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ABSTRACT 

Crude oil spills in the environment; either in soil or in water of rivers and 

seas is considered a great environmental problem. That is due to the presence 

of crude oil in the open water has a negative impact on the ecosystem of 

fishes and their respiration. Furthermore, crude oil has poisoning components 

which harm the ecological system. The effective method of treating the 

spilled crude oil in the environment is the formation of dispersions for this 

oil, which prevents the accumulation of the crude oil in specific area and 

allows its biodegradation by the microorganisms. Here, environmentally 

friendly nonionic surfactants, namely: Tween-20,40,60 and 80 were 

investigated as dispersants for dispersing the crude oil spilled in the 

ecosystem. The study showed that the polyethylene glycol chain length of the 

different tweens has a great influence on their ability to form crude oil 

emulsions. Furthermore, the surface activity of the investigated surfactants 

was an important factor in their crude oil dispersing function. 

Keywords: crude oil, environmental pollution, ecosystem, nonionic 

surfactants. 
 

INTRODUCTION 

Crude oil is a complex liquid mixture made up of a vast number of 

hydrocarbon compounds that consist mainly of carbon and hydrogen in 
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differing proportions. In addition, small amounts of organic compounds 

containing sulfur, oxygen, nitrogen and metals such as vanadium, nickel, iron 

and copper exist in the crude. There are three main classes of hydrocarbons 

saturated hydrocarbons paraffins (or alkanes), naphthenes (or 

cycloalkanes),unsaturated hydrocarbons olefins, aromatic hydrocarbons 

beside heterocyclic compunds e.g.: pyridines, thiophenes, and polycondensed 

compounds.The components of the crude oil are highly toxic to the human, 

animals, plants and aquatic system. Crude oil can be spilled in the 

environment during the exploration, transportation, storage and refining.  

Marine ecosystems are structured in complex ways by many interacting 

species, and an oil spill will have a different impact on each of 

them(Stephanie et al., 2014). The chemical composition and quantity of the 

oil to which organisms are exposed are important factors determining how 

populations will respond to spilled oil. Marine mammals and bird species, 

which must regularly pass through the air-water interface to breathe, are 

particularly vulnerable to oil exposure (Peterson et al.,2003), whereas pelagic 

fish species will have minimal exposure to oil (Paine et al.,1996). In spill 

disasters in which the oil floats, the greatest exposure will occur in the 

intertidal zone, where rising and falling tides bring species in direct contact 

with the bulk of the spilled oil.Toxicity pathways in different species are 

myriad and some examples may include ingestion of oil, accumulation of 

contaminants in tissues, DNA damage, impacts to immune functioning, 

cardiac dysfunction, mass mortality of eggs and larvae, e.g., in fish, loss of 

buoyancy and insulation for birds, and inhalation of vapors (Judson et 

al.,2010;Major and Wang, 2012). 
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Chemical dispersants can be applied to the oil to break down the oil into 

small droplets.Oil can be combusted via scorching; mechanically removed; 

washed off the shoreline using high pressure hot water hoses; can be 

skimmed off the surface or absorbed. All of these procedures further damage 

marine ecosystems and, perhaps counter-intuitively, increase the amount of 

time required for ecosystems to recover from the oil spill (Foster et al., 1990). 

The chemical dispersants used to break down oil are toxic (Sriram et al., 

2011), and the combination of oil and dispersant can have stronger negative 

effects on marine species than the oil alone (Vosyliene et al., 2005). Although 

some algae may possess protective mechanisms against the toxic effects of 

dispersants (Wolfe et al., 1999), protective mechanisms in mammals are as 

yet poorly understood. The bioavailability of oil increases after dispersal, 

which can directly expose organisms to increased levels of hydrocarbons and 

allow the hydrocarbon-dispersant formed to enter the food chain (Mascarelli, 

2010). 

