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Abstract: Hydrocarbons are produced from the ground to the 

surface via natural reservoir drive energy. However, substantial 

amount of hydrocarbons still remain trapped in the reservoir. 

Enhanced oil recovery (EOR) method has been introduced to 

recover the remaining trapped oils. EOR is a method to enhance 

the displacement efficiency of the crude oil. These include 

reducing the interfacial tension (IFT), increasing the viscosity, 

and wettability alteration. Presently, the chemical EOR (CEOR) 

method such as surfactant flooding is utilized due to its efficiency, 

technical and economic feasibilities. Nonetheless, performance of 

CEOR is greatly relying upon the characteristics of formation 

fluids and rock mineralogy. Therefore, uncharacterized these 

factors prior to CEOR method may result in unsuccessful 

recovery process. This includes surfactants adsorbed onto the 

rock surfaces instead of at oil-water interface. Hence, lowering 

the IFT for mobility control may become impractical as 

surfactants do not function desirably. Experimental works have 

been performed to provide comprehensive insight on 

characteristics of formation fluids in terms of salinity and pH 

along with rock mineralogy, particularly silica and kaolinite. 

Effect of zeta potential and surface charge on different rock 

mineralogy is also discussed to elucidate the behavior of the solid 

surface when in contact with aqueous solutions. 

 
Index Terms: Keywords: Surfactant Flooding, Formation 

Fluids, Rock Mineralogy.  

I. INTRODUCTION 

Inherently, the oil is produced at about 30% to 50% from 

the total oil-in-place (OIP) through the natural reservoir drive 

energy and water flooding methods which commonly known 

as primary and secondary recovery processes, respectively. 

After the conventional recovery methods have been 

exhausted, the remaining trapped oil (50% - 70%) from the 

oil reservoir would be recovered by tertiary recovery method 

or also called as enhanced oil recovery (EOR) method. The 

small percentage of crude oils recovery (i.e., 30% - 50%) 
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during the primary and secondary recoveries are owing to 

capillary and mobility issues [1]. At present, the need for 

EOR method is growing due to the global energy demand and 

depleting in oil reserves. Hence, sustaining the production 

from existing fields is a priority due to unguaranteed in new 

field discoveries as well as cost expansive. Essentially, EOR 

is a method to enhance the displacement efficiency of the 

crude oil. Hitherto, myriad of EOR methods have been 

established which include gas, chemical, and thermal 

methods. Although, there are ubiquitous EOR techniques 

developed across the globe, yet the chemical based EOR 

(CEOR) method in particular surfactant flooding is regard as 

the auspicious and most promising method because of its 

exceptional efficiency, technical ability and economic 

feasibilities along with reasonable capital cost. Ideally, 

CEOR method increases oil recovery by increasing the 

effectiveness of injected fluids into the reservoir to displace 

the oil, although more abstractly, it could signifies a 

reduction in oil saturation below the residual oil saturation 

[2]. Depending on the type of chemical EOR process, the 

injected chemicals such as surfactant will interact and alter 

the fluid-fluid and/or fluid-rock behavior at the interfaces in 

the reservoir subsurface environments. These include 

reducing the interfacial tension (IFT), minimizing the 

capillary forces, wettability alteration, and emulsion 

formation [3]–[5]. All these characteristics aforementioned 

are converged literally to one important factor which is 

mobility control. Although, scientifically means reducing the 

residual oil saturation and increase the sweep efficiency.  

Nonetheless, the CEOR method of surfactants flooding 

may not be effective as expected without comprehensive and 

detailed understanding of the reservoir subsurface 

environment particularly, formation fluids and rock 

mineralogy. These two parameters are regard as the major 

factors in determining the overall performance of surfactant 

flooding. Uncharacterized formation fluids and reservoir 

rock mineralogy prior to CEOR scheme (i.e., surfactant 

flooding) will lead to degradation, precipitation (slug), and 

inevitable outcome of adsorption of the surfactants onto rock 

surfaces which ultimately lead to ineffective IFT reduction as 

depicted in Fig. 1. Moreover, the higher degree of adsorption 

capacity on the rock surfaces will increase the amount of 

surfactant required for 

injection purposes during the 

surfactant flooding process. 

This is due to pertinent 
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surfactant loss and marginal alteration in desired IFT 

reduction and thereby elevates the overall operational cost. 

