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a b s t r a c t
Organobentonite was applied in adsorption through a synthesis–adsorption one-step process. The 
influencing factors of the adsorption were discussed by the traditional partition theory. The one-
step process showed very high removal efficiency for the PAHs (acenaphthene, β-naphthol, phe-
nol, and naphthalene). The model of the treatment process was established based on the results 
of adsorption with the aid of different surfactants at various dosages. The model showed highly 
accurate and predicted results for the removal of phenanthrene and naphthalene, which were 
better than those for other contaminants. The maximum prediction error was only 6.7%, which 
confirmed that the adsorption mechanism of organobentonite is through partitioning.
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1. Introduction

Bentonite is an aluminosilicate clay consisting mostly 
of montmorillonite type smectite. Its structure is strongly 
hydrophilic and involves the hydration of interlayer cat-
ions [1]. Therefore, the as-mined original bentonite exhibits 
extremely poor performance in the adsorption of organ-
ics, which greatly limits the adsorbent’s application in 
organic wastewater treatment. Therefore, the unmodified 
bentonite is generally not an ideal material for adsorbing 
organics, especially some nonpolar organic pollutants. 
Modification or activation of bentonite to obtain vari-
ous kinds of organobentonites for different applications 
is a common practice. To date, the adsorption properties 
of organobentonite have been extensively investigated 
[2–6]. Organobentonite refers to a kind of montmorillon-
ite and organic composite consisting of montmorillonite 
and intercalated organic molecules, ions, and polymers, 

which are held together by covalent bonds, ionic bonds, 
hydrogen bonds, dipoles, and/or van der Waals forces [7,8]. 
Various organic, cationic compounds can react with ben-
tonite, such as alkyl ammonium ions, which contain carbon 
chains. These cationic compounds can exchange interlayer 
positive ions of montmorillonite to form ionic bonds [9,10].

The most widely used modification of cationic surfac-
tants was done by the single-chain alkyl ammonium salt 
[11,12]. After applying bentonite, the surfactant combines 
with bentonite in two ways, namely, organic ion adsorp-
tion and physical adsorption. Moreover, the two adsorption 
forms can coexist and mainly combine through covalent 
bonds, ionic bonds, and van der Waals forces. The general 
adsorption performance of modified bentonite for organics is 
considerably improved relative to that of original bentonite. 
The former is several tens to hundreds of times more effective 
than the latter in removing organic molecules from water.
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The preparation for organobentonite is mainly divided 
into three methods: dry, pre-gel, and wet methods [13]. 
The dry preparation of organobentonite involves directly 
mixing an organic modifier, heating, and squeezing benton-
ite containing 20%–30% water. The pre-gel method is con-
ducted by adding organic solvents (e.g., mineral oil) to clay 
and surfactant during this process followed by extracting 
the hydrophobic bentonite complex into the organic phase. 
The water phase is removed after evaporation, and the orga-
nobentonite pre-gel is retained. However, some problems 
exist in the first two methods, including high-energy con-
sumption, product uniformity, and requirements for high 
bentonite quality and purity. Therefore, the wet modifica-
tion technique is the most commonly used method currently.

The wet synthesis of organobentonite involves the dis-
persal of bentonite powder in water to make slurry. Then, 
an organic modifier is added for ion exchange under full 
mixing conditions to achieve the organic modified product 
[14–17]. The organobentonite prepared through the wet pro-
cess is in suspension form, and the bentonite is sufficiently 
mixed with the surfactant. Under a sufficiently long reac-
tion time, the interlayer metal cations of bentonite and the 
surfactant cations attain exchange equilibrium. After filtra-
tion, the bentonite is washed, dried, and ground to obtain 
stable organobentonite products with uniform particle 
morphology. The requirement for equipment and oper-
ation is lower in the wet method than in the dry method. 
Thus, the wet method is currently the most frequently 
applied preparation method for organobentonites.

