 50  ( predominance of aromatic crude oil ).  

e. C.I = 100   benzene ( Aromatic )   

8 - Crude oil and gas reservoirs: 

                Three conditions must be present for oil reservoirs to form: 

I- A source  rock  rich  in  hydrocarbon  material  buried  deep  enough  for  

    subterranean heat to cook it into oil. 

II- A porous and permeable reservoir rock for it to accumulate in. 

III-A cap rock (seal) or other mechanism that prevents it from escaping to 

          the surface. 
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      Within these reservoirs, fluids will typically organize themselves like a 

three-layer cake with a layer of water below the oil layer and a layer of gas 

above it, although the different layers vary in size between reservoirs.        

      Most reservoir rocks are sedimentary rocks, including sandstone , limestone 

and dolomite ( Mg CO3 ). Typical cap rocks are clay, shale and dense limestone. 

Types of traps :  

1- Folds ( anticline ).      

       

  



Properties of Petroleum and Natural Gas                                                      Second Class   

 17 

2- Fault and wedge out traps.                                     gas                      

                                                                                oil 

                                                                                             water 

3- Salt dome.        
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Chapter 2: Physical and Chemical Properties of Crude Oil. 

A- Mechanical properties : ( Density , Viscosity , Surface tension ) 

1- Density :  Density is defined as mass per unit volume. Density is a state 

function depends on both temperature and pressure . Liquid densities decrease  

as temperature increases but the effect of pressure on liquid densities at 

moderate pressures is usually negligible. Liquid density for hydrocarbons is 

usually reported in terms of specific gravity (SG) or relative density defined as 

 

 

Since the standard conditions adopted by the petroleum industry are 60 
o
F (15.5 

o
 C) and 1 atm, specific gravities of liquid hydrocarbons are normally reported at 

these conditions. At a reference temperature of 60
o
F (15.5

o
F) the density of 

liquid water is 0.999 g/cm
3
 (999 kg/m 

3
). Therefore, for a hydrocarbon or a 

petroleum fraction , the specific gravity is defined as : 

 

 

 

Water density at 60
o
F is 0.999 or almost 1 g/cm

3
; therefore, values of specific 

gravities are nearly the same as the density of liquid at 15.5
o
C in g/cm

3
. The 

specific gravity is useful in terms of API gravity, characterization factor and 

indication of  fluid flow of petroleum. 

Coefficient of thermal expansion (γ ) : 

The density of any liquid is of course a function of the temperature, there being 

expansion as the temperature rises therefore a reduction in the density. The 

                 density of liquid at temperature T 

SG  =                 

                density of water at temperature T 

 

                                 density of petroleum at 60 
o
F in g/cm

3
 

SG (60
o
F/ 60

o
F )  =                 

                                                0.999 g/cm
3
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quantity relevant to this is the coefficient of thermal expansion, ( symbol γ ) 

defined by :  

SG  at T F  =  SG (60 
o
F / 60 

o
F ) -  γ ( T F – 60 

 
)   

Where :  

SG ( 60 
o
F / 60 

o
F ) : Specific Gravity at standard temperature ( 60 

o 
F ). 

SG  at T F :  Specific Gravity at any temperature ( 
o 
F ) . 

 γ : Coefficient of thermal expansion = 0.000517 – 0.000897 

T F  = Any temperature ( 
o
F ).   

          

  The Specific Gravity at any temperature can be also determine approximately  

from bellow figure.  The density can determinate by hydrometer method. 
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Fig. (2-1) Approximate change of specific gravity with temperature 

 

 

 

 2- Viscosity:  

                Is a measurement for internal friction coefficient for two liquid ( oil ) 

layers each areas are 1  m
2
. 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.  

Types of viscosity: 
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1- Dynamic viscosity  ( μ )  with units (    poise   [  g / ( cm · s) ]     ). 

2- Kinematic viscosity (  υ ) with unit (   centistokes   cSt   [  mm
2
 / s ]     ). 

Kinematic viscosity is defined as the ratio of absolute viscosity (dynamic)  to 

absolute density ( ρ ) at the same temperature in the following form: 

                   υ  =  μ   /  ρ 

The kinematic viscosity can be measurement by viscometer ( U-tube device ) by 

following equation :  

 

                               U- tube viscometer 

    υ   = c . t 

where : 

υ : kinematic viscosity ( cSt. )  

c : viscometer constant ( mm
2
/s

2
 ) .  

http://en.wikipedia.org/wiki/Poise
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t : time required to passing the oil through the limited marks in 

viscometer ( s ) . 

Viscosity Index : 

             The viscosity index is a number indicating the effect of change of 

temperature on the kinematic viscosity of an oil. A high viscosity index signifies 

a relatively small change of kinematic viscosity with temperature. Viscosity 

index increasing with paraffin and decreasing with naphthene. The viscosity 

index standard about ( 80 – 120 ).    

VI=100 (best oil, paraffinic) 

VI=0 (lowest VI oil, naphthenic)   

         Viscosity index calculated as the following cases : 

I – For  VI = 0 – 100  :            100*)(
HL

UL
VI




  

II – For  VI > 100  :                 100)
00715.0

1log
( 




Nanti
VI   

                                                
Y

UH
N

log

loglog 
  

Where: 

Y = kinematic viscosity of oil in centistokes at 100  °C. 

U = kinematic viscosity of oil in centistokes at 40  °C . 

L = kinematic viscosity in centistokes at 40 °C of an oil of 0 viscosity  index and 

      having the same kinematic viscosity at 100  °C as the oil whose viscosity 

http://en.wikipedia.org/wiki/Alkane
http://en.wikipedia.org/wiki/Naphthenic
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      index is to be calculated.  L determinate from table until  Y=70  cSt and 

from the following equation for Y above 70  cSt  : 

L = 0.8353 Y
2
 + 14.67 Y – 216.25 

H = kinematic viscosity in centistokes at 40  °C of an oil of 100 viscosity index,  

     and having the same kinematic viscosity at 100  °C as the oil whose viscosity 

     index is to be calculated. H determinate from table until  Y=70  cSt and from 

the following equation for Y above 70  cSt : 

H =  0.1684 Y
2
 + 11.85 Y – 96.95 
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Note : 

                    If we need to obtain the intermediate value can be used 

interpolation method as follows : 

Ex: 

    Y               L                 H        H 

 20.4           510.8            236.4    

 20.5             L                    H 

 20.6           519.9            240.1 

 

    ( 20.4 ) L                        ( 20.5 ) ( 519.9 ) 

--------------------      =     -------------------------- 

( 20.5 )( 510.8 )                      ( 20.6 ) L 

420.24  L
2
  = 111603657.6    →    

 

     ( 20.4 ) H                      ( 20.5 ) ( 240.1 ) 

----------------------      =     -------------------------- 

( 20.5 ) ( 236.4 )                      ( 20.6 ) H  

    

3 -  Surface tension  or interfacial tension ( IFT ) : 

              Is a measurement of a tensile force between molecules at the separator 

surface between tow states of substance ( solid – liquid  ,  liquid – gas ). 