On the contrary, understanding the adsorption behavior of 

surfactants will facilitate the selection process of appropriate 

surfactants and its concentration range for the given reservoir 

conditions. Gogoi, (2009) in her study on adsorption of 

surfactant on reservoir rock also reported that, rock 

mineralogy has not been studied comprehensively upon its 

critical influence on surfactant adsorption behavior. This 

signifies that, the determination and characterizations of 

formation fluids and reservoir rock mineralogy ahead of 

surfactant flooding operation are highly important. 

Surfactant/chemical flooding has been used extensively as a 

chemical based EOR to manipulate the phase behavior of the 

reservoir fluids and alter the capillary forces trapping the oil 

in the porous media during the enhanced oil recovery [7]. 

Nevertheless, the desirable reduction of IFT in the reservoir 

is always the primary objective in the surfactant flooding, 

however, the element of reservoir conditions such as high 

temperature, pH and salinity have to be taken into 

consideration for a successful enhanced recovery process.   

 

 
Fig. 1. Schematic representation of the adsorption of 

surfactant during the EOR surfactant flooding process (a) 

ideal condition of surfactant flooding in the reservoir rock (b) 

non-ideal condition in the EOR process with the presence of 

surfactant molecules on the solid surface in the reservoir 

rock. 

 

Therefore, this paper aims to investigate the reservoir 

conditions such as formation fluids (i.e., formation water 

salinity) and rock mineralogy (i.e., silica and kaolinite) 

characteristics prior to surfactant flooding process. Various 

experimental techniques are employed to explicate the 

influence of these characteristics having on enhanced 

recovery process particularly, surfactant flooding. In this 

study, the surfactant adsorptions behaviors including surface 

potentials are also discussed. This is to elucidate the 

significant effect of zeta potential from various rock 

minerology such as silica and kaolinite in subsurface 

environments towards IFT reduction in CEOR process. 

Besides that, effect of surface charge from different rock 

mineralogy is also important in the surfactant adsorption 

process. This is due to the fact that surfaces of minerals show 

complex behaviour when in contact with aqueous solution. 

The development of the surface charge is primarily based on 

rock composition and mineralogy, and the surfactant is 

chosen by these parameters [8]. For these reasons, surface 

charge is an inevitable factor to be considered in this study. 

Several protocols are implemented in laboratory practices to 

characterize the formation fluids and rock mineralogy. All 

experiments are conducted at Universiti Teknologi Malaysia 

(UTM) and the materials utilized in this study are typical rock 

samples and formations fluids from Malay basin. 

II. LITERATURE REVIEW 

In a recent study by Saha et al., (2017), they explained that 

rock mineralogy (i.e., illite, montmorillonite, and kaolinite) 

and its types have a significant effect on the surfactant 

adsorption characteristics. Succinctly, reservoir rock and its 

mineralogy has to be taken into consideration to ensure the 

success of the surfactant flooding, or the entire EOR process 

will come at cost expansive due to inefficient oil recovery as 

surfactants do not function desirably as predicted. Another 

important criterion to take into account in the surfactant 

(chemical) flooding is the surface charge. The principles of 

surface charges have been discussed and widely reported in 

the literature see review article by [9],[10]. Hence, the 

discussion on theory in this paper has been kept to a 

minimum. In general, most of the reservoir rocks are charged, 

either negatively or positively, depending on the reservoir 

parameters, such as pH and salinity [11]–[13]. Apart from 

that, rock composition along with its mineralogy are also the 

key factor in determination of surface charge and in most 

cases, the surfactant is selected by considering these 

parameters [8] ,[14] ,[15]. The original surface charge can be 

altered by the presence pH and salinity, however, the 

mechanism of modification of the surface charge by these 

effects still remains a major debate.  