To save energy and cut down cost, an organobentonite 
synthesis–adsorption one-step process was proposed by 
Zhu and Ma [18], which can utilize the surfactant existing in 
wastewater to synthesize organobentonite. In this process, 
the pollutants are adsorbed and the wastewater is treated 
at the same time to remove surfactant. The one-step process 
given above not only preserves the good adsorption prop-
erties of organobentonite but also overcomes the shortcom-
ings (e.g., process complexity, separation difficulties, etc.) 
of traditional organobentonite in wastewater treatment 
[18–22]. The process is simple, the adsorption and removal 
efficiency of the pollutant are high, and a good separation 
effect is achieved. Currently, many more research studies 
are focused and progressed on the investigation of this one-
step process [23–25]. Thus, the large-scale application of 
organobentonite in wastewater treatment can be realized.

However, no model for the application of this one-step 
process on organic wastewater treatment was established. 
In the present study, the effects of different surfactants and 
various dosages on the synthesis– adsorption of organo-
bentonite were studied, and the model for the removal of 
the organic contaminants was established. The mathemat-
ical model will help predict the removal efficiency of the 
adsorption. The effects of three surfactants with different 
lengths of alkyl chains [i.e., cetyltrimethyl ammonium 
bromide (CTMAB), dodecyl trimethyl ammonium bro-
mide (DTMAB), and octyltrimethyl ammonium bromide 
(OTMAB)], on the synthesis of organobentonite and the 
adsorption of acenaphthene, β-naphthol, phenol, and naph-
thalene were investigated. Various factors such as density 
as well as hydrophobicity of the bentonite layers, functions, 
and adsorption performance of bentonite, were adjusted by 

changing the category, composition, and surfactant loading. 
The relationship between the pollutants and their adsorp-
tion results in the presence of different surfactants was 
obtained by statistical regression.

2. Analysis of influencing factors

When bentonite was added to the wastewater contain-
ing non-ionic organic compound (NOCs), these NOCs were 
found to be present in the dissolved and bentonite-ad-
sorbed states (or phases). When the cationic surfactants, 
such as CTMAB, were added to the system, the synthe-
sis–adsorption one-step process was achieved. Three more 
states increased for the NOCs, namely, CTMAB monomer, 
dissolved state of CTMAB micelles, and adsorbed state of 
CTMAB (Fig. 1) on bentonite.

The equilibrium relation of NOCs existing in the 
synthesis–adsorption one-step process of organobentonite 
is complex, and the existing interface increases from 1 to 
12 (Fig. 1). Four independent interface parameters were 
obtained as follows [26]: Kd, Kmn, Kmc, and Ksf (Fig. 2). In the 
presence of surfactants, the migration behavior of NOCs in 
water/bentonite systems involves adsorption between the 
CTMAB alkyl chains exchanged by bentonite, partition-
ing in the monomer or micelles of the surfactant solution, 
and dissolution in the aqueous solution.

The apparent adsorption coefficient (Kd) of the adsorbed 
nature of organic matter in the soil–water–surfactant sys-
tem is described as follows:

K K
f K K

X K X Kd d
d= ′ ×

+ ′
+ +
1

1
sf sf

mn mn mc mc

/
 (1)

where Kd is the apparent adsorption coefficient of NOCs 
on bentonite in the presence of surfactant, Kd′ is the adsorp-
tion coefficient of NOCs on bentonite in the absence of 
surfactant, and Ksf is the adsorption coefficient of CTMAB 
for NOCs. Moreover, fsf is the amount of CTMAB adsorbed 
by bentonite, and Xmn is the concentration of surfactant 
monomer in solution (when X ≤ CMC, Xmn = X; when 
X > CMC, Xmn = CMC). Xmc is the concentration of micelles 
in solution (when X ≤ CMC, Xmc = 0; when X > CMC, 
Xmc = X − CMC), X is the total amount of surfactant pres-
ent in the solution, Kmn is the solute partition coefficient 
between monomer and water, and Kmc is the solute partition 
coefficient between micelle and water.

