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ABSTRACT 

 

Heavy oil is difficult to exploit and in the past, there was usually no economic incentive in 

exploiting it. However, with the projected decline in reserves of high quality crude oil, 

exploitation of heavy oil will be central to meeting the growing oil demand. Many of the current 

technologies for heavy oil recovery focus on thermal methods but these methods are not 

applicable to all oil reservoirs. The alternative to thermal recovery is the use of chemical 

processes, where chemicals are injected into the reservoir to alter the thermo-physical properties 

within the reservoir. From a technical point of view, chemical flooding is one of the most 

successful methods to enhance oil recovery. However, it has not yet been embraced by the oil 

industry because of the high cost of the traditional surfactant chemicals which makes the whole 

process uneconomical. This suggests that if a less expensive surfactant is found, chemical 

flooding can be an effective EOR process in the oil industry. 

The key reason for this study is to investigate the technical feasibility of using dilute alkaline to 

form insitu surfactants with crude oil. This process will be more economical because the alkaline 

substances used are cheaper and readily available 

For this research, the effect of dilute alkaline on interfacial tension between heavy oil from 

Western Canadian Sedimentary basin and alkaline (NaOH) was investigated. This was done by 

measuring the interfacial tension as a function of temperature and alkaline concentration, using a 

spinning drop tensiometer. A brine system that is similar to the ones commonly found in the 

Western Canadian Sedimentary Basin was used. The results show that hydrocarbon acids in the 

heavy oil react with alkaline to produce a surfactant, which reduce the interfacial tension 

between the oil and brine. 
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1.0 INTRODUCTION 

1.1 Background 

Fossil fuels will remain the most important source of energy for much of this century under most 

energy projections. Other sources of energy that have been tried to serve as alternatives are not 

yet, under current market and technology trends, sufficient to fill this role. According to the 

Energy Information Administration’s (EIA) ‘Annual Energy Outlook’ report for 2010, fossil 

fuels are projected to still meet more than three-fourths of total world energy needs in 2035, 

assuming current policies are unchanged. Figure 1-1 shows EIA projection of energy 

consumption in United States for the next two to three decades. This figure shows that USA will 

still use fossil fuel for 79% of its energy need by 2035. 

 

 

Figure 1-1: Projection of US energy sources (EIA, 2011) 

 

Moreover, global energy consumption will grow about 50 percent over the next two to three 

decades (EIA, 2011). For instance, total global liquid fuels consumption projected for 2035 is 

110.8 million barrels per day, which is 29 percent or 24.7 million barrels per day higher than the 
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2007 level of 86.1 million barrels per day (EIA, 2010).The question then is where will the 

increase in production that matches such an increasing demand come from?  

 

There are only two ways to produce more oil for the future: discovery of new oil reserves or use 

of advanced technology to recover more oil from the current conventional and unconventional 

resources. It is more unlikely at the moment to discover new reserves at a significant rate that can 

meet the projected rate of consumption.Therefore the increase in production can only come 

primarily from two sources: conventional oil projects using enhanced recovery mechanisms 

and/or from currently too expensive unconventional oil projects that will be made economical by 

rises in oil prices and advances in production technology. 

 

Unconventional oil is petroleum liquid produced or extracted using techniques other than the 

conventional way of drilling a well, and exploiting the oil using the natural pressure of the 

reservoir. This is because unconventional oils naturally exist in either solid forms or as fluids that 

are extremely viscous and cannot flow.  

 

For many years, the low cost and availability of conventional oil inhibited interest in the 

production of this resource. However with the decrease in availability and rise of prices of 

conventional oil, there also arises the incentive to develop methods of producing the 

unconventional oil (Selley, 1998). Currently, there are a few technologies in the energy industry 

that have proved successful in the extraction of unconventional oil especially oil sand. 

 

However, these technologies are still not up to the challenge:  they are too expensive, 

environmentally damaging and inefficient in terms of the amount of oil they recover for a given 

energy input. Figure 1-2 below shows the schematics of oil sand extraction processes currently in 

use. 
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Figure 1-2: Chart of oil sand extraction technologies (Speight, 2010) 

 

1. Surface mining; The technology of surface mining of oil sand is analogous to that 

already developed for the open-pit extraction of other mineral resources (Selley, 1998); 

mining shovels dig into the petroleum-laden sands and load it into huge trucks, which 

take it to crushers where it is crushed, mixed with hot water and transported through 

pipelines to the extraction plants. The petroleum component is then separated from the 

sand. 

 

While surface mining overcomes the problem of moving the oil to the surface and of 

obtaining high recoveries, it requires the handling and disposal of vast amounts of solids 

and sludge, and it is only economic for the shallowest deposits. The major part of the 

world’s oil sand resource is too deeply buried for mining to be practical (Butler et al, 

2002). Moreover there is a limit to the size of footprint that can be tolerated by the local 

population and the regulatory authorities for environmental damage. Local opposition to 

surface mining due to environmental concerns is increasing. Hence surface mining is not 

a sufficient way of exploiting oil sand. 
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2. In situ recovery involves drilling a well into a formation, down to the petroleum 

accumulation-just like the conventional oil extraction. But since oil sand flow very 

slowly, if at all, toward producing wells under normal reservoir conditions, the oil must 

be made to flow into wells by treating it in situ to reduce the viscosity. This may involve 

injecting steam like in Steam Assisted Gravity Drainage (SAGD) and Cyclic Steam 

Stimulation (CSS), solvent like in Vapor Extraction (VAPEX), and/or hot air into the 

reservoir (Butler et al, 2002). These processes are very expensive, and their recovery 

factor is still less than 30%. 

 

Enhanced oil recovery (EOR) is the injection of materials that are not normally in the reservoir to 

create a condition favourable for oil recovery. In the past, enhanced oil recovery (EOR) was 

undertaken only in a few unique situations where technical, environmental and economic 

conditions easily permit (Lake, 1989). Most of the oil reservoirs were abandoned at the primary 

or secondary stages of production. As stated earlier, there was little appetite for investing in EOR 

technology since new reserves were easily discoverable at low cost. 

 But with the decrease in quantity of known reserves, the rarities of adding new ones and the 

increase in oil prices, enhanced oil recovery will take a centre role in the quest for new reserves. 

Today, only about 30% of the original oil in place is recovered by primary and secondary 

production (Ahmed, 2000). Even if the implementation of EOR technologies improve the oil 

recovery by adding just as low as 15% of OOIP by 2035, the world‘s energy need will be met. 

The EOR technologies that are in operation today are categorised into four groupings namely: 

Thermal, gas injection, Microbial and chemical processes. Figure 1-3 shows a chart of the four 

main EOR processes and their subcategories. The main processes that are commonly used in the 

oil industry are overviewed below. 
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Figure 1-3: Enhanced Oil Recovery Processes (Speight, 2010) 

 

In thermal recovery, heat energy is supplied to the reservoir to create various set of processes 

that help recover the oil. The most important of these processes is the reduction of crude oil 

viscosity with increasing temperatures (Lake, 1989). This enables the oil to flow easily into the 

production well. Heat is sent to the reservoir by either steam injection or in-situ combustion.  

 

Thermal recovery processes are not applicable to all reservoirs. The amount of heat that reaches 

the reservoir fluid and the size of reservoir volume it covers are affected by reservoir 

characteristics such as depth, pay zone thickness, pressure and permeability (Green et al, 1998). 

For instance, when the pay zone is not thick enough a lot of heat is lost to the surrounding 

formations. 

 

Another EOR method is gas injection. Various types of gases are injected into the reservoir just 

like in steam injection processes. These gases enhanced the production of crude oil by displacing 

the oil away from the injector wells towards a producer well. The injected gas may or may not be 
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miscible to crude oil. In the case of miscible gas injection, the process relies mainly on injected 

gas dissolving in the crudes oil and lowers its viscosity. Like the thermal processes, gas injection 

processes are also not applicable in all reservoir cases. They depend on reservoir pressure, 

temperature and depth and in some cases on the type of reservoir rock. 

 

Lastly, there are chemical recovery processes. Chemical processes are described by Green and 

Willhite (1998) as those processes that involve the injection of specific liquid chemicals that 

react with crude oil and alter its phase behaviour properties. These changes in phase behaviour 

properties help displace the oil to the producing wells. The chemicals injected can be polymer, 

micelles and/or dilute alkaline. 

 

1.2 Objectives 

From a technical point of view, chemical flooding of oil reservoirs is one of the most successful 

methods to enhance oil recovery from low pressure reservoirs (Schramm, 2000). However, it has 

not yet been embraced by the oil industry because of the high cost of the traditional 

surfactant/polymer liquids that makes the whole process uneconomical. This suggests that if a 

less expensive surfactant is found, chemical flooding may become the most effective and widely 

used EOR process in the oil industry. 

 

 It is also proven that in dilute alkaline flooding, the surfactant required to reduce interfacial 

tension (IFT) can be generated in situ by the chemical reaction between injected alkali and 

naphthenic acids in the crude oil (Sheng, 2010). Therefore it is technically possible that dilute 

alkaline flooding can be an equally effective method for the recovery of both the light and heavy 

oil in low pressure reservoirs. 