 

MATERIALS AND METHODS 

Materials: 

In this work, the used nonionic surfactants: Tween-20, Tween-40, 

Tween-60 and Tween-80 were purchased from Sigma-Aldrich. The chemical 

names of these surfactants are polyoxyethylene sorbitans and their formule 

are:C18H34O6(CH2CH2O)20,C22H43O6(CH2CH2O)20,C24H46O6(CH2CH2O)20, 

C24H44O6(CH2CH2O)20. Table 1shows the properties of the used nonionic 

surfactants. The surfactants purity 99.9%. The physical and chemical 
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properties of the used crude oil are listed in Table 2. The crude oil was 

obtained from Khalda Petroleum Company, western desert. 

Methods: 

Measurement of surface tension, interfacial tension and Critical micelle 

concentration(CMC): 

Surface tension values of the used nonionic surfactants in their solutions 

were measured using Kruss tensiometer, GmbH, Germany, model K6 using 

Du-Nouy de-attached platinum ring method at 25 
o
C. The platinum ring was 

washed using acetone and dried by flame after each measurement. A mean of 

three readings was considered at each surfactant concentration. The 

interfacial tension values of the surfactant solutions were measured between 

the surfactants solutions and the oil phase using the same procedures of the 

surface tension measurements. The platinum ring was mounted at the 

surfactant solution/oil interface and the reading was taken at the point where 

the ring is detached from the interface to the oil phase. The values of the 

surface tension were plotted against the concentration to obtain the surface 

tension-concentration profile of each nonionic surfactant. Critical micelle 

concentration (CMC) of each surfactant was determined by extrapolation 

method. Interfacial tension measurements were performed between crude oil 

and surfactant solutions (0.1% wt) at 25 
o
C. 

Experimental procedures of crude oil dispersion: 

The procedures of crude oil dispersion using the tested nonionic 

surfactants were performed as follows: 

a. 250 mL of surfactant solutions with different concentration (0.01 – 0.3 g/L) 

were used. 
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b. The surfactants solutions were prepared in different salinity aqueous 

medium (0-80000 ppm). 

c. The medium of the treatment was changed between alkaline to acidic 

(pH=5-8). 

In the first of the experiments, a preliminary test was performed using the 

 four nonionic surfactants (Tween-20,40,60 and 80) at concentration of 

0.1 g/L at pH 7 to determine the best emulsification efficiency using these 

surfactants. 

The surfactants solutions (150 mL) were poured on (50 mL) of the crude 

oil in the separating funnel and left for 6 h at 40 
o
C and then the funnel tap 

released. The obtained crude oil emulsions were placed in graduated 

measuring cylinders and left for complete separation of the oil and aqueous 

layer. The volume of the recovered crude oil was determined at the studied 

experiment conditions of: surfactant concentrations, salinity of the aqueous 

medium and pH of the medium. The emulsifying percent (R%) was 

calculated based on the amount of the obtained crude oil at the end of each 

experiment using the following equation: 

R% = (Volume of recovered crude oil)/200 ×100 

 

RESULTS AND DISCUSSION 

Surface and interfacial properties of nonionic Tween surfactants 

Figure 1represents the surface tension-concentration profile of the 

nonionic surfactants under consideration at 25
o
C(Jiang et al., 2013 and Ko 

KM et al.,2014). It is clear that the gradual increase in the molecular weight 
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of the different Tween surfactants increases the surface tension of their 

solutions (Zhang et al., 2006). Also, increasing the concentration of the 

surfactants in their aqueous medium gradually decreases their surface tension 

to reach to the stabilization at characteristic concentration. The interfacial 

tension (IFT) of the surfactant solution determines it ability to emulsify the 

organic phase in the aqueous phase and also determines the stability of the 

formed emulsions(Babadagli, 2005 andGong et al., 2005). Lower IFT 

valuesindicates the high tendency of the surfactant solution to emulsify the 

organic (oil) phase and also high stability of the formed emulsion, while 

moderate IFT values revealed the high emulsifying power of the surfactant 

solution accompanied by low emulsion stability formed. The Hydrophile 

Lipophile Balance (HLB) of surfactants determines the ability of surfactant 

molecules to dissolve in the oil phase. The lower the HLB value the more 

lipophilic or oil soluble the surfactant is, while the higher the HLB value the 

more water soluble or hydrophilic the surfactant is. The values of HLB of the 

studied surfactants are listed in Table 3. It is clear that all of the studied 

surfactants are oil soluble with different ratios. Tween-20 has HLB of 16.7 

and Tween-80 has HLB of 14.3. This indicates the higher solubility of 

Tween-80 in the oil phase than Tweens-20,40,60. 

