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Abstract 
 
One of crude oil types in Iraq is Diyala oil (Khana oil). In this paper, oil was 

tested in terms of its physical properties, determining other oil properties 

such as American Petroleum Institute (API), Watson characterization factor 

(Kw factor) and correlation index (CI). These properties were compared to 

the Dura oil properties (Baghdad region). According to the ASTM-2892 

distillation method, special distillation plots were obtained of the tested crude 

oil to determine the ratios and quantities that support the raw data of common 

crude oil derivatives. These results were studied from the perspective of oil 

quality (sulfur content in distillation fractions). It was clear from the full 

results that the characteristics of crude oil are mixed (or intermediate) of 

crude oil and compared with other properties of crude oil. 

 

Keywords: Crude oil, oil physical properties, Watson characterization 

factor, Khana Oil, Sulfur content. 

 

1 Introduction 
 
Crude oil (petroleum) is a blend of hundreds of hydrocarbon compounds 

which often contains very low quantities of other components (sulphur 

components, oxygen, nitrogen, minerals and other elements) [1]. Petroleum 

is strongly regarded as the raw materials for a wide range of products, 

including gas oil, lubricating oil, and liquid petroleum gas (LPG). Some 

petroleum properties depend on their source [2]. petroleum, which represents  
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several compound groups, alkanes most importantly, aromatics and 

naphthalene  [3]. These groups cannot be separated since aromatic 

compounds also produce alkanes. Alternatively, many cyclic structures are 

mixed aromatics, naphthalenes and small ratios of other materials including 

(oxygen, sulphur, nitrogen, water, salt, dissolved gases such as hydrogen 

sulphide (H2S) and small quantities of metals including vanadium, copper, 

nickel, and iron). These components can significantly impact the processes 

for oil refining as well as their effects on analysis procedures [4]. American 

Petroleum Institute (API), deals with oils of high-hydrogen ratios, high-

gravity and low-carbon content. These oils are usually paraffin-rich and 

contain higher amounts of (light petroleum products and gasoline). Other oils 

are usually have high carbon content, hydrogen-low, and low American 

Petroleum Institute (API) oils are rich in aromatic substances, The former 

category is known as light crudes . The latter category is the mixed ( or 

intermediate ) based crude oil is considered as heavy crudes [5].Weight 

foundation, the thermal cracking was initially invented to demonstrate 

properties of heavy oils, as Watson characterization factor (Kw) is in the 

range between 12.15 to 12.9 for the extremely paraffin-based oils. Kw range 

11.5 -12.1 is for mixed crude oil (or medium crude oil), and Kw range 10.5 -

11.45 is for cyclic or naphthene-based oils (asphaltic-based or heavy crude 

oil) [6].The Correlation Index       (C.I.)scale is depending on  paraffins with 

straight-chains that possess (zero)  (C.I.) value, and (100) C.I. value for 

benzene. The Correlation Index (C.I.) method relies on the percentages of 

crude oil different hydrocarbon types, which are categorized as aromatic or 

paraffinic, However, the lower the C.I. value, the higher the paraffin 

hydrocarbon concentration in the fraction, and the higher the C.I. value, the 

higher the naphthene and aromatics concentrations [7]. Sulfur compounds 

can be inorganic compounds that affect the quality of the crude oil, that are 

most importantly are the ones that increase as the oil density [8]. 

 

2 Experimental 
 

2.1 API Gravity    
        

American Petroleum Institute (API gravity) is commonly used to 

estimate the crude oil specific gravity(SG), according to the following 

equation:  

API gravity =  - 131.5 

specific gravity (SG), defined as the ratio of crude oil density at 60 
˚
F to 

the density of water at the same temperature. Crude oil can be classified 

according to their distillation pressure API gravity when the distillate has an 

atmospheric pressure that equals to (1 atm). Crude oil classification 

according to API gravity is as follows; (40) or greater API gravity, 
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crude oil is paraffin-based or lighter, API gravity range (33-40) represents 

the mixed or intermediate oil, and API gravity (33)  or lower, oil is  

naphthenic-based or heavy crude oil [9]. According to АSTM 1217, crude oil 

density (specific gravity) has been determined at 20 
o
C. 

 

2.2 Watson Factor (Kw) 
 

Crude oil compounds and hydrocarbons have several correlations 

including (paraffinicity and aromaticity). But the most commonly used are 

"Watson characterization factor" Kw and the correlation index by the bureau 

of mines (C.I.). see equations (1),(2): 
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Where (Tav.bo.po) The average boiling point is Rankine (
o
F + 460) and (Sp. 

Gr) is (60 /60) 
o
F [7]. It has been shown that the characterization factor of 

Watson is an additive on crudes with pouring points greater than -36°C [10, 

11]. 

