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Abstract: Adsorption is a unit operation in which dissolved constituents is removed from the solvent 
(water) by interphase transfer to the surfaces of an adsorbent particle. The basic objective of this paper 
is calculating adsorption density and modeling of the equilibria of adsorption processes on carbonate 
rocks. There has been very little study of surfactant adsorption on carbonate minerals. This paper 
describes the equilibrium adsorption was investigated by examining adsorption behavior in a system of 
solid phase carbonate and of an aqueous phase of surfactant. Effects on surfactant adsorption density 
for different surfactant concentration were conducted in on crushed rock as well as circulation tests 
through core samples. The range of initial surfactant concentrations were from 50 to 600 ppm in the 
crushed cores. CTAB surfactant used as a cationic surfactant. An adsorption isotherm is used to 
characterize the equilibria between the amount of adsorbate that accumulates on the adsorbent and the 
concentration of the dissolved adsorbate. The Langmuir adsorption isotherm, Freundlich isotherm used 
to describe equilibria. The equilibrium time was approximately one day. The rate of adsorption 
dependent on availability of surfactant in the system, it was found that the adsorption of surfactant 
increased with increasing surfactant concentration. The phenomenon of adsorption at solid/liquid 
interface is of major importance in the process of enhanced oil recovery with the application of 
surfactant. 
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INTRODUCTION 

 
Loss of surfactants owing to their interactions with reservoir rocks and fluid is possibly the most important 

factor that can determine the efficiency of a micellar flooding process (Somasundaran, P., 2000). The adsorption 
of surface-active agents at the interface of a solid and a liquid phase is a fundamentally important phenomenon, 
both scientifically and technologically. The facility and strength of that adsorption are very largely controlled by 
three factors, which are related to the materials in question: (1) the chemical nature of the species being 
adsorbed, including the nature of the head group (anionic, cationic, nonionic, etc.) and that of the hydrophobe 
(length and nature of the chain, degree of branching, etc.), (2) the nature of the solid surface onto which the 
surfactant is being adsorbed (highly charged, nonpolar, etc.), and (3) the nature of the liquid environment (in 
water, the pH, electrolyte content, temperature, additives, etc.). A slight change in one of these or other factors 
can result in a significant change in the adsorption characteristics of the system. The adsorption of a surfactant 
molecule onto a solid surface can be significantly affected by relatively small changes in the characteristics of 
the system (Drew Myers, 2006).  Foam application involves injecting a surfactant along with water and gas into 
the reservoir (Enick, R.M., et al., 2000). The economics of foam flooding depend significantly on the quantity 
of surfactant required to generate and propagate foam. Surfactant loss through partitioning into the crude oil 
phase and through adsorption onto the rock surfaces often consumes more than 90% of the surfactant in the 
system (Grigg, R.B., 2002). Surfactant loss through partitioning into the crude oil can be responsible for 
surfactant losses of as much as 30%. However, for the very hydrophilic surfactants chosen for many foam 
flooding applications, the partitioning onto crude oil is near zero (Schramm, L.L., 2000; Reid B. Grigg, 2007). 

Adsorption does not depend on the nature of the surfactant alone, but also (though not inclusively) on 
temperature, brine salinity and hardness, rock type, wettability, and the presence of the residual oil phase 
(Schramm, L.L., 1994). The classification of the surfactant comes from the hydrophilic group of the surfactant. 
Up to this point we have covered three of the four general classes of surfactants defined so far: anionic, nonionic 
and cationic. Anionic surfactants, Surfactants that carry a negative charge on the surface-active portion of the 
molecule; Cationic surfactants, Surfactants carrying a positive charge on the surface-active portion of the 
molecule. Nonionic surfactants,  Surfactants that carry no electrical charge, as their water solubility is derived 
from the presence of polar functionalities capable of significant hydrogen bonding interaction with water (e.g., 
polyoxyethylenes, sugars, polyglycidols) (Drew Myers, 2006).  
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Calcite and dolomite are carbonate minerals with similar structures. Calcite is formed by alternate layers of 
calcium ions and carbonate-ion groups. Dolomite is composed of alternate layers of calcium, magnesium, and 
carbonate ions. Both solids are salt-type minerals; therefore, the solubility in water is higher than for oxides and 
silicates. The surface charge on the two carbonate minerals in aqueous systems seems to be generated by the 
preferential dissolution of lattice ions, either Mg2+, Ca2+, or CO3

