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Adsorption of binary mixtures of sodium hexadecyl sulfate and oxyethylated octylphenols surfactants 

from aqueous solutions at activated carbon AG-3 was studied. It is found that the process of mixed 

adsorption depends on total surfactants concentration in the mixture, the ratio of components in the 

mixture and their surface activity. Adsorption data is confirmed by measurements of the zeta potential 

values of activated carbon particles in the surfactants mixtures. 

________________________________________________________________________________ 

Introduction 

Because of widespread application in 

numerous colloid-chemical processes such as 

detergency, flotation, enhanced oil recovery, 

lubrication, the surface-active substances 

(surfactants) often enter into the environment, 

thus adding to the environmental pollution 

problem, that is of primary global concern. Once 

in water or soil, the surfactants decompose very 

slowly over time. These compounds are sorbed 

on the surface of natural colloidal systems, 

impeding the processes of biological oxidation 

and thereby disturb the ecological balance. 

According to existing international standards, 

many of the surfactants are assigned to the third 

and fourth hazard classes [1]. 

Adsorption is one of the main methods for 

removal surfactants from water and activated 

carbon (AC) is most often used in this regard due 

to its high sorption capacity and low cost [2]. 

Currently, the adsorption of surfactants at 

carbon sorbents is the subject of numerous 

studies, but most of the work in this field  is 

related to adsorption  from single-component 

solutions [3-5]. However, the surfactants 

mixtures are typically employed for practical 

applications due to their enhanced performance 

compared to the solutions, which contain single 

surfactants only. The main research directions 

associated with the surfactants mixtures are 

currently related to development of theoretical 

approaches to describe colloidal-chemical 

interactions in the binary surfactants solutions. 

Most often, the focus is at micelle formation 

processes in the mixed solutions as well as at 

adsorption on a solution/air interface [6-8]. As 
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for a solid sorbent/solution interface, the studies 

were conducted mainly with hydrophilic 

sorbents [9–11]. 

Among non-polar hydrophobic sorbents, 

adsorption of nonionic and cationic surfactants 

mixtures at hydrophobized glass surface of was 

studied [12, 13]. For AC sorbents, synergistic 

adsorption of a mixture of anionic and cationic 

surfactants due to electrochemical attraction of 

oppositely charged surfactant ions was shown 

[14]. 

The aim of this study is to evaluate the main 

features of adsorption of binary mixtures of ionic 

and non-ionic surfactants at a porous carbon 

sorbent such as AC. 

Experimental part 

As a sorbent, commercial AC of AG-3 type 

with total surface area of 6.7×102 m2/g evaluated 

from the adsorption of benzene vapor was used. 

To remove inorganic impurities, the coal was 

treated with 2M НNО3 solutions and 

concentrated НF accordingly to the procedure 

described previously [15]. Then the samples 

were washed with distilled water until no traces 

of NO3
- and F- ions were found in washing water 

and dried at 105 °C. The total pore volume, the  

micropores and mezopores  volumes evaluated 

from the adsorption of benzene vapor, were 0.29, 

0.26 and 0.03 cm3/g, respectively. 

Oxyethylated octylphenols such as Triton X-

45 (TX-45), Triton X-100 (TX-100) and Triton 

X-305 (TX-305) of the general molecular 

formula С8Н17С6Н4О(СН2СН2О)nН with the 

degree of oxyethylation n = 5, 9-10, and 30, 

respectively, were used as the non-ionic 

surfactants. Sodium hexadecyl sulfate (SHS) of 

the molecular formula C16H33SO4Na was used as 

anionic surfactant. The surfactants were 

purchased from Sigma-Aldrich (USA) and used 

without further purification. 

The critical micelle concentration (CMC) 

values in the solutions were calculated by using 

the surface tension isotherms. The surface 

tension was measured by the Wilhelmy method 

by balancing a platinum plate by using a torsion 

balance of BT type at 20 °C.  Between the 

measurements, the plate was pierced in the flame 

of an alcohol burner. The purity of the plate was 

controlled by the surface tension of bidistilled 

water (σ=72.5 mJ/m2). The measurement error 

was ± 0.5 mJ/m2. 