Volatility of petroleum fractions is increasing with surface tension decreasing. 

So the gasoline is highly volatility because low surface tension.     

     

L = 515.3 

H = 238.2 
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B - Thermal properties :  

1- Cloud Point ( Tc ) : 

              The cloud point is the lowest temperature at which wax crystals begin 

to form by a gradual cooling under standard conditions. As temperature 

decreases below the cloud point, formation of wax crystals is accelerated. 

Therefore, low cloud point products are desirable under low-temperature 

conditions. 

2- Pour Point ( Tp ): 

              The pour point of a petroleum fraction is the lowest temperature at 

which the oil will pour or flow when it is cooled without stirring under standard 

cooling conditions. Pour point is one of low temperature characteristics of heavy 

fractions. When temperature is less than pour point of a petroleum product it 

cannot be stored or transferred through a pipeline. 

             Presence of wax and heavy compounds increase the pour point of 

petroleum fractions. Can be estimate the pour point of petroleum fractions from 

viscosity, molecular weight, and specific gravity in the following form: 

Tp = 130.47[ SG 
2.97

 ]x[ M 
(0.61- 0.47SG)

 ]x[ υ38(100)
(0.31- 0.33SG)

 ]  

Where: 

Tp : pour point temperature in kelvin. 

SG : specific gravity at standard temperature .  

M :  molecular weigh. 

υ38(100): kinematic viscosity at 38
o
C(100

o
F) in cSt. 
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3- Freezing Point: 

            Freezing point is the temperature at which liquid solidifies at 1 atm 

pressure. 

4- Melting Point ( TM  ) : 

             Melting point  is the temperature that a solid substance liquefies at 1 

atm. The melting point increases with molecular weight increases. A pure 

substance has the same freezing and melting points. 

C- Optical properties: 

1- 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 . At this 

temperature the vapor pressure will equal to atm pressure.   

2- Vapor Pressure ( P
vap

 ) : 

       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. Vapor 

pressure can also be defined as a pressure at which vapor and liquid phases of a 

pure substance are in equilibrium with each other. Vapor pressure increases with 

temperature. The vapor pressure is also called saturation pressure, p
sat

. 

3- Flash Point ( TF ) : 

                  Flash point of petroleum fractions is the lowest temperature at which 

vapors arising from the oil will ignite, as a flash, when exposed to a spark or 
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flame under specified conditions. Therefore, the flash point of a fuel indicates 

the maximum temperature that it can be stored without serious fire hazard. 

              A simple relation for estimation of flash point of hydrocarbon  mixtures 

from vapor pressure was proposed by the below formula : 

TF = 231.2 -  40 log P
vap

 

Where :  p
vap

 is the vapor pressure at 37.8
o
C (100

o
F ) in bar. 

TF : is the flash point in kelvin 

4- Fire  Point  : 

                  Fire point of petroleum fractions is the lowest temperature at which 

vapors arising from the oil will ignite, i.e. fire , when exposed to a spark or 

flame under specified conditions. Therefore, the fire point of a fuel indicates the 

maximum temperature that it must not arrival to it to prevent the combustion of 

the petroleum fractions. 

5- Autoignition Point : 

            This is the minimum temperature at which hydrocarbon vapor when 

mixed with air can spontaneously ignite without the presence of any external 

source ingnition. Values of autoignition temperature are generally higher than 

flash point, Values of autoignition temperature for gasoline it is about 053 
o
C ( 

660 
o
F ) and for alcohol is about 500 

o
C ( 930 

o
F ). With an increase in pressure 

the autoignition temperature decreases.  
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6- Octane number: 

              Octane number defined is a measure of fuel's ability to resist auto-

ignition during compression and prior to ignition to prevent the anti-knock 

characteristic. 

               Higher octane number fuels have better engine performance so high 

octane number fuels are more desirable. Generally iso paraffins have higher 

octane number than do normal paraffins. Naphthenes have relatively higher 

octane number than do corresponding paraffins and aromatics have very high 

octane numbers. 

          The octane number of a fuel can be improved by adding  tetraethyl- lead 

(TEL)     (CH3CH2)4Pb  )    or  methyl-tertiary-butyl-ether (MTBE)      

                       

methyl-tertiary-butyl-ether (MTBE). 

   REASERCH OCTANE NUMBER OF PURE HYDROCARBONS 

Paraffins ON Iso Paraffins ON Olefins ON Naphthenes ON Aromatics ON 

n-butane  94 Iso butane 102 n-butene 99     

n-pentane 62 i-pentane 92 n-pentene 90 Cyclo 

pentane 

100   

n-hexane 25 i-hexane 76 n-hexene 90 Cyclo hexane 91 benzene 103 

A > N > O > Iso P > P  

 7- Aniline point ( AP ) : 

         Aniline point of a petroleum fraction is defined as the minimum 

temperature at which equal volumes of aniline and the oil are completely 
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miscible. The higher aniline point with the lower aromatic content and the 

higher paraffin content. 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 aromatic content in petroleum fraction may be calculated from aniline 

point by the following formula :  

    %A = 692.4 + 12.15 (SG) (AP) – 794 (SG) - 10.4 (AP) 

Where:    %A is the percent aromatic content, SG is the specific gravity,  and AP 

is the aniline point in 
o
C. 

8- Diesel index ( DI ) : 

                Diesel index is a number indicate to favors auto-ignition of 

diesel engines. The diesel fuel considered is best with high diesel 

index. Diesel index  calculated from the following formula : 

    DI =  ( API ) ( 1.8 AP+32  ) / 100 

Where:   AP  is the aniline point in 
o
C. 

9- Specific Heat  

                Specific heat is definition as the quantity of heat required to raise the 

temperature of a unit weight of petroleum fraction through a temperature 

difference of one degree, measurement in ( KJ/Kg .
o
C  or   Kcal/Kg .

o
C   or  Btu 

/ lb.
o
F ). Specific heat of petroleum fractions lies in the range of ( 0.3 to 0.85 )  

and depends upon temperature and gravity. Lighter fractions have higher values. 

With increasing density the specific heat decrease. Specific Heat calculated from 

standard formula : 
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    )00081.04024.0(
)60/60(

1
. T

FSG
heatSp

O
     

Where: 

Sp.heat  is the specific heat in  kj / kg. 
o
C .  

