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Abstract 
This research dealt with desalting of East Baghdad crude oil using pellets of either anionic, PVC, quartz, PE, PP or 

nonionic at different temperature ranging from 30 to 80 °C, pH from 6 to 8, time from 2 to 20 minutes, volume percent 
washing water from 5 to 25% and fluid velocity from 0.5 to 0.8 m/s under voltage from 2 to 6 kV and / or using additives 
such as alkyl benzene sulphonate or sodium stearate. The optimum conditions and materials were reported to remove 
most of water from East Baghdad wet crude oil. 
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Introduction 

Crude oil consists mainly (by wt.) 84% carbon, 14% 
hydrogen, 1% sulfur and 1% nitrogen (1). Corrosive 
materials such as sulfur and hydrogen sulphides were 
removed, because these can cause corrosion. The wet 
Iraqi crude oil such as Kirkuk main pay and Zubair main 
pay in Basarah have to separate salt water from crude oil 
before pumping it to export. Different researchers (2-6) 
used different materials such as sulphonic acid with 
phenol to desalt water from crude oil. Other additives 
such as sodium sulphate, mixture of 0.5% sodium 
sulphate with 0.5% phenol, starch, were also studied. 

During testing oil well production, after drilling has 
been complete, said removal, silt removal, and other 
debris removal are required to clean the well during 
initial well production. Desalting and dewatering are 
necessary to remove undesirable components from wet 
crude oil. 

Oil containing water during oil well production, when 
the production well near oil-water contact, or when there 
is water conning from the aquifer or when there is water 
injection in the aquifer. 

Crude oil from different reservoirs has different 
amounts of asphaltenes, wax, bituminous which affect 
de-emulsification (4-6). 

Unremoved most of the salt and water from the crude 
oil will cause corrosion and fouling when deposited on 
the heated surfaces (7-8). Similarly refineries, separators, 
pipes, heat exchangers, etc will be subjected to corrosion 
during operation, if water in crude oil is not removed. 
Dissolved metals act as catalyst during crude refinery.  

In order to remove salts and water, from crude oil, the 
crude oil washed with water and then demulsifier are use 
under electrostatic fields in order to break the emulsion 
(9-11).  

Control pH by acid or alkaline is necessary in order to 
increase rate of de – emulsion. Water cut increased 
during well life oil production, since water injection was 
used to increase the pressure in the reservoir. The 
interfacial tension between two immiscible or partially 
miscible liquids reflects in the ability of a particular 
surfactant systems to solubilize materials include pH and 
pressure (12 – 14). 

The solubility of a particular surfactant systems to 
solubilize materials which are Hydrophilic -Lipophilic in 
crude oil depends on pH, pressure, temperature. These 
long chain hydrocarbons (Lipophilic) with hydrophilic 
radicals are similar to surfactants. Using polymers as 
demulsifier will mix with those long chain hydrocarbons 
in crude oil making complex (10-12), since the polymer 
have wide range of different molecular weights. If the 
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surfactant was used well below the critical concentration 
of the surfactant without using the polymer, the surfactant 
will solubilize the long chain hydrocarbon (6-11). 

The East Baghdad wet crude oil was studied because it 
gives stable emulsion with very active radicals. Different 
behavior between polar radicals which exist in water and 
non – polar radicals which exist in crude oil resulting in 
forming different water layers around the oil drops (6-
11). Separation and migration depend on hydrophilic –  
lipophilic balance which can be represented by equation 
shown below which relates polarity and non polarity and 
the pH of the solution. The effect of changes in the 
hydrophobic chain length on the effectiveness of surface 
tension reduction is minimum (6-11). 
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If two oil drops are to coalesce and water of hydration 
must be displaced, the rate (Rate 1) of oil coalescence 
will be expressed by 
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If two water drops are to coalesce and separated by 
non-polar oil, the rate (Rate 2) of water coalesce will be 
expressed by 
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The hydrophilic groups contain mainly 70% of anionic 

groups such as carboxylic acid, alkyl aromatics sulphonic 
acid, alkane sulphonic acid, sulphuric acid. While 
cationic groups contain amine salt, quaternary 
ammonium compounds. 

The formation of small droplets requires that the 
system overcome both the adverse positive interfacial 
free energy between the two immiscible phases working 
toward drop coalescence and bulk properties of the 
dispersed phase such as viscosity (15 – 19). The possible 
sizes of the dispersed phase units range from the 
molecularly dispersed solution where "droplet" sizes are 
on the order of a few nanometers to macro emulsions 
with droplet diameters of hundreds or thousands of 
nanometers (8 – 11). 