To obtain the adsorption isotherms, the 

constant sorbent loading was added to the 

solutions with various initial concentrations of 

the surfactants and the probes were shaken for 

specific time. The solutions volume was 0.025 

dm3, the sorbent loading was 310-5 kg. After 

appropriate adsorption time, that is required for 

reaching the sorption equilibrium (40 h), the 

solution was separated from the adsorbent by 

centrifugation at 4000 rpm for 10 min. The 

equilibrium concentrations of Triton X 

surfactants were determined 

spectrophotometrically at =274 nm, while SHS 

content in the probes was evaluated by two-phase 

extraction method with malachite green [16]. 
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Malachite green form a complex with SHS, 

which can be extracted with chloroform followed 

by measuring of e absorbance of the chloroform 

phase at =616 nm [16].  In our preliminary 

experiments it was found that each surfactant in 

the SHS /Triton X mixtures did not affect the 

quantification of other component. The 

measurement error did not exceed 1% and 5%, 

respectively. 

The specific adsorption value was calculated 

as follows: 

m

VCС
A e 


)( 0      (1) 

where A is the adsorption value, mol/kg; V is 

the volume of surfactant solution, dm3; m is the 

AC loading in the solution, kg; C0 and Ce are the 

initial and equilibrium concentrations of the 

surfactant solution, mol/dm3. 

SHS mole fraction in the surfactants mixtures 

was evaluated from the ratio: 

TXSHS

SHS
SHS CС

С


     (2) 

where, SHS  is the molar fraction of SHS in 

the mixed surfactant solution,  CTX and CSHS are 

the concentrations of Triton X and SHS 

surfactants in the mixed solution, mol/dm3. 

 The surfactant solutions with SHS molar 

fraction ( SHS ) of 0; 0.2; 0.4; 0.6; 0.8 and 1.0 

were used. 

To evaluate the zeta potential values, the 

electrophoretic mobility of the sorbent particles  

( ) was measured with a Zeta-Meter System 

3.0+ (Zeta Meter Inc., USA) following the 

procedure as described before [17] and the 

calculations were performed according to the 

Smoluchowski equation: 

 /     (3) 

where ζ is the zeta potential of the sorbent 

particles, mV;   is dynamic viscosity, Pa×s,  and 

  is dielectric constant. The pH values of the 

solutions were within the range of 6.0 ± 0.5. 

 

Results and discussion 

The colloid and adsorption characteristics of 

the used surfactants were determined as 

described previously [7,18] and are presented in 

the Table. 

Table. Colloid and adsorption characteristics* of the 

studied surfactants  

Surfactant CMC × 
104, 

mol/dm3 

Гσ
max

 

×106, 

mol/m2 

Smin,  

nm2 

-ΔG0
mic 

kJ/mol 

SHS 9.2 2.8 0.59 17.0 

ТХ-45 1.6 6.3 0.26 21.3 

ТХ-100 2.4 5.5 0.30 20.3 

ТХ-305 3.0 4.1 0.41 19.8 

* CMC is critical micelle concentration.  

Гσ
max

 is the maximum surface excess at the 

air/surfactant solution interface.  
Smin is the area per the surfactant molecule in the 

saturated adsorption layer.  
ΔG0

mic  is  change  in the free molar energy of micelle 

formation 
 

Гσ
max

 was calculated from the Gibbs 

adsorption equation  [19] as :  

Cd

d

iRTdC

d
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С
Г
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1       (4)  
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where C is surfactant concentration, σ is 

surface tension, R is universal gas constant,  T is 

temperature, ἰ is 1 for a nonionic surfactant, 

while 2 is for an ionic surfactants, respectively; 

Smin was evaluated as [20]: 