According to Hiorth et al., (2010), the process of sweeping 

the oil components depends upon the rock minerals and the 

surface charge of the pore surface. In this regard, the oil 

trapped in the reservoir rock or porous carrier beds that 

comprised of sandstone (i.e., rich in silica) and shale  or 

presence of inorganic minerals in petroleum reservoir such as 

clay (kaolinite, montmorillonite, chlorite, illite and quartz) 

normally carry a net negative or positive surface charge. In 

the case of negatively charged of subsurface environment 

(i.e., reservoir rock), the surfactant used for EOR process 

might not thoroughly success in sweeping all the trapped oils 

from the reservoir rock. This is essentially due to the opposite 

charges between the injected fluids from the EOR process 

and the surface of the rock which creates an electrostatic 

attraction at the interface between the two different elements 

as shown in Fig. 1(b). This will induce some of the surfactant 

molecules to attract at the solid surface and eventually 

increase the surfactant concentration at the rock interface. In 

this respect, the EOR method of surfactant flooding has 

become inefficient and may results in higher operation cost 

due to unnecessary increase in total volume of surfactant 

employed owing to pertinent surfactant loss and marginal 

changes in desired IFT reduction. As elucidated by Saha et 

al., (2017), the adsorption capacity of surfactant is highly 

dependent upon the mineral 

content of rock. This is due to 

the fact that, between the rock 

minerals and fluid interface 
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there is a different in charge species, rock surface area, 

salinity, pH, and temperature which contribute critically to 

the surfactant adsorption behavior [16] ,[17]. Through their 

work, Saha et al., (2017) reported that, after screening 

process of the desired surfactant in regard to IFT analysis and 

nature charge on reservoir rock surface, the results showed 

that adsorption capacity of different types of surfactant 

depends greatly on the rock mineralogy. Hence, thorough 

pre-understanding of these factors particularly the charge 

elements of the different rock minerals particularly, prior to 

the actual CEOR implementation will greatly assist in 

deciding the appropriate surfactants and its concentration 

range. 

The main idea of injecting surfactant in the EOR process is 

to lower the interfacial tension (IFT) between oil and water in 

order to provide an efficient oil recovery process. As far as 

the reservoir rock samples of Malay Basin (Peninsular of 

Malaysia) are concerned (where most of the rocks are found 

in the form of sandstone) the adsorption of surfactant onto the 

rock surface is more likely to occur due to the strong 

water-wet character of sandstone as depicted in Fig. 2. Since 

water is a polar molecule and reservoir rock consists of 

charges, hence water-wet condition at the rock surface 

resulting from the mutual intermolecular interactions 

between the fluids and the solid may cause the surfactant to 

be attracted towards the water-rock surface instead of 

oil-water surface which inhibits the desired IFT reduction for 

better sweep of oil recovery. According to Farajzadeh et al., 

(2017), the magnitude of the interfacial tension reduction by 

surfactants strongly depends on the ionic strength as well as 

the hardness (concentration of divalent cations) of the 

aqueous phase. A more detailed understanding of the nature 

of the interactions between the rock and the fluids residing in 

the pore can be found in the book by [18]. Another important 

criterion to be considered in ensuring efficient EOR process 

of surfactant is to avoid the aggregate structures of surfactant 

molecules such as lamellar liquid crystals (slug of surfactants 

molecules) which may prevent further reduction of IFT. The 

system should be that of mixing between the fluids and the 

surfactants, or a surfactant slug will occur. Dispersion of 

surfactant at the oil-water interface would form a desired 

condition in the porous media. A small change or reduction in 

surfactant concentration at the interface will significantly 

affect the interfacial tension. In this regards, some of the 

surfactant molecules may have concentrated on the solid 

surface of porous media (reservoir rock) by virtue of surface 

charge effect. Other application of surface charge can also be 

found in the nanoparticle technology as a potential solution in 

EOR schemes. The application of nanoparticles in EOR is 

discussed in detail in a review article by [19].  

III. MATERIALS AND METHODS 

A. Materials 

The materials used in this study are silica and kaolinite 

which considered as dominant minerals presence in the 

Malay basin formation. The materials are sourced from 

Sigma-Aldrich and subjected to further verification via 

detailed experiment to identify the purity and the chemicals 

content. The synthetic formation water is prepared using 

sodium chloride (NaCl). In this case, NaCl is selected due to 

its abundancy in the typical formation water as shown in 

Table I, particularly, for Malay basin. Concentration for 

NaCl in this study is set at 0.0001M until 5.0000M with an 

increment by a factor of 10. The range of salinity employed in 

this study is covered from the lowest to the highest salinities 

presence in the reservoir [20]. The ionic strength is calculated 

from the equation,  where,  and  represent 

the NaCl concentration and the charges of the aqueous 

solution, respectively. The pH of the aqueous solution is 

adjusted using 0.01M sodium hydroxide (NaOH) and 0.01M 

hydrochloric acid (HCl).   

