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Adsorption of anionic surfactant sodium dodecyl sulfate and cationic surfactant 

cetyltrimethylammonium bromide from aqueous solution on bentonite was studied. 
A series of batch experiments were performed to obtain sorption isotherms of 
surfactants on bentonite. Furthermore, the isotherm parameters were calculated. 
Other factors influencing the adsorption effectiveness (contact time, adsorbent 
amount and initial surfactant concentration) were also determined. 
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Introduction. Surfactants are widely used in different branches of industry-

oil, cosmetic, metallurgy, and in household goods [1, 2]. Anionic surfactants are 
contained in hygiene products and washing detergents. Cationic surfactants are 
used as anticorrosion additions to metals and as disinfected agents in cleaning 
liquids [3]. As a result of widespread use the concentration of surfactants in 
wastewaters is very high. Surfactants aren’t destroyed biologically under natural 
conditions, thus their high content can arise huge ecological problems of aqueous 
environment [4–6].  

Removal of surfactants from wastewaters requires efficient technologies. 
During last decades many technological processes had been developed and 
improved. Among them adsorption process is simpler and more effective. It have 
been established that the effectiveness of applied technology highly depends on the 
chosen adsorbent. 

Bentonite is a natural clay, which basic substance is montmorillonite [7, 8]. 
Bentonite is widely used in different technological processes, for removing organic 
pollutants [9], surfactants and dyes [10, 11], oil products [5] and metal-ions [12, 13]. 

In this paper the results of the study of anionic surfactant sodium 
dodecylsulfate (SDS) and cationic surfactant cetyltrimethylammonium bromide 
(CTAB) adsorption on bentonite are presented.            

Experimental Part.  
Adsorptives. Anionic surfactant SDS (“Aldrich”, 99.8%) and cationic 

surfactant CTAB (“Aldrich”, 99.8%) were used without further purification. The 
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sorption of surfactants was investigated at varying the initial concentrations              
100–3000 mg/L. All surfactant solutions were prepared by dissolving appropriate 
amount of surfactant in distilled water. The experiments were conducted at real pH 
values of solutions (pH 6.8–7.1).  

Adsorbent. Bentonite from Sarigyugh deposite (Ijevan, Armenia) was dried 
in air, ground in ball mill and subsequently in pestle and mortar, so as to pass from 
125 μm sieve and were stored at room temperature. The chemical composition of 
bentonite is given in Tab. 1 [14]. All experiments were carried out using double 
distilled water. 
 

T a b l e  1  
 

Chemical composition of bentonite (mass %) 
 

Moisture 
content 

Loss  
at 

heating 
SiO2 Al2O3 Fe2O3 FeO TiO2 SnO2 P2O5 CaO MgO SO3 Na2O K2O 

6.38 6.73 62.3 14.22 2.26 – 0.3 0.04 0.09 1.54 3.13 – 2.15 1.3 
 

Adsorption Studies. Batch experiments were carried out at 298±0.5 K in a 
thermostat-controlled orbital shaker at an agitation speed of 150 rpm. The total of 
50 mL of the surfactant solutions was added to the given amount of adsorbent in 
glass-stoppered Erlenmeyer flasks. Adsorption isotherms of SDS and CTAB were 
also obtained using a batch equilibrium technique. In all cases after shaking the 
samples were filtered through 0.45 μm Whatman filter paper and were used for analy-
sis. The adsorbed amounts of surfactants were calculated using the equation [15]   

 0 ,e e
Vq C C
М

                                                (1) 

where eq  is the amount of the surfactant adsorbed on the adsorbent; 0C  is the 
initial surfactant concentration; eC  is the equilibrium concentration of the surfac-
tant; V is the volume of the solution used; M is the weight of adsorbent used, 
respectively. The removal efficiency was also calculated from the batch 
experiments, using the below mentioned equation:                              

0

0

100%.eC CR
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Analytical Procedure. The concentrations of anionic and cationic surfactants 
were analyzed with the titration of aqueous samples by Hyamine 1622 solution and 
sodium dodecyl ether sulfate solution respectively [16, 17]. All the experimental 
tests were carried out in duplicate and the average values were used in further 
calculations. 

Results and Discussion. 
Effect of Contact Time on Adsorption. Estimation of the optimal contact time 

is one of the important parameters for effective removal of the surfactant. For this aim 
to 50 mL of surfactant solution with 100 mg/L initial concentration, 1 g adsorbent 
has been added and contact time was varied. The data of the effect of contact time 
on adsorption of SDS and CTAB are given in Fig. 1, a and b respectively. As it can 
be seen, the sorption of the surfactants increases with increase of contact time. 
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After 4 h removal of SDS is 36% and for CTAB after 3 h is 46% (Fig. 1). Thus, 4 and 
3 h have been chosen as optimal contact times for SDS and for CTAB respectively. 
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Fig. 1.  Effect  of  contact  time  on  sorption  of  SDS (a)  and  CTAB (b) on bentonite. 

C0 =100 mg/L, T = 298 K,  150 rpm,  M = 1 g. 
 

