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ABSTRACT 

Stable mixtures of water in oil emulsions create several problems in oil recovery and usually 

increase the cost of production by over fifty percent especially when the field becomes older and 

older. These oil emulsions are formed when water dispersed in oil is agitated by flowing through 

rock pores and stabilized in the presence of naturally occurring emulsifiers such as asphaltenes 

and resins containing organic acids and bases. These emulsifiers create high interfacial tension 

between brine and oil by forming films hence making oil recovery difficult and expensive.  

Adding inorganic acids or bases changes the physical properties such as IFT between the oil and 

brine and the stabilizing properties of the emulsifier and hence improves oil recovery. 

This work is aimed at investigating the effect of pH on IFT of the oil-brine system and surfactant 

adsorption on rock surfaces during Surfactant Enhanced Alkaline flooding. 

This experimental work was carried out using the Kruss Spinning drop Tensiometer site-100. 

Different solutions of brine, surfactant and alkaline at different pH were prepared and dispensed 

in the capillary of the tensiometer. A drop of oil is also dispensed at a particular speed after 

which measurement are taken when the drop length is at least four times the drop diameter along 

the axis of rotation.  

The result of this experiment showed that IFT goes through a deep minimum in surfactant 

enhanced alkaline flooding than each alone. Also the alkaline reduces the adsorption of anionic 

surfactant on rock surfaces when the alkaline is prepared within the intermediate range of pH     

(9- 12) by impacting a negative charge on the rock surface when an anionic surfactant is used 

such as the sodium dodecyl sulphate (SDS).When surfactant adsorption is reduced it helps to 

maintain the wettability properties of the reservoir rocks which is desired.  
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1.0 INTRODUCTION 

1.1 Background 

According to the United Nations, the world population is estimated to rise to 9.1 billion by 

2050.Technically, this means the world demand for energy is expected to double by 2050 and 

sources of energy will also have to double to meet the growing demand for energy. According to 

the IEA (International Energy Agency), with the conventional sources of oil peaking in 2006 and 

now in the final stages of depletion in most mature oil fields, there is a need to implement 

advanced methods of oil recovery to maximize the production and to extend the economic life of 

the oil fields. 

Conventional oils are recovered using natural forces of the reservoir. According to the Canadian 

Association of Petroleum Producers, many of the world’s sources of conventional oil are in 

decline, and Canada is no exception. The conventional oil reservoirs that were abundant and easy 

to find 30 years ago are harder to locate and more costly to develop (CAPP, 2012). With the 

growing demand of energy across the world and the depletion in most of conventional oils in 

most oil fields, the conventional oil alone will be insufficient to meet the world energy demand 

over the next three decades. According to the IEA, there is no shortage of oil and gas in the 

ground, but quenching the world thirst for them will require investment in modern technology. 

Since it is likely for oil and gas to remain the major sources of energy in the world, rapid 

technological development would be the solution to supplying the desired quantities at prices 

that do not hinder worldwide economic growth, while ensuring diversity of the origin of     

supply  (IEA 2005). 
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Unconventional oils are produced using techniques other than the conventional techniques. This 

technique requires the use of advanced methods to recover oil in commercial quantity and has 

proven to be successful except for the huge challenges associated with it such as the expenses. 

However with the decrease in availability and rise of prices of conventional oil, there arises the 

incentive to develop methods of producing the unconventional oil (Selley, 1998). 

Figure 1-1 is an International Energy Agency Chart which shows that Convectional sources of 

oil peak and declined. 

 

Figure 1-1: International Energy Agency chart (IEA Chart, 2012) 

 

This chart shows that by year 2035 conventional oil will decline to less than 20 million barrels 

per day which is roughly what the United States currently consumes per day (IEA 2012). Also, 

according to Figure 1-1, unconventional oil will be on the increase by the year 2035 and 

probably continue increasing. This shows why unconventional technologies need to be focused 

on if the increasing energy demand is to be met. 
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Unconventional resources include heavy oil, extra heavy oil and bitumen which are characterized 

by high viscosities (i.e. resistance to flow) and high densities compared to conventional oil 

(NPC, 2007). Heavy oils are formed at shallow depths, this shallow depth allows for condition 

favourable for their formation such as bacteria degradation and weathering. Because of their 

resistance to flow and high density they require enhanced oil recovery method to produce them 

and additional upgrading before processing. The fact that most heavy oil reservoirs are shallow 

(up to 1000 meters below the surface line) therefore present low reservoir temperatures (between 

40 and 60
o
C) (Speight, 2010). 

Enhanced oil recovery also known as tertiary recovery involves the introduction of heat, 

chemicals, microbes or gases which are not present in the formation into it to reduce viscosity or 

density of the formation fluid so as to improve the fluid ability to flow into the well bore. 

Tertiary recovery (EOR) enables producers to extract up to over half of a reservoir’s original oil 

content, depending on the reservoir and the EOR process applied (Teledyne Isco, 2007). The 

volumetric displacement is largely represented as a function of mobility ratio (Farouq–Ali and 

Thomas, 1994). A mobility ratio greater than unity is unfavourable because water is more mobile 

than oil. Water will finger through the oil zone and reduce oil recovery efficiency (Donaldson et 

al, 1989). Hence for a high oil recovery efficiency mobility ratio must be unity or less than unity.
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Figure 1-2: Enhance Oil Recovery methods (Petrosas, 2011) 

The choice of method depends on how much oil will be extracted and how profitable the oil 

extracted is in the market. According to Sarma (1999), EOR can be classified into two broad 

groups known as non-thermal and the thermal methods of recovery .The non- thermal methods 

do not involve heat and this is subdivided into Gas drives, microbial and chemical flooding. 

Chemical flooding involves the injection of chemicals or additives into the reservoir for the 

purpose of reducing interfacial tension or viscosity of the displaced fluid. Such chemicals include 

surfactant, alkaline or polymer or combination. 
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Chemical flooding is particularly effective in recovering a large fraction of the oil left in the 

reservoir after water flooding. This method of EOR could produce as much as 60 percent of the 

original oil in place (Farouq–Ali and Thomas, 1994). This method aims at adjusting the mobility 

ratio between the displacing fluid and the displaced phase less than or equal to unity. This is 

achieved by making the mobility of the displacing fluid equal or less than the mobility of the 

displaced fluid mainly by lowering the interfacial tension (IFT) between the displaced phases as 

much as possible. 

