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Abstract 
This research work evaluates the effects of alcohol on de-emulsification of 
Niger Delta crude oil using RP6000 and Chimec 2439 as de-emulsifiers. The 
laboratory measurements were carried out as per API standard. Stable emul-
sion was prepared using brine. The samples were de-emulsified. Methanol and 
ethanol were added respectively, with water and without water as modifiers. 
The measurements of the effect of adding alcohols on water separation effi-
ciency were carried out using methanol to water ratio, M = 4:1 and ethanol 
water ratio, E = 4:1. The results show that solubility with alcohol is greater in 
emulsion than the solubility of alcohol without water. Some comparisons were 
also made based on the plots on percent water separation versus time for the 
two modifiers and de-emulsifiers. The maximum separation efficiency of 61% 
was obtained at concentration of 25% methanol, 75% RP6000, 20 ppm and 
Chimec 2439 gave maximum separation efficiency of 56.6% at concentration 
of 75%, 20 ppm at 120 minutes. Based on the results, methanol therefore gave 
larger effect on water separation efficiency than ethanol. 
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1. Introduction 

Emulsion is a heterogeneous system, containing at least immiscible liquid inti-
mately dispersed in another in the form of droplets with a diameter, in general, 
ranging between (0.1~20) microns, and it is stabilized by an emulsifying agent, 
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asphaltenes, resins and finely divided solids. The dispersed droplets are known 
as the internal phase. The liquid surrounding the dispersed droplets is the ex-
ternal or continuous phase. The emulsifying agent separates the dispersed drop-
lets from the continuous phase [1]. Water-in-oil emulsion is formed during the 
production of oil, which is often accompanied with water. The stability of the 
emulsion is ranging from a few minutes to years depending on the nature of the 
crude oil [2]. Crude oils consist of, in any case, a series of hydrocarbons such as 
alkenes, naphthenes, and aromatic compounds as well as phenols, carboxylic 
acids, and metals. A major fraction of sulfur and nitrogen compounds may be 
present as well. The carbon numbers of all these components range from 1 (me-
thane) through 50 or more (asphaltenes). Some of these components (asphal-
tenes, resins, wax, and naphthenic acids) can form films at oil surfaces. So, the 
tendency to form stable or unstable emulsions of different kinds varies greatly 
among different oils [3]. The natural petroleum emulsion resulting from the 
secondary production consists of crude oil as dispersion medium and brine as 
dispersed phase, normally stabilized by natural chemicals such as asphaltenes, 
resins, and solids such as clays and waxes [2].  

Emulsions are undesirable because the volume of dispersed water occupies 
space in the processing equipment and pipelines, increased operating and capital 
costs. Moreover, the characteristics and physical properties of oil change signifi-
cantly on emulsification. Emulsion resolution is therefore an important element 
in handling the petroleum, from the time it is produced until it enters the refin-
ing process. In order to minimize the production problems related with crude oil 
emulsions and environmental concerns, petroleum operators need to prevent 
emulsion formation or to break it [4]. The treatment of water-in-crude oil emul-
sions involves the application of mechanical, thermal, electrical, and chemical 
processes [5]. Chemical method of resolving crude oil emulsions are based on 
the addition of reagents (de-emulsifiers) which destroy the protective action of 
hydrophobic emulsifying agents and allow the water droplets to coalesce. There 
are anionic, cationic and nonionic surfactants that have been used as de-emul- 
sifiers [6]. Success of chemical de-emulsifying method is dependent upon the 
adequate quantity of a properly selected chemical that must be added into the 
emulsion, through mixing of the chemical with the emulsion, adequately heat 
may be required to facilitate or fully resolve an emulsion. De-emulsifiers permit 
agglomeration, coalescence and gravity settling of the water droplets [7]. The 
formulation of commercial de-emulsifiers is largely based on empirical ap-
proaches in an attempt to get the effective agent, which can work in shorter se-
paration times and smaller dosages [6]. In the petroleum industry the usual 
emulsions encountered are water droplets dispersed in the oil phase and termed 
as water-in-oil emulsion (W/O), conversely, if the oil is the dispersed phase, it is 
termed oil-in-water (O/W) emulsion. In addition to the usual emulsion types, 
multiple emulsions for instance, water droplets dispersed in oil droplets that are 
in turn dispersed in a continuous water phase (W/O/W) can occur.  