SG  is the specific gravity of petroleum fraction at (60/60)  
o
F. 

T  is a temperature in 
o
C.       

10- volatility   

              The volatility of a liquid is it tendency to change from the liquid to the 

vapor or gaseous state at any given temperature. 

11- Refractive index  

               Refractive index is an indicator used for light and medium petroleum 

fractions, usually it is higher for aromatics, lower for paraffins and medium for 

naphthenes. It is increasing with increase the molecular weight. 
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Chapter 3: Crude Oil Preparation for Refining. 

              Preparation of crude oil for refining means reducing the proportion of 

dissolved gases, water and salt and sulfur compounds ( with the stench and 

caused the corrosion of industrial equipments ) in crude oil and removing the  

wax from lubricating oils. 

1- Crude oil degassing ( or Natural gas Removal from crude oil ) : 

              Usually extracted crude oil from a well under pressure (10-50) 

atmospheric pressure. Dissolved gases (  C1  ,  C2   ,  C3 ,  C4  ) separated from 

crude oil by reducing the pressure. The separation efficiency can be increasing 

by increasing the number of stages which is usually ( 3 – 5 ) stages and continue 

to reduce the pressure until equal to atmospheric pressure. 

oil well [ po=(10-50)atm] 

                                                                                                                   

                                                                                                                                      

                                                      

                                                                                

                                                                                                    

 

 

                                                                                                           pump 

                                   Block Diagram for Crude oil Degassing                                                                                                   

2- Crude oil stabilization : 

     NG  ,   LPG 

( C1 , C2+C3+C4) 

separator (S-1) 

        P1 < po 

separator (S-3) 

          P3< P2 

separator (S-2) 

         P2< P1 

Crude oil  

   storage 

Note: 

po > P1 > P2 > P3 

where: 

po=10-50 atm. ( inside oil well) 

P3 = 1 atm. 
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                 Crude oil Stabilization is a the best gases separation process which is 

used to separate the dissolved gases and hydrogen sulfide from crude oil with 

avoid the loss of light oil fractions and to prevent pollution  and corrosion 

problems.  Crude oil Stabilization process occurring as follows:   

                Heated crude oil by one or more  heat exchanger and passes to the 

distillation tower consists of (20-30) trays which is separates the light fraction 

gases ( C1 , C2 , C3 , C4 , C5 , C6 , C7 , H2S ) from crude oil, which will be 

ready for export when the content of water, salt and sulfur are acceptable and the 

proportion of light fraction gases in it (0.15% - 0.18%), and as shown in the 

figure below: 

                         Petroleum gases (C1,C2,C3,C4,C5,C6,C7,H2S)  

                          

                                                              condenser(H-3)                                                                                           

 

                  

                

    steam         H-2  

             H-1 

p-1 

 

 

 

 

 

 

Stabilization 

    Tower 

Crude oil      

  (well) 
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3- Sulphur recovery from petroleum gases:  

              More of the petroleum gases which is product from crude oil 

stabilization containing hydrogen sulphide ( H2S ).  The hydrogen 

sulphide has a stench and caused the corrosion of industrial equipments and 

pollution such as acid rains, so should remove it from petroleum gases. 

Hydrogen sulphide recovery from petroleum gases by absorption process as 

follows : 

             Impure petroleum gases ( petroleum gases + hydrogen sulphide ) are 

contacted with amino alcohol solvents ( mono or di alcohol ) in absorption 

tower. Hydrogen sulphide is absorbed from petroleum gases by mon ethanol 

amine  solvent  MEA ( H2NCH2CH2OH ) or di ethanol amine DEA solvent                                             

( HOCH2CH2HNCH2CH2OH ) and it is separated from solvent by desorption 

process in desorption tower. Hydrogen sulphide will reacting with oxygen in 

furnace and in convertor reactors containing bauxite to product pure sulphur.               

4- Dehydration and Desalting from Crude Oil:  

           Crude oil containing water drops as a  denomination bubbles form called 

Emulsions which are containing the salts. The salt is dissolved in water but not 

dissolved in crude oil, therefore the salt will separate from crude oil when 

emulsions are separated. 

             The water sources in crude oil are either the ground water or the pumped 

water when the crude oil extracted.  The water is pumped in oil well to raise the 

crude oil to upper and stay water in the lower because the water density is 

greater than crude oil density. The water molecules are break to small molecules 

because the high flow rate of water pumped in the oil well. The water emulsions 
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will covered by asphalt oil and resins layer which will isolate the emulsions on 

the crude oil. 

         The mechanism of emulsions separated from crude oil depended on the 

aggregation and merger of a small  water drops to form a large drops which will 

down by the gravity. The asphalt oil and resins layer will prevent the emulsions 

merger consequently prevent the emulsions separation from crude oil, therefore 

must be break the asphalt oil layer .  

Methods of Emulsions Breaking : 

A- Mechanical method ( Filtration and Ultrasonic ):             

               The filtration process can be separated the large drops only and not 

separated small drops therefore it is not used. The ultrasonic process is breaking 

the emulsion ( drop + separator layer ) to smell emulsions which it difficult 

separated, therefore the mechanical method is not efficient. 

 

 

B-Thermal method: 

           The separator layer is breaking by highly heating. This method not 

favorite because the highly energy consumed and light petroleum fractions 

volatility. 

C- Chemical method: 

           Chemical method is using de emulsifier components which it are 

manufactured petrochemical materials, expensive and high surface activity, 

therefore it can be breaking the separator layer when are contacted with it. 
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Properties of Chemical de emulsifier:      

i- It able for separator layer breaking.  

ii- It is available and transport easy.     

iii- Not it effected on the crude oil properties. 

iv- It is solving in water, therefore it will separate when water separated. 

v- Not it caused the water pollution and corrosion equipments.  

 

                                         Separator layer 

 

        de emulsifier 

                                                                                              water drop  

                                      crude                     oil  

D- Thermo-chemical method: 

              In this method the crude oil is medium heating with adding the de 

emulsifier and the aggregation emulsions (water drops) will sediment. The water 

haling from vessel bottom and again used in crude oil extracted because it 

containing the de emulsifiers.                    

E- Electrical method: 

      In this method the crude oil exposed to electrical current with highly voltage 

at ( 30 – 35 ) kv. The highly voltage current will make polarization for water 

drop and convert it from circle shape to ellipse shape. The different charges of 
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ellipse drops will gravitate together to forming a large drop which will down the 

container. IF the inlet crude oil to this unit content  5% water, the outlet crude 

oil will be content 0.1% water therefore this method is efficient but electrical 

energy  consumed.            