The results of Eq. (1) reveals that high fsf and Ksf values 
must be obtained to achieve a high Kd, and Xmn, Xmc, Kmn, 
and Kmc values should be relatively small. Based on the 
previous research results [10], in the presence of a certain 
CTMAB amount, the surfactant amount dissolved in the 
equilibrium solution of the one-step process is nearly 0, that 
is, Xmn = Xmc = X = 0. Thus, we can conclude that

K f Kd = sf sf  (2)

From Eq. (2) we can deduce that the amount of contam-
inant (NOCs) adsorbed is closely related to the amount of 
CTMAB adsorbed by bentonite and its adsorption coeffi-
cient for the NOCs. Meanwhile, the one-step process can be 
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simplified as the relationship between the amounts of ben-
tonite and amounts of the bentonite-adsorbed surfactant, as 
well as the distributed adsorption performance of the con-
taminants. Given this viewpoint, we used this relationship 
to establish the synthesis–adsorption one-step mathemat-
ical model of organobentonite for predicting the removal 
efficiency of organobentonite for various pollutants [27,28].

Fig. 1 shows that the partition ratio of contaminants 
in the surfactant-solid micelles is as follows:

X
C C

C C S Sadm
eq

eq eq

=
−

−( ) + −( )
0

0 0

 (3)

where C0 is the initial concentration of contaminants, Ceq 
is the equilibrium concentration of contaminants, S0 is 
the initial concentration of the surfactant, and Seq is the 
equilibrium concentration of surfactant.

The proportion of contaminants in the aqueous solution 
may be described as follows:

X
C

Caq
eq

eq

=
+ 55 55.

 (4)

where 55.55 is the water concentration. We propose that 
the equilibrium relationship between the pollutants in 
the solid-phase micelles and the solution is described by:

K
X
Xad
adm

aq

=  (5)

Eq. (5) shows that a large Kad value can be achieved 
through the following steps: (1) maximizing the pollutant 
amount in the solid-phase micelles and (2) reducing the 
pollutant concentration in the solution. The main influence 

Fig. 1. Partition behavior of NOCs in the water/bentonite system containing CTMAB.

NOCs are adsorbed by bentonite, ma(s) 

NOCs are dissolved in CTMAB monomers, me(mn) 
Kmn 

Kmc 
Ksf 

Kd 

NOCs are dissolved in water,me(w) 

NOCs are adsorbed by CTMAB, ma(sf) NOCs are dissolved in CTMAB micelles, me(mc) 

Adsorbed-phase NOCs: ma= ma(s)+ ma(sf) Dissolved-phase NOCs : me= me(w)+ me(mn)+ me(mc) 

Fig. 2. Tetragonal partition of NOCs in the CTMAB–bentonite–water system.
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on the adsorption includes the residual surfactant amount 
in solution and the adsorbed surfactant amount in the ben-
tonite, especially for the removal of the weakly soluble 
contaminants. The surfactant type in the adsorption may 
affect the adsorption amount and the mechanism during 
the one-step process of synthesis–adsorption. Therefore, 
this experiment focused on the type and amount of surfac-
tant and the effect of these factors on the process. Then, an 
adsorption model was established.

3. Materials and methods

3.1. Materials

The natural bentonite composed primarily of Ca2+-
montmorillonite was obtained from Tianyu Co., Ltd., (Inner 
Mongolia, China). Its cation exchange capacity (CEC) is 
1.084 mmol/g bentonite. The bentonite samples were gen-
tly ground to powder form. The surfactants (CTMAB, 
DTMAB, and OTMAB) and the adsorbates (acenaphthene, 
β-naphthol, phenol, and naphthalene) were all obtained 
from CR Co., Ltd., Shanghai (China). All the reagents were 
of analytical grade and used as received.