 

Table I: Types of ions traced in the formation water  

Ions Cl- 
Ca
2+ 

Mg
2+ 

Na
+ 

K
+ 

Fe
2+ 

SO

4
2- 

Oth

ers 

Total 

salinity 

Unit 

(ppm) 

119

00 
77 161 

68

80 

7

7 
3 74 2080 21252 

B. Methods 

1) Sample Physical Characterizations 

The samples are characterized using specific surface area 

adsorption method and X-ray fluorescence (XRF). XRF 

analysis for chemical composition is obtained by Bruker S4 

PIONEER X-ray fluorescence Spectrometer at 4 kW power. 

Specific surface area adsorption of samples are measured 

using Micromeritics ASAP 2020 by physisorption of N2 

using Brunauer–Emmet–Teller (BET) method. The N2 

adsorption isotherms is measured at temperature degree of 

-196 oC. The samples are degassed at 160 oC for 4 hours 

before the analysis. This is to ensure the impurities and mist 

are completely removed from the surface of the solid 

samples. Scanning electron microscopy (SEM) and electron 

dispersive X-ray (EDX) analysis are recorded by using LEO 

S430 scanning electron microscope coupled with energy 

dispersive X-ray analyzer model Oxford LINK ISIS for 

surface morphology and elemental analysis. Samples are 

prepared by dispersing dry powder on double sided 

conductive adhesive tape. Samples are coated with carbon by 

arc discharge method prior to SEM- EDX analysis. 

2) Zeta Potential Characterizations 

Zeta potential measurement employed in this study is 

operated using an automated electrophoresis instrument 

(Litesizer 500) from Anton Paar. The instrument is equipped 

with electrophoretic light scattering (ELS) process which 

enables a direct measurement of particle size with less than 

10 microns ( ) as well as zeta potential ( ) of the 

suspended particles in the solution. In the sample preparation 

procedures for zeta potential measurement, a 100mg (0.1g) of 

sample is prepared and transferred into a 100mL of an 

aqueous solutions. Magnetic stir is applied in order to keep 

the samples well dispersed in the solution. The number of 

runs, attenuation filter and focus position is automatically 

optimized by the instrument. The pH of the suspension is 

measured using Mettler Toledo Five Easy and adjusted using 

NaOH and NaCl from pH of 2 

to 12. Apart from pH 

alteration, the ionic strength of 

the solution is also adjusted by 
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adding NaCl, consecutively. The relative accuracy of the 

measurement is about 0.01 pH unit at room temperature. 

The zeta potential measurement is performed using the 

Smoluchowsky approximation in automation mode by the 

Kalliope software.  

IV. RESULTS AND DISCUSSIONS 

Details of minerals characterizations are conducted to 

evaluate their nature of charges, minerals content, surface 

properties, pore size and shape. Table II indicates the 

chemicals contents present in silica and kaolinite. From the 

table, SiO2 is found to be the dominant composition in both 

silica and kaolinite, followed by Al2O3. The results reflect 

that, both silica and kaolinite are anionic by nature. This is 

further supported by EDX analysis as shown in Fig. 2, 

wherein oxygen and silica are the two major elements (peaks) 

discovered along with other traces of elements such as 

Aluminium (Al), Magnesium (Mg) and Ferum (Fe).  

Reservoir rock is primarily consists of sandstones, and 

silica is known as the main mineral. Silica consists of two 

primary structures at the surface namely, siloxane group 

(Si2O) and silanol group (SiOH). Jaafar, (2009) reported that, 

the reactions of silanol group can be described as follows: 

 
 

 
From the reactions written above,  ion is released into 

the solution due to deprotonation process  [21]–[23]. 

Consequently, the mineral surfaces of the reservoir rock 

(sandstone) become negatively charged. However, the 

reaction for siloxane group can be neglected due to 

chemically inert characteristic and considerably low of 

protonation process. On the other hand, for clay minerals 

such as kaolinite, the solid particles always display negative 

charges in the solution across all pH values above the 

isoelectric point [24]. Isomorphic substitution plays an 

important role in determining the charge of the clay particle 

due to ions exchanged. This phenomenon occurs during the 

formation of clay crystals which are different in structure 

compared to silica [23]. Kaolinite is non-expanding clay 

structure with one octahedral sheet in a 1:1 layer structure. 

 

Table II: Chemical composition of silica and kaolinite 

from XRF analysis.  