ANГ
S

max

18

min

10


     (5) 

where NA is the Avogadro number and Гσ
max 

is the  maximal adsorption value; 

ΔG0
mic  was calculated as [19]: 

 CMCRTmic lnG0      (6)  

Figure 1 shows the adsorption isotherms of 

SHS, TX-45, TX-100 and TX-305 surfactants 

from their individual aqueous solutions at AC 

surface as well as changes in zeta potential values 

of AC particles after adsorption of the 

surfactants. Adsorption of SHS and Triton X 

surfactants at AC is due to hydrophobic 

interactions between the alkyl radicals of the 

surfactants and AC surface. Such interactions are 

recognized as the main driving forces for the 

adsorption of surfactants at hydrophobic surfaces 

[9, 20-22]. 

 As can be seen in Fig. 1, the adsorption 

isotherms in the studied concentration range are 

of Langmuir type and the curves show the 

pronounced saturation plateau. Note that with 

SHS the adsorption saturation was achieved at 

higher equilibrium concentrations than for Triton 

X surfactants (Fig. 1a, b). Also, the maximum 

adsorption value for SHS (0.28 mol/kg) is lesser 

than appropriate ones for TX-45 (0.63 mol/ kg) 

and TX-100 (0.35 mol/kg) surfactants, while it is 

higher compare to TX- 305 (0.20 mol/kg) 

surfactant.  

 

 

Figure 1. Adsorption isotherms of SHS (a: 1) and Triton X  

surfactants (b: ТХ-45 (1), ТХ-100 (2), ТХ-305 (3)) from 

their individual solutions and zeta potential of AC particles 

with adsorbed surfactants (a: SHS (2); b: ТХ-45 (4), ТХ-

100 (5), ТХ-305 (6)) 

 

Adsorption of non-ionic surfactants depends 

on the length of the oxyethylated chain of Triton 

X molecules, while adsorption of the anionic 

surfactant is affected by the electrostatic 

interactions of the similarly charged hydrophilic 

groups of SHS molecules. Adsorption of SHS 

molecules notably changes the zeta potential 

readings of AC particles even at low 
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concentrations of the surfactant in the solution 

(Fig. 1a).  

It was found that zeta potential of AC 

particles remarkably decreases with an increase 

in the equilibrium SHS concentration in the 

solution, reaching a plateau at about -45 Mv (Fig. 

1 a). Obviously, the SHS molecules adsorb at AC 

surface by their hydrophobic parts while the 

anionic groups are protruded in the aqueous 

phase. As a result, the adsorbent particles acquire 

a negative surface charge. 

As seen in Fig. 1b, the zeta potentials values 

of the sorbent particles in the presence of the non-

ionic surfactants are very low (within the range 

of between -0.5 and +0.7 mV). These results are 

similar to the previously published ones [23, 24], 

where it was shown that the zeta potentials of AC 

particles in a neutral medium were close to zero. 

Unlike to SHS, the adsorption of Triton X 

surfactants at AC surface practically does not 

affect zeta potential of AC particles, as Triton X 

are non-ionic compounds. Thus, it can be 

concluded that only SHS adsorption contributes 

to the zeta potential of AC particles and the 

change in zeta potential readings can be used to 

evaluate an increase or decrease in SHS 

adsorption from its mixtures with the non-ionic 

surfactants at AC surface. 