 

    -            +                         -           +  -           +              -                   +               

 

              -           +               +          -    +          -                +                 - 

 

    -            + 

 

             -            + 

 

 

 

       -  A  -                                      -   B  -                              -     C    - 

Polarization step                     gravitation step                    merging step 

 

 

 

Figure: Desalting of crude oil 
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5-Dewaxing from lubricating oils: 

                The wax is a solid hydrocarbons which are found in lubricating oil at a 

large quantities which caused raise the pour point for lubricating oils, therefore 

should remove it from te lubricating oils. 

             The mechanism  of wax removal by aggregation the crystals wax to 

form a large crystals which can separated by filtration, the separation process 

occur by two methods which are : 

A- Cooling only: In this method the wax crystals formed are small which are  

difficult separated, stayed the small crystals in lubricating oil and the 

quantities from lubricating oil will freeze and separated with the wax as a 

losses, therefore this method considered not favorite  because the separation 

process is not efficient.  

B- Solvent with cooling : In this method the wax crystals formed are large 

can be simply separated by filtration, therefore this method considered is 

efficient. The solvent used is ( Methyl Ethyl Ketone  MEK with Toluene 

T ) which are decreasing the viscosity of lubricating oil to help the free 

moving for wax crystals and formed a large crystals. 

The volume of formed crystals is depending on: 

I - The oil viscosity:  When the oil viscosity is lower the wax crystals formed 

are large can be simply separated by filtration. 

II - The cooling velocity (The crystallization velocity): When the cooling 

velocity is lower the crystals moving is regular, therefore the wax crystals 

formed are large can be simply separated by filtration. 

III - The number of crystallization centers ( the number of nucleuses ): Each 

crystal represented the crystal center, when these centers is lower the wax 
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crystals formed are large can be simply separated by filtration. To decreasing the 

numbers of crystallization must be heating the oil firstly.     

                                                                                                         solvent 

                                                    (solvent+ dewax Lub.oil)                                                                                       

                                                                          

 solvent( MEK )                                                                                dewax Lub.oil 

                

       mixing                                                                                          solvent 

                                                                                                           

                                                                   (solvent+wax) 

Block Diagram for Dewaxing From Lubricating Oil 

                                                                                                          wax 

Chapter 4: Refining ( Distillation ) of Crude Oil. 

1- Distillation: 

             Distillation is the process of separation the liquid components have 

different boiling points. When heated to a certain temperature the light 

component ( which has lower boiling point ) will evaporate and separated from 

top of distillation tower as a distillate, while the heavy component ( which has 

high boiling point ) will stay a liquid which separated from bottom the 

distillation tower as a residue. 

2- Fractional Distillation Column: 

 

 

Stripper 

Tower 

 

  
 Filter 

 

 

Stripper 

Tower 

 

 Wax 

   + 

Lub.oil 

Heating 

   by 

steam 

Cooling 

    By 

water 

Cooling  

   By 

  water 
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            Fractional distillation column is the column which separated two  

components mixture . The light component ( is the lower boiling point and high 

volatility component ) will evaporate and separated from the top of fractional 

distillation tower while the heavy component ( is the high boiling point and 

lower volatility component ) will stay in liquid phase and separated from bottom 

of fractional distillation column. The feed of fractional distillation column is 

containing the mixture of two components at different boiling points. The feed 

interred to the fractional distillation column at the mid or bottom third of column 

in vaporization section (VS). The upper of vaporization section called fraction or 

rectification section (FS) in which the hot rising vapor from reboiler contacted 

with cold reflux liquid from top of column in each trays, the heat and mass 

transfer will occur between the hot rising vapor and cold reflux liquid. The light 

component in cold reflux liquid will fraction vaporized and the heavy 

component in hot vapor will fraction condensate because the contact between 

the hot vapor and cold liquid, so the light component concentration will increase 

in the vapor and decrease in the reflux liquid, while the heavy concentration will 

increase in the reflux liquid and decrease in the vapor as shown in the below 

sketch: 

                                          Rising vapor    

Light component              L 

                                        L                                  L 

                                        H                                  H                tray 

 

                                                                             H              heavy component 

                                                               falling reflux liquid 
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The continuously of rising the hot vapor and come down the cold liquid will 

occur the equilibrium at each tray. The hot vapor separated from the top of 

column and it will condensate to form the light component as a distillate and the 

heavy component as a reflux liquid to column. The down section is called the 

striping section in which the heavy component separated from bottom as a 

residue. 

The temperature is distributing in the distillation column as bellows : 

1- The higher temperature at the column bottom but not more than the 

boiling point of heavy component. 

2- The lower temperature at the column upper but not less than the boiling 

point of light component.  

3- The temperature distributed in the column from higher temperature in 

column bottom to lower temperature in top of column. 

4- The temperature at each tray is constant. 

                The concentration of light component increasing in the column upper 

and decreasing in the bottom while the concentration of heavy component 

increasing  in the column bottom and decreasing in the top. 

        In the equilibrium distillation not found the reflux liquid but in the 

differential distillation not found reflux liquid and batch process.   

3- Types of columns refining crude oil: 

A- Simple Fractional Distillation Column: 

                  Is a cylindrical tool used to separate three liquids dissolved with each 

other and different in boiling point by reverse friction between vapor rising and 

down  liquid at each trays.  
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            When refining crude oil will evaporate light petroleum products               

( Liquefied Petroleum Gases LPG + Light Gasoline LG ) with a few other 

products, separates ( LPG ) and ( LG )  by condensation and the residue is come 

back to distillation column as a reflux. Petroleum products resulting from the 

simple fractional distillation is ( LPG + LG ) and residue. 

 

 

 

 

 

 

B- Complex  Fractional Distillation Column: 

  I- Atmospheric  Complex  Fractional Distillation Column: 

                Is used to separate more than three liquids such as crude oil. 