Emulsion Stability is widely used to refer to the persistence of an emulsion in 



K. C. Igwilo et al. 
 

170 

the environment, and has been identified as an important characteristic of wa-
ter-in-oil emulsions. Some emulsions quickly decompose into separate oil and 
water phases once removed from the sea surface, while more stable emulsions 
can persist for days to years. Recent work indicates that the viscosity of an emul-
sion is related to its stability [8]. Crude oil is found in the reservoir in association 
with gas and saline formation water. The numbers of wells now co-producing 
water with crude oil is steadily increasing, these immiscible fluids are readily 
emulsified by the simultaneous action of pressure drop at the well head [9]. The 
knowledge of the properties and characteristics of the emulsion and the me-
chanisms that are taking place during coalescence of water droplets are required 
for fast separation [10]. 

De-emulsifiers are molecules that aid the separation of oil from water usually 
at low concentrations. They prevent formation of water in oil mixture. The 
structures of de-emulsifiers are not easily categorized as emulsifiers. Some 
de-emulsifiers are polymers; others have structures similar to non-ionic emul-
sifiers. De-emulsifiers are surfactants that are important in breaking the emul-
sion system [11]. 

The best de-emulsifiers are one that can reduce the interfacial shear viscosity 
increases the interfacial mobility and destabilizing the water-oil emulsion. To 
ensure the high quality performance, a de-emulsifier should possess the follow-
ing characteristics [12]: 1) The de-emulsifier should be able to partition into the 
water phase and oil phase 2) Dissolved in the oil phase 3) The concentration of 
the de-emulsifier in the droplet must be sufficient to ensure a high enough diffu-
sion flux to the interface. 

The de-emulsifier must be high enough to suppress the interfacial tension 
gradient, thus accelerating the rate of film drainage hence promoting coales-
cence. Dodd [13] in 1954, concluded that the de-emulsifiers that are soluble in 
both phases are effective in breaking crude oil emulsions, provided that very 
small amounts of hydrochloric or Sulfuric acid are also added. He suggested the 
use of Phenol and Sulfuric acid. Hanapi [14] in 2006, investigated that the com-
bination of oil soluble de-emulsifiers and water-soluble de-emulsifiers produced 
great result in water separation. He also observed that the formulation de-emul- 
sifiers is better than other commercial de-emulsifier. 

2. Materials and Methodology 

The aim is to experimentally investigate the effect of de-emulsifier concentra-
tion, separation time and modifier agent to break crude oil emulsion. The main 
purpose of the research is to know the degree of the effectiveness of methanol 
and ethanol to emulsion de-emulsifiers. Two commercial de-emulsifiers were 
used: RP6000 and Chimec 2439. Chemical method was applied in breaking 
crude oil emulsion. 

2.1. Apparatus Used in Experiments 

The equipment used were: 
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1) Water bath with temperature controller type (Haak-G and Haak-D)  
2) Water bath type (Gerhardt Bonn EV2) connects with thermocouple. 
3) Batch reactor with stirrer. 
4) Electrical mixer with standard turbine impeller type (RL10 M 24684). The 

mixer calibrated using Dual Digital Tachometer (DT-2268) made in Germa-
ny. 

5) Electronic balance type (Ntrols mod. Mark 2200) with ±0.05 g accuracy. 
6) Clock timer. 
7) Thermometer. 
8) Cylinders (10 ml) and Beakers (100 ml). 
9) Separator funnel. 
10) Burette. 