Interfacial tension can be lowered in a stable mixture of brine-oil emulsion by alkaline flooding 

or surfactant alone. However, with the addition of surfactant to the alkaline solution, a low 

interfacial tension can be obtained rather than using either alkaline or surfactant alone (Schuler et 

al.1986.).According to Rudin et al (1993), IFT can go through a deep minimum by optimizing 

the pH of the alkaline solution.  

Gas drives involve the introduction of gases such as CO2 to sweep the reservoir fluids into the 

well bore. EOR through the injection of CO2 is one mechanism through which more oil recovery, 

oil field extension and increase in profitability can be obtained (Trondheim and Stavanger, 

2003). 

Enhanced oil recovery by microbes was first suggested by Beckman in 1926 after which 

experimental work by Claude Zobell in 1947 showed that sulphate reducing bacteria could 

potentially release oil by a number of mechanism .This bacteria utilizes hydrocarbons in crude 

oil and produces acids and carbon dioxide. The acid reacts with rock carbonates thereby 

increasing rock permeability and producing more carbon dioxide which helps to increase 
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reservoir pressure. The carbon dioxide dissolves in the crude oil thereby reducing viscosity and 

aiding displacement of oil into the well bore. 

Thermal methods of EOR involves the injection of high temperature fluids into the reservoir 

aimed at reducing viscosity of displaced fluid and increasing the mobility of the displaced fluid 

into the well bore. This includes steam assisted gravity drainage (SAGD), cyclic steam 

stimulation (CSS). This method of oil recovery depends on the thickness of the pay zone. If the 

pay zone is thin there is tendency that heat could be lost from the injected steam to the colder 

environment. The application of this process depends on the characteristics of the formation such 

as thickness of the pay zone, depth, pressure and permeability (Green et al., 1998).  
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1.2 Objectives:  

The experimental and analytical objectives of this research were: 

1. Investigate the effect of pH on interfacial properties of heavy oil/brine and surfactant 

adsorption using an anionic surfactant (Sodium dodecyl Sulphate). 

2. Determine the pH range at which ultra-low interfacial tension is obtained during surfactant 

enhanced alkaline flooding. 

3. Measure IFT between heavy oil and surfactant enhanced alkaline-brine system as a function 

of pH and temperature. 

4. The feasibility of surfactant enhanced alkaline flooding over alkaline or surfactant flooding 

alone. 
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1.3 Research outline 

This report starts with a review of literature relevant to crude oil production with special 

consideration on heavy oil such as the world heavy oil distributions, formation, characteristics 

and location of heavy oil such as the Foreland basin in Western Canadian. Methods of Enhanced 

oil recovery were reviewed with more attention paid to the chemical methods of recovering oil 

such as alkaline flooding, Surfactant flooding and the combination of both. 

Chapter three describes the method and materials used for this experimental works and 

equipment such as the spinning drop tensiometer used for this experiment. The experimental 

procedure was also included in this chapter. 

Chapter four starts with the results of the experimental work and analysis of the results. This 

chapter also contain graphical representation of the experimental results. 

A summary of discoveries and conclusions were presented in chapter 5 alongside 

recommendations for future research work on this topic. 
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2.0 LITERATURE REVIEW 

2.1 Crude Oil 

Crude oil is a naturally occurring liquid formed from accumulation of large remains of organic 

matter under anaerobic conditions, high temperature and pressure. Generally, crude oil consists 

of long chain hydrocarbons of various molecular weight and other organic liquids found beneath 

the earth crust. It is classified based on API (American Petroleum Institute) gravity which is a 

function of specific gravity. API is a measure of how heavy or light crude oil is compared to 

water. The API gravity is inversely proportional to specific gravity of a crude oil according to 

Equation (2-1). This equation shows that crude oil with a low specific gravity will have a high 

API gravity and the higher the API gravity the lighter the crude and vice versa. 

                              
     

                
            …………… [2- 1] 

Based on the API gravity, crude oil is classified as heavy, medium or light. Crude oil with API 

gravity less than 20° is considered to be heavy with most heavy oil falling within the range of 

10° to 15° API (Speight, 2009). According to Boardman Energy (2012), heavy crude oil has an 

API gravity below 22.3°, medium crude oil has API gravity between 22.3 ° and 31.1°, and API 

gravity above 31.1° is regarded as light crude oil. 

Heavy crude oil is classified by high viscosity and density and is formed as a result of bacterial 

activities and weathering on conventional oil that migrate to shallow depth from deep 

formations. This oil is difficult to exploit economically, but with the continuous decline in 

conventional oil as projected by the international Energy Agency (IEA), there is a need to focus 

on economical methods of heavy oil production if the world is to depend on crude oil as the main 

source of energy in the future. 
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According to Speight (2009), heavy crude oil accounts for double the quantity of conventional 

oil in the world. Figure 2-1 shows the world conventional oil and unconventional oil in 

percentage.. 

 

 Figure 2-1: Unconventional sources of crude oil double Conventional sources  

                  (Wikipedia 2012) 

 

Unconventional oil is further divided into heavy, extra heavy oil (API < 10 °) and oil sands with 

Canada, Venezuela and USA leading producers of these unconventional oils. 

2.1.1 Heavy crude oil formation and Characteristics. 

Crude oil with API gravity less than 22.3° is regarded as been heavy while oil with API gravity 

less than 10° is termed extra heavy. Heavy crude oils are formed when conventional oil migrates 

from deep formation to shallow depth where it is been degraded by bacteria and weathering. 

Heavy oil is found at shallow depth because these degrading bacteria cannot withstand the high 

temperature at deep formation and therefore only degrade crude oil at shallow depth where they 

can survive. Heavy oils are deficient in hydrogen because the degrading bacteria feed on the 

hydrogen content of the oil and produced the denser, more viscous heavy oil and  
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bitumen (NPC, 2007). Because heavy oils are deficient in hydrogen, upgrading is needed (hydro 

processing) or coking to remove carbon before it can be processed in a conventional refinery. 

Generally, heavy oil contains high carbon, sulfur, and heavy metal and deficient in hydrogen. Also 

heavy oil contains organic acids such as naphthenic acid and others which are responsible for the 

formation of surfactants in situ. 