SHS adsorption from its mixtures with TX-

45, TX-100, and TX-305 surfactants was studied 

at different molar fractions of SHS in the 

mixture: SHS = 0.2, 0.4, 0.6, and 0.8. Figure 2 

indicates, for example, the adsorption isotherm 

of SHS at AC surface from the binary mixtures 

with TX-100. SHS adsorption isotherms from 

SHS/TX-45 and SHS/TX-305 mixtures possess 

similar features. The results showed that the 

value of SHS adsorption from the surfactants 

mixtures depends on the total surfactants 

concentration in the mixture and the mole 

fraction of SHS in the mixed solution. At low 

equilibrium concentrations, SHS adsorption 

from mixtures is higher compared to SHS 

adsorption from its single solution. It means that 

the adsorption of the anionic surfactant increases 

in the presence of the non-ionic surfactant 

molecules. This effect is enhanced with an 

increase in the molar fraction of SHS in the 

mixture. Such results can be explained by the fact 

that the incorporation of the molecules of the 

non-ionic surfactant into the mixed adsorption 

layer reduces the electrochemical repulsion 

between the negatively charged SHS ions. This 

phenomenon leads to increased adsorption of the 

anionic surfactant from its  binary mixtures with 

the non-ionic surfactants compared to SHS 

adsorption from its  single solution. 

On the other hand it was found that SHS 

presence does not practically affect adsorption of 

Triton X surfactants at AC from the binary 

surfactant mixtures. 

With an increase in the total surfactants 

concentration, SHS adsorption from the mixtures 

decreases compared to SHS adsorption from its 

single solution. A similar effect is observed for 

all studied mixtures of SHS with the non-ionic 



FRENCH-UKRAINIAN JOURNAL OF CHEMISTRY (2019, VOLUME 07, ISSUE 02)  

93 

 

surfactants, but it is the most pronounced for 

mixtures at SHS =0.6 and 0.8 (Fig. 2). 

 

Figure 2. SHS adsorption at AC from mixed SHS/ТХ-100 

solutions at different molar fractions SHS  in the mixture: 

0.2 (1), 0.4 (2), 0.6 (3), 0.8 (4) and 1.0 (5). 

 

Figure 3. Changes in zeta-potential values of AC particles 

in SHS mixtures with TX-45 (1), ТХ-100 (2) and  ТХ-305 

(3) versus SHS mole fraction ( SHS ) in the mixture. 

With an increase in the total surfactants 

concentration, Triton X molecules are likely to 

displace SHS ions from the adsorption layer. 

Figure 3 shows the change in zeta potential 

values of AC particles during SHS adsorption 

from its mixtures with TX-45, TX-100 and TX-

305 at the total surfactants concentration of 

2.0×10-3 mol/dm3. The zeta potential values of 

AC particles increase in an absolute value with 

an increase in the amount of adsorbed SHS, as 

shown in Fig. 1. Comparing the zeta potential 

values at identical molar fractions of SHS in the 

mixture, it can be concluded about the influence 

of non-ionic surfactants on SHS adsorption from 

the surfactants mixtures. The results show that 

the absolute values of zeta potential and, 

consequently, SHS adsorption from the binary 

mixtures with Triton X surfactants increase in the 

series TX-45>TX-100>TX-305 (Fig.3). Thus, 

SHS adsorption from the binary mixtures is 

larger when the surface activity of the non-ionic 

surfactant, which  is present in the mixture, is 

lower (Table). 

 

Conclusions 

The adsorption of anionic SHS surfactant 

from its binary mixtures of various compositions 

with non-ionic Triton X surfactants (TX-45, TX-

100 and TX-305) at AC of AG-3 type was 

studied. It was found that at low total surfactants 

concentration, SHS adsorption from the binary 

mixtures is higher in the presence of non-ionic 

surfactants than adsorption from the single SHS 

solution. This can be explained by the fact that 

the inclusion of the molecules of the non-ionic 

surfactant in the mixed adsorption layer reduces 

the electrostatic repulsion between the charged 
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hydrophilic groups of SHS molecules and thus 

promotes its adsorption. With an increase in the 

total surfactants concentration, the amount of 

adsorbed SHS from the mixtures is lower 

compare to SHS adsorption from its single 

solutions. This is due to partial replacement of 

SHS ions in the adsorption layer by the 

molecules of the non-ionic surfactant. The results 

of measuring the zeta potential values of AC 

particles in the surfactant mixtures showed that 

SHS adsorption from the binary mixtures 

increases with decreasing the surface activity of 

the non-ionic surfactant. 
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