2-. This dissolution process is determined by 
interactions between the dissolved ions and the solution constituents; complexes formed by the reactions can 
then be adsorbed again or precipitated on the solid surface. Although not all work reported in the literature 
agrees, some studies indicate that hydrogen ions also appear to act as potential determining ions for carbonates 
which means that the surface charge on the minerals also depends on the equilibrium pH of the solution. At high 
pH values, more hydroxyl anions are present in the bulk solution and a net negative surface charge is observed. 
At low pH in the presence of an excess of hydrogen cations, however, the surface charge is positive. These 
results suggest that cationic surfactants can exhibit very low adsorptions on carbonates-adsorptions significantly 
below those exhibited by anionics (Ahmadall Tabatabal, 1993).  

The mechanism responsible for the surfactant adsorption is mainly the electrostatic attraction between the 
charged surface of the solid and the charged head group of the surfactant molecule (Ahmadall Tabatabal, 1993). 

Also, while the addition of salts of multivalent cations can increase (sometimes significantly) the adsorption 
of anionic surfactants, it can significantly decrease the adsorption of cationic surfactants. One reason for the 
decreased adsorption is that the added cations, lattice ions of the carbonate minerals, can affect the surface 
charge of the mineral to enhance anionic surfactant adsorption while reducing cationic surfactant adsorption 
(Ahmadall Tabatabal, 1993). 

 
2.Surfactants: 

Surfactants are defined as a group of chemicals consisting of hydrophobic and hydrophilic tails that alter the 
surface activity of an aqueous media. When a surfactant is dissolved in an aqueous solution its hydrophobic 
group distorts the hydrogen bonds between the water molecules around the hydrophobic group resulting in 
decreased surface tension between the hydrophobic groups and water. Both hydrophobic and hydrophilic groups 
of surface active agents play an important role in this phenomenon. The hydrophobic portion is normally made 
up of hydrocarbons ranging from C8- C18, and can be aliphatic, aromatic, or a mixture of both. The main 
sources of hydrophobes are normally natural fats, oils, petroleum fractions or synthetic alcohols or polymers 
(Paktinat, J.,).  

 
3.Experimental Setup and Procedures: 
3.1.Material: 

Cetyl tri methyl ammonium bromide (CTAB) was from Sigma-Aldrich was 99% pure. Physical property of 
CTAB is shown in Table1. 
 
Table 1: Physical properties of CTAB. 

Surfactant Structure Molecular formula MW (g/mole) CMC  at 25°C (ppm) 

 
CTAB 

 
C19H42NBr 

 
364.46 

 
338 

 
3.2.CMC Measurement: 

Generally, there are several methods to measure CMC; in this work conductivity method was selected. 
Concentrations of CTAB were varied from 50 ppm to 600 ppm. Conductivity of solutions was determined from 
high concentration to low one. Conductivity detector which was applied for experiments is from Crison 
Company. At first Conductivity detector should calibrated with standard solution. In all of experiments 
electrode was washed up with distilled water and after that with peculiar solution. This is so necessary for 
accuracy of solutions conductance and immersing the probe of conductometer in solution. In the next step, 
conductivity of terms of CTAB solutions was measured. For getting the CMC, data should be drawn a graph of 
conductivity versus concentration and figure out the value of CMC from the turning point in the curve (Fig. 1). 
When concentration of surfactant solution increases to a certain value, its ions or molecules will come to 
association reaction, and start to be micelles, hence a sharp change in trend of curve. Careful experimental 
measurements using highly purified systems revealed that somewhat gradual and continuous changes in 
physicochemical properties occurred near the CMC. The micelles appeared to be polydisperse and that 
monomer activities changed above the CMC. 