2.1.2 World Distribution of Heavy Oil 

Heavy oil deposits are well known and abundant, which implies that little cost of exploration will 

be required. According to IEA, 6 trillion barrels of heavy oil is available worldwide with 2 

trillion barrels recoverable. Figure (2-2) shows the world distribution of heavy oil with Canada 

estimated to hold the largest heavy oil deposit. 

 

Figure 2-2: Heavy oil distribution (Herron et al., 2004). 

Canada is estimated to hold about 2.5 trillion barrels with current reserves at 175 billion barrels 

Venezuela is estimated to hold 1.5 trillion barrels, with current reserves of 270 billion barrels, 

Russia holds  in excess of 1 trillion barrels of heavy oil while  the United States, is estimated to 

have current reserve of 100 to 180 billion barrels (NPC, 2007). 
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2.1.3 Heavy oil Basin (The Foreland Basin) 

A Foreland basin is a system where heavy oil is mostly found. It consists of an elongated region 

of potential sediment accumulation that forms on the continental shelf between a contraction 

organic belt and the adjacent craton, as a result of tectonic forces (Decelles, 1996). A foreland 

petroleum system consist of source rock, sandstone and a regionally extensive seal on the 

continental shelf. It is formed during the period of active erosion which subsequently buries the 

source rock formed in the pre foreland basin. Figure 2-3 shows the formation of Foreland Basin 

and how heavy oil is been trapped. 

 

  Figure 2-3: Formation of the Foreland Basin and Heavy oil, A: Pre Foreland Basin,  

B: Foreland Basin (Head et al., 2003) 
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As the source rock gets to the oil window, oil is formed and migrates to the shallow cool basin 

flank where degradation bacteria can survive. At this shallow depth biodegradation of oil occurs 

which increases the viscosity (resistance to flow) there by trapping the degraded oil. Figure 2-3 

shows the formation of the Foreland basin and heavy oil. This basin can be found in Alberta and 

Saskatchewan provinces in Canada, in California, in Northern Mexico, and in Venezuela. 

These heavy oil deposits contain brine which mixes with the heavy oil to form emulsions in the 

presence of natural stabilizers such as bacterial refuse and resins which hinders oil recovery. 

Hence it is important to reduce the interfacial tension between these stable mixtures so as to 

enhance oil recovery.  

2.2 Heavy oil Recovery 

Since the locations of large deposits of heavy oil are well known, exploration should not be very 

difficult but the technology to optimize heavy oil production remains a huge challenge. The 

technology used in recovery of heavy oil in a case may not work in another because the 

properties of the resource might vary. Hence each production method must be tailored to the 

resource and fluid properties such as oil composition, gas content, density and viscosity (NPC 

2007). Other essential properties that must be addressed before a method is selected include the 

depth, area extent, geological setting and thickness of the resource. However, these technologies 

recover about 30% of the available heavy oil. Hence, if the growing demand of energy is to be 

met, there is need to improve on this recovery factor. Figure 2-4 shows the methods of enhancing 

oil recovery. 
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Figure 2-4: Enhanced oil Recovery methods (Speight, 2009). 

The chemical methods of oil recovery would be emphasized being the background of this work 

even as others have been discussed in the previous chapter. 

2.2.1 Chemical Recovery 

This involves the injection of additives which are not originally present in the reservoir into the 

reservoir for the purpose of altering properties of the fluid in the reservoir and aid displacement 

of fluid into the wellbore either by mobility control or lowering interfacial tension between 

oil/brine. Though EOR by chemical flooding has not been very successful due to economic 

reasons, it is the key to the future because of advancement in technology and science. The major 

chemical flooding processes include polymer flooding, surfactant flooding, alkaline flooding, 

micellar flooding and surfactant enhanced alkaline flooding. 
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2.2.2 Principle of Mobility 

Mobility is the ratio of permeability to viscosity. It is defined as any activity that tends to alter 

the relative rates at which injected and displaced fluids move through the reservoir by Green and 

Willhite (1998). 

                                               Mobility = 
  
 .......................................................... [2-2] 

Where, k = Permeability (m
2
 or mD) 

            µ = Viscosity (kg/m.s or cp). 

Chemical recovery is a mobility control process which is aimed at keeping mobility ratio 

between the displacing fluid and the displaced fluid less than or equal to unity. The ratio of the 

displacing fluid to the displaced fluid is known as the mobility ratio. 

         Mobility ratio (M) =
                             

                           
.......................................... [2-3] 

It is necessary to keep the mobility ratio (M) less than or equal to unity in order not to allow the 

displacing fluid flow past much of the displaced fluid. Therefore the mobility determines the 

sweep efficiency (Farouq – Ali and Thomas, 1994). According to Farouq Ali and Thomas 

(1994), mobility ratio can be improved by increasing the viscosity of the displacing fluid to at 

least greater than that of the displaced fluid. According to equation 2-2, mobility is inversely 

proportional to viscosity; hence, a displacing fluid with a high viscosity gives a low mobility 

which in turn provides a low mobility ratio and a better sweep efficiency.  
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2.2.3 Alkaline Flooding 

This process involves the injection of alkaline into a reservoir. The alkaline reacts with organic 

acid present in the fluid to form surfactant in-situ by a process known as saponification. The 

surfactants formed in-situ release oil by lowering interfacial tension between oil/brine and 

therefore more fluid is displaced into the well bore. This process is only effective in enhancing 

oil recovery if the oil contains efficient organic acid for the formation of the surfactant. Also in 

carbonate reservoirs alkaline flooding is not recommended because of the abundance of calcium: 

the mixture between the alkaline chemical and the calcium ions can produce hydroxide 

precipitation that may damage the formation. 

2.2.3.1 Principle of Interfacial Tension. 

Interfacial tension (IFT) is the property of the interface between two immiscible liquid such as 

oil/brine. In Chemical recovery such as alkaline flooding, the surfactant formed in-situ in an 

oil/brine system lowers the interfacial tension between oil and brine, hence enhancing oil 

recovery. Ultra low interfacial tension can be obtained by pH and ionic strength optimization 

even though alkaline flooding and surfactant enhanced alkaline flooding are classically 

interpreted on the basis of ionic strength alone, neglecting the effect of pH which causes 

confusion in designing meaningful formulations to be injected into the reservoir (Rudin, 2004). 