 

In view of all the preceding discussions, the experimental and analytical objectives of this 

research are:   

1. Investigate the technical feasibility of using alkaline flooding as a primary chemical 

process in the enhanced oil recovery of heavy oil 

2. To conduct a comprehensive literature review on research relevant to the subject of 

heavy oil and its recovery processes 
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3. Measure the IFT between heavy oil and alkaline-brine system as a function of  alkaline 

concentration using Spinning drop tensiometer 

4. Measure the IFT between heavy oil and dilute alkaline-brine system as a function of 

temperature 

 

1.3 Outline of the research 

This report begins with a literature review of the subjects relevant to heavy oil, its composition, 

characteristics, reserves distribution and recovery methods. An in-depth review of EOR chemical 

processes and on surfactants is also covered. The chapter ends with review of the chemical 

reaction between dilute alkaline and naphthenic acids in the crude oil. 

 

Chapter 3 starts with the description of the laboratory equipments used to measure the interfacial 

tension between crude oil and alkaline-brine systems. It also details the methodology used, the 

chemicals and processes involved. 

 

The results of these experiments are presented in Chapter 4. The measurements for interfacial 

tension between crude oil and alkaline-brine systems are presented. The results will also be 

graphed as a function of temperature and alkaline concentrations. 

 

A summary and conclusion is presented in Chapter 5. This will include general conclusions 

derived from the experiment. Recommendations for the applications and future researches in the 

use of alkaline flooding in heavy oil recovery will be made. 
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2.0 LITERATURE REVIEW 

2.1 Heavy crude oil 

Heavy crude oil is a naturally-occurring petroleum liquid characterised by their high specific 

gravity (Huc, 2011). Classification of a petroleum liquid as a heavy, medium or light crude oil is 

based on two important physical properties: Specific gravity and viscosity. Since specific gravity 

is inversely related to API gravity, the classification of oil as heavy, medium or light crude oil is 

also based on an API gravity scale. Equation 2-1 shows the relationship between an API gravity 

of a crude oil and its specific gravity. 

                                   API =   - 131.5                        [2-1] 

A crude oil having an API gravity between 10
o
 and 25

o
 is usually classified as heavy oil (Mcroy, 

1982). Medium crude oil is defined as oil having an API gravity between 25
o
 and 31.1

o
 while 

light oil is deemed to have an API gravity greater than 31.1
o
. A crude oil is classified as extra 

heavy oil if it has API gravity less than 10
o
. 

 

Heavy oil and extra heavy oil are literally heavier, thicker and slower to pour than light and 

medium crude oil and contains a higher level of sulfur than light and medium crude oil 

petroleum that occurs in similar locations (Speight, 2010). The nature of heavy oil poses a 

problem for recovery operations and for refining—this is because of the high oil viscosity which 

renders oil recovery expensive. Also it may contain high Sulphur content which increases the 

expense of refining the oil (Huc, 2011). 

 

Heavy oil is difficult to exploit and in the past, there was usually no economic incentive in 

exploiting it pass the primary recovery level. However, with the projected decline in the 

availability of high quality and easily recoverable crude oil worldwide, heavy oil exploitation 

will be central in the attempt to find more oil that will satisfy the growing energy need. 

Moreover, the geographical location and size of this resource will make its development 

instrumental to the energy need of most of the world’s industrialised countries; 80% of heavy 

and extra heavy oil is located in the two American continents (Strausz, 2003).  The amount of 
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heavy oil-in-place is also thought to be large. According to Huc (2011), the identified in-place 

volume of heavy oil is roughly about 1000 billion bbl; which is equivalent to one-fifth of the 

world resources of conventional oil discovered to date. Only about one percent of these heavy 

crude oil resources have been produced with the current technologies (Huc, 2011). This leaves a 

good chance of producing a large quantity using new enhanced oil recovery techniques. 

 

2.1.1 Geological origin of Heavy Crude Oils 

Heavy crude oils, like all other types of petroleum have their origin in the Biogenic theory of 

petroleum origin. This theory states that hydrocarbons originated from ancient fossilized organic 

materials, such as plants (e.g. algae) and animals (e.g. zooplankton). The remains of these plants 

and animals settled in vast quantities at the sea or lake bottoms, together with sediments, and 

being buried under anoxic conditions.  

The amount of organic materials buried in the sediments is related to the ratio of organic 

productivity and destruction (Selley, 1998). If the rate of organic productivity is less than the rate 

of destruction, all organic material produced will be destroyed and none will be preserved. On 

the other hand, if the rate of organic productivity is greater than the rate of destruction and there 

is favorable environment for organic preservation, organic materials will be preserved. The rate 

of organic preservation is favored by anoxic condition at the sea bed and the rapid rate of 

sedimentation (Selley, 1998). If the organic materials are not preserved in the sea bed, there will 

be no organic rich rocks such as shale to act as sources of petroleum in the sedimentary basin. 

Hence petroleum does not form in that sedimentary basin. 

 In the case where organic materials are preserved; and are buried under the overlying layers of 

sediment, the immense pressure and temperature that builds up at the lower region causes the 

organic matter to change by a chemical process into a waxy organic geopolymer known as 

Kerogen (Selley, 1998). As more sedimentation takes place and Kerogen is buried to a greater 

depth catgenesis may take place and Kerogen is thermogenically cracked to form oil and gas. 

This process is called thermal maturation of kerogen. When kerogen is immature, no petroleum 

has been generated; with increasing maturity, first oil (between 60 
o
C and 120 

o
C), and then gas 
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(between120 
o
C and 225 

o
C), is expelled; when the kerogen is over mature (above 225 

o
C), 

neither oil nor gas remains (Selley, 1998).   

The release of oil and gas from solid kerogen and its transport through the capillaries and narrow 

pores of a fine-grained source rock are known as primary migration (Strausz et al, 2003). The oil 

and gas extruded from a source rock pass through more coarse structures and more permeable 

porous rock units, a process known as secondary migration, before being trapped by an 

impermeable barrier in the reservoir rock, forming an oil and gas accumulation.  

2.1.2 Biodegradation of crude oil 

Up until the stage of accumulation of the oil in the reservoir, heavy oil has the same 

characteristics and compositions as medium and light crude oil. What becomes heavy oil is the 

product of biological alteration of light and medium oil mediated by in-reservoir bacterial 

communities (Huc, 2011). Certain bacteria are capable of metabolising some hydrocarbon 

constituents of the oil and causing degradation of the oil in the reservoir (Strausz et al, 2003). 

According to Huc (2011), such microbial degradation becomes active as soon as the temperature 

of the geological environment hosting the oil  is sufficiently low to allow the living processes of 

these microbial consortia to take place. The microbial degradation is believed to be active up to 

the temperature of 80
o
C (176°F). Considering the geothermal gradient which varies on a regional 

basis from 20
o
C/km to 40C/km, this temperature condition corresponds to a maximum depth 

ranging from 1500m to 3000m (Huc, 2011) 

There are other factors that lead to the formation of heavy oil. These factors include thermal 

immaturity of the source rock, deasphalting and water washing (Strausz et al, 2003). However, it 

is believed that these other factors cause the formation of only a very small percentage of heavy 

oil. 
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2.1.3 Heavy Oil Reservoirs 

Heavy oil reservoirs are usually found at shallow depths  ranging from few metres to 3000 

meters below the sea level, and therefore present low reservoir temperatures mostly between 40 

and 60
o
C (Speight, 2010). The shallow depth and low temperatures of these reservoirs create 

perfect conditions for biodegradation of crude oil by bacteria. Shallow depth, low temperatures 

and low overburden pressures also contributes to the formation of geomechanically fragile 

structures where faults create geological compartments and heterogeneities. According to 

Speight (2010) heavy oil reservoir may also have low seal pressure, which may cause the 

dissolved gas to leave the oil, and thus increasing its viscosity. The reservoir lithology is usually 

sandstones with high permeability and porosity. This is because heavy oil reservoirs usually have 

low sedimentary overburden which leads to less consolidation of the reservoir formation, hence 

high permeability and porosity. The high permeability may compensate for the elevated oil 

viscosity during production and results in high well productivities if wettability and interfacial 

tensions are low enough.   

Although one of the dominant characteristics of heavy oil reservoirs is that they are usually 

found at shallow depth and low temperatures, some deep heavy oil reservoirs have also been 

reported (Speight, 2010). Huc (2011) suggested that these reservoirs were once at shallow depth 

but subsided to their current depth at a later stage after biodegradation has already taken place. It 

is also very important to note that biodegradation of crude oil is an irreversible process. 