2.2. Materials 

Table 1 below shows the Niger Delta crude oil sample. Their laboratory mea-
surements were carried out and the physical properties as stated in the table 
were obtained. This is 28.6˚ API crude oil with minimum salt, water and sedi-
ment contents of 0.0007% and 0.046% respectively. Asphaltene and sediments 
help to stabilized the emulsion during emulsification before being de-emulsi- 
fied. 

 
Table 1. Physical properties of the niger delta crude oil. 

 
 

The other materials that were used in experimental work are methanol and 
ethanol as shown in Table 2. Methanol and ethanol have 99.9% purity from dif-
ferent suppliers of their specific gravity 0.792 and 0.7180 respectively at 20˚C. 

 
Table 2. Properties of chemical materials. 

 

2.3. Chemical De-Emulsifiers Are 

1) RP6000 (commercial) and the chemical composition of this de-emulsifier is 
not known. The PERTROLITE Company adopted this de-emulsifier in desalting 
process in East Baghdad oil field. 

2) Chimec 2439 (commercial), which is a blend of non-ionic oil soluble sur-
factants and the physical properties given from (CHIMEC S.P.A, Italy) Compa-
ny, are given in Table 3. 
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Table 3. Physical properties of chimec 2439. 

 

2.4. Experimental Procedure 
Emulsion Preparation 
In this research, the brine solution was used in preparing the emulsion system. 
The brine solution was prepared by dissolving 3 gm NaCl in 100 ml water in or-
der to obtain the required salinity similar to crude oil field. The emulsion was 
prepared by adding water, 30% vol. (3% wt. NaCl) to the crude oil at room tem-
perature. The emulsification was carried out by using a mixer at a speed of 5000 
rpm for 60 minutes to get a stable emulsion. The de-emulsifiers were tested by 
using bottle test method [15]. The purpose of this testing process is to test the 
effectiveness of de-emulsifiers in breaking crude oil. The following procedure 
was followed: 1) Four beakers (100 ml) filled with the (W/O) emulsion samples, 
de-emulsifier or chemical compound was added in different concentrations 
(10~80) ppm to the contents of the beakers. b) A series of four condensers as 
shown in Figure 1 were joined with water bath. The water was pumped from the 
reservoir tank at 65˚C into condensers, at the same time the contents of the 
beakers were added to the condensers to separate water from crude oil emulsion 
at different time intervals such as (5, 10, 15, 30, 60, 90 and 120) minutes. 

In this set of experiments, the effect of methanol and ethanol concentrations 
added to RP6000 and Chimec 2439 was investigated. The concentrations studied 
for both Methanol and Ethanol were (25%, 50%, 75%, and 100%), where M = 4:1 
Methanol to water ratio. E = 4:1 Ethanol to water ratio. 
 

 
Figure 1. Water separation equipment. 

3. Results and Discussion 
Effect of Alcohols on Water Separation Efficiency 

The effect of adding alcohols on water separation efficiency was carried out by 
using two types of alcohols methanol and ethanol, where M = 4:1 (methanol to 
water ratio), and E = 4:1 (ethanol to water ratio) were used as a modifier agent to 
enhance the performance of de-emulsifiers. During the laboratory measure-
ments, it was observed that the solubility of alcohol with water is greater in 
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emulsion compared with solubility of alcohol without water. Figure 2 was ob-
tained from Table 4 and Table 5 that shows the comparison between methanol 
and ethanol effect using RP6000 de-emulsifier on water separation efficiency. 
Also, Figure 3 was obtained from Table 6 and Table 7 that reflects the com-
parison between methanol and ethanol effect using Chimec 2439 de-emulsifier 
on water separation efficiency. Figure 2 and Figure 3 show the increased in wa-
ter separation efficiency with decrease (methanol and ethanol) concentrations 
with time. Maximum separation efficiency reaches 61% and 56.6% at concentra-
tion (75%), 20 ppm for RP6000 and Chimec 2439 de-emulsifiers in 120 minutes 
respectively. Methanol is a short chain alcohol that is very soluble in water, while 
ethanol is a long chain alcohol that is soluble in oil. Methanol therefore, has a good 
ability in promoting water separation for the emulsion system compared to etha-
nol. These results are in agreement with the results obtained by [16]. 
 