3.2. Adsorption experiments

For equilibrium measurements, a known amount of 
bentonite was added into a set of 22 mL centrifuge tubes, 
containing a known amount of surfactant and one of the 
adsorbates. The tubes were capped and placed on an orbital 
shaker at 180 rpm for 5 h to ensure apparent equilibrium. 
Preliminary kinetic investigations revealed that adsorp-
tion equilibrium was reached in less than 3 h. When the 
equilibrium was attained, the sorbent was separated by 
centrifugation at 3,000 rpm for 15 min. After the superna-
tant was analyzed for residual concentrations, the amount 
adsorbed was calculated. This procedure was used in all 
batch sorption experiments, which were carried out at 
ambient laboratory temperature (25°C ± 1°C).

The results of control experiment indicate the neg-
ligible evaporation and sorption on glass surface. All 
samples were run in triplicates under identical conditions.

3.3. Analyses

The concentrations of the adsorbate in solution were 
determined spectrophotometrically using UV/Vis Spectro-
photometer Shimadzu UV-2450 (Shimadzu, Japan). 
Acenaphthene, β-naphthol, phenol, and naphthalene were 
measured at wavelength 234, 280, 287 and 223 nm, respectively.

The result of the control experiment showed that 
CTMAB at low concentration (<0.01 mol/L) had negligible 
effect on the examination of these adsorbates.

4. Model establishment

With the increase in pollutant Kow, the Kd in the iso-
thermal adsorption curves increased accordingly [29]. The 
organic state formed by the alkyl chains in the bentonite 
layers is the key influence on the partitioning of organic 
contaminants. Boyd et al. [29] revealed that the adsorption 

of benzene, trichlorobenzene, and 1,2-dichlorobenzene 
onto organobentonite is linearly related to the organic car-
bon content of organobentonite when 30%–100% CEC 
was used [29]. The related equation is as follows:

K
K
f
d

oc
oc

=  (6)

where Koc is a constant for a particular compound. The foc 
under different conditions can be obtained through the 
amount of surfactant and the exchange capacity.

The relationship between Koc and foc in Eq. (6) suggests 
that the partition coefficient Kd of the pollutants in the 
surfactant-bentonite can be derived from the corresponding 
Kow and the linear relationship with Kd. At the same time, 
Koc can be obtained under the corresponding conditions 
of the Kow of different pollutants. The removal rates of dif-
ferent pollutants in the presence of different surfactants in 
the synthesis–adsorption process can be deduced based 
on the number of carbon atoms and surfactant molecular 
weight. The derivation process is as follows:

K K fd = ⋅oc oc  (7)

where foc is calculated using the following equation:

f A B W C M
W B W A M A B Woc =

× × ×
− × × × × + − × × ×

12
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/
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 (8)

where B is the CEC, W is the amount of bentonite (g), M is 
the molecular weight of the surfactant used, C is the carbon 
content of the surfactant used, A is the exchange capacity of 
bentonite (mmol/g), 40 is the atomic weight of the exchanged 
Ca, and 80 is the atomic weight of the bromide present 
in the surfactant.

f A B C M
B A M A Boc =

× ×
− × × + − × ×

12
1 20 80

/
( )

 (9)

The above formula was then substituted in Eq. (7) to give:

K K f K A B C M
B A M A Bd = =

× ×
− × × + − × ×

⋅ ⋅oc oc oc
12

1 20 80
/

( )
 (10)

To maintain low cost, the surfactant amount was less 
than 120% CEC (i.e., B < 1.2) as obtained by previous stud-
ies [11]. The model can be simplified; particularly, the resid-
ual surfactant amount in the solution can be considered 
as 0, and the contaminants remain balanced between the 
aqueous solution and the solid-phase micelles [10].