Effect of Sorbent Amount on Sorption. Estimation of the sorbent optimal 
concentration is also one of the important steps for maximal removal of the 
adsorbate [18]. For this aim series of surfactants solutions (50 mL each) with initial 
concentration 100 mg/L have been shaking on magnetic shaker during optimal 
contact time with varying amount of sorbent from 0.5 to 5.0 g. The effectiveness of 
removal of surfactant increases with increasing amount of sorbent due to increase 
of quantity of available pores for sorption. 42% of SDS removal was detected at 
1.5 g sorbent (Fig. 2, a) and 58% of CTAB at 1.7 g sorbent (Fig. 2, b). It is shown 
that bentonite has higher sorption effectiveness to CTAB in comparison with SDS. 
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Fig. 2.  Effect of  sorbent  amount on sorption of SDS (a) and CTAB (b) on bentonite. 
C0 =100 mg/L, T = 298 K,  150 rpm, t = 4 h (а) and 3 h (b). 

 
Influence of Initial Concentration of Surfactant on Sorption. Sorption of the 

surfactant has been also studied depending on the initial concentration of the 
surfactant from 100 to 3000 mg/L. It was established that effectiveness of removal 
of the surfactant decreases with increasing initial concentration of the surfactant.           
A tendency of decreasing is more significant for CTAB. Effectiveness of sorption 
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for SDS with increasing initial concentration decreases from 42 to 32% and for 
CTAB from 58 to 45%.  

Sorption Isotherms. Sorption isotherms are very useful for evaluating the 
effectiveness of the applied sorbent. In this view, sorption parameters have been 
analyzed both by the Langmuir and Freundlich models.    

Langmuir’s model suggests monolayer sorption on homogenous surface of 
sorbent and absence of interactions between adsorbed molecules. According to this 
model the adsorption isotherm is described by the following equations:    

 
       

  

0
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   (non-linear form),         0 0
1e e

e

C C
q Q b Q

    (liner form),        (3)                 

where 0Q is the maximum concentration of adsorbate per mass of sorbent; b is the 
constant [15]. 

Freundlich model suggests a heterogeneous energetic distribution of active 
centers/or existence of interactions between adsorbed molecules (multilayer 
sorption). This model is successfully used at low and medium concentrations of 
adsorbate. Freundlich isotherm is described by the following equation: 

,n
e F eq K C                                                       (4) 

where FK  (sorption capacity) and n (sorption intensity) are constants [15, 19]. 
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Fig. 3. Soprtion isotherms of SDS (a) and CTAB (b) on bentonite at 298 K. 
 

As it can be seen from Fig. 3, sorption isotherms of SDS (Fig. 3, a) and 
CTAB (Fig. 3, b) are analogous. Experimental data of SDS and CTAB equilibrium 
sorptions are comparable with theoretical data, which have been obtained based on 
the Langmuir and Freundlich sorption models in the studied concentration range. It   
means that sorption of the studied surfactants on bentonite can be successfully 
described by Langmuir model, thus sorption of the studied surfactants on bentonite 
is mainly monolayer. 

The calculated values of the parameters of the Eqs. (3), (4) and values of the 
average percentage errors are presented in Tab. 2. The average percentage errors 
are calculated by the following equation [20]:  

                                 Ce,  mg/L                                                                        Ce,  mg/L                                                        

  qe, mg/L                                                                       qe, mg/L                                                         
a b 
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where N is the number of experiments; , ,exp , ,calc,e i e iq q  are experimental and 
calculated values of .eq  
 

T a b l e  2  
 

Values of Freundlich and Langmuir models at 298 K  
 

Freundlich model  Langmuir model  Surfactant      KF n ε , % R2 
 Q0 b ε, % R2 

SDS 10.90 0.49 0.27 0.996  128.00 0.52 0.27 0.998 
CTAB 19.30 0.41 0.41 0.998  251.00 0.40 0.29 0.997 

 
According to Giles et all classification [21, 22], there are 4 types of sorption 

isotherms: S, L, H and C. Sorption isotherms of SDS and CTAB can be attributed 
to the L-type according to the Gills classification (Fig. 3). It indicates that there are 
no strong competition between solvent molecules (in this case water) and adsorbate 
molecules (in this case molecules/ions/micelles of surfactant), which also indirectly 
confirms that the sorption of the surfactants studied is described by the Langmuir 
model. 

Conclusion. From studies of the sorption of surfactants on bentonite from 
Sarigyugh deposit (Ijevan) the following conclusion can be done: 

Isotherms of the studied surfactants on bentonite surface are classified as        
L-type. It is assumed that there is no competition in sorption process between 
molecules/ions/micelles of the surfactant and solvent molecules (in this case water) 
and the molecules/ions/micelles of the surfactant are mainly adsorbed on bentonite.  

It was established that the obtained values of Q0 for CTAB are 1.5 times 
higher, than for SDS, i.e. the sorption capacity of bentonite is higher for CTAB. 
 