 
Figure 2. Comparison between methanol and ethanol effect to 
RP6000 on water separation efficiency. 

 

 
Figure 3. Comparison between methanol and ethanol effect to 
Chemec 2439 on water separation efficiency. 

 
Table 4. Effect of adding Methanol to RP6000 on the separation of water from Niger 
Delta crude oil emulsion. RP6000 + M = 0% + 100%, 25% + 75%, 50% + 50% and 75% + 
25%, Temperature = 65˚ PC, P and water content = 30% vol. (3% wt. NaCl), Where M = 
4:1 methanol to water ratio. 

Concentration 
/ppm 

Separation Time/min 
5 10 15 30 60 90 120 

Water Separation/% 
20 10.5 14.3 18.5 20.5 34.4 36.7 36.8 
20 12.3 17.6 20.2 23.1 37.5 40.1 42.1 
20 20.7 21.3 24.6 40.5 50.3 53 54 
20 28.1 35.3 47 55 58.5 60.5 61 
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Table 5. Effect of adding Ethanol to RP6000 on the separation of water from Niger Delta 
crude oil emulsion. RP6000 + E = 0% + 100%, 25% + 75%, 50% + 50% and 75% + 25%, 
Temperature = 65˚ PC, P and water content = 30% vol. (3% wt. NaCl), Where E = 4: 
1ethanol to water ratio. 

Concentration 
/ppm 

Separation Time/min 

5 10 15 30 60 90 120 

Water Separation/% 

20 8.4 12.5 17.5 21.3 33 34.2 34.5 
20 10.5 15.3 20 22 36.3 38 38.5 
20 21.3 21.9 21.1 35.5 47 48.1 48.8 
20 26.1 33.1 45 53.5 58 58.2 58.2 

 
Table 6. Effect of adding Methanol to Chimec 2439 on the separation of water from Nig-
er Delta crude oil emulsion. Chimec 2439 + M = 0% + 100%, 25% + 75%, 50% + 50% and 
75% + 25%, Temperature = 65˚ PC, P and water content = 30% vol. (3% wt. NaCl), 
Where M = 4:1 methanol to water ratio. 

Concentration 
/ppm 

Separation Time/min 

5 10 15 30 60 90 120 

Water Separation/% 

20 8.3 10.5 19.5 22.3 28.9 30.1 30.5 
20 14.4 18.4 21.6 28.1 32.2 35.4 35.5 
20 21 25.1 34.1 38 40.5 44.9 45 
20 27.7 31.5 35.9 42.5 48.9 56.6 56.6 

 
Table 7. Effect of adding ethanol to Chimec 2439 on the separation of water from Niger 
Delta crude oil emulsion. Chimec 2439 + E = 0% + 100%, 25% + 75%, 50% + 50% and 
75% + 25%, Temperature = 65˚ PC, P and water content = 30% vol. (3% wt. NaCl), 
Where E = 4:1 ethanol to water ratio. 

Concentration 
/ppm 

Separation Time/min 

5 10 15 30 60 90 120 

Water Separation/% 

20 5.9 9.8 14.4 19.5 20.5 25.4 26.5 
20 10.1 13.5 18.9 22.1 28.3 30.1 30.2 
20 18.5 20.6 27.5 32.2 35.5 41.5 41.6 
20 25.5 30.3 37.3 41.7 42.2 54.4 55.9 

4. Conclusion 

In conclusion, adding methanol and ethanol as modifiers improved the perfor-
mance of de-emulsifiers. Optimum alcohol percent with de-emulsifier is 25%. 
Methanol gave higher water separation efficiency than ethanol. Methanol has a 
short chain while ethanol has a long chain. Methanol is therefore, more soluble 
in water than ethanol. 

5. Contribution to Knowledge 

Optimum alcohol percent with de-emulsifier is established as 25% concentration 
and methanol is recommended during de-emulsification process because of its 
high water separation efficiency and its solubility in water. 
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