4.1. Model parameter estimation

The effect of different dosages and different types of 
surfactants on the adsorption was investigated, which will 
help estimate the parameters of the model. Three surfac-
tants with alkyl chain lengths of 8, 12, and 16 were studied. 
The adsorption coefficients were studied under different 
organic carbon contents. Previous studies have shown 
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that when the alkyl chain carbon of a surfactant is greater 
than eight [30], the surfactant adsorbed by the benton-
ite can form solid-phase micelles, and the contaminants 
are fixed between the micelles because of hydrophobicity. 
The partition coefficients were obtained and were found 
to be similar under the same organic carbon content but 
with different surfactants.

The results showed that foc exerts an important effect 
on pollutant adsorption (Figs. 3–6). A linear relation-
ship between the amount of adsorbed contaminants and 
the surfactant amounts under different equilibrium con-
centrations can be achieved, which confirms that the 
role of the adsorption is mostly in partitioning. With the 
increased organic carbon content, the partition coefficient, 
Kd, increased. However, the adsorption coefficients of dif-
ferent pollutants were variable under different foc values. 
The Koc can be obtained from the different foc values of the 
pollutants. Here, the Koc was obtained from the adsorp-
tion results under various organic carbon contents, which 

can achieve the accurate relationship between logKoc and 
logKow. The average values of Koc are listed in Tables 1–4.

The relationship between Kow and Koc was then obtained 
based on the results of Koc and Kow (Tables 1–4), as well as 
the effect of the organic carbon content of organobentonite 
on Kd. When the CTMAB amount was less than 120% of CEC, 
Koc appeared to be a constant, and the relationship between 
foc and Kd was linear as described by Eq. (7). Linear regres-
sion was used to derive the relationship of Kow and Koc with 
high correlation coefficient (r2 = 0.988, as shown in Fig. 7):

log logoc owK K= −1 1528 1 9848. .  (11)

In the above relationship, the Koc values can be calcu-
lated under the known surfactant amounts in the process. 
Accordingly, the partition coefficient, Kd, obtained is:
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Fig. 3. Adsorption of acenaphthene onto organobentonite at 
various CTMAB amounts (180 rpm for 5 h, at 25°C).
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Fig. 4. Adsorption of β-naphthol onto organobentonite at 
various surfactants and amounts (180 rpm for 5 h, at 25°C).
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Fig. 5. Adsorption of phenol onto organobentonite at various 
surfactants and amounts (180 rpm for 5 h, at 25°C).
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Correspondingly, the removal rate is given by:
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Table 1
Adsorption of acenaphthene onto organobentonite under 
various surfactant types and amounts in the one-step process

Surfactant 
amount (CEC)

Kd (L/g) foc (%) Koc (L/g) logKoc (L/g)

20% CTMAB 11.66 4.62 252.38 2.40
40% CTMAB 14.06 8.67 162.17 2.21
60% CTMAB 17.79 12.26 145.11 2.16
80% CTMAB 22.99 15.44 148.90 2.17
100% CTMAB 29.107 18.3 159.05 2.20

Table 2
Adsorption of β-naphthol onto organobentonite under various 
surfactant types and amounts in the one-step process

Surfactant 
amount (CEC)

Kd (L/g) foc (%) Koc (L/g) logKoc (L/g)

60% DTMAB 2.50 9.98 25.05 1.40
80% DTMAB 3.54 12.67 27.94 1.45
100% DTMAB 3.65 15.13 24.12 1.38
80% OTMAB 0.93 9.68 9.61 0.98
100% OTMAB 0.71 11.64 6.10 0.79

Table 3
Adsorption of phenol onto organobentonite at various surfactant 
types and amounts in the one-step process

Surfactant 
amount (CEC)

Kd (L/g) foc (%) Koc (L/g) logKoc (L/g)

60% DTMAB 0.031 9.98 0.31 −0.51
80% DTMAB 0.069 12.67 0.54 −0.27
100% DTMAB 0.087 15.13 0.57 −0.24
80% OTMAB 0.0099 9.68 0.10 −0.99
100% OTMAB 0.0089 11.64 0.08 −1.11

