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Abstract: Adsorption is one of the important parameters in assessing the SLS Surfactant performance in chemical enhanced oil recovery injection due 

to the use of its scores to determine the number of materials absorbed in the reservoir. The purpose of this study was to determine the effect of 

adsorption on Enhanced Oil Recovery Using SLS Surfactant from Bagasse. A low surfactant value means lower absorption in the rock during the 

injection. Moreover, chemical adsorption by the rock reservoir reduces the concentration of the chemical slug and causes low-efficiency displacement. 

Adoption can be measured either statically or dynamically. The static adsorption was conducted by saturating rock in surfactant solvent while the 

dynamic was by measuring the surfactant in the solvent before and after the injection. Generally, surfactant adsorption depends on many factors such as 

the type, concentration, equivalent weight, ionic strength, pH, salinity, and temperature. Furthermore, at 20.000 ppm - 4,5%, more SLS surfactant was 

absorbed in the core rock to produce low performance while fewer surfactant were absorbed in 80.000ppm-1,5% leading to better performance. This 

research showed surfactant concentration, formation, and water salinity influence adsorption of surfactant in enhanced oil recovery. Therefore, in an 

injection process, the adsorption in the reservoir should be considered.  

Index Terms: Adsorption, Enhanced oil recovery, Surfactant concentration, Surfactant injection, 
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1 INTRODUCTION            
Adsorption is one of the most important parameters used in 
evaluating sodium lignosulfonate performance in chemical 
enhanced oil recovery injection. It is a separation process 
involving the movement of certain components from the fluida 
phase to the absorbed solid surface. It is also a material 
separating process of a gas or liquid mixture from the solid 
sorbent surface and bounded by the energy working on its 
surface [1]. The adsorption value is usually used to show the 
quantity of adsorbed material in the reservoir. A low system 
means the rock adsorbed lower surfactant and decrease the 
interfacial tension of the oil-water to make the movement of oil 
production easier. Moreover, in the surfactant injection 
process, the adsorption at the rock reservoir is a parameter to 
be considered. This is because the success of the process is 
dependent on the degradation of the surfactant in the reservoir 
as well as the ability of the injected slug to decrease the 
canalized concentration. Furthermore, a different mechanism 
such as adsorption, precipitation, degradation, and polymer 
mixing causes the surfactant to lose in the reservoir [2]. The 
adsorption surfactant settles on the rock surface when in 
contact with the reservoir leading to the decrease in the 
concentration, and consequently, the inability of the residue to 
reach the ultralow IFT needed to mobilize the springe residue 
oil [3]. The Chemical adsorption towards the reservoir rock 
causes the concentration to degrade from the chemical slug 
and affects the low-efficiency displacement.  
 
 
 
 
 
 
 
 
 
 
 
 
 

The unit is surfactant mol per unit area (µeq/m
2
), and calculated 

through the following equation [4] :  

 

In which, 

As = adsorption, µeq/m
2
 

   
  = early surfactant concentration, meq/g 

   
  = end surfactant concentration, meq/g 

ma = adsorbent period, g 

Sa = adsorbent wide area, m
2
/g 

ρ = early fluidal density, g/cm
3
 

Va = additional surfactant volume, cm
3
 

 
The adsorption surfactant to the rock surface is more than the 
micelle, in the form of monomer. It is possible to adsorb the 
molecule through the use of any mechanism such as ion 
association, hydrophobic bonding, the polarization of π 
electrons, and dispersion forces [5],[6],[7],[8]. Adsorption 
during the flooding process is the most crucial problem in 
deciding the success or failure of surfactant injection [9]. It 
may happen when there are electrostatic and van der Walls 
interactions appearing on the rock surface[10]. It also depends 
on several factors such as the type, concentration, equivalent 
weight, and ionic strength of the surfactant as well as the pH, 
salinity, and temperature [9], [1], [6], [11]. The significant effect 
of the pH in which the quantity of the adsorption is variant to 
another pH depends on the quantity of the surfactant 
interacting with the rock surface [12]. Moreover, further 
improvement of the pH causes drastic degradation of the 
percentage which may be due to the weak electrostatic pull 
energy between the negative adsorption and the adsorbent 
directed to the reduction of the absorption ability[13]. 
Adsorption isotherm also can be analyzed with the Langmuir 
model Isoterm [14].  
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2 METHODOLOGY RESULT 

The adsorption parameters tested include static and dynamic 

character. The static test was the surfactant adsorption at a 

static condition or when there is no current. The adsorption 

surfactant was measured through the use of the batch 

equilibrium tests. This involves destroying and soaking the 

material in the solvent volume at a certain concentration [15]. 

Moreover. The solvent was mixed and placed in the 

thermostatic air bath and after a day, it was measured using 

conductometer to decide the equilibrium condition residual 

concentration. Furthermore, the adsorption was measured 

using material balance However, isotherm adsorption was 

used to determine the equilibrium between the adsorbed 

quantity and the solute adsorbate concentration. The dynamic 

adsorption test was conducted by injecting the surfactant on 

the core. This was followed by the measurement of the 

concentration before and after the injection process. 

Consequently, the surfactant performance was reduced to 

decrease the stress on the interface of the oil and rock and the 

effect of the concentration after the process due to the 

absorption of the surfactant by reservoir rock. The adsorption 

mechanism involved the microemulsion made of surfactant 

solvent in the water, which was injected to the reservoir to 

influence the stress on the interface of oil and water. Besides, 

the surfactant directly touched the rock particles surface and 

its molecules (RSO3H) were pulled and precipitated around 

the surface by the reservoir rock molecules. This process was 

continuous up to the saturation point. Moreover, the larger 

adsorption effect caused by the surfactant concentration was 

dense in the injection process [16]. It is important to state that 

the adsorption test was conducted statically and dynamically 

using UV spectroscopy to determine the residue of the 

concentration. The measurement method used depends on 

the kind of fluid to be measured. 