 Speight (2010) divided the heavy oil resources into the following categories based on depth: 

 Shallowest resources (<150 feet depth) 

 Shallow resources (150 to 300 feet deep, with no cap rock seal) 

 Medium-depth resources (300 to 1,000 feet deep, cap rock seal, pressure <200 psi) 

 Intermediate-depth resources (1,000 to 3,000 feet deep, cap rock seal, pressure >200 psi) 

 Deep resources (>3,000 feet deep) 
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2.1.4 Composition of Heavy Crude oil 

The alteration of a crude oil through biodegradation cause changes in its composition resulting in 

a crude oil that is compositionally different from its light and medium counterparts; viscous, 

denser and more acidic. One of the most documented compositional changes include the 

disappearance of specific classes of compounds, including the light n-alkanes, branched alkanes 

and cyclic alkanes (Huc, 2011).As the light hydrocarbons are removed, concentration of the 

remaining high molecular weight aromatics and asphaltenes increase. This leads to high viscosity 

and density of heavy oil. 

Organic acids like the humic acids, fulvic acids and asphaltic acids are also found in most heavy 

oil, together with elevated level of sulphur (Strausz et al 2003).Also present in heavy oil are 

relatively high proportions of metals such as nickel, vanadium, copper, and iron (Speight, 2010). 

2.1.5 Geological distribution of heavy oil reserves 

The world’s heavy oil resources, conventional and unconventional, estimated to be about 7 

trillion barrels oil-in-place, exceed the resources of light and medium crude oil (Strausz et al, 

2003). Unlike light and medium crude oil which is found mainly in the Middle East, heavy oil is 

found in many parts of the world: the biggest reserves being in the two American continents. The 

Orinoco Belt in Venezuela and the forests and tundras located in Northern Alberta, Canada 

contain the large majority of Tar Sands and heavy crude resources indentified on the planet (Huc, 

2011).  

Considering the sensitivity of oil market to geopolitics of the oil producing regions, the fact that 

large quantities of heavy oils and tar sands are located in regions other than the traditional hubs 

of light This project is focussing only on heavy oil, that is, crude oil with API gravity between 10 

and 22.3 degrees. Figure 2-1 shows the geographical distribution of heavy crude oils (Huc, 

2011). 
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Figure 2-1: Geographical Distribution of Heavy crude oil 

2.1.6 Canadian heavy Oil resources 

Canadian heavy oil resources are mainly located in the Western Canada sedimentary basin, a 

geologic region which also has most of the country’s light and medium crude oil and natural gas. 

Heavy oil reserves can be found in British Columbia, Saskatchewan and Alberta. Figure 2.1 

shows the location of most of Canada’s heavy oil reserves. Fig 2-2 show the location of 

Canadian heavy crude oil (Vant et al, 1994) 

According to the 2001 report by Canada’s National Energy Board, the total estimate for heavy 

oil in place (in Canada) is about 49.9 billion barrels. The report also projected that there are very 

high chances for more heavy oil to be discovered in the provinces of British Columbia, Alberta 

and Saskatchewan. In report, the board focussed on three distinct geological zones which contain 

the bulk of conventional heavy oil in Western Canada: the Carboniferous, the Jurassic and the 

Cretaceous.  

The Carboniferous zone has seven geological plays that contain heavy oil and comprised about 

18 percent of Western Canada’s total heavy oil-in-place (NEB, 2001). These plays include 

Rundle-Sweetgrass arch play, Mississippian Subcrop Play, Souris Valley-Tilson Play, Frobisher-
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Alida Play, Midale Play, Ratcliffe Play and Bakken Play. The total oil-in-place volume for heavy 

oil in these seven plays is estimated at about 8.83 billion barrels. 

The Jurassic zone has three geological plays that contain heavy oil, comprising of about 11 

percent of heavy oil in place in Western Canada (NEB, 2001). These plays include: Sawtooth 

Play, Shaunavon Play and Rosery-Success Play. The total oil-in-place volume for heavy oil in 

these three plays is estimated at about 5.6 billion barrels. 

The Cretaceous zone has nine geological plays that contain heavy oil, comprising almost 70 

percent of heavy oil in Western Canada (NEB, 2001). These plays include: Lower Mannville 

Heavy Oil Play, Upper Mannville Heavy Oil Play, Detrital Play, Ostracod Play, Glauconitic 

Play, Dina Play, Cummings Play, Colony to Lloydminster Plays and Cantuar Play. The total oil-

in-place volume for heavy oil in these nine plays is estimated at about 35.36 billion barrels.  

 

Figure 2-2: location of Canadian heavy crude oil (NEB, 2001) 
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2.2 Recovery of heavy oil 

With such large reserves of heavy oil, Canada has the potential to influence the energy 

production of the 21 century, only if the recovery processes of heavy oil are improved. As stated 

in chapter 1, the recovery factor for heavy oil is still below 30 percent using technologies 

currently available in the industry. Speight (2010) described the three phases of recovering heavy 

oil reserves as follows (Figure 2-3): 

 

 

Figure 2-3: Methods of oil recovery (Speight, 2010) 
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2.3 Primary recovery mechanisms 

Conventionally, the first stage in the extraction of crude oil is to drill a well into the reservoir 

formation. And if underground pressure in the oil reservoir is sufficient, the oil will be forced to 

the surface. Under this pressure, the oil flow to the surface starting at a rapid rate initially but the 

flow rate gradually fall off after with time until the underground pressure is no longer sufficient 

to maintain the production. At this stage, other artificial methods are applied to get more oil from 

the ground. This recovery is possible in heavy oil reservoirs where oil viscosity is low enough 

for oil to flow at the reservoir condition. Typically, about 5-10% of the original heavy oil-in-

place is recovered at this stage (Ahmed, 2000). 

2.4 Secondary recovery mechanisms 

As reservoir pressure decreases and becomes insufficient to lift oil to the surface, energy is 

applied to inject fluids into the well bore and help lift fluids to the surface. This may be 

accomplished by injecting gas down a hole, installing a subsurface pump, or injecting gas or 

water into the formation itself. Secondary recovery is done when well, reservoir, facility, and 

economic conditions permit. In most heavy oil reservoir, injecting fluid to sweep the oil into the 

producing wells is not productive because of the high mobility ratio between the water/gas and 

the heavy oil. In the cases where it is applicable, secondary recovery of heavy oil typically 

recover about 3-10% of the original oil in place (Satter et al, 2008). 

2.5 Tertiary recovery/enhanced oil recovery 

In some heavy oil reservoirs where the oil is too viscous to flow, this stage may be the only 

recovery process used. In others, it happens as a way of increasing the oil recovery beyond the 

primary and secondary recovery. In EOR, artificial means of increasing both displacement 

efficiency and fluid mobility within the reservoir are introduced. One way of accomplishing this 

may be by introducing additional heat into the formation to lower the viscosity and improve the 

ability of oil to flow to the well bore. Heat may be introduced by either injecting steam in a 

steam flood or injecting oxygen to enable the ignition and combustion of oil within the reservoir, 

in the case of in situ combustion. 
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Several methods used for EOR are discussed below:  

2.5.1 Thermal methods 

Majority of Enhanced Oil Recovery methods used to recover heavy oil today are thermal. As 

stated earlier, these methods improve the oil recovery by introducing extra heat to the reservoir. 

Some of these processes include: 

2.5.1.1 Steam Injection 

High pressure and temperature steam is injected in the reservoir to lower the viscosity, increase 

the pressure and sweep the oil to the producing well. This can be done in three ways: 

2.5.1.1.1 Cyclic Steam Stimulation (CSS) 

In cyclic steam stimulation also known as ‘huff-and-huff’, steam is injected into a production 

well for a period of 2 to 4 weeks. The well is then shut in and allowed to soak for days before 

returning to production (Green et al, 1998). When the production resumes, the initial rate is high 

because of the reduced oil viscosity at the vicinity of the wellbore due to heating by injected 

steam. With time the production rate falls off again due to heat loss and subsequent increase in 

viscosity. Once the production rate falls off, the well is put through another cycle of injection, 

soak and production. This process is repeated until it becomes uneconomical. Although the cost 

of production is very high, CSS recovers up to 5-10% of the original oil in place (Butler, et al, 2 

002). 

2.5.1.1.2 Steam Assisted Gravity Drainage (SAGD) 

In Steam Assisted Gravity Drainage (SAGD), two horizontal wells are drilled some metres apart 

in the same vertical plane.  Steam is injected continuously through the upper horizontal well into 

the reservoir. Consequently, heated oil of reduced viscosity become mobile and drain down by 

gravity into the lower well (Speight, 2010).Fig 2-4 shows the schematics of the SAGD process. 