 
 
 



Aust. J. Basic & Appl. Sci., 5(12): 808-813, 2011 

810 

 
 
Fig. 1: Conductivity of CTAB Vs. Surfactant Concentration. 
 
3.3.Test Procedures: 

Adsorption of surfactant on reservoir rock is determined by batch equilibrium tests on crushed core 
material. In batch equilibrium tests on crushed core a known volume of surfactant solution at a known 
concentration is mixed with a specified mass of crushed rock in a sealed container (Table 2). The container was 
placed in the shaker and placed in the thermostatic air bath. Samples of surfactant solution were taken from 
container in one day, and we used conductometer to determine residual concentration at equilibrium time. 
Adsorption is computed from a material balance on the surfactant. Initial surfactant concentrations tested were 
50 to 600 ppm. The solid to liquid weight ratio was 1:15. All the adsorption experiments on crushed rocks were 
performed at 28ºC and atmospheric pressure (Meyers, K.O. and S.J. Salter, 1981; Don W. Green, 1998).  

 
Table 2: Surfactant Adsorption onto Crushed Cores.  

 
Test 
# 

 
Core mass 
[g] 

 
Ratio 
S:L 

Mass of 
Surfactant 
Solution 
[g] 

Initial CTAB 
Conc. 
[ppm] 

Duration of 
the 
experiment 
[hrs] 

Residual 
CTAB 
Conc. 
[ppm] 

CTAB Ads. 
density 
[mg/g] 

1 2 1:15 30 50 24 23.7 0.3945 
2 2 1:15 30 75 24 44.586 0.45621 
3 2 1:15 30 100 24 65.33142 0.520029 
4 2 1:15 30 125 24 84.72 0.6042 
5 2 1:15 30 150 24 95.54598 0.81681 
6 2 1:15 30 175 24 108.9631 0.990554 
7 2 1:15 30 200 24 119.3034 1.210448 
8 2 1:15 30 225 24 133.6517 1.370225 
9 2 1:15 30 250 24 146.008 1.559879 
10 2 1:15 30 275 24 159.9733 1.7254 
11 2 1:15 30 300 24 181.0613 1.78408 
12 2 1:15 30 325 24 202.432 1.83852 
13 2 1:15 30 350 24 223.9134 1.891299 
14 2 1:15 30 400 24 275.4026 1.868961 
15 2 1:15 30 450 24 326.4502 1.853247 
16 2 1:15 30 500 24 375.316 1.87026 
17 2 1:15 30 550 24 425.5844 1.866234 
18 2 1:15 30 600 24 476.645 1.850325 

 
The amount of surfactant absorbed (adsorption density) was expressed as the unit mass of surfactant 

adsorbed per 1 gram of rock (mg/g). Adsorption density of crushed rock was calculated by the following 
formula (Schramm, L.L., 1994): 
 
Γ = ((Ci – Ce)*Ms/ (Mc))*10-3    
 
Where: 

Γ: adsorption density, mg/g 
Ci, Ce: initial and equilibrium surfactant concentration in solution, ppm 
Ms: mass of the solution, g 
Mc: mass of the core sample, g. 
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4.Adsorption Models: 
An adsorption isotherm is used to characterize the equilibria between the amount of adsorbate that 

accumulates on the adsorbent and the concentration of the dissolved adsorbate. In this case two adsorption 
isotherms were used, Freundlich and Langmuir isotherm. The Langmuir adsorption isotherm and the Freundlich 
isotherm are two common isotherms used to describe equilibria. The Langmuir isotherm is based on the 
theoretical principle that only a single adsorption layer exists on an adsorbent and is described by: 
 

                                                                                                                                                        (1) 

 
Where qe is the amount adsorbed per unit mass of adsorbent (wt/wt), Q0 and K are empirical constants and 

Ce is the equilibrium concentration of adsorbate in solution after adsorption. The constants Q0 and K can be 

determined by plotting  vs. 1/Ce and rewriting equation (1) as: 

 

                                                                                                                                               (2) 

 
However, an empirical equation describes the Freundlich isotherm and typically proves to be the better 

relation. For the Freundlich isotherm, adsorption is described by: 
 

                                                                                                                                                       (3) 
 
Where KF and n are constants. Rewriting the equation (3) as: 
 

log log log                                                                                                                           (4) 

 
And plotting logqe vs. logCe allows for the determination of KF and 1/n (Fu Yin Song and M.R. Islam, 

1994; Thomas, W.J., 1998; Mannhardt, K. and J.J. Novosad, 1988; Novosad, J., 1986). 
 