Experimental Work 
The available properties of formation water is specific 

gravity= 1.12, viscosity= 0.65 cp, formation volume 
factor= 1.044 vol./vol., and compressibility factor= 
2.077î 10-6 Psi-1 (from Iraqi National Oil Co., reservoir 
report (PVT analysis)). Water salinity is around 2-3% 
which contains mainly cations of Na, Mg, Ca, K, Fe and 
anions of Cl, HCO3, CO3, SO4 *, (3). 

In the experiments, an artificial water had been 
formulated which consisted from 70% by vol. of 20 g/l 

NaCl, 20% by vol. of 20 g/l MgCl2, and 20% by vol. of 
20 g/l CaCl2. Used water content in crude oil was 5% by 
volume with salt concentration of 2% making total salt 
content in crude oil to be 1000ppm. 

Fig. (1) illustrates the used Electrostatic packed column 
which consists of about 10 liters vessel packed with 
packing materials and subjected to 3 kV DC, with 
continuous circulation of the wet crude blend oil. The 
packed column is connected to settler, pumps, control 
valves, and about 20 liters tank which contains stirred wet 
crude blend oil.  

Initially the stability of emulsion was investigated by 
bottle test, using 20% volume containing 2% wt. NaCl at 
different temperature, pH, mixing speed, % wash water, 
mixing time. Variable electrical mixer was used for 20 
minutes with speed 2000 rpm at 60°C. The studied 
demulsifer (concentration ranges from 0.4% up to 1.4% 
by wt.) was added to the mixture and shaken vigorously 
for about 7 minutes.  

Then the mixture was left for different periods of time 
(ranges from 10 mins. up to 120 mins.) into the settling 
tank in order to separate water from oil. The studied 
surfactant concentration varies from 1 ppm to 8 ppm. 

East Baghdad crude oil contains a high percentages of 
asphaltenes (about 6.2% by wt.) and it also contains 
metallic impurities such as 76ppm Vanadium, 15 ppm 
Iron, 30ppm Nickel and has conductivity of 4.5î 10-8 
(O.m)-1. East Baghdad crude has specific gravity= 0.9 
and kinematic viscosity of 60 centistoks at 26.7°C 

Additives were added to the crude oil in the mixing 
tank at constant temperature for certain period of time 
and then the mixture is pumped at specified rate into the 
packed tower at proposed temperature and time. Then the 
mixture was left for different period of times ranging 
from 20 mins. up to 120 mins. into the settling tank to 
separate salt water from the oil. 

The studied parameters were packing of either ionic 
pellets, PVC pellets, quartz pellets, polyethylene pellets, 
non – ionic pellets at different temperatures from 30 °C 
up to 80 °C, at pH from 6 up to 9 for time from 2 to 20 
minutes, and under voltage from about 2 – 6 kV using 2 
ppm of either alkyl benzene sulphonate or 2 ppm of 
sodium stearate. This work was carried out in order to 
desalt water from East Baghdad wet crude oil. Using 
hydrophilic anions groups demulsifier in PVC packed 
bed.  

Results and Discussion  

Different experiments were conducted in order to 
obtain the optimum variables to get higher water 
separation from East Baghdad wet crude oil. The study 
was carried by keeping constant all variables and varying 
only one parameter, so that the optimum conditions was 
used to study the shortest time required for separation 
using packed bed. 
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Packing gave a good separation at low retention time. 
Therefore, these experiments were conducted at optimum 
previous experimental measurements. Table (1) illustrates 
the experimental measurements of each variable, while, 
Table (2) shows the studied parameter at constant other 
reported parameters. Each figure has constant specified 
parameters except the parameters which have been 
plotted. Figure (1) shows the percent water removal from 
wet crude oil versus retention time using 2 ppm of either 
alkyl benzene sulphonate or sodium stearate at constant 
other variables as shown in Table (2). pH influences 
percent water removable at constant other variables and 
using 2 ppm of alkyl benzene sulphonate as shown in 
Figure (2) and Table (2). Figure (3) illustrates the affects 
of voltage on percent water removal from wet East 
Baghdad crude oil at constant other conditions. Figure (4) 
and Table (2) show the effects of temperature of crude on 
the percent water removal under specified conditions, 
while, Figure (5) points the affects of using washing 
water on the percent water removal from wet crude oil at 
given conditions at shown in Table (2). Crude oil 
circulation velocity affects percent water removal as 
shown in Figure (6) and Table (2). Different types of 
packing such as anionic, PVC, quartz, polyethylene (PE), 
polypropylene (PP), non ionic pellets all affects rate of 
water removal from East Baghdad wet crude oil as shown 
in Figure (7) and Table (2). PVC pellets were easily 
available and gave good water separation and therefore, 
PVC pellets were used through all the experimental 
studies. The optimum findings of the studied variables at 
constant of other conditions were reported in Table (3). 