IFT influences capillary pressure, capillary number and adhesion tension and its value is time 

dependent in an oil/aqueous solution (Jill, 2005). Capillary number (Nc) is the effect of viscous 

forces to interfacial tension acting across the interface between two immiscible liquids. Oil 

recovery can be improved if the capillary number is increased. According to Farouq – Ali and 

Thomas, (1994), increasing the capillary number lowers residual oil saturation which in turn 
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enhances oil recovery. Figure 2-5 below shows the relationship between increasing capillary 

number and residual oil saturation. 

 

Figure 2-5: Residual oil saturation as a function of Capillary 

(Farouq – Ali and Thomas, 1994). 

Figure 2-5 above shows that increasing Nc lowers residual oil saturation. According to equation 

2-4 interfacial tension is inversely proportional to Nc, hence lowering interfacial tension 

increases Capillary number (Nc) which lowers residual oil saturation and hence improve oil 

recovery.  
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                            Capillary number (Nc) = 
   

  
 =    

  
      ..................................................... [2-4] 

Where; 

k is effective permeability (mD). 

∆p/L is pressure gradient (Pa/m). 

γ is interfacial tension between oil and brine (N/m)  

µ is viscosity (cp). 

v is velocity (m/s). 

Ø is porosity. 

 

Capillary pressure is the pressure generated between the interfaces between two immiscible 

liquid in the pores of a reservoir rock. To enhance oil production this pressure must be lowered 

by lowering interfacial tension between the immiscible fluids such as oil and water. Capillary 

pressure is given by equation 2-5: 

                                 Capillary pressure (Pc) =  
      

 
      ................................................... [2-5] 

Where: 

Pc is capillary pressure (N/m
2
). 

θ is contact angle (degree). 

γ is interfacial tension (N/m) 

r is pore radius (m). 

Since it is difficult to alter the pore radius and contact angle, lowering interfacial tension alone 

would be the only way to lower capillary forces thereby increasing oil recovery 
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2.2.4 Surfactant Flooding 

Surfactants are compounds which lower surface or interfacial tension in a medium. Schramm 

(2000) defined surfactants as compounds that have one part that has affinity for non-polar media 

and one part that has affinity for polar solvents. A surfactant molecule consists of a hydrophilic 

group (water soluble head) and a hydrophobic group (oil soluble-tail).When surfactant 

compounds are added to immiscible medium, they form micelles between molecules of the 

immiscible fluids there by lowering interfacial tension.  

Surfactant flooding has been used successfully to enhance oil recovery in the petroleum industry 

but because of its high cost and excessive loss to the porous medium, its use alone has been 

limited but now mostly used in combination  with other methods such as surfactant-alkaline and 

surfactant-polymer flooding. 

 

2.2.5 Surfactant enhanced alkaline flooding. 

Alkaline flooding is a chemical method of lowering interfacial tension in an oil-brine system by 

forming surfactant in situ when alkaline is injected into the system. This process relies on 

chemical reaction between an alkaline and organic acid in the acidic heavy oil to form surfactant 

in situ by a process known as saponification. 

                                  Alkali + Organic acid      →  Soaps. 

The saponification reaction generates soap which lowers capillary forces and increases the 

capillary number by lowering interfacial tension between oil/brine thereby improving oil 

recovery. However, with the addition of surfactant to the alkaline solution, interfacial tension 

becomes lower and certainly improves oil recovery than the alkaline solution alone (Schuler et 

al., 1986).It has been shown that small amounts of surfactants, normally less than 
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0.5wt%,together with an alkaline additive can produce an ultra-low interfacial tension against an 

acidic crude oil thereby improving oil recovery(Martin et al.,1985; Nelson et al.,1984; French 

and Burtchfiel,1990; Schuler et al.,1985). Technically, this means improved oil recovery can be 

achieved without using much surfactant which is costly by combination of less surfactant and 

alkaline unlike using surfactant alone. The exact role the added surfactant play in lowering 

interfacial tension is still unknown. However, surfactant retention on rock surfaces is reduced by 

the alkaline by impacting a negative charge on the rock surface thereby providing enough 

surfactant for high interfacial activity (Rudin and Wasan, 1993). 

Interfacial tension has been shown to be sensitive to the pH of the aqueous alkaline in surfactant 

enhance alkaline flooding. According Strassner (1968), interfacial films formed by asphaltenes 

arestrongest in acids (low pH) and become progressively weaker as the pH is increased. In 

alkalin emedium, the films become very weak or are converted to mobile films. However films 

formed by resins are strongest in base and become progressively weak in low pH (acid). Falcone 

et al. (1982), showed that for interfacial films formed by asphaltenes, interfacial tension is lowest 

between the pH range of 9-12 because at this range surfactant adsorption is minimal. Hence, 

surfactant retention on rock is minimised providing enough surfactant for interfacial activity and 

improving oil recovery. 
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3.0 MATERIALS AND EXPERIMENT 

3.1 MATERIALS 

3.1.1 Heavy Oil 

Heavy oil from the Western Canadian Sedimentary basin was used in this experiment. At room 

temperature, the density and viscosity of the heavy oil were 0.971g/cm
3 

and 1300cp respectively. 

3.1.2 Brine Solution 

To conform to the salinity of the Western sedimentary basin were the heavy oil was obtained; 

Calcium chloride, Sodium chloride, Magnesium chloride and Sodium sulphate were used to 

prepare the brine solution used for this experiment being the dominant salts in the Western 

Canadian basin. These salts were supplied by Sigma Aldrich-Canada and have the physical 

properties as shown in Table 3-1 below. 

Table 3-1: Physical properties of salts 

    Salts Chemical Formula Purity % Density (g/cm
3
) Molecular weight (g/mol). 

Calcium Chloride CaCl2 93 2.150 110.98 

Sodium Chloride NaCl 99.5 2.1650 58.44 

Magnesium Chloride MgCl2 98 2.32 95.21 

Sodium  Sulphate Na2So4 99 2.68 142.04 
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3.1.3 Surfactant. 