SAGD recovers over recovers up to 5-20% of the oil in place (Butler et al, 2002)  
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Figure 2-4: Schematic of the SAGD process (Speight, 2010) 

 

2.5.1.1.3 Steamflooding 

In this method, steam is injected through an injector well into the reservoir. As the injected steam 

moves away from the injector well, it heats up the oil, lowering its viscosity. The low viscosity 

oil is then subjected to a combination of miscible displacement by hot-water drive, vaporization, 

and steam and gas drive as it moves toward the producer well. Figure 2-5 shows an illustration of 

a steam injection process. 
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Figure 2-5: Sketch of steam injection process (Speight, 2010) 

 

2.5.1.2 In-situ combustion 

In-situ combustion involves injecting air (oxygen) into the reservoir and igniting it to produce a 

fire deep down in the reservoir. The fire propagates uniformly from the air injection well to the 

producing well, moving oil and combustion gases ahead of the front. The coke which remains 

behind the moved oil provides the fuel (Speight, 2010). The fire raises the reservoir temperature 

and this lower the viscosity of the crude oil in the reservoir. The heat generated at the 

combustion zone is transported ahead of the front by conduction through the formation matrix 

and by convection of the vapours and liquids. 
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2.6 Chemical flooding 

Chemical flooding involves the injection of chemicals not naturally found in the reservoir to alter 

the petrophysical properties of the crude oil. Lake (1987) described chemical flooding as  any 

isothermal EOR process whose primary goals are to recover oil by (1) reducing the mobility of 

the displacing agent (mobility control process), and/or (2) lowering the oil/water interfacial 

tension (low- IFT process). Many heavy oil reservoirs are not suitable for thermal techniques due 

to thin pay zones (Dong et al, 2010). Both field applications and laboratory tests have shown that 

these reservoirs can achieve higher oil recovery with chemical flooding. Below are the chemical 

flooding processes that are in use today. 

2.6.1 Mobility Control Processes 

Green and White (1998) described mobility control as any process that attempt to alter the 

relative rates at which injected and displaced fluids move through the reservoir. The success of 

any mobility control process is to have a mobility ratio between the displacing fluid and the oil at 

a value less than one. Hence, the aim of these EOR processes is to maintain a low mobility ratio. 

The mobility of a fluid is defined as a ratio of relative permeability and viscosity of that fluid 

under the same reservoir condition. It denotes how easily a fluid can flow in a porous medium. In 

EOR, the mobility ratio, M, between a displacing fluid and a displaced fluid is expressed as 

   M= λD/ λd                                                                      [2-2] 

Where; 

λD is mobility of the displacing fluid 

 λd is mobility of the displaced fluid 

 

Because it is often not feasible to change the properties of the displaced fluid or the permeability 

of the porous media, lower mobility ratios can only be achieved by lowering the mobility of the 

displacing fluid. This recovers oil by increasing both volumetric and displacement sweep 

efficiency. Volumetric sweep efficiency (Ev) is the Porous volume (PV) of a reservoir contacted 

by a displacing fluid divided by the total porous volume (PV) (Lake, 1987). In another way, it is 
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stated as a fraction of PV that has been contacted by the displacing fluid. Ev, is expressed as a 

product of areal displacement efficiency, EA and vertical sweep efficiency El.  

 

EV =EA x El                                                                 [2-3] 

 

Where; 

EV is volumetric displacement efficiency 

 EA is areal displacement efficiency; it is expressed as area sweep by the displacing fluid divided 

by the total reservoir area target. 

El is vertical sweep efficiency; it is expressed as pore space invaded by the injected fluid divided 

by pore space enclosed in all layers behind the location of the leading edge of the front 

 

All the efficiencies are expressed as fraction (Green et al, 1998). Volumetric and displacement 

sweep efficiency depends on mobility ratio. As M decreases, the sweep efficiency increases and 

so does the recovery factor of the EOR process (Huc, 2010). A widely applied mobility control 

processes is polymer flooding. 

 

2.6.1.1 Polymer Flooding 

The schematic of Polymer flooding is shown in figure 2-6. Kaminsky et al (2007) described it as 

“a technique to enhance oil recovery from a reservoir by improving reservoir sweep and reducing 

the amount of injection fluid needed to recover oil”. In this EOR process, a solution of polymer, 

a water soluble chemical, is injected into the reservoir to displace the oil towards the producer 

well- hence polymer flooding is also known as polymer-augmented water flooding (Satter et al, 

2008). To get a desirable displacing agent, a polymer-water solution is prepared in such a way as 

to have the same or more viscosity than the insitu oil. This ensures that the mobility ratio is less 

or equal to one. The common types of polymers used in the industry are synthetic polymers such 

as Hydrolyzed Polyacrylamide (HPAM) and biopolymers such as Xanthan Gum. 
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Figure 2-6: Schematics of polymer flooding (Wiley Critical Content, 2007) 

 

2.6.2 Low Interfacial Tension Processes 

These processes enhance the production of oil by lowering the interfacial tension between the oil 

and formation water. In oil recovery from the reservoirs, the capillary forces retain much of the 

oil (residual oil) in the pore structures of the rock or sand. It is this forces that low IFT processes 

are intended to overcome (Schramm, 2000). 

The capillary pressure in reservoirs pores is given by equation 2-4 (Ezekwe, 2011) 

Pc =                                     [2-4] 

Where: 

Pc is capillary pressure (N/m
2
) 

 is Interfacial tension between oil and water (N/m) 

 is contact angle (degree) 



 
 

23 
 

r is radius of the capillary tube (m) 

 

Since the pores sizes and the contact angle are usually fixed in a reservoir, the only way to lower 

the capillary forces is to lower the interfacial tension. Schramm (2000) pointed out that in low 

interfacial tension processes, one generally attempt to reduce the capillary forces restraining the 

oil and/or alter viscosity of the displacing fluid in order to modify the viscous forces being 

applied to drive oil out of the pores. The capillary number (a ratio of viscous forces to capillary 

forces to capillary forces) correlates well with residual oil saturation. Capillary number is 

calculated as shown in equation 2-5. 

    Nc =           [2.5] 

Where: 

Nc is capillary number 

 is viscosity (cp) 

 is velocity (m/s) 

 is Interfacial tension between oil and water (N/m) 

is porosity 

 

The basic tool for illustrating how lowering interfacial tension (and thus increasing the capillary 

number) reduces residual oil saturation (ROS) is the capillary desaturation curve (CDC) shown 

in Fig.2.6 (Sheng, 2010). The CDC is a plot of nonwetting- or wetting phase residual saturation 

on the y axis vs. a capillary number on a logarithmic x axis. On Fig. 2-7, Sor is the residual oil 

(assumed nonwetting). 
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Figure 2-7: Graph showing a capillary desaturation curve (Sheng, 2010) 

 

The CDC is a nearly horizontal at small Nc, until a critical value above which residual oil 

saturations decrease. At a second critical Nc the residual oil saturations are zero and complete 

recovery of the OOIP is achieved. This is not possible in practice. Capillary number can be 

increased by lowering the interfacial tension, hence improving the recovery of residual oil 

recovery. 

 

Pillon (2008) described interfacial tension as the contracting force per unit length around a 

surface. According to Schramm (2000), interfacial tension and/or surface tension (in the case of 

air/liquid) originates from van der waals forces in liquid molecules. The attractive van der waals 

forces between molecules are felt equally by all molecules except those in the interface. This 

imbalance pulls the latter molecules towards the interior of the liquid creating a contracting force 

at the surface. This force per unit length is the interfacial and/or surface tension (Schramm, 

2000). 

 

Interfacial tension between the oil and formation water can be lowered by adding a small 

quantity of surfactant into the water. The surfactant molecules adsorb at the interface and provide 
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expanding force acting against the normal interfacial tension (Schramm, 2000). This is the theory 

behind all low interfacial tension processes. Below are the common interfacial tension processes 

encountered in the industry. 

 

2.6.2.1 Micellar-Polymer Flooding 

According to Thomas and Ali (1992), the words “Micellar-Polymer flooding” also known as 

"microemulsion flooding", "micellar flooding", and "surfactant-polymer flooding", can have a 

varying shades of meaning. Generally, the basic process consists of injecting a slug of a preflush, 

followed by the micellar/surfactant slug proper, which has a low interfacial tension with the oil 

and can mobilise the residual oil. The micellar slug is followed by a slug of a polymer solution 

for mobility control, which is graded into a waterflood. Other variations have also been 

proposed, e.g. mixing the polymer with the micellar solution (Thomas et al, 1992).  

The micellar slug is formulated such that a favourable mobility ratio exists between the slug and 

the oil bank that is formed by the flooding process (Ezekwe, 2011). Micellar slug is the most 

expensive part of this process because the surfactants that form micellar slugs are very 

expensive. In Micellar-polymer flooding, preflushing with water is necessary because it reduces 

both the adsorption of surfactant to the rock surfaces and the incompatibilities between the 

formation brine and the water. Figure 2-8 shows an illustration of a micellar-polymer flooding 

process starting with preflushing, followed by micellar slug, and then polymer solution for 

mobility control. The application of micellar-polymer flooding is not common because of the 

high cost of micellar solution compared the recovery factor in the field. 

 



 
 

26 
 

 

Figure 2-8: Micellar-polymer flooding process  

 

2.6.2.2 Alkali/Surfactant/polymer (ASP) flooding  

Alkaline-surfactant-polymer flooding is the combination of alkaline flooding, surfactant 

flooding, and polymer flooding. ASP uses the recovery mechanisms of all those individual 

processes to improve oil recovery (Sheng, 2010). As in the MP process above, the main function 

of the surfactant is to lower the interfacial tension between the oil and the injected slug. The 

function of the polymer is mobility control and to improve sweep efficiency. And the function of 

the alkali (which will be explained in detail in the next section) is also to help from insitu 

surfactant and lower the interfacial tension.  