2.1 UV- Vis Method 

UV-Vis is a method used in measuring the concentration of a 
sample by shooting the UV ray to the sample. The first step 
includes finding the wavy long of surfactant sodium 
lignosulfonate as the reference. This was followed by making 
a standard curve to determine the surfactant concentration on 
the adsorption test. Moreover, the standard curve was drawn 
for several concentration variances which form the absorbent.   

2.2 Titration Method 

Titration is an economical and efficient method to measure 
surfactant concentration. The two primary methods are two 
phases and potentiometric titration. Two phases titration has a 
relatively simple process which only needs tools assembly but 
has a lot of adhering problems such as difficulty in assessing 
the end location, time consumption, harmful to the health due 
to the use of organic solvent, etc. [17]. Titration is conducted 
by using acidity degree and NaOH concentration. 
Concentration variance also influences the amount of 
surfactant adsorbed into the rock. Such that more adsorbed 
surfactant leads to a higher concentration. 

2.3 Pycnometer Method 

The pycnometer is a tool to measure solvent density during 
the adsorption test to show the quantity of surfactant adsorbed 
by measuring the density deviation before and after the test. 

The process can also be conducted on brine variation due to 
its ability to detect mass alteration of the composition. 

3 RESULT AND DISCUSSION 

Surfactant injection using SLS surfactant from bagasse is 

carried out with a variety of surfactant concentrations and 

brine salinity. Surfactant concentration varies from 1% - 4.5%, 

while brine salinity uses variations from 5,000 ppm-80,000 

ppm. Of the various variations of surfactant injection, only the 

highest yields and the lowest yields are discussed in this 

paper. The highest oil recovery was in fact the surfactant 

injection with a composition of 1.5% surfactant at 80,000 ppm 

salinity which reached a recovery factor of 10.71%. While the 

lowest oil recovery occurs in surfactant injection with a 

composition of 4.5% surfactant at a salinity of 20,000 ppm 

which is only 1.05%. The mechanism of SLS surfactant 

performance is what causes the oil recovery.  The low of oil 

recovery could be due to the lack of SLS surfactants working 

in the area.  It means that there are a number of SLS 

surfactant masses lost, some of which are absorbed into the 

rock. So the adsorption parameter is one of the parameters 

that needs to be known to maintain the success of oil recovery. 

Table 1 below shows the adsorption test result of the 

surfactant injectionat the higest and the lowest yields : 

TABLE 1 

Surfactant Injection and Adsorption Result[18] 

N

o. 

Surfactant 

Composition 

Static 

Adsorption 

(%) 

Dynamic 

Adsorption 

(%) 

Recovery 

Factor (%) 

1. 
20,000 ppm 

4.5% 
20.533 29.16 1.05 

2. 
80,000 ppm 

1.5% 
8.071 1.37 10.71 

 

At the surfactant with 20.000 ppm-4,5% salinity, a static 

adsorption score of about 20,533% was found and this is more 

than the 8,071% obtained for 80.000 ppm-1,5%. Meanwhile, 

dynamic adsorption test showed 20.000 ppm 4,5% 

composition has 29,16% while  80.000 ppm 1,5% has only 

1,37%. This means surfactant composition 20.000 ppm-

4,5%composition absorbed more SLS surfactant to the core 

rock, hence, its performance was less than for 80.000-1,5% 

composition which absorbed few quantities. The figure below 

shows the oil acquired through the surfactant injection to be as 

follow:   
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Fig.1.  Results of SLS Surfactant Injection from 
Bagasse[18] 

The figure shows the highest oil acquisition of 10,71% at 
80.000 ppm – 1,5% salinity and the lowest value of about 
1.05% at 20.000 ppm – 4,5%.Furthermore, it was discovered 
that the SLS surfactant performance fron the bagasse was 
also influenced by the adsorption test result of the two 
compositions as shown in Table 1 above. A large difference 
was observed in their adsorption value with the 20,000 ppm – 
4.5% proportion observed to have the highest values for static 
and dynamic adsorption at about 20.533% and 29.16% 
respectively. Therefore, it can be deduced that about 20% - 
30% of the SLS surfactant of bagasse would be adsorbed into 
the rock and only 70% - 80% has the ability to form an 
emulsion and decrease IFT [21],[23].  Different adsorption 
value of about 8.07% and 1.37% were observed for 80,000 
ppm 1.5%. This shows it adsorbed a little quantity of SLS 
surfactant into the rock and has more to form an emulsion and 
decrease more IFT [22],{24],[25]. As mentioned by previous 
researchers that adsorption is influenced by concentration 
[9][27]. Such that a higher concentration increases the 
adsorption score in the system. This is reflected in the results 
in Table 1 where 4.5% concentration gives a higher adsorption 
value [20][26][28][29]. than 1.5%. Therefore, it can be 
concluded that the 80,000 ppm 1.5% was able to give better 
performance in the EOR process and produced a higher RF 
result than 20,000 ppm 4.5%. 

4 CONCLUSIONS 

It is concluded that the adsorption parameter was found to 

influence the success of surfactant injection process as well as 

the concentration used as the injection fluidal. Moreover, low 

concentration generated higher oil acquisition due to the small 

monomer interaction of the surfactant with rock surface 

leading to a lot of small adsorbed surfactant. Therefore, it was 

discovered that a lot of surfactants are needed to decrease 

IFT and form microemulsion. Moreover, low concentration was 

found to produce good performance. 
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