Sodium dodecyl sulphate (SDS) is the choice of surfactant for this experiment. It is a highly 

effective surfactant and is used in the petroleum laboratory to lower IFT and any task requiring 

the removal of oily stains and residues. The SDS used for this experiment was supplied by Sigma 

Aldrich-Canada and have the physical properties as shown on Table 3-2 

Table 3-2: Physical properties of Sodium dodecyl sulphate. 

Surfactant Chemical Formula Purity % Density (g/cm
3
) Molecular weight 

Sodium dodecyl sulfate C12H25NaO4S 99 1.01  288.38 

 

3.1.4 Alkali  

The alkali used for this experiment is sodium hydroxide. This choice was made based on the 

success of the alkaline in past studies by Rudin et al., (1993) and Krumrine et al (1982). This 

alkali lowers interfacial tension by generating soaps and also reduces surfactant retention on rock 

surfaces as explained by Krumrine et al (1982). The sodium hydroxide used for this experiment 

was also supplied by Sigma Aldrich-Canada with physical properties as shown on table 3-2 

below. 

                           Table 3-3: Physical properties of Sodium Hydroxide 

Alkali Formula Purity % Density (g/cm
3
) Molecular Weight (g/mol) 

Sodium Hydroxide NaOH 98 2.1300 40.00 
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3.1.4 Toluene and its Effect on Heavy Oil 

Toluene (also called methyl benzene) is a colorless, flammable liquid. It occurs naturally in 

petroleum crude oil (OPPT, 1994). Since petroleum crude oil is by far the largest source of 

Toluene, adding Toluene to the heavy oil will have no effect on the petro physical properties of 

the oil other than its viscosity.   

The Toluene used to reduce the viscosity of the heavy oil in this experiment was provided by 

Sigma Aldrich with physical properties as shown below:  

Table 3-4: Physical Properties of Toluene solvent. 

Chemical Formula Purity % Density (g/cm
3
) Molecular Weight (g/mol) 

Toluene C6H5CH3 99.8 0.865 92.14 

 

This step was necessary because it was impossible to get the very viscous heavy oil into the 

needle to be dispensed into the capillary of the measuring cell. 
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 3.2 EQUIPMENTS 

3.2.1 Kruss Spinning Drop Tensiometer Site 100 

The spinning drop Tensiometer is equipment used to measure interfacial tension as low as 10
6

 

mN/m. It is a computer controlled tensiometer equipped with a high-resolution camera and 

interchangeable lenses for various measuring ranges. The equipment can preset speeds of up to 

20,000 min
-1

 with accuracy and can measure and control temperature since it is an important 

emulsion property. The measuring cells can be thermostatted within a temperature range of 0°C 

and 100°C.  

It is controlled by the DSA (Drop Shape Analysis) software which is a universal software for 

controlling measuring devices and spinning drop measurements. The equipment general view 

includes a light phase inlet, heavy phase inlet, measuring cell, camera and a platform inclination. 

The measuring cell consist of the capillary which holds the light (capsule) and heavy phase as 

shown below in Figure 3-1 

 

Figure 3-1: Schematic of spinning drop tensiometer showing the measuring cell. 

 (Leick et al.2010). 
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The light phase is dispensed into the capillary through the septum and the heavy phase is inserted 

into the capillary which is open to an inlet and an outlet. The measuring cell is illuminated in two 

directions; horizontally to get a clear video image of the drop and vertically for visual control of 

the filling and dispensing procedure and observed with the camera. The drop diameter is detected 

by the DSA software from the drop image 

3.2.2 Measurement Principle of the Spinning Drop Tensiometer. 

The Spinning Drop Tensiometer relies on the technique that gravitational acceleration has little 

or no effect on the shape of a fluid drop suspended in a liquid when the drop and liquid are 

contained in a horizontal tube spun along its longitudinal axis (Drelichet al. 2002). 

 

 

Fig 3-2: Schematic of the spinning drop method (Retrieved from Drelich et al. 2002). 

 

If a light phase (drop) is situated in a heavy phase (bulk), the drop radius vertical to the axis of 

rotation depends on the interfacial tension (γ) between the two phases, density difference (Δρ) 

between the phases and the rotational velocities (ω). At low rotational speed, the shape of the 

light phase becomes ellipsoidal and at high rotational speed the shape becomes cylindrical as 

shown above in Figure 3-2. However, given a rotational velocity and densities of the two phases, 
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the interfacial tension can be calculated from the measured drop diameter using equation 3-1 

below; 

 

                            
            

 
    ......................................................... [3-1] 

where: 

γ is the interfacial tension between the two phases (N/m). 

r is the radius of the drop (m) 

ω is the spinning or rotational velocity (rad/s) 

ρH is the density of the heavy phase (kg/m
3
) 

ρL is the density of the light phase (kg/m
3
) 

Equation 3-1 shows that for very low interfacial tension to be obtained, the radius of the drop of 

the light phase and rotational velocity must be small.  
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3.3 Experimental Procedure 

3.3.1 Heavy Oil Preparation  

The heavy oil obtained from the Western Canadian sedimentary basin has a viscosity of 1300cp 

and API gravity of 13.8°. Being very viscous to be dispensed into the needle, the heavy oil was 

diluted with 10% by volume of Toluene to reduce viscosity. As studies does not show any 

significant effect of Toluene on heavy oil apart from changes in the viscosity even as  Toluene is 

largely produce from Petroleum crude oil (OPPT ,1994); 50ml of Toluene was added to 450ml of 

Heavy oil at room temperature and the solution was stirred thoroughly with magnetic stirrer. The 

density of the mixture was measured at room temperature to be 0.971g/cm
3
. 

 

Figure 3-3: Viscous Heavy oil 
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The heavy oil was dispensed into the needle and a drop is dispensed into the capillary containing 

solutions of brine, alkaline and surfactant. 

3.3.2 Preparation of Brine, Alkaline and Surfactant solution. 

The choices of salts for this experiment as discussed earlier are Calcium Chloride (CaCl2), 

Sodium Chloride (NaCl), Magnesium Chloride (MgCl2) and Sodium Sulphate (Na2SO4)  being 

the dominant types of salt in Western Canadian sea water (Castro and Huber,2009).This is to 

imitate the salinity of the Western Canadian Sedimentary Basin where the heavy oil was 

obtained. 