The application sequence of the ASP flooding is similar to that of MP flooding: the process 

consists of injecting a slug of a preflush, followed by an alkaline slug, followed by the surfactant 

slug. The surfactant slug is followed by a slug of a polymer solution for mobility control, which 

is graded into a waterflood. ASP process is relatively cheaper than MP process because of the 

low amount of surfactant required.  
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2.7 Alkaline flooding 

The alkaline flooding method relies on a chemical reaction between high pH chemicals such as 

sodium carbonate and sodium hydroxide and organic acids in crude oil to produce in situ 

surfactants that can lower interfacial tension. Other very important mechanisms through which 

alkaline flooding enhances recovery are emulsification and wettability alteration (Sheng, 2010). 

High pH indicates large concentrations of hydroxide anions (OH
-
) in an aqueous solution. Many 

chemicals can be used to generate high pH but the most commonly used are the Sodium 

Hydroxide (NaOH), Sodium orthosiliscate (Na2SIO3)  and Sodium carbonates (Na2CO3) (Lake, 

1989).  

For instance, Sodium Hydroxide generates OH
-
 by dissociation as shown in equation 2-6. 

NaOH Na
+
 + OH

-
          [2.6] 

2.7.1 Alkaline Reaction with Crude Oil 

The main effect of alkaline on crude oil is the formation of insitu surfactant and emulsions 

(Dong, 2010). Sheng (2010) attributed the formation of insitu surfactant as a result of the 

reaction between the injected alkali and the saponifiable components in the reservoir crude oil. 

This reaction is known as a saponification reaction. The saponifiable components are described 

as petroleum acids (naphthenic acids). Naphthenic acid (HA2) is the name for an unspecific 

mixture of several cyclopentyl and cyclohexyl carboxylic acids with molecular weight of 120 to 

well over 700 (Sheng, 2010) 

A component (HA1) of this hydrocarbon acid partition (as shown in equation 2-7) into aqueous 

phase where it undergo hydrolysis in the presence of alkali to produce a soluble anionic 

surfactant A1
-
 .  This reaction, shown in equation 2-8 below, occurs at the water/oil interface.  

HA2 = HA1      [2-7] 

HA1 = A1
-
 + H

+
     [2-8] 

The exact nature of hydrocarbon acid HA2 is not known but it is believed to depend on crude oil 

type (Lake, 1989). For instance, some crude oils have less hydrocarbon acid component and 
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produce less insitu surfactant when they react with alkaline. Simanzhenkov et al (2003) stated 

that the attractiveness of a crude oil for alkaline flooding can be evaluated by its acid number. 

The acid number is the milligrams of potassium hydroxide (KOH) required to neutralize one 

gram of crude oil. It is a measure of acidity of a crude oil. 

The rate of hydrolysis and partitioning also depend strongly on the aqueous solution pH. Higher 

the pH, the higher the rate of partitioning and the bigger the amount of insitu surfactant formed. 

Acevedo et al (1999) stated that the optimum amount of insitu surfactant is formed at the NaOH 

concentration of between 0.1% and 1% weight. 

Like in Micelle-Polymer (MP) flooding and Alkali/Surfactant/Polymer (ASP) flooding, alkaline 

flooding enhances the recovery of residual oil by lowering the interfacial tension between the 

crude oil and the slug. The insitu surfactant produced has the same effect as synthetic surfactant 

used in the other two processes. However, the alkali flooding is more feasible in some projects 

than the first two processes because it is economical. The alkali chemicals needed are less 

expensive compare to synthetic surfactant.  

Moreover, alkali flooding also cause improved oil recovery through the formation of emulsions. 

The emulsification produces additional oil through mobility ratio lowering since many of these 

emulsions have a substantial increased viscosity (Lake, 1989). Hence alkaline flooding can also 

acts as a mobility control process just like polymer augmented processes. 

 Alkaline flooding also improves oil recovery by altering the wettability from oil-wet to water-

wet. When the wettability is reversed from oil-wet to water-wet, oil production increases owing 

to favourable changes in relative permeability which causes mobility ratio of the displacement to 

decrease. Sheng (2010) attributed this phenomenon to the fact that residual oil in a water-wet 

porous medium is discontinuous and immobile, as compared with the continuous residual oil 

phase in an oil-wet porous medium. 
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3.0 EXPERIMENTS 

The aim of this experiment is to measure the interfacial tension between the heavy oil and the 

dilute alkaline-brine system using the spinning drop tensiometer. It is expected that increasing 

the concentration of alkaline in the system will result in reduced interfacial tension due the 

formation of insitu surfactant as discussed in the previous sections. Many studies have been done 

to investigate the interfacial phenomena between alkaline and oil. Wang et al (2010) performed 

an experiment on alkaline flooding in channelled Sandpacks to demonstrate the effectiveness of 

sweep efficiency improvement by insitu produced oil-water emulsions. Acevedo et al (1999) 

investigated the dynamic behaviours of interfacial tension oil and water under alkaline 

conditions. Both of these studies show the lowering of interfacial tension between the oil and 

water with increasing the alkalinity of the system. This experiment was carried out as follows: 

3.1 Reagents 

3.1.1 Heavy oil 

Heavy oil from Western Canadian Sedimentary basin was used. The dead oil density and 

viscosity were measured using hydrometer and viscometer and were 13.8 API (0.974g/cm
3
) and 

1300cp respectively. These measurements were carried out at the room temperature of 23 
o
C. 

3.1.2 Toluene 

Heavy oil is dissolved in 10% (by volume) Toluene from Sigma Aldrich. The oil was diluted in 

a solvent because it was too viscous to be dispensed through the needle shown in figure 3-3 

below. Toluene was selected because it does not react with oil or alkaline solution. To measure 

the densities of the fluids at each temperature, the fluids were placed in the water bath and the 

temperature is set. The fluids are left in the water bath to heat up for 30 minutes before the 

densities are measured. The final density of heavy oil diluted with 10% Toluene, measured at 

23
o
C, was found to be 0.97g/cm

3
. Table 3-1 shows the characteristics of the Toluene used. 

Table 3-1 Table of the physical characteristic of Toluene solvent 

Formula Purity Density (g/mL) Molecular Weight (g/mol) 

 C6H5CH3 99.8% 0.865 g/mL 92.14 g/mol 
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3.1.3 Brine solution 

In the brine solution, there salts were used: Sodium Chloride, Magnesium Chloride and Calcium 

Chloride. This combination was chosen based on common salinity in the Western Canadian 

Sedimentary Basin. The salts were supplied by Sigma Aldrich-Canada. Table 3-2 shows the salts 

and their physical characteristics. 

Table 3-2 Table of the physical characteristic of Salts 

Salts Sodium Chloride Magnesium Chloride Calcium Chloride 

Formula NaCl MgCl2 CaCl2 

Purity (%) 99.5 98 93 

Density (g/cm
3
) 2.1650  2.32 2.150 

Molecular Weight (g/mol) 58.44  95.21  110.98 

 

3.1.4 Alkaline 

Sodium Hydroxide was chosen as the Alkaline. It has been found out through earlier studies by 

Wong et al (2010) and Elkamel et al (2002) that Sodium Hydroxide is the best alkaline to use for 

insitu surfactant formation. It was also supplied by Sigma Aldrich-Canada. Table 3-3 shows the 

physical characteristics of the Sodium Hydroxide that was used. 

Table 3-3: Table of the physical characteristic of Sodium Hydroxide 

Formula Purity Density (g/mL) Molecular Weight (g/mol) 

 NaOH 98% 2.1300g/mL 40.00g/mol 
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3.2 Equipments used 

3.2.1 Spinning Drop Tensiometer-Site 100 

The Spinning Drop Tensiometer-Site 100 from Kruss (figure 3-1) was used to measure the 

interfacial tension between a drop of heavy oil and the alkaline-brine system. This is a computer 

controlled tensiometer for measuring low interfacial tensions. The measuring cell can be 

thermostatted within a temperature range of 0 
o
C and 100 

o
C. The motor allows rotational speeds 

up to 15000 rpm. 

  

Figure 3-1: Diagram of Spinning Drop Tensiometer-Site100 

 

The instrument consist of the mechanical unit with rotating capillary, motor, LED illumination 

lenses, CCD camera, circulation bath for temperature control among others. Also attached to the 

mechanical unit is the control unit with power switch and temperature reader (Kruss, 2012). 

Figure 3-2 shows the diagram of the parts of Spinning Drop Tensiometer-Site100. 
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The heavy oil (light phase) is dispensed into the capillary using a syringe and a long needle such 

as the one shown in figure 3-3. 