 

2.3 Viscosity 
      

Crude oil viscosity is a significant physical characteristic that regulates 

and affect oil flux through pipes and porous media. Generally, viscosity is 

known as the fluid resistance to flow [12]. The apparatus used to evaluate 

viscosity is the viscometer, (U-tube viscometer) which is a device used to 

calculate liquid viscosity.  Viscosity calculation process of this device 

consists of evaluating the time under gravity control for a specified amount 

of the liquid to pass through the capillary tube. There are two types of 

viscosity, these are the dynamic viscosity (μ), and the kinematic viscosity 

( ). Kinematic viscosity can be defined as the absolute viscosity (μ) ratio to 

the absolute density (  ) at same temperature, as described in equation (3). 

 


 

                                                                                                                                                                     (3) 

        μ : dynamic viscosity, (poise [g/(cm * s)]),  : kinematic viscosity, 

(centistokes  cSt  [ mm
2
 / s ]).Kinematic viscosity can be measured using a 

(U-tube device) viscometer according to the following equation(4). 

tc                                                                                                  (4)    

c: viscometer constant ( mm
2
/s

2
 ). The viscosity was estimated using 

АSTM-D445 method. 
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2.4 Pour Point 
         

Pour point for the crude oil fraction is „the lowest temperature the oil can 

spill or flow when cooled under normal cooling conditions‟, without stirring. 

Pour point is a heavy fractions characteristic at low temperature. If the 

temperature of a petroleum oil is smaller than the pour level, it cannot be 

processed or transported in the pipeline.  The heavy compounds plus the wax 

presence raises the pour point level for crude oil fractions that can be 

estimated [13].These products , especially light and middle distillates, are 

directly obtained from crude oils worldwide [14]. 

 

2.5 Surface Tension (Interfacial Tension)  
 

Interfacial Tension is the attraction force between molecules at the 

interfacial area of two liquids. This force is also known as interface surface 

tension between air/liquid. The interfacial tension units (SI) are measured by 

millinewtons per meter (mN/m). These units are derived the previous units of 

dynes per centimeter (dyne / cm). The viscosity of the crude oil, along with 

its surface friction, influences the oil spill rate. Interfacial tensions between 

oil/water and air/oil can be exploited to measure the spreading coefficient 

which indicates the oil's spread propensity [15]. Thus, surface tension was 

evaluated in according to ASTM1331.  

 

2.6 Aniline point (AP)  
          

The aniline point of a fraction for crude oil is as the minimum 

temperature at which aniline and oil at equal amounts become absolutely 

miscible. Higher paraffin levels and lower aromatic content refer to higher 

aniline point. Aniline is an aromatic compound consists of a benzene 

molecule with an amine group -NH2 attached to it  [16].The АSTM-D611 

method calculates the aromatic content in crude oil fraction through aniline 

point. 

 

2.7 Refining (Distillation) of Crude Oil 
        

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. Given that in mind that crude oil cost 

accounts for more than (80 per cent) of refinery expenditure the proper 

operation of crude distillation unit has great impact on refinery profitability 

[17, 18]. 
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2.8 Distillation Curve 
         

Distillation plot is a boiling point graph of a liquid or a mixture of liquids 

applied to a fraction of a distilled mass [19, 20]. Commonly, distillation 

curve width is the boiling point dependence on the mass fraction (at atm 

pressure). ASTM-D86 oil distillation drop test method provides a 

measurement approach [11, 21, 22]. Data collected using ASTM-D86 are; 

initial boiling point, distillation mass temperature in specified parts, and final 

boiling point. ASTM-D2892 procedure is designed for oil mixtures with 

initial boiling point of less than 390 °C. It determines that the atmospheric 

pressure section during quadrilateral distillation will be stopped at 335 ° C in 

order to overcome “the significant cracking” [23]. Atmospheric distillation of 

crude oil samples East Diyala crude oil (Khana oil) were tested. Parts of 

crude oil are determined in accordance with the standard distillation plot in 

are shown in Fig. 1, table 1 explores the data of the respective fractions (1). 
Table 1: Common cut points [23]. 

Temperature 

Range 

(390
o
C) 

and up 

(240-390) 
o
C 

(160-240) 
o
C 

(110-160) 
o
C 

(33.5-110) 
o
C 

(390
o
C) 

and up 
Residuum Gas oil Kerosene Naphtha Gasoline 

 

2.9 Sulfur Contains  
        

Crude oil naturally contains sulfur compounds. The types of sulphur 

components in the crude oil are (Hydrogen Sulphide, Mercaptance, 

Sulphides) Crudes are classed as sweet or sour depending on their sulfur 

content [8]. If a crude oil contains less than 0.5% sulfur in it, then it is 

considered as "sweet crude oil". If oil has more than 2.5% sulfur, it is "sour 

crude oil". A crude oil with a sulfur content amid these two ratios is called 

"intermediate crude oil" [24]. Most Iraqi crude oils are sulfur-containing oils. 