The brine solution was prepared by weighing 40g of NaCl, 25g of CaCl2, 25 g of MgCl2 and 10g 

of Na2SO4and pouring into a conical flask containing 400g of distill water. 0.1 wt. percent (0.5g) 

of surfactant, sodium dodecyl sulfate (SDS) is added to the brine and stirred thoroughly.  

No. Composition of Solution % wt. of salt + SDS and %V NaOH  pH Density (g/cm
3
) 

at  room temp 

1 Brine + SDS + 0% v NaOH 20.5% (salt + SDS) 8.86 1.09 

2 Brine + SDS + 4.0% v NaOH 20.5 (salt + SDS) and 4.0%VNaOH 9.12 1.09 

3 Brine + SDS + 8.0% v NaOH 20.5 (salt + SDS) and 8.0 %NaOH 10.84 1.09 

4 Brine + SDS + 12.0% v NaOH 20.5 (salt + SDS) and 12.0%NaOH 11.03 1.09 

5 Brine + SDS + 16.0% v NaOH 20.5 (salt + SDS) and 16.0 %NaOH 11.45 1.09 

6 Brine + SDS + 20.0% v NaOH 20.5 (salt + SDS)and 20.0 %NaOH 11.89 1.09 

7 Brine + SDS + 24.0% v NaOH 20.5 (salt + SDS) and 24.0 %NaOH 12.56 1.09 

 

Table 3-5: Salt, Alkaline and Surfactant composition 
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The solution of Brine and surfactant is then divided into 7 portions and solution of sodium 

hydroxide is added to each portion to control the pH as desired and as shown on the table above. 

3.3.3 Sandstones 

Fine sands that settled at the bottom of the heavy oil container were used as surfaces upon which 

surfactants are expected to absorb. 

3.3.4 Spinning Drop Tensiometer site-100 Measurement. 

Interfacial tension measurements were carried out by following the procedures as stated in the 

Kruss User Manual. 

 

Fig 3-4: Kruss Spinning Drop Tensiometer Site-100. 
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The temperature range considered for this experiment is between 20° to 80°C. This is because 

reservoirs of heavy oil are found at shallow depth where the temperature is not as high as deep 

formations where the oil is formed. This oil formed migrates to shallow depth where degrading 

bacteria can survive. 

The rate of rotation is increased at intervals until the drop is elongated enough. The length of the 

drop (light phase) was at least four times the drop diameter along the axis of rotation before 

measurement was taken. 

The accuracy of the measurements from the Spinning drop Tensiometer was tested using 

Johansen’s work of 1923. He showed that the IFT between distill water and Kerosene is 

34.9mN/m. Similar experiment was carried out at 20°C and 3000 rpm for deionised water and 

kerosene and the IFT was obtained to be 34.7126 mN/m . With these values being very close, it 

was reasonable to conclude that Spinning Drop Tensiometer used for this experiment was at a 

perfect condition during this experimental works.Table 3-6 shows the result of this test  

Calibration Test 

  Johansen's work Calibration Experiment 

Test  fluids Distill water and Kerosene Distill water and Kerosene 

Temperature (°C) 20 20 

Speed of rotation (rpm) 3000 3000 

Measured IFT (mN/m) 34.9 34.7126 

 

Table 3-6: Calibration test experiment results. 
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4.0 RESULTS AND DISCUSSION 

4.1 Experimental Results 

The effect of pH on interfacial tension and adsorption of surfactant on sandstones were 

investigated at different temperatures and the results are presented in the appendix. A graph of 

IFT against pH was also plotted to determine the range of pH at which interfacial tension goes 

through a deep minimum during surfactant enhanced alkaline flooding.  

4.2 Discussion of Results 

4.2.1 Effect of temperature on IFT 

As expected IFT decreases as temperature increases as shown in figure 4-1 below .This result 

shows that temperature is just as important as the chemicals being used in reducing IFT.  

 

Fig 4-1: IFT against pH at varying pH . 
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At 20°C, IFT was observed to be at its maximum value but gradually decreased as the 

temperature of the system increased. This trend is supported by the work of Jennings et al. 

(1971). The decrease in IFT as temperature increased can be explained from the angle of 

attraction holding molecules of a liquid together. As the temperature of the system increased the 

Vander Waal forces holding the liquids together begin to weaken and decrease hence IFT also 

decrease as the forces of attraction reduces. 

4.2.2 Effect of pH on Interfacial Tension and Surfactant Adsorption. 

The result of this experiment shows that pH optimization is just as important as temperature and 

ionic strength in lowering IFT in oil-brine system. Ionic strength of a solution is the measure of 

the ion concentration in that solution.  

 

Fig 4-2: IFT against pH at varying temperature 
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The higher the ionic strength of an alkali, the better it ionizes in water and the better its ability to 

form surfactant in-situ. This has been the basis of interpretation of surfactant enhanced alkaline 

flooding neglecting the effect of optimizing pH. Figure 4-2 below shows the graph of IFT as a 

function of pH and temperature. 

However, IFT is minimum in the intermediate range of 10 -12 according to figure 4-2. This is 

also consistent with the works of Rudin and Wasan (1993), Falcone et al (1982), and Krumrine et 

al (1982). According to Rudin and Wasan (1993), IFT goes through a deep minimum in an 

aqueous buffered alkaline pH of intermediate range (9-12) in surfactant enhanced flooding. 

Figure 4-1 shows the curves going through a deep minimum between a pH of 10-12 and began to 

rise after this pH range. 

This phenomenon was also explained by Krumrine et al (1982). According to this work, the 

alkali in the system serves two purposes. First the alkali (NaOH) generates soap which reduces 

capillary forces and lowers IFT hence facilitating the displacement of oil. Secondly, the alkali 

when prepared within the intermediate range of pH 9-12 helps minimise surfactant adsorption or 

retention on rock surfaces by impacting a negative charge on the rock surfaces there by allowing 

a larger supply of surfactant for interfacial activities and hence IFT goes through a deep 

minimum. When surfactant retention on rock surfaces is minimised, the wettability of the rocks 

remains unchanged (water absorbing properties) hence spontaneous imbibitions is more efficient 

to recover oil. 