 

Figure 3-2: Diagram of the parts of Spinning Drop Tensiometer-Site100 (KRUSS, 2012) 

 

The Spinning Drop Tensiometer-Site 100 device is controlled by software called KRUSS DSA2. 

DSA2 software is the universal software for controlling measuring devices and analysing drop 

images for contact angle and spinning drop measurements (KRUSS, 2012).KRUSS DSA2 

control the rotational speed of the capillary and determine the diameter of the rotating droplet in 

real-time. It is also used for image acquisition, analysis and evaluation. KRUSS DSA2  allows 

manual as well as automatic time dependent measurement to observe the formation of 

equilibrium. The data are presented on the data window and can be stored or exported in any 

format desired by the user. 

 

Figure 3-3: Diagram of the needle used to dispense the heavy oil droplet into the capillary 

(Sigma Aldrich, 2012) 
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3.2.2 Principle of the Spinning Drop Tensiometer 

According to Schramm (2000), the basis for spinning drop method came from the Young-

Laplace equation of surface/interfacial tensions shown in equation 3-1. Surface/interfacial 

tension causes a pressure difference to exist across a curved surface, with the greatest pressure 

being on the inside of a bubble. For instance the pressure difference across an interface between 

a water phase, having pressure pw and an oil phase having pressure po for a spherical bubbles of 

radius R is given by the Young-Laplace equation: 

   = pw - po =2 /R                                               [3.1] 

 Salager (2005) explained the principle of spinning drop tensiometer in greater detail using 

spinning drop geometry as described in figure 3-4 below. 

 

Figure 3-4: Diagram of spinning drop geometry (Salager, 2005) 

The rotation takes place around axis “x”, and axis “y” denotes the distance from the rotation axis. 

The drop shape exhibits symmetry around axis “x”. The centrifugal acceleration is ω2y (ω is the 

rotational velocity), and it increases with the distance from the “x” axis. Since the natural gravity 

effect is negligible; the influence of the density difference between the two fluids increases with 

the distance from the axis and produces a pull of the interface toward the axis. This results in the 
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elongation of the drop along the “x” axis, which is opposed by the interfacial tension that tends 

to minimize the surface area, i.e. to make the drop shape more spherical. 

The measurement of interfacial tension with a spinning drop tensiometer is based on Vonnegut’s 

formula (shown in equation 3-2) of an elongated drop in which the central part of the drop is 

essentially cylindrical. That is, the radius of curvature at equator point E in the plane of fig. 4 

(RM) is much larger that the radius of the slice cut (Rm), so that the curvature at point E may be 

approximated by the inverse of the radius of the cylinder (1/Rm). This approximation has been 

shown to be valid whenever the length of the drop is at least 4 times its.  

γ = Δρ ω
2
 Rm

 3
 /4     [3.2] 

Where: 

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

Rm is the radius of the drop at equator (E) as indicated in figure 4 (m) 

ω
   
= is the rotational velocity (rad/s) 

Δρ is density difference between two phases (Kg/m
3
) 

 

In general the formula indicates that low interfacial tension will be associated with small radius 

(Rm), i.e., an elongated drops and slow rotational velocity, whereas high tension would require a 

high rotational velocity and/or larger radius (Rm). This formula has been shown to be valid 

within 0.1%. 
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3.3 Procedures 

3.3.1 Preparation of heavy oil 

The heavy oil was diluted with 10% by volume of toluene. This is because the oil was too 

viscous to be dispensed the needle into the spinning drop tensiometer. Figure 3-5 shows the 

image of the viscous heavy oil before it was diluted with toluene.  

 The dilution processes was carried out as follows; 50 ml of toluene was added to 450ml of 

heavy oil at room temperature, and the solution was stirred thoroughly with a magnetic stirrer. 

The density of the solution was measured with hydrometer and found to be 0.970 g/cm
3
. 

 

 

Figure 3-5: Image of the viscous heavy oil before it is diluted with toluene  
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3.3.2 Preparation of brine and alkaline solutions 

The brine composition was chosen to imitate a common formation water composition of the 

Western Canadian Sedimentary Basin. The solutions were prepared under room temperature and 

the solutes were Sodium Chloride, Calcium Chloride and Magnesium Chloride. In the first 

solution, no alkaline was added (0% NaOH), but varying concentration (by percentage weight) 

of alkaline were added to the subsequent solutions. The brine preparation process was as follows; 

to prepare the first solution, 400g of distill water was weighted using analytical balance and 

poured into a conical flask. 50g of Nacl, 25g of CaCl2 and 25g of MgCl2 were added to the water 

and the solution was stirred thoroughly.  The salt and brine compositions are as shown in table 3-

4 below. 

 

Table 3-4: salt and brine compositions 

No. Solution % wt of salts and NaOH 

components 

ppm Density (g/cm
3
) 

at room 

temperature 

1 Nacl + CaCL2 + MgCl2  

+  0% NaOH 

20% salts 200 000 1.16 

2 Nacl + CaCL2 + MgCl2  

+ 0.1% NaOH 

20% salts + 0.1% NaOH 200 000; 1000 1.16 

3 Nacl + CaCL2 + MgCl2  

+ 0.2% NaOH 

20% salts + 0.2% NaOH 200 000; 2000 1.16 

4 Nacl + CaCL2 + MgCl2  

+ 0.3% NaOH 

20% salts + 0.3% NaOH 200 000; 3000 1.16 

5 Nacl + CaCL2 + MgCl2  

+ 0.4% NaOH 

20% salts + 0.4% NaOH 200 000; 4000 1.16 

6 Nacl + CaCL2 + MgCl2  

+ 0.5% NaOH 

20% salts + 0.5% NaOH 200 000; 5000 1.16 

7 Nacl + CaCL2 + MgCl2  

+ 0.6% NaOH 

20% salts + 0.6% NaOH 200 000; 6000 1.16 
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3.3.3 Carrying out the measurement with Spinning Drop Tensiometer-Site 100 

 

To carry out an interfacial tension measurement with Site 100, the following steps were taken 

(most of these steps are outlined in the user manual of Spinning Drop Tensiometer-Site 100): 

 Turn the thermostat and the control unit on 

 Set and read out the temperature: set the desired temperature on the thermostat, start the 

DSA2 software and read out the current temperature. If the temperature reading at the 

thermostat and the DSA2 are different, wait for the temperature to reach the equilibrium. 

 Calibrate the machine and determine the image scale: open a calibration window on the 

DSA2 Software, insert the reference wire into the capillary and adjust the image using the 

lenses. When the image is focused, calibrate the machine. In this experiment the 5-fold 

magnification was used. 

 Set the names and densities of the oil and brine phases on the measuring window of the 

DSA2 Software. 

 To measure the densities of the fluids at each temperature, the fluids were placed in the 

water bath and the temperature is set. The fluids are left in the water bath to heat up for 30 

minutes before the densities are measured.  

 Fill the capillary with a brine phase using a syringe and a needle; make sure that no air 

bubble is entrapped in the capillary as this can result in wrong measurement. All air bubbles 

encountered in this experiment were removed by tilting the platform and injecting more 

brine to displace the air bubbles. 

 Dispensing the oil drop: the oil drop is dispensed into the brine using a syringe and a long 

needle shown in figure 3 above. The motor should be kept rotating as the oil drop is 

dispensed. This ensures that the capillary is not contaminated during the measurement. 

 Increase the rate of rotation, 1000 rpm at a time, till the drop elongate enough. Figure 3-6 

below shows how a typical drop will look like before taking the measurement. The length of 

the drop along the axis of rotation must be at least 4 times the drop diameter. 
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Figure 3-6: Diagram of a typical spinning drop (Wikipedia, 2012) 

 

 Finally, start the measurement. For each drop, measure the IFT as a function of time until 

there is no more change in IFT with time. Record the IFT at that point. 

 

To ensure that the machine was operating correctly and the right procedures were followed, 

interfacial tension between 1-octanol and water was measured at the same temperature and rpm 

as it was done in the manual, and was found to be 0.820mN/m. In the user manual, interfacial 

tension between water and 1-octanol was measured at 20
o
C and 3000 rpm, and was 0.821 mN/m. 

These two measurements were close enough to conclude that the machine was operating 

perfectly well and the right procedures were being taken. 

Temperature was initially set at 20
o
C and was then increased to 30

o
C, 40

o
C, 50

o
C, 60

o
C, 70

o
C 

and 80
o
C. For each temperature the IFT was measured for the alkaline concentration of 0%, 

0.1%, 0.2%, 0.3%, 0.4%, 0.5% and 0.6%. Measurements were made at 9000 rpm and the results 

are presented in the next section. Between two to four runs were made for temperature and 

alkaline concentration. 
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4.0 RESULTS AND DISCUSSIONS 

4.1 Results 

The results of the experiment are presented in two parts: the first part (appendix A) shows the 

effect of temperature on interfacial tension between heavy oil and alkaline-brine system. The 

second apart (appendix B) show the effect alkaline concentration on interfacial tension. 