Table 4
Adsorption of naphthalene onto organobentonite under various 
surfactant types and amounts in the one-step process

Surfactant 
amount (CEC)

Kd (L/g) foc (%) Koc (L/g) logKoc (L/g)

100% DTMAB 4.469 15.13 0.30 −0.529
20% CTMAB 1.833 4.62 0.40 −0.401
40% CTMAB 3.738 8.67 0.43 −0.365
60% CTMAB 5.672 12.26 0.46 −0.334
80% CTMAB 7.529 15.44 0.49 −0.312
60% DTMAB 2.797 9.98 0.28 −0.552
80% DTMAB 4.520 12.67 0.36 −0.448

4.2. Model validation

The obtained model was validated by adsorption of 
phenanthrene, naphthalene, and nitrobenzene. CTMAB, 
DTMAB, and OTMAB were applied as surfactants in the 
process. The surfactant dosage is 40%–100% CEC of the ben-
tonite. The experimental and model values were compared 
under the same temperature.

Fig. 8 shows that no differences were observed between 
the model and experimental values of the phenanthrene. 
For the 40% CEC CTMAB and 100% CEC OTMAB, the Kd 
values were 348.5 and 185.8 L/g, respectively, in the exper-
iments, but 333.6 and 184.4 L/g, respectively, for the model 
predictions; the error values are approximately 4.2% and 
0.7%, respectively, which are very low.

The model results are very close to the experimental 
findings, which confirmed that the mechanism of phenan-
threne adsorption onto the organobentonite layer is due to 

partition. The prediction model based on such mechanism 
provided accurate results, which is beneficial for guiding 
actual wastewater treatment. However, given the complex-
ity of wastewater, the synergistic effect between organic 
molecules in the adsorption process also promotes the 
adsorption, which will lead to an inevitable error of predic-
tion. Moreover, the deviation caused by high salinity in the 
wastewater requires further study.

Figs. 9 and 10 show the comparison between the model 
and experimental Kd values obtained for the adsorption 
of naphthalene and nitrobenzene onto organobentonite in 
the presence of CTMAB in 100% CEC. The Kd values are 
listed in Table 5. The model exhibited good correlation 
with the experimental results, with only a small variation, 
for the high Kow compound adsorption, such as phenan-
threne and naphthalene. However, for compounds, such as 
nitrobenzene, which have small Kow, the adsorption predic-
tion was biased. The achieved results were due to the fact 
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that partition plays a dominant role in the adsorption of 
organic pollutants. The compounds with large Kow values 
are partitioned in the organic phase, whereas the hydro-
philic substances exhibit more dissolution than partition 
or compete with water during the adsorption. Hence, the 
prediction of the model for the substances with low Kow 
leads to deviation.

4.3. Model application

When the adsorbent and water ratios of phenanthrene, 
naphthalene, and nitrobenzene were 2.5, 1.25, and 10 g/L, 
respectively, in the water treatment, the wastewater treat-
ment results can be obtained using Eq. (12).

We substituted A, B, C, M, Kow, and r into Eq. (12) to 
obtain the respective removal rates for several kinds of 
treated effluents. In the calculation, the exchange capac-
ity of calcium-based bentonite remained at 1.084 mmol/g, 

and the surfactant amounts used were 40% CTMAB and 
100% of CEC. The experimental and model values were 
compared under the same temperature, and the results 
are shown in Figs. 11 and 12, respectively. As the results 
of removal rate, the prediction model can accurately cal-
culate the removal rate of phenanthrene and naphthalene 
through the one-step process of organobentonite. In partic-
ular, the maximum error was 6.7%. However, nitrobenzene 
achieved the highest error for the removal of these four 
contaminants, with a maximum error of 30.5%. The exper-
imental removal rates are lower than those of predicted 
values by model, which can be explained by the relatively 
low Kow and weak partitioning in the organobentonite. 
The pollutants with low Kow values are easily dissolved in 
water. The accuracy of the model reduced by the hydro-
philic group (e.g., –OH) at the edges of bentonite layers, 
which easily forms H-bond with the low Kow pollutants. 
Thus, the mechanism is changed, and the model does not 
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Fig. 7. Linear relation between Kow and Koc.
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Fig. 9. Comparison between the model and experimental values 
of naphthalene sorption.
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fit the condition. On the other hand, increased surfactant 
density can promote pollutant partitioning, but an exceed-
ingly high density can decrease the adsorption by steric 
hindrance [31], which also introduces a deviation from 
prediction.