The interfacial tension values of the studied nonionic surfactants were 

comparatively low, which showed their high tendency to emulsify crude oil 

with different stability degrees of the formed emulsions. IFT value of Tween-

80 was found at 3.2 mN/m, which is slightly higher than the other nonionic 

surfactants under consideration. This revealed the slight stability of the 

formed oil/aqueous emulsions formed in the presence of Tween-80 surfactant. 
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The HLB values of the studied nonionic surfactants were varied between 16.7 

and 14.3, indicating their gradual change in their properties towards the 

interaction by the crude oil (organic phase)(Aktaset al., 2008), (Horozov, 

2008).Tween-80 has HLB value of 14.3, which indicates its higher tendency 

to dissolve in the oil phase than Tweens-20,40,60. The review of the surface 

and interfacial properties of the different nonionic surfactants under 

investigation (Tween-20,40,60,80) indicates their high performance in 

emulsification and solubilization processes of crude oil, with high preferential 

for Tween-80 due to its high emulsification tendency. This encouraged the 

authors to direct towards application of Tween-80 solution in emulsifying of 

crude oil from solid and aqueous phases (Binks and Tommy, 2005andZhanget 

al., 2008). 

Emulsification of crude oil using Tweens nonionic surfactants 

Screening of the studies nonionic surfactants during the emulsification of 

crude oil using 0.05, 0.1, 0.2, 0.3 g/L surfactants solutions at pH 7 in pure 

water showed that their emulsifying efficiencies were increased by increasing 

the molecular weights of the surfactants, Figure 2. The efficiency was 

calculated based on the amount of the crude oil separated from the obtained 

crude oil/aqueous emulsion after settling at 25 
o
C. This can be considered as a 

fair judgment on the efficiency of the studied surfactants, because this 

measurement considers the emulsifying of the crude oil and also the stability 

of the formed emulsion. Stable crude oil/aqueous solution emulsion is favored 

during the process. Tween-80 showed the highest emulsifying efficiency 

ranged between 60-77% at the different studied concentration ranges. 
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Based on the screening test of the studied nonionic surfactants, Tween-80 

was extensively studied in emulsifying process of crude oil from solid and 

aqueous phases and determining the influence of the wide range surfactant 

concentration, salinity and pH of the medium.  

Effective parameters on the emulsification process 

In this section, the influence of the different parameters on the 

emulsifying process of crude oil including the surfactant concentration in the 

range of 0.02-0.3 g/L, pH of the medium in the range of 5-9, and salinity at 0-

80000 ppm were studied.  

Effect of surfactant concentration 

Table 4 represents the emulsifying efficiency in the presence of different 

concentrations of Tween-80 nonionic surfactant in the neutral medium 

(pH=7). It is clear that the emulsifying efficiency is increased by increasing 

the surfactant concentration to reach to the maximum value at 77%. Further 

increase has negativeeffect on its efficiency. This can be attributed to the 

surface activity of Tween-80 in the solution. Also, increasing the 

concentration considerably decreases the surface tension of the solution and 

increases the interaction between the surfactant solution and the oil(Beraet 

al., 2015 and Beraet al., 2012a). The optimum amount of emulsified crude oil 

was obtained in the presence of 0.3 g/L of Tween-80 solution. 

Effect of salinity 

The salinity of the nonionic surfactant solution has a great influence on 

its surface activity. Figure 3 represents the influence of the salinity on the 

surface tension-concentration profile of Tween-80 nonionic surfactant at 25 

o
C. It is clear that increasing the salinity of the medium increases the surface 
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tension values considerably to reach to its maximum value at 80000 ppm. 