 The curves were observed to begin to rise after this range of pH range (9-10). The increase in 

IFT after this range is as a result of retention of surfactant on rock surfaces which reduces the 

amount of surfactant for interfacial activity, hence IFT began to rise after this range. 
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4.3 Statistical Analysis 

Standard analysis was done to calculate the standard errors on the graphs above .This step is 

necessary so as to reflect the measure of fluctuation from original of the set of datas measured. In 

calculating the standard error, the total mean and standard deviation where calculated 

respectively using the equations below: 

                        Mean (   )    
 

 
  ∑   

 
                  …………………………….. [4-1]         

         ……………….. [4-2] 

 

                               Standard Error =   
 

  
   ………………………………………………[4-3] 

Where n and xi  represents number of data points and individual data points respectively. 
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5.0 CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

The result of this experimental works show why surfactant enhanced flooding would improve oil 

recovery than either alkaline or surfactant flooding alone. Since alkaline flooding relies on the 

quantity of organic acid present in the oil for surfactant in-situ formation. Technically ,this 

means alkaline flooding will not be suitable in oils with little or no organic acid .Similarly 

alkaline flooding is not recommended in carbonated reservoirs because of the abundance of 

calcium which when mixed with alkali produces hydroxide precipitate that damages the 

formation. 

Also, surfactant flooding will also be a non-economical method of EOR because of its high cost 

and excessive loss to the porous medium even though it proved to be a successful method or 

EOR . 

However, combining small amount of surfactant normally less than 0.5% together with buffered 

solution of alkali in an intermediate pH range of (9-12) will certainly increase oil recovery 

solving the challenges of using so much expensive surfactant or having oil recovery based on the 

quantity of organic acid present in the oil as in the case of alkaline flooding.  

Therefore the findings of this experiment can be summarised as follows; 

1. pH  is as important as temperature and ionic strength in achieving an ultra-low interfacial 

tension in surfactant enhanced alkaline flooding. 
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2. Surfactant retention on rocks is minimized and ultra-low interfacial tension is achieved if 

the alkali is prepared between buffered pH of 9-12. 

3. The alkali react with organic acid in the oil to forms  surfactant in-situ and hence lowers 

interfacial tension between oil and brine and also lowers the adsorption of surfactant 

retention on rocks if the alkali is prepared at a buffered pH between 9-12. 

4. Interfacial tension decreases with increase in temperature .This is attributed to the effect 

of temperature on Van der Waal forces holding molecules of liquids together.  

Van der Waal forces decreases as temperature increases. 
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5.3 Recommendations 

1. Adding surfactant to alkaline certainly improves oil recovery than each alone, but the exact 

role the surfactant plays in synergism with alkali remains unknown. Therefore further research 

on how to take advantage of this combination (type and quantity of surfactant) in designing 

floods for maximum oil displacement should be studied in the future. This is because if more 

surfactant is added than necessary, more ionized acid is needed to compensate this increase, 

resulting in a shift of the minimum IFT to a higher pH. 

2. This work has been able to investigate the effect of pH on anionic surfactant adsorption. 

Further research should be done on how other surfactant adsorption can be minimised especially 

the cationic surfactant such as Laurylamine hydrochloride.  
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APPENDICES 

Appendix A:  

Table of IFT measurements vs. Temperature 

 

 

 

 

 

 

Run 1: pH of 8.86

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.94 0.00047 0.5419

30 1084 968 116 418.879 0.76 0.00038 0.2792

40 1076 963 113 418.879 0.58 0.00029 0.1209

50 1071 960 111 418.879 0.51 0.00026 0.0856

60 1068 959 109 418.879 0.5 0.00025 0.0747

70 1059 955 104 418.879 0.49 0.00025 0.0713

80 1052 950 102 418.879 0.48 0.00024 0.0619

Run 2:  pH of 8.86

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.91 0.000455 0.4917

30 1084 968 116 418.879 0.78 0.00039 0.3018

40 1076 963 113 418.879 0.57 0.00029 0.1209

50 1071 960 111 418.879 0.51 0.00026 0.0856

60 1068 959 109 418.879 0.51 0.00025 0.0747

70 1059 955 104 418.879 0.49 0.00025 0.0713

80 1052 950 102 418.879 0.49 0.00025 0.0699

INTERFACIAL TENSION (ϒ)   0 % NaOH

INTERFACIAL TENSION (ϒ)   0 % NaOH
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Run 1:   pH of 9.12

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.89 0.000445 0.4600

30 1084 968 116 418.879 0.75 0.000375 0.2683

40 1076 963 113 418.879 0.58 0.00029 0.1209

50 1071 960 111 418.879 0.51 0.000255 0.0807

60 1068 959 109 418.879 0.49 0.000245 0.0703

70 1059 955 104 418.879 0.48 0.00024 0.0631

80 1052 950 102 418.879 0.47 0.000235 0.0581

Run 2:   pH of 9.12

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.88 0.00044 0.4447

30 1084 968 116 418.879 0.73 0.000365 0.2474

40 1076 963 113 418.879 0.56 0.00028 0.1088

50 1071 960 111 418.879 0.51 0.000255 0.0807

60 1068 959 109 418.879 0.49 0.000245 0.0703

70 1059 955 104 418.879 0.48 0.00024 0.0631

80 1052 950 102 418.879 0.47 0.000235 0.0581

INTERFACIAL TENSION (ϒ)   4 % NaOH

INTERFACIAL TENSION (ϒ)   4 % NaOH
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Run 1:  pH of 10.84

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.68 0.00034 0.2052

30 1084 968 116 418.879 0.58 0.00029 0.1241

40 1076 963 113 418.879 0.54 0.00027 0.0976

50 1071 960 111 418.879 0.48 0.00024 0.0673

60 1068 959 109 418.879 0.47 0.000235 0.0621

70 1059 955 104 418.879 0.47 0.000235 0.0592

80 1052 950 102 418.879 0.44 0.00022 0.0476

Run 2: pH of 10.84

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.71 0.000355 0.2335

30 1084 968 116 418.879 0.58 0.00029 0.1241

40 1076 963 113 418.879 0.52 0.00026 0.0871

50 1071 960 111 418.879 0.48 0.00024 0.0673

60 1068 959 109 418.879 0.48 0.00024 0.0661

70 1059 955 104 418.879 0.47 0.000235 0.0592

80 1052 950 102 418.879 0.44 0.00022 0.0476

INTERFACIAL TENSION (ϒ)   8 % NaOH

INTERFACIAL TENSION (ϒ)   8 % NaOH
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Run 1:  pH of 11.03