Chemical 

composition 

Silica Kaolinite 

Concentration  

(ppm) 

Mass 

(%) 

Concentration  

(ppm) 

Mass 

(%) 

SiO2 997000 99.75 586000 58.65 

Al2O3 2470 0.25 372000 37.23 

Fe2O3 30.6 0.00 5500 0.55 

MnO 17.6 0.00 134 0.01 

CaO - - 1110 0.11 

K2O - - 24500 2.45 

P2O5 - - 3740 0.37 

TiO2 - - 6240 0.62 

 

 
Fig. 2: Characterization of reservoir minerals by EDX (a) 

silica and (b) kaolinite. 

 

Table III shows the surface area, pore volume and pore 

diameter of the silica and kaolinite. According to BET 

analysis in Table III, the surface area of silica is observed to 

be higher than kaolinite. In this respect, silica is expected to 

have greater tendency of adsorption (surfactants) due to large 

charge distribution on the solid surface. In spite of that, the 

pore structures, sizes, and surface area of silica as well as 

kaolinite are depicted in Fig. 3. It clearly shows that, the 

average particle size of silica is in several magnitude smaller 

than kaolinite (silica 

kaolinite ). Having 

said that, silica ultimately contains greater pore volume and 

average pore diameter compared to kaolinite. In addition, the 

surface chemistry of kaolinite resides in its bilayer structure 

which composed of one sheet of silica and a sheet of alumina. 

It exists as a microscopic plate-like layers of silica tetrahedral 

and alumina octahedral sheet and these can be seen distinctly 

in Fig. 3(b).   

 

Table III: BET surface analysis.  

Reservoir 

mineral 

Surface 

area 

Pore 

volume 

Average pore 

diameter  

m2/g cm3/g nm 

Silica 172.3602 0.4379 10.1623 

Kaolinite 7.1299 0.0306 17.1693 

 

 
Fig. 3: Surface morphology by the SEM image (a) silica and 

(b) kaolinite 

 

On the other hand, Fig. 4 illustrates the N2 adsorption and 

desorption isotherms with hysteresis loops at value of 

approximately 0.6 and 0.45 for p/po for the silica and 

kaolinite, respectively. Based on international union of pure 

and applied chemistry (IUPAC) standard, the isotherms 

indicate a type II (H3) classification with presence of some 

mesoporous property due to the existence of hysteresis 

significant gradient uptake as well as abundance of macro 

pores. The results reflect the 

significant of adsorption 

capacity of the solid surface. In 

general, adsorption capacity is 
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found to be dependent upon the porous structure of the 

adsorbent (i.e., surface area, pore volume, and average size). 

Hence, high adsorption will less likely to occur at 

infinitesimal pore size [25]. 

 

 
Fig. 4: BET adsorption and desorption curve for N2 (a) silica 

and (b) kaolinite. 

 

Fig. 5(a) presents the behavior of zeta potential at different 

ionic strengths of an aqueous NaCl solution for silica and 

kaolinite along with the decay of Debye length. The results 

implicitly describe the increment of zeta potential with 

decreasing NaCl concentration. In this case, the increase of 

zeta potential is due to the expansion of the electrochemical 

double layers or rather briefly, increase of Debye length. The 

results further indicate that at high salinity of NaCl 

concentration, the electrical double layer is compressed as 

ionic strength increases and affects the electrical potential 

near the charged surface to fall rapidly with distance.  

Therefore, the results demonstrate that, the reservoir rock 

particularly sandstone (silica) and clay (kaolinite) are not 

suitable at high salinity environment as attraction force 

override the electrostatic repulsion and promote higher 

chances of agglomeration of particles or rather abstractly, 

collapse of electrical double layer at the solid surface.  

 

The following equation (1) is used to calculate the Debye 

length: 

 

 
Whereby,  can be written as follows: 

(1) 

 

(2) 

 

In the equations (1) and (2) above,  is permittivity of free 

space,  is the relative permittivity of liquid,  is 

Boltzmann constant,  is temperature in Kelvin,  is 

elementary charge in Coulombs,  is the Avogadro 

constant,  is the ionic strength,  is the ion concentration, 

and  is the ion charges. From the results obtain in Fig. 5(a), 

the fundamental concept from equation (1) is proven through 

the experimental works. From equation (1), the Debye length 

decreases with an increasing ionic strength. This indicates 

that, the experimental results obtained are matching with the 

theoretical model.   