Increasing the surface tension values of Tween-80 solution at constant 

surfactant concentration by increasing the salinity indicates the decrease in 

the surface activity. Increasing the salinity of the medium leads to salt-out of 

the nonionic surfactants from the solution. This leads to decrease the amount 

of dissolved Tween-80 molecules in the medium, which raises the surface 

tension and lowers the surface activity. 

The effect of salinity on the emulsifying efficiency is represented 

byFigure 4. It is clear from Figure 4 that the maximum efficiency was 

obtained at 77% and 55.2% g/L surfactant concentration at salinity of 0.0 

ppm. The increase in the salinity of the medium decreased the emulsification 

efficiency considerably to reach to the lowest values at 60% and 46.8% in the 

presence of 0.02 and 0.3 g/L surfactant concentration at salinity of 80000 

ppm. The decrease in efficiency by increasing the salinity of the surfactant 

solution is attributed to the decrease of the effective amount of Tween-80 

dissolved in the solution which decreases the amount of the emulsified oil and 

also to the decrease in the surface activity of the solution. 

Effect of pH 

Figure 5 represents the variation of the emulsifying efficiency at different 

pH values of the solutions. It is clear that the maximum process efficiency 

was obtained at neutral medium of pH 7. It is obvious from Figure 5 that the 

acidic and alkaline media have negative impact on the emulsifying efficiency 

of the crude oil in the aqueous medium of the crude oil in the aqueous 

medium. Furthermore, comparing the process efficiencies at acidic and 
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alkaline media revealed that the emulsification efficiency in the alkaline 

medium is higher than that of the acidic medium(Lunkenheimer and Malysa, 

2003;Carey and Stubenrauch, 2009). This may be attributed to the relation 

between the surface activity and the pH of the medium. 

Figure 6 represents the relation between the surface tension of Tween-80 

surfactant solution at different concentrations and the pH of the medium. 

It is clear from Figure 6 that the surface tension values of Tween-80 in 

alkaline medium are comparatively lower than those in the acid media,which 

may be attributed to the interaction between the polyethylene glycol chains 

and the hydroxide ions and also by the hydronium ions. Hydronium ions 

(H3O
+
) are attracted to the lone pairs of the oxygen atoms in the polyethylene 

glycol chains, which decreases the hydrogen bonds between the nonionic 

surfactant and the water molecules. This decreases their solubility in the 

aqueous medium, which decreases the surface activity of their solutions. 

Consequently, their interfacial is decreased. The decrease in the interfacial 

activity decreases the emulsifying efficiency as the interaction between the 

crude oil and aqueous medium is decreased(Kroschwitz, 1994). 

In alkaline medium, the interaction between the Tween-80 molecules and 

the hydroxide ions (OH
-
) is repulsive, which increases the interaction between 

the surfactant and water molecules. That increases the surface activity of the 

surfactant solution. This can be observed from the lower surface tension 

values of Tween-80 solution at various concentrations in alkaline medium, 

(Figure 6). Increasing the surface activity of Tween-80 solution in alkaline 

medium increases its interfacial activity (Kaptay, 2004) and 

(Sethumadhavanet al., 2001) which increases its emulsifying efficiency. 
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The emulsification efficiency was calculated based on the amount of 

separated crude oil from the cut-of emulsion after 3h. The higher surface 

activity of Tween-80 solution is considered as a disadvantage of the 

emulsification process. That is due to the obtained cut-off emulsion is 

comparatively stable. 

In neutral medium, the emulsifying efficiencies were at the maximum 

value, which can be attributed to the balance between the interaction and 

repulsion occurring between the surfactant and water molecules. This effect 

was studied at a wide range of salinity and the results revealed the same 

behavior at the salinity range. 

 

CONCLUSIONS 

The remediation of spilled crude oil in the environment can be performed 

using the nonionic surfactants. The process of the remediation can be 

performed by dispersing the crude oil in the aqueous medium to decrease its 

impact on the aquatic system. The nonionic Tween surfactants exhibit high 

efficiencies in dispersing the crude oil in the water medium. The dispersing 

efficiency increased by increasing the amount of the nonionic surfactants. 
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Figure 1: Surface tension-concentration profile of the studied surfactants at25 

o
C. 