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.61 0.000305 0.1481

30 1084 968 116 418.879 0.54 0.00027 0.1002

40 1076 963 113 418.879 0.49 0.000245 0.0729

50 1071 960 111 418.879 0.47 0.000235 0.0632

60 1068 959 109 418.879 0.46 0.00023 0.0582

70 1059 955 104 418.879 0.45 0.000225 0.0520

80 1052 950 102 418.879 0.45 0.000225 0.0510

Run 2:  pH of 11.03

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.64 0.00032 0.1710

30 1084 968 116 418.879 0.54 0.00027 0.1002

40 1076 963 113 418.879 0.49 0.000245 0.0729

50 1071 960 111 418.879 0.46 0.00023 0.0592

60 1068 959 109 418.879 0.46 0.00023 0.0582

70 1059 955 104 418.879 0.45 0.000225 0.0520

80 1052 950 102 418.879 0.45 0.000225 0.0510

INTERFACIAL TENSION (ϒ)   12 % NaOH

INTERFACIAL TENSION (ϒ)   12 % NaOH
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Run 1: pH of 11.45

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.51 0.000255 0.0866

30 1084 968 116 418.879 0.49 0.000245 0.0748

40 1076 963 113 418.879 0.49 0.000245 0.0729

50 1071 960 111 418.879 0.45 0.000225 0.0555

60 1068 959 109 418.879 0.44 0.00022 0.0509

70 1059 955 104 418.879 0.44 0.00022 0.0486

80 1052 950 102 418.879 0.44 0.00022 0.0476

Run 2:   pH of 11.45

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.49 0.000245 0.0768

30 1084 968 116 418.879 0.49 0.000245 0.0748

40 1076 963 113 418.879 0.46 0.00023 0.0603

50 1071 960 111 418.879 0.45 0.000225 0.0555

60 1068 959 109 418.879 0.44 0.00022 0.0509

70 1059 955 104 418.879 0.44 0.00022 0.0486

80 1052 950 102 418.879 0.43 0.000215 0.0445

INTERFACIAL TENSION (ϒ)   16 % NaOH

INTERFACIAL TENSION (ϒ)   16 % NaOH
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Run 1:  pH of 11.89

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.56 0.00028 0.1146

30 1084 968 116 418.879 0.55 0.000275 0.1058

40 1076 963 113 418.879 0.51 0.000255 0.0822

50 1071 960 111 418.879 0.48 0.00024 0.0673

60 1068 959 109 418.879 0.46 0.00023 0.0582

70 1059 955 104 418.879 0.45 0.000225 0.0520

80 1052 950 102 418.879 0.45 0.000225 0.0510

Run 2:  pH of 11.89

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.61 0.000305 0.1481

30 1084 968 116 418.879 0.57 0.000285 0.1178

40 1076 963 113 418.879 0.51 0.000255 0.0822

50 1071 960 111 418.879 0.48 0.00024 0.0673

60 1068 959 109 418.879 0.46 0.00023 0.0582

70 1059 955 104 418.879 0.46 0.00023 0.0555

80 1052 950 102 418.879 0.45 0.000225 0.0510

INTERFACIAL TENSION (ϒ)   20 % NaOH

INTERFACIAL TENSION (ϒ)   20 % NaOH
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Run 1:  pH of 12.56

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.81 0.000405 0.3468

30 1084 968 116 418.879 0.73 0.000365 0.2474

40 1076 963 113 418.879 0.68 0.00034 0.1948

50 1071 960 111 418.879 0.67 0.000335 0.1831

60 1068 959 109 418.879 0.66 0.00033 0.1718

70 1059 955 104 418.879 0.65 0.000325 0.1566

80 1052 950 102 418.879 0.65 0.000325 0.1536

Run 1:  pH of 12.56

Temperature ρb ρl ∆ρ ω Dm Rm (Dm/2) ϒ

°C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/M

20 1090 971 119 418.879 0.79 0.000395 0.3217

30 1084 968 116 418.879 0.73 0.000365 0.2474

40 1076 963 113 418.879 0.68 0.00034 0.1948

50 1071 960 111 418.879 0.67 0.000335 0.1831

60 1068 959 109 418.879 0.66 0.00033 0.1718

70 1059 955 104 418.879 0.65 0.000325 0.1566

80 1052 950 102 418.879 0.62 0.00031 0.1333

INTERFACIAL TENSION (ϒ)   24 % NaOH

INTERFACIAL TENSION (ϒ)   24 % NaOH
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Appendix B:  

Table of IFT against pH. 

 

 

 

 

 

 

pH ϒ (mN/M) pH ϒ (mN/M)

8.86 0.5168 8.86 0.2905

9.12 0.4523 9.12 0.2579

10.84 0.2193 10.84 0.1241

11.03 0.1596 11.03 0.1002

11.45 0.0817 11.45 0.0748

11.89 0.1313 11.89 0.1118

12.56 0.3342 12.56 0.2474

pH  vs INTERFACIAL TENSION  ( ϒ) 

20°C 30°C
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pH ϒ (mN/M) pH ϒ (mN/M)

8.86 0.1209 8.86 0.0747

9.12 0.1149 9.12 0.0807

10.84 0.0923 10.84 0.06731

11.03 0.0729 11.03 0.0612

11.45 0.0666 11.45 0.0555

11.89 0.0822 11.89 0.06673

12.56 0.1948 12.56 0.1831

pH  vs INTERFACIAL TENSION  ( ϒ)

40°C 50°C
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pH ϒ (mN/M) pH ϒ (mN/M)

8.86 0.0713 8.86 0.0713

9.12 0.0731 9.12 0.0631

10.84 0.0641 10.84 0.0592

11.03 0.0583 11.03 0.052

11.45 0.0509 11.45 0.0486

11.89 0.05817 11.89 0.0537

12.56 0.1718 12.56 0.1566

pH  vs INTERFACIAL TENSION  ( ϒ)

60°C 70°C
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pH ϒ (mN/M)

8.86 0.0659

9.12 0.0581

10.84 0.0476

11.03 0.051

11.45 0.0461

11.89 0.051

12.56 0.1434

pH  vs   ( ϒ)

80 °C