 

Fig. 5(b) compares the zeta potential of silica and kaolinite 

at various pH. It is important to note that, pH is the most 

important parameter of the liquid phase that affects the zeta 

potential. Therefore, it is essential to study the behavior of 

zeta potential at different pH particularly, at reservoir 

environment wherein, the pH is normally observed in the 

range of pH 5 to pH 8. In addition, isoelectric point (IEP) is 

another significant parameter that strongly indicates the 

chemistry of functional group which are present on the solid 

surface. IEP is related to either acidic or basic strength. IEP at 

0 represents the equilibrium of electrokinetic charge density 

between negatively and positively charged surface groups 

which ideally, give zero net charge. However, in this study, 

IEP is found to be appeared at pH value of 3 for silica and is 

not observed for kaolinite. This emphasizes that, kaolinite is 

predominantly negatively charged which is analogous to the 

results discussed in Fig. 2. In this regard, the findings 

explicitly describe that, cationic surfactants may not suitable 

for the surfactant flooding (CEOR) within the scope of study. 

High adsorption capacity may be expected on the solid 

surfaces owing to attraction of opposite charges. It is 

important to note that, a decrease in zeta potential at high pH 

demonstrates an increase in hydrophilicity (water affinity) 

compared to hydrophobicity (water repellant). Hence, 

pre-selection of surfactant types is critical in ensuring the 

successful of CEOR employed by minimizing the potential of 

surfactant adsorption. In general, it is obvious that from both 

results in Fig. 5(a) and (b), the addition of salt (NaCl) and 

modification of pH can alter the charging behavior of the 

solid surface. Particular interest should be focused on pH 5 to 

8 wherein, typical reservoir pH value is commonly found. 

Zeta potential for kaolinite ( ) and silica 

( ) between pH 5 to pH 8 is a strong indication of 

surface functionality which provides information of 

liquid-on-solid surface adsorption process and electrostatic 

interactions with the surrounding liquids. In summary, both 

parameters (salt and pH) are the crucial criteria to be 

thoroughly investigated prior to implementation of CEOR.   

 

 
Fig. 5: (a) Dependence of zeta potential for silica and 

kaolinite on the ionic strength of an aqueous NaCl solution 

together with the decay of Debye length. (b) pH dependences 

of the zeta potential for silica and kaolinite. 

V. CONCLUSION 

This study emphasizes the important of pre-characterizing 

of the formation fluids and reservoir rocks prior to CEOR 

implementation. The results demonstrate that both silica and 

kaolinite are negatively charged by nature as proven from 

mineralogy characterization and experimental work. 

However, IEP is not observed in kaolinite while, IEP of silica 

is found at pH = 3. This 

confirms that, below the pH of 

3, silica becomes positively 

charged with weak zeta 
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potential. In addition, electrical double layer is compressed 

as a result of high salinity environment (strong ionic strength) 

and conversely. Ultimately, the knowledge and findings will 

assist in deciding the appropriate selection of surfactant used 

and ways in minimizing the adsorption of surfactants.  

ACKNOWLEDGMENT 

This research work is supported by the Ministry of 

Education Malaysia (MOE) under the grant name 

Fundamental Research Grant Scheme (FRGS) Vote number 

4F954. 

REFERENCES 

[1] Saha R, Uppaluri RVS, Tiwari P. Effect of mineralogy on the 

adsorption characteristics of surfactant—Reservoir rock system. 

Colloids Surfaces A Physicochem Eng Asp. 2017;531(July):121–32.  

[2] homas S. Enhanced oil recovery - An overview. In: Oil and Gas 

Science and Technology - Rev IFP. 2008. p. 9–19.  

[3] Jarrahian K, Seiedi O, Sheykhan M, Sefti MV, Ayatollahi S. 

Wettability alteration of carbonate rocks by surfactants: A mechanistic 

study. Colloids Surfaces A Physicochem Eng Asp. 2012;410:1–10.  

[4] Liu Q, Dong M, Ma S, Tu Y. Surfactant enhanced alkaline flooding 

for Western Canadian heavy oil recovery. Colloids Surfaces A 

Physicochem Eng Asp. 2007;293(1–3):63–71.  

[5] Standnes DC, Austad T. Wettability alteration in chalk. J Pet Sci Eng. 