Atmospheric complex fractional distillation column is same the simple 

distillation column but attached with a stripping column which is used to 

separate the petroleum products. It is most commonly used in the distillation of 

crude oil. Atmospheric complex fractional distillation column containing a trays 

and operating at atmospheric pressure ( 1 atm. ). Petroleum products resulting 

from the atm. com. frac. distillation are ( Liquefied Petroleum Gases LPG ,Light 

Gasoline LG, Heavy Gasoline HG, Kerosene K, Gas Oil GO ) and the residue 

from bottom. ( Attached Figure of Atmospheric Distillation )  

II- Vacuum  Complex  Fractional Distillation Column: 
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              Is used to separate the heavy petroleum fractions which have highly  

boiling point. Vacuum complex fractional distillation column is same the 

atmospheric complex fractional distillation column but containing vacuum 

making system. The feedstock is atmospheric residue inter the column at 

temperature ( 370 
o
C ) with steam and pressure inside the column about ( 10 – 

50 mmHg ). Petroleum products resulting from the vac. com. frac. distillation 

are ( Light Lubricating Oil Fraction LLOF, Medium Lubricating Oil Fraction 

MLOF, Heavy Lubricating Oil Fraction HLOF) and a vacuum residue consists 

of asphalt. ( Attached Figure of Vacuum Distillation ) 

4- Azeotropic Distillation : 

                Is used to separate the liquids which have convergent in boiling points 

and not can be separated by fractional distillation. In azeotropic distillation 

adding the polar materials as a water, ketenes, alcohols and amines to formed a 

azeotropic mixtures which have in divergent boiling points can be separated by 

simple or fractional distillation. The types of the polar materials are : 

I- Non selective polar materials:  Are changing the all boiling points of 

mixtures, such as methanol ( alcohol ). 

II- Selective polar materials:  Are changing only one boiling point of 

mixtures such as propanone ( ketone ). 

The properties of the polar materials are : 

I- It caused the different in boiling points more than 30 
o
C. 

II- It is inert, highly stability and cheap. 

III- It can be separated from liquids later. 
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Chapter 5: Petroleum Products. 

    The most common fractions distilled from crude oil distillation processes are :  

1- LPG ( Liquid Petroleum gases ) :  It is Produced from atmospheric 

complex fractional distillation, the chemical structure (  C2 , C3 , C4  ), boiling 

point ( b.p ≤ 30 
o
C ) called sometimes Natural Gasoline. The applications         

( uses ) of  LPG are : 

I- As a raw materials in petrochemicals industrials i.e. ( poly ethylene,  poly 

    propylene ). 

II- Domestic fuel ( propylene gas ). 

III- Petroleum refineries fuel so also called refineries gas. 

IV- In Hydrogen production which is use to produced the ammonia and 
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       fertilizers. 

V- In exterminators production. 

2- Gasoline :  It is Produced from atmospheric complex fractional distillation 

and divided to two types : 

A. Light Gasoline ( LG ) : The chemical structure ( C5 , C6 , C7 ), 

boiling point ( 30 - 90 ) 
o
C . 

B.  Heavy Gasoline ( HG ) : The chemical structure ( C8 , C9 ), boiling 

point ( 90 - 160 ) 
o
C . 

The applications of  gasoline are : 

I-Automobiles fuel with high octane number.  

II- As a solvent. 

3- Kerosene :  It is Produced from atmospheric complex fractional distillation, 

the chemical structure (  C10 – C16  ), boiling point ( 160 – 250 ) 
o
C. The 

applications of are : 

I- Jet kerosene : use as a fuel for jet airliners. 

II- Rocket kerosene : use as a fuel for rockets. 

II- Domestic kerosene : use as a domestic fuel.  

IV- Tractor kerosene : use as a fuel for tractors. 

4- Gas oil :  It is Produced from atmospheric complex fractional distillation, 

the chemical structure (  C17 – C20  ), boiling point ( 250 – 350 ) 
o
C. The 

applications of gas oil are : 
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I- Vehicles fuel.                       II- Diesel fuel. 

5- Lubricating oils : It is Produced from vacuum complex fractional 

distillation, the chemical structure (  C20 – C26  ) and divided to three types : 

A. Light Lubricating Oil ( LLO ) : It boiling point ( 350 – 400 ) 
o
C. 

B. Medium Lubricating Oil ( MLO ) : It boiling point ( 400 – 470 ) 
o
C. 

C. Heavy Lubricating Oil ( HLO ) : It boiling point ( 470 – 550 ) 
o
C. 

The applications of lubricating oils are : 

I-Industrial lubricating oils : use as lubricate oil for factory equipments and 

   devices. 

II- Engines lubricating oils : use as lubricate oil for engine cars, airliners and 

     diesel.  

III-Cylinders lubricating oils :  use  as a lubricate oil for  cylinders ( such as 

      turbines )  which  are depends on super heated water in steam power plants. 

IV-Special lubricating oils : use as lubricate oil for large engines, compressors 

    and medical equipments.  

6-Wax :  It is Produced from vacuum complex fractional distillation together 

with lubricating oil, the chemical structure (  C24 – C36  ), boiling point same the 

boiling point of heavy lubricating oil. The applications of wax are :  

I-Use as lubricate oil for very large engines which rotation slowly. 

II- In production the wax. 
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7- Asphalt : also known as Bitumen,  it is Produced from vacuum complex 

fractional distillation, the chemical structure ( Cn  >  C36  ), boiling point ( b.p > 

550  
o
C ). The applications of asphalt are : 

I- Used in streets paving.     

II- Used in paint to increase the weather resistance. 

 

 

 

 

 

Chapter 6: Gases Production from Petroleum Products. 

 

1- Production of H2 & CO : 

      Some gases are produced from petroleum products such as Hydrogen and 

mono carbon oxide gases, which are produced by two major methods : 

I- Methane – water vapor Reaction:   

        The reaction is occurring according to the following reaction : 

 CH4  + H2O   ↔  CO  + 3H2           ∆H = + 49 kcal / mol 

        The operation conditions of the reaction are ( 1 ) atmospheric pressure,  ( 

700 - 870 ) 
o
C temperature and the catalysts used are ( Nickel  Ni , Magnesium 

oxide  MgO , Aluminum oxide, also known Alumina  Al2O3 , Silicon oxide , 
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also known Silica SiO2 ). The production of gases, such as Hydrogen H2 and 

mono Carbon oxide CO, can be increasing by increasing the reaction 

temperature, i.e  by heating because the reaction is endothermic. 

II- Methane – Oxygen Reaction:   

         The reaction is occurring according to the following reaction : 

 CH4  +  1/2 O2     →   CO  + 2H2           ∆H = - 8.4 kcal / mol 

          The operation conditions of the reaction are ( 41 ) atm.  pressure, ( 1100 - 

1500 ) 
o
C temperature and no catalysts used. The production of gases, such as 

Hydrogen H2 and mono carbon oxide CO, can be increasing by decreasing the 

reaction temperature, i.e  by cooling,   because the reaction is exothermic. 

      The gases produced from the first method under atmospheric pressure 

therefore must compressing it at high pressure to liquefied, but the gases 

produced from second method are compressing and liquefied under reaction 

pressure and it is needed pure oxygen which is produced from air by expensive 

process, So the first method is the best because it low cost. 

3-      

            H2 & CO gases are used in industrial to produced some important 

materials such as ammonia, hydrocarbons, alcohols and another materials. 

