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ABSTRACT 
The improvement of physical characteristic of bentonite to develop new adsorbent for 
organic compound removal by cation exchange properties of bentonite was investigated. 
Raw bentonites were pillared with tetraethyl ammonium chloride, TEA, equivalent to 0.75, 
1.00, 1.25, 1.50, 1.75, and 2.00 times of bentonite CEC so that the pillared clay became more 
organophillic. The result showed that more surface area could be enhanced by pillaring 
method. After pillaring, bentonite’s Langmuir surface and micropore areas increased 26.27% 
or 145.12 m<sup>2</sup>/g and 70.17% or 40.78 m<sup>2</sup>/g, respectively. Considering 
the 1-day and 2-day aging time for pillaring, it’s found that BET, Langmuir surface areas 
and micropore area were not affected. Additionally, after replacing cation with TEA, CEC of 
bentonite was decreased from 67.5 meq/100 g to 37.3 meq/100 g with 44.7%. From this 
reason, it may imply that the pillared bentonite became higher organophilic or hydrophobic, 
which could be further applied for organic compound adsorption.  
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INTRODUCTION 
Pillared bentonites are modified 

adsorbents that are synthesized by 
exchanging inorganic cations with organic 
cations. The bentonite surface becomes 
hydrophobic and, in turn, organophilic. 
Organic cations possessing ling-chain alkyl 
groups are particularly able to impart the 
hydrophobic quality to the mineral surface. 
Such pillared bentonite complexes are able to 
sorb molecules which themselves are 
hydrophobic by what has been called 
hydrophobic bonding.1,2 Gitipour et al.3 
investigated the clay-aromatic interactions 
with a view to the use of bentonite clay for 
binding benzene, toluene, ethylbenzene, and 
o-xylene (BTEX compounds) in 

contaminated soils. The modified 

(organophillic) bentonites are prepared by 
replacing the exchangeable inorganic cations 
present in bentonite particles with a 
quaternary ammonium salt. The findings of 
his study reveal that organophillic bentonite 
can act as a successful adsorbent for 
removing the aromatic organics from 
contaminated soil.4 Accordingly, pillared 
bentonite or organobentonite could be 
enhanced their properties to develop new 
adsorbents for organic compound removal 
from contaminated soil or water.5,6,7 
Objectives 

The purpose of this study was to 
investigate the characteristics of bentonite 
after developed by pillaring technique. The 
exchanging of tetraethylammonium chloride 
onto the bentonite surface was investigated 
as the surface areas by BET method and 
compared to the unpillared bentonite. 
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Additionally, the aging times of pillaring 
stage were studied to the effect on pillared 
bentonite characteristics. 

MATERIAL AND METHODS  

Seven adsorbents were used in this 
study; unmodified bentonite and six pillared 
bentonite synthesized with 
tetraethylammonium chloride. The bentonite 
used as the raw clay was composed primarily 
of sodium bentonite (from American 
Colloidal Company). The cation exchange 
capacity (CEC) of starting bentonite was 
67.5 meq/100 g. Tetraethylammonium 
chloride [(CH2CH3)4N+Cl-] was purchased 
from Sigma-Aldrich Chemie Company and 
was used as the pillaring agent. 

The pillared bentonite was prepared by 
exchanging the naturally occurring organic 
cations on the surface of commercial 
bentonite with tetraethylammonium chloride, 
TEA, at the following percentages of the 
bentonite’s CEC: TEA cations at 75, 100, 
125, 150, and 200%. The quantity of organic 
cation added to the clay was determined as 
Equation 1. 

 
      (1) 
 
Where f = fraction cation exchange 

capacity satisfied by organic cation, Mcation= 
mass organic cation required to achieve 
required fraction of CEC (mass), CEC = 
cation exchange capacity of clay 

(equivalents/mass), Mclay  = mass clay 
(mass), GMWcation  = gram molecularweight 
of organic cation (mass/mol), and X = moles 
of charge per equivalent = 1 mol/eq for the 
cations used in this study (mol/equivalent).8,9  

Ten grams of the starting bentonite 
sample were suspended in deionized water 
and stirred continuously for 16 hours.10 Then, 
the suspended clay was recovered by 
centrifugation at 6,000 rpm for 5 min. The 
mass of organic cation or pillaring agent, 
tetraethylammonium chloride, necessary to 
achieve the desired fraction of CEC was 
dissolved into deionized water. After that, 
the pillaring agent solution was added over 
the raw benotnite while stirred vigorously. 
The resulting suspension was kept at 80 oC 
for 3 hours and at room temperature for 24 to 
48 hours. After equilibrium, the surface 
water was removed and the bentonite solid 
was repeatedly rinsed with deionized water 
at 80 oC to remove unattached organic 
cations until the wash water conductivity was 
lower than 20 µS/cm. Afterwards, samples 
were investigated the BET, Langmuir surface 
areas and micropore area by BET/ASAP 
200011 and remained cation exchange 
capacity.12,13 

RESULTS AND DISCUSSION 
The cation exchange capacity of 

bentonite was reduced from 67.5 to 37.3 
meq/100 g bentonite after pillaring by 
tetraethylammonium chloride at 44.7% and 
given in Table 1. This is consistent with 
literature data that clay CEC reduced after 
pillaring.14,15 