Between two to four runs were made for each concentration of Sodium Hydroxide at each 

temperature, and the most consistent two were taken as shown in appendix A. The average of the 

two runs was used throughout the project as the IFT value at that temperature and concentration. 

4.2 Discussions 

4.2.1 Effect of temperature on interfacial tension 

The first part of the experiment was to investigate the effect of temperature on interfacial tension 

between the heavy oil and the brine. In the first run, there was no Sodium Hydroxide added to 

the brine. The results are as shown in figure 4-1 below. Interfacial tension between heavy oil and 

brine decreases with increase in temperature. Although this decrease is very small, it is consistent 

with the work done by Flock et al (1986) and Jennings et al (1971).  The reason for the decrease 

in interfacial tension with temperature can be attributed to the Van der Waal forces of liquids, 

which decrease with increase in temperature. The surface/interfacial forces thus decrease with 

increase in temperature. 

 

Figure 4-1: IFT vs temperatures 
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4.2.2 Effect of alkaline concentration on interfacial tension 

The second part of the experiment was to investigate the effect of alkaline concentration on 

interfacial tension between the heavy oil and alkaline-brine system. Figure 4-2 shows the graph 

of interfacial tensions vs alkaline concentration. 

 

Figure 4-2: IFT against NaOH concentration at temperatures from 20 
o
C to 80 

o
C 

As the concentration of Sodium Hydroxide is increased, there is a continuous decrease in 

interfacial tension due to increasing formation of insitu surfactant by the reaction of alkali in 

aqueous phase and organic acids in the heavy oil. This is consistent with the work done by Dong 

et al (2010), McCaffery (1976) and Elkamel et al (2002). At this temperature the minimum IFT 

is found to be 0.21 mN/m.   

Beyond a certain concentration (at around 0.4% NaOH), an increase in IFT is observed. This too 

is in agreement with previous studies by McCaffrey (1976), Dong et al (2010) and Elkamel et al 

(2002), Elkamel et al (2002) explained that the increase is due to the formation of an 

undissociated (inactive) soap. This soap would reduce the charge density and hence increases the 

IFT. 
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5.0 SUMMARY AND CONCLUSIONS 

5.1 Summary 

This study was undertaken to investigate the technical feasibility of using alkaline flooding as an 

alternative to surfactant enhanced methods used in the industry to improve the production of 

residual heavy oil. With the decrease in medium and light oil reserves and the projected increase 

in oil consumption, more efficient and economical ways of improving the production will be 

needed. The use of chemicals to improve the recovery of oil will be one of those ways.  

Heavy and extra heavy oils are located in larger quantities in the two American continents than 

in any other place on the planet. Huge reserves of heavy and extra heavy oils are found in the 

Orinoco Belt in Venezuela and the western Canadian provinces of Alberta, Saskatchewan and 

British Columbia. It is also a fact that the two Americas together with Western Europe are the 

biggest consumers of fossil fuel in the world. Therefore, if more efficient and economical ways 

of extracting heavy oil, which is located close to these big fuel consumers, are found the looming 

shortage of energy resources will be minimised greatly. 

Chemical flooding is the most effective enhanced recovery mechanism available in the industry 

that can help produces residual oil including heavy oil, but it is not commonly used currently 

because of the high cost of synthetic surfactants that make the whole process uneconomical. That 

is why this research and others done before it are looking into technical feasibility of using dilute 

alkaline to form insitu surfactant with crude oil. 

For this research, the effect of dilute alkaline on interfacial tension between heavy oil from 

Western Canadian Sedimentary basin and alkaline (NaOH) was investigated. This was done by 

measuring the interfacial tension as a function of temperature and alkaline concentration, using a 

spinning drop tensiometer. A brine system that is similar to the ones commonly found in the 

Western Canadian Basin was used. 

 

 

 



 
 

42 
 

5.2 Conclusions 

The conclusions derived from this study are as follows: 

1. As the concentration of Sodium Hydroxide is increased, there is a continuous decrease in 

interfacial tension due to increasing formation of surfactant by the reaction of alkali in 

aqueous phase with organic acids in the heavy oil. This surfactant migrates to the interface 

of heavy oil and brine, thus decreasing the interfacial tension between the two liquids.  

2. Beyond a certain concentration (at around 0.4% NaOH), the lowest IFT is reached and an 

increase in IFT is observed. At this concentration (0.4% NaOH), all the hydrocarbon acids in 

the heavy oil are consumed. The reason for the increase in IFT is attributed to the formation 

of an undissociated (inactive) soap. This soap would reduce the charge density and hence 

increases the IFT. 

3. Interfacial tension between heavy oil and brine decreases with increase in temperature. The 

reason for the decrease in interfacial tension with temperature can be attributed to the Van 

der Waal forces of liquids, which decrease with increase in temperature. The 

surface/interfacial forces thus decrease with increase in temperature. 

4. Lastly, it was observed that precipitates were formed when alkaline was added to the brine 

with the following composition: Sodium Chloride, Magnesium Chloride and Calcium 

Chloride. The explanation was that the alkaline react with Calcium Chloride in the brine to 

form Calcium Hydroxide precipitates. This reaction is believed to be consuming parts of the 

alkaline which would rather have been used in surfactant formation. This results in more 

alkaline demand than it would be in Calcium-free brine. It is suspected that the optimum 

alkaline concentration would have been lower than 0.4%NaOH if Calcium-free brine was 

used. 
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5.3 Recommendations for further research and application of alkaline flooding 

1. The optimum alkaline concentration needed to form the most surfactant depends on the 

composition of each crude oil and that of formation water in the reservoir. Therefore, the 

efficiency of alkaline flooding in reducing the IFT must be evaluated in each crude oil type 

and reservoir conditions. 

2. In these studies, the heavy oil was too viscous to be dispensed into a spinning drop 

tensiometer using a needle. To overcome that challenge, the oil was diluted in 10% (by 

volume) Toluene to reduce the viscosity. It was assumed that since Toluene does not react 

with oil, there would be no effect on the oil interfacial properties. In cases, where such as 

problem appear in futures studies and Toluene or Xylene is used as done in this research, the 

effect that diluting oil with Toluene has on its IFT properties must be studied.  
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APPENDICES 

Appendix A: Tables of IFT measurements vs temperature 

IFT for 0% NaOH

  INTERFACIAL TENSION (ϒ)     

  

 

NaOH (0% ) 

  

  

    Run 1   

 

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m

3
 rad/s mm m mN/m 

20 1161 970 191 942.4778 1.48 0.00074 17.09 

30 1160 967 193 942.4778 1.47 0.00074 17.07 

40 1144 964 180 942.4778 1.47 0.00074 15.92 

50 1132 960 172 942.4778 1.46 0.00073 14.94 

60 1127 955 172 942.4778 1.45 0.00073 14.69 

70 1109 949 161 942.4778 1.44 0.00072 13.18 

80 1087 942 146 942.4778 1.35 0.00068 9.97 

  

      

  

  

      

  

  

 

NaOH (0% ) 

  

  

  

 

Run 2 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m

3
 rad/s mm m mN/m 

20 1161 970 191 942.4778 1.48 0.00074 17.09 

30 1160 967 193 942.4778 1.47 0.00074 17.07 

40 1144 964 180 942.4778 1.47 0.00073 15.82 

50 1132 960 172 942.4778 1.46 0.00073 14.94 

60 1127 955 172 942.4778 1.45 0.00073 14.60 

70 1109 949 161 942.4778 1.43 0.00071 12.92 

80 1087 942 146 942.4778 1.34 0.00067 9.82 
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IFT for 0.1% NaOH

  INTERFACIAL TENSION (ϒ)     

  

 

NaOH (0.1% ) 

  

  

  

 

Run 1 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m

3
 rad/s mm m mN/m 

20 1161 970 191 942.4778 1.40 0.00070 14.48 

30 1160 967 193 942.4778 1.38 0.00069 14.22 

40 1144 964 180 942.4778 1.36 0.00068 12.69 

50 1132 960 172 942.4778 1.37 0.00068 12.22 

60 1127.3 955 172.3 942.4778 1.30 0.00065 10.61 

70 1109.3 948.8 160.5 942.4778 1.24 0.00062 8.45 

80 1087.3 941.6 145.7 942.4778 1.13 0.00056 5.83 

  

      

  

  

      

  

  

 

NaOH (0.1% ) 

  

  

  

 

Run 2 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m

3
 rad/s mm m mN/m 

20 1161 970 191 942.4778 1.40 0.00070 14.58 

30 1160 967 193 942.4778 1.38 0.00069 14.02 

40 1144 964 180 942.4778 1.36 0.00068 12.69 

50 1132 960 172 942.4778 1.35 0.00068 11.86 

60 1127.3 955 172.3 942.4778 1.30 0.00065 10.43 

70 1109.3 948.8 160.5 942.4778 1.23 0.00061 8.28 

80 1087.3 941.6 145.7 942.4778 1.15 0.00057 6.13 
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IFT for 0.2% NaOH 

  INTERFACIAL TENSION (ϒ)   

  

 

NaOH (0.2%) 