I- Ammonia Synthesis: 

   Ammonia is producing according to the following reaction : 

1/2   N2  +  3/2  H2   ↔   NH3            ∆H = - 9.5   kcal / mol  
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The operation conditions of the reaction are ( 300 ) atmospheric pressure, ( 500 ) 

o
C temperature and the catalysts used are ( Ferric iron III oxide Fe2O3 , 

potassium oxide  K2O , Aluminum oxide, also known Alumina  Al2O3 , Silicon 

oxide , also Silica SiO2 ). The production of ammonia gas can be increasing by 

decreasing the reaction temperature, i.e  by cooling, because the reaction is 

exothermic. The ammonia are uses in : 

× Fertilizers production.   

× The ammonium nitrate production which is used in explosives materials 

production. 

× The ammonia nitrate ( ammonia salts ) production. 

× Nitric acid production. 

× For exportation.  

 

II- Hydrocarbon Production ( Fischer Tropsch Synthesis ) : 

      In this method the hydrocarbons are preparation from reaction the H2 and  

CO, the catalysts used ( cobalt Co ) or ( iron Fe ) as following reactions: 

CO  +  2H2                              CH2  +  H2O         ∆H = +39.4 kcal / mol 

2CO  +  H2                             CH2  +  CO2           ∆H = +48.9 kcal / mol 

        The iron as catalyst is producing the olefin hydrocarbons, but the cobalt is 

producing paraffin hydrocarbon. 

   In Fischer Tropsch reaction can be obtain the strength chain from paraffin and 

olefin and the double bond in the olefins in the end of the chain always. 

Co catalyst 

Fe catalyst 
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III- Alcohol Production : 

    The methanol is preparation according to the following reaction : 

    CO   +  2 H2   ↔   CH3OH            ∆H = - 26   kcal / mol  

The operation conditions of the reaction are ( 360 ) atmospheric pressure,  ( 300 

– 400 ) 
o
C temperature and the catalysts used are (zinc oxide  ZnO , Chromium 

oxide CrO , Copper oxide CuO ). The production of  methanol can be increasing 

by decreasing the reaction temperature, i.e  by cooling, because the reaction is 

exothermic. 

 

 

 

 

Chapter 7: Chemical Processes in Petrochemicals Industrials 

 

                 The petroleum industries containing some of chemical processes in 

which occur  chemical reaction or changing in chemical structure in petroleum 

fraction ( or  petroleum product ) to produced a new hydrocarbons not found 

originally in crude oil. These chemical processes now become very important in 

petrochemical industries. The chemical processes common are : 

1- Thermal Cracking.                    2- Catalytic Cracking. 

3- Hydrocracking.                         4- Thermal Reforming. 

5- Catalytic Reforming.                6- Hydrogen Treatment. 
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7- Alkylation.                               8- Isomerization. 

9- Polymerization.  

1- Thermal Cracking:          

         In thermal cracking process, the heavier hydrocarbon molecules ( high 

boiling point oils) break into lighter products ( paraffin and olefin ) smaller than 

originally molecules as following : 

 C(n+m) H2(n+m)+2                           Cn H2n     +     Cm H2m+2                      

Example:           C11H24                            C5H10   +   C6H14 

             The thermal cracking process are used to produced high quantities from 

best automobiles fuel as above reaction is producing pentene and hexane 

(gasoline) which is used for automobiles fuel. The operating condition for 

thermal cracking are ( 700 – 800 ) 
o
C and ( 10 – 25 ) atm.  

2- Catalytic Cracking: 

            The catalytic cracking process is a mainly process to produced the raw 

materials for many petrochemical industries and good gasoline from heavy 

petroleum fractions such as gas oil. The operating conditions are ( 450 – 550 ) 

o
C, ( 1- 2 ) atm. and the catalysts used are : 

I-Natural Clays. 

II-Aluminum Silicate ( Zeolite ) (  87.5 % SiO2  +  12.5 %  Al2O3  ). 

III-Sodium Aluminum Silicate with molecular sieves structure.  

The catalytic cracking reactions are : 

I- Thermal cracking for Paraffins: 
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CnH2n+2                  CmH2m  +  CpH2p+2    

Ex.               C15H32                 C7H14  +  C8H18  

II- Thermal cracking for Olefins: 

CnH2n                     CmH2m  +  CpH2p   

Ex.       C13H26                 C6H12  +  C7H14  

III- Dealkylation: 

ArCnH2n+1                     ArH  +  CnH2n       ,      ( Ar = Aromatic ) 

Ex. 

     CH2CH3 

                                                     +        C2H4   

or          C6H5(CH2CH3)                   C6H6   +    C2H4 

IV- Thermal cracking for side chain:     

ArCnH2n+1                     ArCmH2m-1  +  CpH2p+2       

Ex. 

     C5H11                         C2H3 

                                                     +        C3H8   

 

or          C6H5(C5H11)                  C6H5(C2H3)    +    C3H8 

V- Hydrogen Transfer: 
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Naphthene  +  Olefin                       Aromatic  +  Paraffin  

Ex. 

                         +   C2H4                                     + C2H6  +  2H2 

 Cyclo  hexane                               benzene                            

VI- Thermal cracking for Cycles : 

CnH2n                          CmH2m   +    CpH2p 

Ex. 

                                                               +                     

           C8H16                          C3H6                     C5H10    

    Cyclo octane              Cyclo propane         Cyclo pentane   

VII- Isomerization : 

  Olefin                            iso olefin 

Ex.                C4H8                        C3H5 ( CH3 )    

CH2 = CHCH2CH3                        

VIII- Alkylation Group Transfer : 

 +                                                     

                          benzene                                                                 

3- Hydrocracking: 

                     CH3 

CH2 = CH-CH2 

           Ortho xylene 

(1,2-dimethyl   benzene)        Toluene 

(methyl   benzene) 

2 

http://en.wikipedia.org/wiki/File:Ortho-Xylol_-_ortho-xylene_2.svg
http://en.wikipedia.org/wiki/File:Ortho-Xylol_-_ortho-xylene_2.svg
http://en.wikipedia.org/wiki/File:Toluol.svg
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             The hydrocracking process occurred at ( 65 - 130 ) atm. from hydrogen ,  

( 260 - 425 ) 
o
C and Sodium AluminoSilicate Na / (Al2O3-SiO2 ). Can be change 

sodium element by another elements such as ( W Tungsten   , Co  Cobalt , Mo 

Molybdenum , Pd palladium , Ni Nickel ). In these process the carbon chains are 

cracking and hydrogenation the productions olefins.           