Received 26.06.2018  
 

 
 

R E F E R E N C E S  
 
1. Myers D. Surfaces, Interfaces and Colloids: Principles and Applications. NY: Wiley-VCH, 

1999, 242 p. 
2. Meesters R.J.W., Schröder H.F. Perfluorooctane Sulfonate a Quite Mobile Anionic Anthro-

pogenic Surfactant, Ubiquitously Found in the Environment. // Water Science and Technology, 
2004, v. 50, p. 235–242. 

3. Schulz R. Titrimetric Determination of Surfactants and Pharmaceuticals. Switzerland: Metrohm 
Ltd., 1999, p. 157. 

4. Scott M.J., Jones M.N. The Biodegradation of Surfactants in the Environment. // Biochimica et 
Biophysica Acta (BBA). Biomembranes, 2000, v. 1508, p. 235–251. 

5. Cserháti T., Forgács E., Oros G. Biological Activity and Environmental Impact of Anionic 
Surfactants. // Environment International, 2002, v. 28, p. 337–348. 

6. Kowalska I., Majewska-Nowak K., Kabsach-Korbutowicz M. The Impact of Membrane 
Technology in Human Life. Wroclaw: Oficyna Wydamnicza Politechniki Wrocklawskiej, 2006, 
p. 145–152.  



 Proc. of the Yerevan State Univ. Chemistry and Biology, 2018, 52(3), p. 161–166.  
 

166 

7. Luckham P.F., Rossi S.  The Colloidal and Rheological Properties of Bentonite Suspensions. // 
Advances Colloid Interface Sci., 1999, v. 82, p. 43–92. 

8. Van Olphen H. An Introduction to Clay Colloid Chemistry, Interscience. Chapt. 6, 1963, p. 59.  
9. Al-Asheh S., Banat F., Abu-Aitah L. Adsorption of Phenol Using Different Types of Activated 

Bentonites. // Separation and Purification Technology, 2003, p. 1–10.  
10. Espantaleon A.G., Nieto J.A., Fernandez M., Marsa A. Use of Activated Clays in the 

Removal of Dye and Surfactants From Tannery Waste Waters. // Applied Clay Science, 2003,         
v. 24,  p. 105–110. 

11. Atia A.A., Farag F.M., Youssef M.A.  Studies on the Adsorption of Dodecylbenzenesulfonate 
and Cetylpyridinium Bromide at Liquid–Air and Bentonite–Lequid Interfaces. // Colloids 
Surfaces A, 2006, v. 278, p. 74–80. 

12. Bradl H.B. Adsorption of Heavy Metal Ions on Soils and Soils Constituents. // Colloid Interface 
Sci., 2004, v. 277, p. 1–18. 

13. Tahir S.S., Rauf N. Thermodynamic Studies of Ni(II) Adsorption Onto Bentonite From 
Aqueous Solution.  // Chem. Thermodyn., 2004, v. 35, p. 2003–2009. 

14. Avagyan H.S. Mineral Resource of Armenia. 2004 (in Armenian). 
15. Tien C. Adsorption Calculations and Modeling. MA, Boston: Betterworth–Heinemann,        

1994, 108 p. 
16. Akay G., Wakeman R.J. Mechanisms of Permeate Flux Decay, Solute Rejection and 

Concentration Polarization in Crossflow Filtration of a Double Chain Ionic Surfactant 
Dispersion. // Journal of Membrane Science, 1994, v. 88, p. 177–195. 

17. ASTM (American Society for Testing and Materials). Standard D3049-89: Standard Test 
Method for Synthetic Anionic Ingredients by Cationic Titration, ASTM International, West 
Conshohocken, PA, 2003.     doi:10.1520/D3049-89R03 

18. Gupta S., Pal A., Ghosh P.K., Bandyopadhyay M. Performance of Waste Activated Carbon as 
a Low-Cost Adsorbent for the Removal of Anionic Surfactant from Aquatic Environment. // 
Journal of Environmental Science and Health, 2003, v. 38, p. 381–397. 

19. Lewinsky A.A. Hazardous Materials and Wastewater, Treatment, Removal and Analysis.      
NY: Nova Science Publishers, 2007, 186 p. 

20. Aksu Z., Kabasakal E. Batch Adsorption of 2,4-Dichlorophenoxy-acetic Acid (2,4-D) from 
Aqueous Solution by Granular Activated Carbon. // Separation and Purification Technology, 
2004, v. 35, p. 223–240. 

21. Giles C.H., MacEwan T.H., Nakhwa S.N., Smith D. A System of Classification of Solution 
Adsorption Isotherms, and Its Use in Diagnosis of Adsorption Mechanisms and in Measurement 
of Specific Surface Areas of Solids. Studies in Adsorption. Part XI. // Journal of the Chemical 
Society, 1960, v. 111, p. 3973–3993. 

22. Giles C.H., Nakhwa S.N. The Measurement of Specific Surface Areas of Finely Divided Solids 
by Solution Adsorption. Studies in Adsorption. Part XVI. // Journal of Applied Chemistry,  
1962, v. 12, p. 266–273. 

 
 
 
 
 
 
 
 
 
 