Therefore, sulfur content in the study of crude oil for East Diyala (Khana oil) 

is an important with distinctive characteristic. Sulfur content was determined 

by X-ray dispersive energy spectroscopy. 

 

3 Results & Discussion 
 
3.1 Comparison between (Khana Oil) and (Dura) Crude Oils, 
Variation Range of Crude Oils Properties  
 
        All properties listed in table (2) illustrate that Crude Oil for East Diyala 

Oil (Khana Oil), was compared to (Dura) crude oil (a, b) oil after reviewing 

the literatures in table(3).  
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It was found that (khana oil) crude oil is close to crude oil (b) for (Dura) 

crude oil it terms of (viscosity , pour point density, and surface tension). 

Crude oil (khana oil) has lower (Kw) values than (B) Dura oil which is 

known for its higher (Kw), and lower values of (C.I.) for than those of (A,B) 

Dura oil as a result of more paraffin content found in (khana oil) crude oil. 
Table 2: Crude oils properties of (Khana oil) 

 

Crud

e 

Type 

 

Densit

y  

g/cm 3   

(20 
o
C) 

 

Densit

y  

g/cm 3   

(15.6 
o
C) 

 

Specific  

gravity  

(15.6 
o
C) 

 

API  

gravit

y 

 

Por 

point  

(
o
C ) 

Dynamic  

Viscosity  

at 20
o
C 

(pa.s)   

 

 Surface  

Tension  

at 20 
o
C  

(mNm -1 ) 

 

Kw  

Factor  

 (
o
R) 

Correl

ation  

Index(

CI) 

(Kha

na   

oil) 

0.84 0.86 0.86 33.03 -15 5.645 

 

27.6 11.28  46.10 

 

Table 3: Crude oils properties of (A and B) Dura oil according to the literatures 

 

3.2 Crude Oils Distillation Results for (Khana Oil). 
 

The distillation results are depicted in the Figure (1) and table (3). With 

regard to crude oil, East Diyala (Khana oil) indicates that crude oil is 

average, when classifying the value of crude oil according to the American 

Petroleum Institute (API). Also, this estimation was based mainly on the 

results of crude oil density for the distillation products, where the dynamic 

properties of the distillation were examined at different temperatures. 

Viscosity is one of the most important physical properties of crude oil, as the 

viscosity value controls the possibility of spraying and pumping through the 

pipeline of the petroleum products. For oil refining technology. When 

considering pipelines, tanks and other devices for storing and pumping 

petroleum products, the reliance on the temperature and density of viscosity 

is very important matter. In this section, we have examined the consequences 

of temperature on changing both density and viscosity.  
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The temperature dependence on changing the density of the distillers is 

generally described, the one can calculate the density of the distilled oil 

fractions obtained at different temperatures. This dependence becomes a 

crucial point of practice due to the wide use in different countries, this 

method is used to give density at temperatures of 15, 20 or 25 ˚C. It is not 

difficult to recalculate the density at any temperature. Kinematic viscosity 

was determined at the time of expiration of petroleum products by capillary 

viscometer (see section 3.4) at different temperatures. Dynamic viscosity was 

calculated as a product of kinematic viscosity and density at a certain 

temperature. The credits obtained from the kinematic and dynamic viscosity 

of the oil obtained from (Khana Oil) wills are shown fig(2), fig(3), fig(4).   

 

 
 

Fig.1: Boiling point (°C) and the amount of distillate, mass(g). 

 

 

 

 

 

 

The amount of distillate, mass(g) 
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Fig.2: Density, kg/m3 and temperature, °С 

 
Fig.3: Kinematic viscosity, mm2/S and  temperature,°С 
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Fig.4: kinematic and dynamic viscosity with temperature,°С 

 

3.3 Sulfur Content 
 
       One of the most important characteristics of petroleum products during 

their manufacture is the sulfur content. This is due to the fact that deep 

processing of oil and petroleum products is carried out using various catalytic 

systems in which the sulfur-containing compounds are toxic and lead to rapid 

imbalance. Sulfur content is also tightly controlled in motor fuel. Most Iraqi 

oils are sulfur-containing oils, especially in the northern and central regions 

of Iraq, where sulfur content in crude oil arises. Therefore, we have studied 

the change in the sulfur content of boiled fractions at different temperatures. 

Sulfur was determined by X-ray scattering spectroscopy, a summary of the 

obtained data is listed in table (4). The total sulfur content in boiled parts at 

different temperatures (Figure 5) shows a synchronous increase in the sulfur 

content with an increase in the boiling temperature of the distilled part. As it 

appears that the sulfur content is the lowest in gasoline and the highest part 

of gas oil, as shown in Figure (6). 
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Table 4: Total sulfur content in distillation fractions, with a boiling point at different 

temperatures 
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Fig.5: Boiling point (°C) and Sulfur content (%) 

        
Fig.6: Sulfur content(%) and Temperature of the boiling fraction(°C) 
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