4- Thermal Reforming: 

         Thermal reforming process is consider a development for thermal cracking 

process. Thermal reforming intention to reforming ( or recomposition ) the 

carbon chains. The operating condition are ( 550 ) 
o
C and ( 85-95 ) atm. Can be 

replacing by catalytic reforming which is more efficiency.     

5- Catalytic Reforming: 

      The catalytic reforming is very important in petrochemicals industries, in 

which some important process occurred such as isomerization, naphtha 

production, aromatic production, sulphur components removal from 

hydrocarbons and coke formation. The operating conditions are ( 460-525 )
 o
C, 

 ( 8.5- 12.5 ) atm. and the catalysts used are : 

I-  5 wt%  Co / Al2O3   ( Cobalt / Alumina ).                   

II-  1 wt%  Pd / Al2O3  ( Palladium / Alumina ). 

III- 1 wt% Rh / Al2O3  ( Rhenium / Alumina ).  

IV- 10 wt%  Mo / Al2O3  ( Molybdenum / Alumina ).  

V-10 wt%  Mo / ( SiO2- Al2O3 )  ( Molybdenum / Silica – Alumina ). 

VI- 0.5 wt%  Pt / Al2O3  ( Platinum / Alumina ). 

VII- 0.5 wt%  Pt / ( SiO2-Al2O3 )  ( Platinum / Silica – Alumina ). 
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VIII- 5 wt%  Ni / ( Al2O3 )  ( Nickel / Alumina ). 

IX-  5 wt%  Ni / ( SiO2 )  ( Nickel / Silica ). 

X-  5 wt%  Ni / ( SiO2-Al2O3 )  ( SiO3 / Silica – Alumina ). 

Note: The formula (  5 wt%  Ni / ( Al2O3 ) ) meaning the Nickel element weight 

is 5%  from total weight of catalyst and the nickel element support on aluminum 

oxide. 

The mainly reactions of catalysts reforming are : 

I- Isomerization : 

          In these process the normal paraffins ( with high boiling point and low 

octane number ) conversion to iso paraffins ( with low boiling point and high 

octane number ) can be used as automobiles fuel ( gasoline ). 

II- Dehydrocyclization : 

          In these process the normal paraffins conversion to cyclic paraffins              

( naphtha components ) can be used as automobiles fuel ( gasoline ). 

 

 

 

III- Dehydrogenation to Aromatics : 

           In these process the cyclic paraffins conversion to aromatics with high 

octane number, ex. converted cyclo hexane to benzene and methyl cyclo hexane 

to toluene as following :  

ex)                                                                     CH3 

          n-C7H16         CH3-CH2-CH2-C-CH3 

                                                                                      CH3 

normal heptane                   2,2-di methyl pentane ( iso heptane )     

ex)                                             CH3 

          n-C7H16                                        + H2       

                                                                           

    

normal heptane          methyl cyclo hexane ( Naphtha component )     
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                                                       + 3H2 

 methyl cyclo hexane           Toluene 

 

                                                                 +     3H2           

       cyclo hexane                  benzene 

IV- Desulphurization or Hydrodesulphurization : 

        In these process can be removal the sulphur from mercaptance. 

CH3CH2SH  +2 H2                    CH3CH3  +  H2S   

 

V- Coke formation : 

           The coke is formatted when the paraffins are heated at highly 

temperature. The catalyst are poisoned by the coke when it is precipitate on 

catalyst surface   ( caused to closed the pores  of catalyst ).  

6- Hydrogen Treatment: 

             Hydrogen treatment process is used to removal the sulphur and nitrogen 

composites, cracking the carbons chains and hydrogenation ( converted the 

double bonds to single bonds ). The operating conditions are ( 400 – 510 ) 
o
C,    

( 20 – 45 ) atm and catalyst is ( Platinum / Silica – Alumina ) Pt / ( SiO2-Al2O3 ). 

The hydrogen treatment reactions are : 

I- Hydrodesulphurization :  

CH3 

http://en.wikipedia.org/wiki/File:Toluol.svg
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            The operating conditions of hydrodesulphurization are ( 300 – 450 ) 
o
C,  

( 200 ) atm. the catalysts used are  Co/( SiO2-Al2O3) , Mo/( SiO2-Al2O3) , Ni/( 

SiO2-Al2O3) , w/( SiO2-Al2O3).  

                         + 3 H2                   CH2CH3  +  H2S     

              S 

Benzothiophene                         Ethyl benzene 

II- Hydrodenitrogenation :  

CH3CH2NH2 +2 H2                        CH3CH3 + NH3 

III- Hydrogenation :  

  + 5 H2                

Naphthalene                              Decalin 

IV- Hydrogenolysis :  

CH3CH2CH2CH3  + H2                      CH3CH2CH3  +  CH4 

CH3CH2CH2CH3  + H2                       CH3CH3  +  CH3CH3 

R1CH2CH2R2  + H2                              R1CH3  +  R2CH3 

7- Alkylation :  

             Alkylation reactions used when reaction between iso paraffins and iso 

olefins to production important products.  

    CH3          CH3                              CH3                 CH3 

     Ni 
 

     Pt 
 

     Pt 
 

http://en.wikipedia.org/wiki/File:Naphthalene-2D-Skeletal.svg
http://en.wikipedia.org/wiki/File:Naphthalene-2D-Skeletal.svg
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H-C-CH3 +   C = CH2                 H – C - CH2 – C – CH3  

   CH3           CH3                               CH3                CH3 

Iso butane     iso butene              1,1-dimethyl-3,3-dimethyl butane  

                                                 ( iso octane is highly octane number ) 

    The operating conditions are ( 25 – 45 ) 
o
C, ( 1 ) atm. the catalysts are 

Sulphuric acid H2SO4, Hydrofluoric acid HF, phosphoric acid H3PO4 and 

Aluminum chloride AlCl3. Alkylation process used to : 

1- Good fuel production for automobiles and airliners. 

2- Raw materials production for petrochemicals industries.  

8- Isomerization :  

      Isomerization process is important process in petrochemicals industries  and 

occur in previous processes which is useful to obtain of iso composites with 

highly octane number.     

9- Polymerization :  

            Polymerization process occurred usually when reaction between two or 

more molecules to produced molecule with high molecular weight. The 

operating conditions are (175 – 250 ) 
o
C , ( 1000 ) atm. the catalysts are  ( Silica 

- Sulphuric acid ) ( SiO2-H2SO4 ) or ( Silica – Phosphoric acid ) ( SiO2-H3PO4 ). 

The polymerization mainly divided to two types are : 

1- Condensation Polymerization: 

              It occurred between molecules which have functional groups such as 

hydroxyl (R-OH) , carboxyl (R-COOH) and ammine groups (R-NH2).   
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Ex:  

                                                                                 Polymeriz. 