The X-ray diffraction analysis of original bentonite 
and the bentonite with adsorbed amount of nitrobenzene 
by one-step process of synthesis–adsorption is shown in 
Fig. 13. The layer spacing of original bentonite is 1.55 nm. 
When nitrobenzene was adsorbed by organobentonite 
in the one-step process, the interlayer spacing reached 
2.58 nm, which is increased by 1.03 nm compared with 
the original bentonite. The layer spacing of CTMAB mod-
ified/exchanged (100% CEC) organic bentonite is 1.85 nm 
[32]. The results proved that the adsorbed nitrobenzene 
expanded the spacing by about 0.73 nm, which inferred 
that the nitrobenzene was adsorbed into the interlayers.

5. Conclusion

The adsorptions of various organic compounds under 
different surfactants and bentonite dosages were stud-
ied. When the relationship between Kow and Koc was fit-
ted, a quantitative relationship between Kow and bentonite 
was established to obtain another quantitative relationship 
between the removal efficiency and the surfactant exchange 
capacity. The following results were achieved:

• On the basis of the experimental results and litera-
ture findings, a prediction model of the adsorption for 
removal of various compounds by the organobentonite 
using the synthesis–adsorption one-step process was 

Table 5
Model and experimental Kd values in the one-step process

Organics Kow logKow Model values Kd (L/g) Kd (L/g) Deviation (%)

Phenanthrene–CTMAB 40% CEC 37,153 4.57 333.6 348.5 4.2
Phenanthrene–OTMAB 100% CEC 37,153 4.57 184.44 185.78 0.7
Naphthalene–CTMAB 100% CEC 1950 3.29 16.75 18.286 8.4
Nitrobenzene–CTMAB 100% CEC 31 1.85 0.57 0.495 19.7
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Fig. 11. Comparison of the experimental and model results 
of phenanthrene adsorption (180 rpm for 5 h, at 25°C).
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established. The model can predict the removal efficien-
cies in the adsorption process.

• The prediction results for the adsorption of phenan-
threne and naphthalene were better than those for oth-
ers, and the maximum prediction error was only 6.7%. 
For water-soluble contaminants, the predictive accu-
racy was reduced because of the competitive adsorp-
tion between the micellar partition and presence in 
aqueous phases.
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Variables

Kd — Apparent adsorption coefficient
Kd′ — Adsorption coefficient
Ksf — Adsorption coefficient
fsf — Adsorbed amount, mol/L
Xmn —  Concentration of surfactant monomer in solu-

tion, mg/kg
Xmc — Concentration of micelles in solution, mg/kg
X — Total amount of surfactant in solution, mg/kg
Kmn —  Solute partition coefficient between monomer 

and water
Kmc —  Solute partition coefficient between micelle 

and water
C0 — Initial concentration of contaminants, mg/L
Ceq —  Equilibrium concentration of contaminants, 

mg/L
S0 — Initial concentration of the surfactant, mol/L
Seq —  Equilibrium concentration of surfactant,  

mol/L
Xaq —  Proportion of contaminants in the aqueous 

solution
Koc — Constant for a particular compound
foc — Raction of organic carbon contents, %
B — Cation exchange capacity, mmol/g
W — Amount of bentonite, g
M — Molecular weight of the surfactant
C — Carbon content of the surfactant
A — Exchange capacity of bentonite, mmol/g
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