  

  

  

 

Run 1 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m

3
 rad/s mm m mN/m 

20 1161 970 191 942.4778 1.31 0.00066 11.96 

30 1160 967 193 942.4778 1.27 0.00063 10.87 

40 1144 964 180 942.4778 1.23 0.00061 9.28 

50 1132 960 172 942.4778 1.19 0.00060 8.15 

60 1127.3 955 172.3 942.4778 1.13 0.00056 6.89 

70 1109.3 948.8 160.5 942.4778 1.01 0.00051 4.65 

80 1087.3 941.6 145.7 942.4778 0.97 0.00048 3.68 

  

      

  

  

      

  

  

 

NaOH (0.2 % ) 

  

  

  

 

Run 2 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m3 Kg/m3 Kg/m3 rad/s mm m mN/m 

20 1161 970 191 942.4778 1.31 0.00066 11.96 

30 1160 967 193 942.4778 1.26 0.00063 10.67 

40 1144 964 180 942.4778 1.22 0.00061 9.09 

50 1132 960 172 942.4778 1.20 0.00060 8.33 

60 1127.3 955 172.3 942.4778 1.13 0.00056 6.89 

70 1109.3 948.8 160.5 942.4778 1.04 0.00052 4.98 

80 1087.3 941.6 145.7 942.4778 0.95 0.00047 3.45 
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IFT for 0.3% NaOH 

  INTERFACIAL TENSION (ϒ)     

  

 

NaOH (0.3% ) 

  

  

  

 

Run 1 

  

  

Temperature 
o
C 

ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 

Kg/m
3
 Kg/m

3
 Kg/m

3
 rad/s mm m mN/m 

20 1161 970 191 942.4778 0.90 0.00045 3.82 

30 1160 967 193 942.4778 0.83 0.00041 3.05 

40 1144 964 180 942.4778 0.78 0.00039 2.36 

50 1132 960 172 942.4778 0.73 0.00037 1.89 

60 1127.3 955 172.3 942.4778 0.71 0.00035 1.70 

70 1109.3 948.8 160.5 942.4778 0.66 0.00033 1.26 

80 1087.3 941.6 145.7 942.4778 0.62 0.00031 0.96 

  

      

  

  

      

  

  

 

NaOH (0.3% ) 

  

  

  

 

Run 2 

  

  

Temperature 
o
C 

ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 

Kg/m
3
 Kg/m

3
 Kg/m

3
 rad/s mm m mN/m 

20 1161 970 191 942.4778 0.88 0.00044 3.65 

30 1160 967 193 942.4778 0.83 0.00042 3.07 

40 1144 964 180 942.4778 0.77 0.00039 2.32 

50 1132 960 172 942.4778 0.74 0.00037 1.93 

60 1127.3 955 172.3 942.4778 0.71 0.00035 1.70 

70 1109.3 948.8 160.5 942.4778 0.66 0.00033 1.26 

80 1087.3 941.6 145.7 942.4778 0.63 0.00031 0.99 
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IFT for 0.4% NaOH 

  INTERFACIAL TENSION (ϒ)     

  

 

NaOH (0.4 % ) 

  

  

  

 

Run 1 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m

3
 rad/s mm m mN/m 

20 1161 970 191 942.4778 0.60 0.00030 1.13 

30 1160 967 193 942.4778 0.56 0.00028 0.92 

40 1144 964 180 942.4778 0.54 0.00027 0.79 

50 1132 960 172 942.4778 0.50 0.00025 0.61 

60 1127.3 955 172.3 942.4778 0.45 0.00023 0.45 

70 1109.3 948.8 160.5 942.4778 0.40 0.00020 0.28 

80 1087.3 941.6 145.7 942.4778 0.37 0.00018 0.20 

  

      

  

  

      

  

  

 

NaOH (0.4% ) 

  

  

  

 

Run 2 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m

3
 rad/s mm m mN/m 

20 1161 970 191 942.4778 0.60 0.00030 1.13 

30 1160 967 193 942.4778 0.56 0.00028 0.93 

40 1144 964 180 942.4778 0.54 0.00027 0.78 

50 1132 960 172 942.4778 0.50 0.00025 0.61 

60 1127.3 955 172.3 942.4778 0.45 0.00023 0.45 

70 1109.3 948.8 160.5 942.4778 0.40 0.00020 0.28 

80 1087.3 941.6 145.7 942.4778 0.37 0.00019 0.21 
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IFT for 0.5% NaOH 

  INTERFACIAL TENSION (ϒ)     

  

 

NaOH (0.5% ) 

  

  

  

 

Run 1 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m3 rad/s mm m mN/m 

20 1161 970 191 942.4778 0.83 0.00041 3.00 

30 1160 967 193 942.4778 0.78 0.00039 2.51 

40 1144 964 180 942.4778 0.75 0.00038 2.11 

50 1132 960 172 942.4778 0.71 0.00036 1.73 

60 1127.3 955 172.3 942.4778 0.65 0.00033 1.32 

70 1109.3 948.8 160.5 942.4778 0.61 0.00031 1.02 

80 1087.3 941.6 145.7 942.4778 0.58 0.00029 0.80 

  

      

  

  

      

  

  

 

NaOH (0.5% ) 

  

  

  

 

Run 2 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m3 rad/s mm m mN/m 

20 1161 970 191 942.4778 0.82 0.00041 2.96 

30 1160 967 193 942.4778 0.78 0.00039 2.51 

40 1144 964 180 942.4778 0.74 0.00037 2.00 

50 1132 960 172 942.4778 0.71 0.00036 1.73 

60 1127.3 955 172.3 942.4778 0.66 0.00033 1.36 

70 1109.3 948.8 160.5 942.4778 0.61 0.00031 1.02 

80 1087.3 941.6 145.7 942.4778 0.56 0.00028 0.72 
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IFT for 0.6% NaOH 

  INTERFACIAL TENSION (ϒ)     

  

 

NaOH (0.6% ) 

  

  

  

 

Run 1 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m

3
 rad/s mm m N/m 

20 1161 970 191 942.4778 1.04 0.00052 5.97 

30 1160 967 193 942.4778 1.01 0.00050 5.49 

40 1144 964 180 942.4778 0.97 0.00049 4.59 

50 1132 960 172 942.4778 0.94 0.00047 3.94 

60 1127.3 955 172.3 942.4778 0.89 0.00045 3.40 

70 1109.3 948.8 160.5 942.4778 0.87 0.00043 2.91 

80 1087.3 941.6 145.7 942.4778 0.76 0.00038 1.75 

  

      

  

  

      

  

  

 

NaOH (0.6% ) 

  

  

  

 

Run 2 

  

  

Temperature ρb ρo Δρ ω Dm Rm(Dm/2) ϒ 
o
C Kg/m

3
 Kg/m

3
 Kg/m

3
 rad/s mm m N/m 

20 1161 970 191 942.4778 1.04 0.00052 5.96 

30 1160 967 193 942.4778 1.00 0.00050 5.34 

40 1144 964 180 942.4778 0.97 0.00049 4.59 

50 1132 960 172 942.4778 0.93 0.00047 3.88 

60 1127.3 955 172.3 942.4778 0.89 0.00045 3.39 

70 1109.3 948.8 160.5 942.4778 0.87 0.00043 2.92 

80 1087.3 941.6 145.7 942.4778 0.86 0.00043 2.59 
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Appendix B: Tables of IFT measurements vs alkaline concentration 

INTERFACIAL TENSION 

20
o
C 30

o
C 40

o
C 50

o
C 

%NaOH 

IFT 

(mN/m) %NaOH 

IFT 

(mN/m) %NaOH 

IFT 

(mN/m) %NaOH 

IFT 

(mN/m) 

0 17.09 0 17.07 0 15.87 0 14.94 

0.1 14.53 0.1 14.12 0.1 12.69 0.1 12.04 

0.2 11.96 0.2 10.77 0.2 9.19 0.2 8.24 

0.3 3.74 0.3 3.06 0.3 2.34 0.3 1.91 

0.4 1.13 0.4 0.93 0.4 0.79 0.4 0.61 

0.5 2.98 0.5 2.51 0.5 2.06 0.5 1.73 

0.6 5.97 0.6 5.42 0.6 4.59 0.6 3.91 

                

  

      

  

  

      

  

  

      

  

  

      

  

60
o
C 70

o
C 80

o
C 

 

  

%NaOH 

IFT 

(mN/m) %NaOH 

IFT 

(mN/m) %NaOH 

IFT 

(mN/m) 

 

  

0 14.65 0 13.05 0 9.9 

 

  

0.1 10.52 0.1 8.36 0.1 5.98 

 

  

0.2 6.89 0.2 4.77 0.2 3.57 

 

  

0.3 1.7 0.3 1.26 0.3 0.97 

 

  

0.4 0.45 0.4 0.28 0.4 0.21 

 

  

0.5 1.34 0.5 1.02 0.5 0.76 

 

  

0.6 3.4 0.6 2.92 0.6 2.17     

 

 