H2N-(CH2)6-NH2  + HOOC-(CH2)8-COOH             -(NH-(CH2)6-NH-OC-(CH2)8-CO)- + H2O 

Hexamethylenediamine      sebasic acid       Nylon 106 :   poly(Amino hexa methylen amino 

sebasoel) 

2- Addition Polymerization: 

         It occurred between molecules which have double bonds such as ethylene   

( CH2= CH2 ).   

Ex:                 polymerization 

1-  nCH2 = CH2    poly. -(- CH2 - CH2 - CH2 - CH2-........)-            -(- CH2 - CH2 -)n-  

      Ethylene                                                                        polyethylene                               

 

2-      CH  = CH2          poly.                      -(- CH  -  CH2 -)- 

 poly styrene                     ֲ                                                            ּר          

                  styrene                                                                                

 

3-     
                                              Polymerization 
   CH  = CH2                                      -(- CH  - CH2 -)-  

    ֲ                                                          ֲ                    poly acrylonitrile 

   CN                                                     CN        

 

4-  
                            Polymerization 
   CF2  = CF2                                         -(- CF2  - CF2 -)-      

                                                poly( ethylene tetra fluoride )  

 

              

5-                           Polymerization 

   CH  = CH2                                      -(- CH  - CH2 -)-  

     ֲ                                                           ֲ                   poly vinyl chloride ( PVC ) 
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   Cl                                                      Cl        

 

 

 

 

 

 

 

 

 

 

 

Chapter 8: Natural Gas 

1- Introduction:  

         Natural gas is considering one from important energy sources. It is found 

in oil fields ( Associated gas ), natural gas fields ( Free gas ) and in coal mines. 

When methane-rich gases are produced by the anaerobic decay ( in fermentation 

process) of non-fossil organic material, these are referred to as biogas. The 

properties of natural gas are : 

1- Very clean burning. Little soot. 

2- Easy to burn - No grinding or atomization. Excellent mixing. 
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3- No problems with erosion or corrosion. 

4- No ash deposit.  

5- The gas is easy to clean. i.e, if sulphur is present, it may be easily 

     removed prior to combustion. 

6- Simplest combustion plant of all – Burners. 

7- Highly calorific value ( 1000 – 1200 ) Kcal/Kg.   

8- Problems with distribution and storage. 

9- Explosion risk - very volatile. 

10- Relatively costly. Offset by cheaper and more efficient plant.              

2- Definition of Natural gas : 

             Natural gas is a gaseous fossil fuel consisting primarily of methane but 

including significant quantities of ethane, butane, propane, carbon dioxide, 

nitrogen, helium and hydrogen sulfide. Before natural gas can be used as a fuel, 

it must undergo extensive processing to remove almost all materials other than 

methane. The by-products of that processing include ethane, propane, butanes, 

pentanes, elemental sulfur, and sometimes helium and nitrogen. 

 3- Natural Gas Hazards :  

1- Natural gas is a simple asphyxiate and can kill if it displaces air to 

    the point where the oxygen content will not support life. 

2- Natural gas is lighter than air, and so tends to dissipate into the                         

     atmosphere. But when natural gas is confined, such as within a house,  
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    gas concentrations can reach explosive mixtures and, if ignited, result 

    in blasts that could destroy buildings. Methane has a lower explosive 

    limit of 5% in air. 

4- Origin of Natural Gas : 

          There are several theories about the origin of natural gas. Since natural 

gas often comes from localities near crude oil (oil-based natural gas) or coal 

deposits (carbon-based natural gas), most theories assume that natural gas was 

gradually released during the formation of coal or crude oil as a result of the 

gradual decomposition of organic materials such as vegetative and animal 

remains according to organic hypothesis. 

5- Chemical composition 

The primary component of natural gas is methane (CH4), the shortest and 

lightest hydrocarbon molecule. It also contains heavier gaseous hydrocarbons 

such as ethane (C2H6), propane (C3H8) and butane (C4H10), as well as others 

sulphur, carbon dioxide, nitrogen and helium in varying amounts. 

Component wt. % 

Methane (CH4) 80-95 

Ethane (C2H6) 5-15 

Propane (C3H8) and Butane (C4H10) < 5 
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sulphur, carbon dioxide, nitrogen and helium  Trace 

 

6- Terms used to describe gases: 

I- Sour gas : the gas is containing the high concentration of acid gases ( H2S, 

                     CO2). 

II- Sweet gas : the gas is containing low concentration of acid gases. 

III- Wet gas : the gas is containing high content of methane, ethane, propane 

                       and butane. 

IV- Dry gas : the gas is high methane content and may be a few ethane. 

V- Liquefied Natural Gas ( LNG ) : contains mostly methane and may 

                      be a few ethane liquefied by compressing and cooling.  

VI-Liquefied Petroleum Gas ( LPG ) : mixture from propane and butane may 

be a few ethane are liquefied by compressing without cooling.  

7- Natural Gas Treatment Units: 

I- Natural Gas Drying Unit:  

           In this unit, the water vapor will removal from natural gas by adsorption 

process which is used solid materials such as (  Bauxite,  Alumina, Silica gel,  

Molecular sieves or charcoal ) or by absorption process which is used a liquid 

such as ( Tri ethylene glycol or Di ethylene glycol ). 

Disadvantage of water vapor in Natural gas : 
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1- Water vapor will condensate at compressing and cooling which will 

caused problems with distribution. 

2- Water vapor converted to crystal solid ( ice ) at high pressure and cooling 

which will caused plugging the pipeline of distribution. 

3- Corrosion the equipments and pipes.     

II- Natural Gas Sweetening Unit :  

             In this unit, the acid gases such as hydrogen sulphide ( H2S ) or carbon 

dioxide ( CO2 ) will removal from natural gas by adsorption process which is 

used solid materials such as ( Iron oxide, Silica gel,  Molecular sieves or 

charcoal ) or by absorption process which is used a liquid such as ( Di ethanol 

amine or potassium carbonate ). 

Disadvantages of  H2S & CO2 in Natural gas : 

1- CO2 may condensate at compressing and cooling which will caused 

problems with distribution. 

2- Pollution and corrosion  problems. 

III- Natural Gas Fractionation Unit :  

             In this unit, the  propane and butane will fraction from natural gas by 

adsorption process which is used solid materials such as (  Silica gel,  charcoal 

or activated carbon  ) , or by absorption process which is used a liquid such as    

( Di ethanol amine or potassium carbonate ) or by distillation under pressure       

( 17.5 ) atm. And ( 120 – 140 )
o
C. 
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