RESULT AND DISCUSSION 
 
Based on Results Obtained From This Work Following Conclusions Can Be Drawn: 

Static adsorption experiments were run to analyze the adsorption of CTAB onto carbonate crushed cores. 
For this system the ratio of solid and liquid is 1:15. All experiments were performed at 28°C, at ambient 
pressure. Initial surfactant concentrations ranged from 50 to 600 ppm in the carbonate crushed core. Table 2 
summarized the CTAB adsorption values and conditions measured in the crushed carbonate core system. The 
adsorption experiments with a weight ratio of 1:15 between surfactant solution and crushed carbonate cores 
showed that with a linear increase of surfactant concentration the CTAB adsorption density increases linearly 
from 0.3945 mg/g to 1.891 mg/g over the range of initial surfactant concentrations from 50 ppm to 600 ppm 
(Table 2). It was found that CTAB adsorption density increases when the surfactant concentration increases. For 
the lower concentrations the availability of surfactant was not high enough to reach a plateau. Thus further tests 
are required to reach completely adsorption.  Adsorption density for crushed carbonate cores in the range of 
initial concentrations of 50 to 600 ppm and solid to liquid ratio of 1:15 increased with availability of surfactant 
with a significant change of adsorption from 0.3945 to 1.891 mg/g. 

 As it was shown in (Fig. 2), after reaching an adsorption density of 1.891 mg/g at 350 ppm of surfactant 
concentration, adsorption reach to steady state. So the maximum adsorption for crushed core system is about 
1.891 mg/g. In general, it was found that the adsorption density in this system is a function of CTAB 
concentrations, CTAB available in the system and solid to solution ratio. The correlation between the chain 
length and the adsorption density is explained by the increasing hydrophobic attraction as the hydrophobic mass 
increases. As the CMC is reached the adsorption density levels off because the chemical potential of the 
monomers in solution is almost constant above CMC. As more surfactant is added above CMC, the micelle 
concentration increases but the monomer concentration remains approximately constant (Jonathan Liljeblad, 
2006). 

 
Adsorption Isotherms: 

An adsorption isotherm consists of a series of measurements of the surface excess as a function of 
concentration of surfactant at constant temperature. In this case two adsorption isotherms were used; Freundlich 
and Langmuir isotherms. The adsorption isotherms of surfactant are presented in Figs 3 to 4. The data presented 
on these graphs show a linear relationship between the surfactant equilibrium concentration and adsorption 
density. Adsorption density for crushed carbonate, in the range of initial concentrations of 50 to 600 ppm and 
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solid to liquid ratio of 1:15 increased with availability of surfactant. The plotted curves of adsorption density 
versus residual concentration for Langmuir isotherm have a constant slope with increasing surfactant 
concentration compared to Freundlich isotherm (Fig. 3 and Fig. 4). The mechanism responsible for the 
surfactant adsorption is mainly the electrostatic attraction between the charged surface of the solid and the 
charged head group of the surfactant molecule. 

 

 
 
Fig. 2: Adsorption Density with Respect to Surfactant Concentration. 
 

 
 
Fig. 3: Freundlich Isotherm, Crushed core. 
 

 
 
Fig. 4: Langmuir Isotherm Crushed Core. 
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Conclusion: 
Based on results obtained from this work following conclusions can be drawn: 

 The rate of adsorption dependent on availability of surfactant in the system, it was found that the adsorption 
of surfactant increased with increasing surfactant concentration.  

 Adsorption of surfactant increases as the rock surface charge increases toward more positive values, 
consistent with an electrostatic adsorption mechanism. 

 The plotted curves of adsorption density versus residual concentration for Langmuir isotherm have a 
constant slope with increasing surfactant concentration compared to Freundlich isotherm. 
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