Percent water removal increases steeply with retention 
time using 2ppm additives giving a high percent water 
removal within 15 minutes. Similarly, pH of 7.2 gives a 
good percent water removal and then water removal 
decreases with pH. A higher voltage applied on the crude 
will give a high water removal from wet crude oil. PVC 
packing with 3 kV voltage applied is recommended to 
remove almost most of water from wet crude oil. The 
results indicate high temperature increases water removal 
up to 65°C, and after that higher temperature above 65°C 
will decrease water removal from wet crude oil. 
Increasing volume of washing water will increase water 
removal from crude oil, while decreasing circulation 
crude oil velocity decreases water removal. The 
experimental results indicate ionic packing has  tendency 
for high water removal as indicated by PVC which is 
better water removal than PP or PE which are non – ionic 
packing. Separation depends on the interfacial 
phenomena between the packing, crude oil, salty water 
content, polarity, temperature, retention time and pH of 
the water phase. 

Under current potential, the water layers 
segregate into lower phase leaving oil in the upper 
phase. Phase separation depends on the structure 
configuration of the additives and their polarity. 

The packing increases the surface area between the 
two fluid phases which accelerate phase separation 
with efficiency. The studied parameters such as 
temperature increase active energy and hence 
increase the migrations and separations of water 
from the oil. Hydrophilic anionic polar group in 
PVC will accelerate the separation of water from oil 
phase due to the chloride ions impeded in the PVC 
and under voltage will give rise to negative ion 
charges in the water molecules, even through there 
is low DC voltage and low % vol. washing water 
due to formation and rupture of tensio-active film 
(20-21). 

High viscosity of East Baghdad crude oil will slow 
down water coalescence due to the high molecular weight 
of oil components. But having a high concentration of 
hydrophilic anionic polar groups will accelerate water 
coalescence. 

The existence of dissolved salts in water phase 
which is present in crude oil tends to form drops of 
water molecules dispersed in oil phase. The 
Lipophilic hydrocarbon will dissolve in 
hydrocarbon oil phase and the hydrophilic radicals 
will dissolve in water phase, due to ionic polar 
radicals. The present of ionic polar radicals in the 
packed bed (such as PVC) will accelerate water 
separation from oil and hence water removal from 
oil. 

 
Table (1) Experimental measurements for each condition 

 
 
 

Table (2) Varying one operating condition while keeping 
other variable conditions constant 
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Table (3) The optimum studied conditions 

 
 
 

 
Fig (1) Electrostatic Packed Bed Units 

 
 

 
Figure (2) Water removal versus retention time 

 

 
Figure (3) Water removal versus pH 

 

 
Figure (4) Water removal versus voltage 

 

 
Figure (5) Water removal versus temperature 

 
Figure (6) Water removal versus washing water volume 

percent 
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Figure (7) Water removal versus fluid velocity 

 

 
Figure (7) Water removal versus retention time 

 

Conclusions 

The following points were obtained from experiments 
for desalting and dewatering of East Baghdad wet crude 
oil: 
1. 2 ppm alkyl benzene sulphonate removes almost 100% 

of salty water from the wet crude oil after 15 minutes. 
2 ppm of sodium stearate removes salty water with 
slightly lower efficiency. 

2. Packing pellets indicate that anionic pellets and PVC 
pellets remove almost 100% of water from wet oil. 

3. The best parameters used to obtain an efficient water 
removal from crude oil are, temperature of 65 °C, fluid 
velocity of 0.5 cm/s, pH of 7.2, 15% by volume 
washing water under 3 kV voltage for 15 minutes. 

Nomenclature 
Symbols Meaning 
ABS Alkyl Benzene Sulphonate 
C1 Collision factor for oil drops 
C2 Collision factor for water drops 
CMC Carboxymethyl cellulose 
cp Centi poise 
Eh Free energy of displacement of hydrated 

layer at a "deep" surface  
HLB Hydrophilic-Lipophilic Balance  

m Number of –CH2– groups involved in 
adsorption 

PE Poly ethylene  
PP Poly propylene  
PVC Poly vinyl chloride  
R Gas constant 1.986 cal.mole-1.(c)-1 
Rate 1 Rate of oil coalescence  
Rate 2 Rate of water coalescence 
S.S Sodium Stearate  
T Temperature (°K) 
θ  The fraction of the interface covered  

oψ
 

Electrostatic potential in interface relative to 
the adjacent conducting phase (mv) 
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