2000;28(3):123–43.  

[6] Gogoi SB. Adsorption of non-petroleum base surfactant on reservoir 

rock. Curr Sci. 2009;97(7):1059–63.  

[7] Zargartalebi M, Kharrat R, Barati N. Enhancement of surfactant 

flooding performance by the use of silica nanoparticles. Fuel. 

2015;143:21–7.  

[8] Ali M, Mahmud H Ben. The effects of concentration and salinity on 

polymer adsorption isotherm at sandstone rock surface. IOP Conf Ser 

Mater Sci Eng. 2015;78(1).  

[9] Hiorth A, Cathles LM, Madland M V. The Impact of Pore Water 

Chemistry on Carbonate Surface Charge and Oil Wettability. Transp 

Porous Media. 2010;85(1):1–21.  

[10] Farajzadeh R, Guo H, Van Winden J, Bruining J. Cation Exchange in 

the Presence of Oil in Porous Media. ACS Earth Sp Chem. 

2017;1(2):101–12.  

[11] Dimov NK, Kolev VL, Kralchevsky PA, Lyutov LG, Broze G, 

Mehreteab A. Adsorption of ionic surfactants on solid particles 

determined by zeta-potential measurements: Competitive binding of 

counterions. J Colloid Interface Sci. 2002;256(1):23–32.  

[12] Zhang R, Somasundaran P. Advances in adsorption of surfactants and 

their mixtures at solid/solution interfaces. Adv Colloid Interface Sci. 

2006;123–126(SPEC. ISS.):213–29.  

[13] Al Mahrouqi D, Vinogradov J, Jackson MD. Zeta potential of artificial 

and natural calcite in aqueous solution. Adv Colloid Interface Sci. 

2017;240:60–76.  

[14] Novosad J, Maini B, Batycky J. A study of surfactant flooding at high 

salinity and hardness. J Am Oil Chem Soc. 1982;59(10):833A–839A.  

[15] Wu SH, Pendleton P. Adsorption of anionic surfactant by activated 

carbon: Effect of surface chemistry, ionic strength, and 

hydrophobicity. J Colloid Interface Sci. 2001;243(2):306–15.  

[16] Liu Q, Dong M, Zhou W, Ayub M, Zhang YP, Huang S. Improved oil 

recovery by adsorption-desorption in chemical flooding. J Pet Sci Eng. 

2004;43(1–2):75–86.  

[17] Somasundaran P, Zhang L. Adsorption of surfactants on minerals for 

wettability control in improved oil recovery processes. J Pet Sci Eng. 

2006;52(1–4):198–212.  

[18] Sheng J. Modern Chemical Enhanced Oil Recovery: Theory and 

Practice. Modern Chemical Enhanced Oil Recovery: Theory and 

Practice. 2010.  

[19] Sun X, Zhang Y, Chen G, Gai Z. Application of nanoparticles in 

enhanced oil recovery: A critical review of recent progress. Energies. 

2017;10(3).  

[20] Piñerez Torrijos ID, Puntervold T, Strand S, Austad T, Tran VV, Olsen 

K. Impact of temperature on the low salinity EOR effect for sandstone 

cores containing reactive plagioclase. J Pet Sci Eng. 2017;156(August 

2016):102–9.  

[21] Revil A. Ionic Diffusivity , Electrical Conductivity , Membrane and 

Thermoelectric Potentials in Colloids and Granular Porous Media : A 

Unified Model. 1999;522:503–22.  

[22] Jaafar MZ. Measurement of Streaming Potential for Oilfield 

Monitoring in Intelligent Wells. 2009;(August).  

[23] Anugerah A, Rasol A, Aminah S, Sabtu S, Amran T, Mohd T, et al. 

Characterization of Reservoir Minerals to Study the Surface Charge 

Development Related to Surfactant Adsorption. 2017;(November).  

[24] Ersoy B, Evcin A, Akdemir ZB, Brostow W, Wahrmund J. Zeta 

Potential–Viscosity Relationship in Kaolinite Slurry in the Presence of 

Dispersants. 2014;39(7):5451–7.  

[25] Alyoshina NA, Agafonov A V, Parfenyuk E V. Comparative study of 

adsorption capacity of mesoporous silica materials for molsidomine : 

Effects of functionalizing and solution pH. Mater Sci Eng C. 

2014;40:164–71.  

 

 

 