Table 1 : Cation exchange capacity of bentonite after pillaring 

Samples Raw bentonite Pillared bentonite 

CEC (meq/100g) 67.5 37.3 
 

               Mcation                .  
CEC  Mclay  GMWcation  X 

f   = 
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Surface areas of bentonite were 
developed after pillaring, but it’s not 
different between fractions of CEC 
conditions. BET surface areas were ranged 
from 103.64-109.91 m2/g or averaged 106.50 
m2/g.  Whereas Langmuir surface area of 

bentonite were generated to the range of 
140.25-150.35 m2/g with average 145.12 
m2/g or increasing 26.27% (Fig. 1). 
Similarly, micropore areas were increased by 
ranging between 36.13 - 44.64 m2/g with 
average 40.78 m2/g and increasing 70.17%. 
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Fig.1 : Surface areas of pillared bentonite  

Consider to N2 Adsorption by isotherm 
at 77 K, Fig. 2 revealed that pillaring 
bentonite with TEA equivalent to 0.75 – 2.00 

stepwise times the CEC was increased from 
raw bentonite but it’s not different between 
CEC fraction factors. 
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Fig.2 : Nitrogen isotherms at 77 K for pillared bentonite at various CEC fractions 

After aging the bentonite sample with 
TEA for 2-days, it’s found that not only BET 
and Langmuir surface areas were not quite 

different from 1-day aging time but also 
micropore area characterized in the same 
practice (Fig. 3). 



 

22 

Journal of Environmental Research And Development Vol. 4 No. 1, July-September 2009

0

50

100

150

200

BET Langmuir Micropore

Surface area

m
2/

G

1 day-Pillared bentonite 

2 day-Pillared bentonite 

 

Fig. 3 : BET, Langmuir surface areas and micropore area of pillared bentonite with various 
aging times 

CONCLUSION  
Bentonite can be developed their surface 

areas even BET and Langmuir surface areas 
and micropore area by pillaring with 
tetraethylammonium chloride, TEA, 
equivalent to 0.75, 1.00, 1.25, 1.50, 1.75, and 
2.00 times of CEC. Nevertheless, their 
surface areas were not obvious different 
between times of bentonite CEC. 
Additionally, longer pillaring aging time 
does not contribute their surface areas. 
Bentonite became higher organophilic or 
hydrophobic characterization which further 
applies for organic compound removal from 
contaminated soil and water. 

ACKNOWLEDGEMENT 
Authors thank to the department of 

Chemical Engineering, Chulalongkorn 
University for use of ASAP 2000 for 
nitrogen gas adsorption testing and 
equipment preparation. Authors also 
gratefully acknowledge the support of Thai 
Parkerizing Co., Ltd. and Graduate School, 
Chulalongkorn University for partial fund 
through the project.   

REFERENCES 
1.  Yariv S., Organo-Clay Complexes and 

Interactions, New York, Marcel Dekker, 
(2002). 

2.  Grim R E., Clay Mineralogy, 2nd ed, 
USA, McGraw-Hill, (1968). 

3.  Gitipour S., Browers M.T. and Bodocsi 
A., The use of modified bentonite for 
removal aromatic organics from 
contaminated soil, J. Colloid and 
interface Science, 196(2), 191-198 
(1997). 

4.  Wypych F. and Satyanarayana K.G., Clay 
Surfaces: Fundamental and 
Applications, Amsterdam, Elsevier 
Academic Press, 322, (2004). 

5.  Rodrigues A., LeVan M. D. and Tondeur 
D., Adsorption: Science and Technology, 
Dordrecht, Kluwer Academic Publishers, 
(1989). 

6.  Gregg S.G. and Sing K.S.W., Adsorption, 
Surface Area and Porosity, London, 
Academic Press, (1982). 

7. Changchaivong S., Adsorption of 
polycyclic aromatic hydrocarbons from 
synthetic wastewater by organoclays, 



 

23 

Journal of Environmental Research And Development Vol. 4 No. 1, July-September 2009

M.Sc. Thesis, Interdisciplinary of 
Environmental Science Graduate School 
Chulalongkorn University, (2006). 

8.  Redding A.Z., Burns S.E., Upson R.T. 
and Anderson E.F., Organoclay Sortion 
of Benzene as a Function of Total 
Organic Carbon Content, J. Colloid and 
Interface Science, 250, 261-264, (2002). 

9. Sergio M. et al., Aluminium-Pillaring of a 
Montmorillonitic Clay Textural 
Properties as a Function of the       
Starting Mineral Particle Size. Azojomo 
[Online]. Available from 
http://www.azajomo.com, (2006).      

10. Micromeritics, Quick Reference Guide 
ASAP 2000 Accelerated Surface Area 

and Porosimetry System Operator’s 
Manual 2 (05), (1993). 

11. Alfred R. and Conklin J., Introduction to 
Soil Chemistry; Analysis and 
Instrumentation, USA, A John Wiley 
and Sons, (2005). 

12. Yang R.T, Adsorbents: Fundamentals 
and Applications, USA, A John Wiley 
and Sons, (2003). 

13. Lee J.F. et al., Adsorption of benzene, 
toluene, and xylene by two 
tetramethylammonium-smectites having      
different charge densities, J. Clays and 
Clay Minerals, 38 (2), 113-120, (1990). 

 
 



 