 

 

Figure 2: Effect of Tween type on emulsificationefficiency of crude oil. 
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Figure 3: Effect of salinity on surface tension-concentration profile of 

Tween-80 at 25 
o
C. 

 

Figure 4: Effect of salinity of the medium on the emulsifying process 

efficiency at different Tween-80 concentrations. 



Ibrahim, Naglaa, et al 

 

Vol. 45, No. 3, March 2019 18 

 

Figure 4: Effect of pH of the medium on the emulsifyingprocess efficiency 

using Tween-80 solution. 

 

Figure 6: variation of surface tension-concentration of Tween-80 at different 

pH of the medium at 25 oC. 
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Table 1: Properties of the used surfactants 

Surfactant name Formula Molecular weight, g/mole HLB 

Tween-20 C18H34O6(CH2CH2O)20 1227.5 16.7 

Tween-40 C22H43O6(CH2CH2O)20 1282.6 15.6 

Tween-60 C24H46O6(CH2CH2O)20 1311.7 14.9 

Tween-80 C24H44O6(CH2CH2O)20 1310.6 14.3 
 

Table 2: Physical properties of the crude oil used 

Oil properties Value 

Average molecular weight (g/mol) 

Density at 60 
o
F (g/cc) 

API gravity @ 60
o
F 

Pour point, °C 

Wax content, wt.% 

Water content, ppm 

Sulfur content, wt% 

Flash point, °C 

mg KOH/gm.Total Acid Number,  

187.9 

0.8419 

36.40 

36.34 

12.9 

60.8 

0.19 

3 

0.4435 
 

Table 3: Surface and interfacial properties of the studied nonionic surfactants 

at 25 oC 

Tween CMC IFT HLB 

20 

40 

60 

80 

0.0499 

0.0333 

0.0167 

0.0125 

2.5 

2.8 

3.0 

3.2 

16.7 

15.6 

15.0 

14.3 
 

Table 4: Effect of Tween-80 concentration on the emulsifying process of 

crude oil 

Surfactant concentration, g/L Emulsification efficiency % 

0.002 

0.01 

0.05 

0.1 

0.2 

0.3 

55 

56 

60 

65 

72 

77 
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 معالجة التسرب البترولى فى البيئةالمائية باستخدام مواد التوين  
 ذات النشاط السطحى الصديقة للبيئة

               [1] 
 (2)محمد يوسف القاضى -(1)نجالء خالد بن الوليد ابراهيم

 (3)نبيل عبد المنعم أمين نجم -(1)محمد فخرى حسن المني
معهد بحوث ، قسم البتروكيماويات (3 عين شمس ةامعج، كلية العلوم( 2شركة مصر للبترول  (1

 البترول
 

 المستخلص
، كبيرةوالبحار كارثة بيئية  نهارمياه األ وأالخام فى البيئة سواء فى التربة يعتبر تسرب النفط 

الكائنات الحية التى بالغة الضرر على النظام البيئى و حيث انه يحتوى على مركبات عالية السمية و 
ناك عدة طرق لمعالجة النفط الخام المتسرب فى البيئة البحرية منها استخدام المشتات وه. تعيش به

لى جزيئات صغيرة بحيث يمكن تحللها إى تشتيت البقع الزيتية المتسربة الكيماوية التى تعمل عل
 يونية صديقةأسطح غير أفى هذا البحث استخدام مشتتات  تم .بيولوجيا عن طريق الكائنات الدقيقة

لزيتية المتسربة فى مياه تساعد على تشتيت البقع ا( 02توين ، 02توين ، 02توين، 22توين )للبيئه 
ستخدام أنواع التوين المختلفة وقياس قدرتها على تكوين ا الدراسة تضمنت، و األنهارأالبحار 

على تشتيت  كما تم دراسة العالقة بين النشاط السطحى ألنواع التوين المختلفة وقدرتها. المستحلب
 .البقع الزيتية

 .النفط الخام، كارثة بيئية، المشتتات الكيميائية، المستحلب، التوين :الكلمات الدالة
 


