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Abstract

Granite sand was used to adsorb anionic surfactant, sodium dodecyl sulfate (SDS) from water at natural pH 6.25. The effect of adsorbent size, pH,
temperature and amount of adsorbent has been examined. The results indicate that the Langmuir model provides the best correlation of experimental
data. Thermodynamic parameters like entropy, enthalpy and free energy of adsorption were evaluated. Decreasing the temperature accelerates the
adsorption of SDS onto sand surface. The kinetic data were analyzed by using pseudo-first order Lagergren equation. Adsorption of SDS was
exothermic and dominated by physisorption with activation energy (Ea) 33.65 kJ mol−1. In addition, regeneration of granite sand by washing with
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enton likes reagent was examined. The results suggested that granite sand is suitable as a sorbent material for recovery and adsorption of SDS
rom aqueous solutions in view of its effectiveness and cheaper cost.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Surfactants are one of the major ingredients in the formula-
ion of various industrial and household products. Besides its
outine working as a washing agent, surfactant based detergents
re widely used in hospitals to eliminate pathogenic organisms,
s a major component in pesticides, to disperse oil spoilage at
ea and as extractant for removal of organic pollutants [1,2].
hese applications of the surfactant, increasing its discharge in

he wastewater, produce foam and enter into the underground
ater resources and constituting an ecological risk for aquatic
rganisms. They also create many health hazards like dermatitis
nd harmful for the aquatic flora and fauna [3–5].

So, the water treatment process is necessary in order to
emove surfactant from industrial and domestic wastes to reduce
ts concentration. Some processes have already been employed
or this purpose, such as aerobic and anaerobic degradation,
iodegradation and sorption technique [6–14]. Adsorption of
nionic surfactant has been investigated onto numerous adsor-
ents like activated carbon, silica gel, clay, soil, kaolinite, sand
tone and rubber granules surface [15–25] etc.

In this work, we have chosen a low cost, environmental
friendly, regeneration ability and widely abundant granite sand
as an adsorbent. Several experiments have been carried out to
optimize the adsorption process.

Granite sand is primarily composed of feldspar, quartz,
microcline and mica along with various other minerals in vary-
ing percentage (e.g. 70–77% SiO2, 11–14% Al2O3, 04–07%
iron, 03–05% lime) and 0.264% organic content.

2. Experimental

2.1. Preparation of adsorbent

Granite sand was purchased from the local market in a very
cheap rate (60 rupees per 10 kg). The sand was first sieved to
remove biggest particles and washed several times with double
distilled water, followed by settling and decanting. The residual
solid was dried at 50 ◦C for 24 h.

2.2. Grain size analysis
∗ Corresponding author.
E-mail address: khannasir@myway.com (M.N. Khan).

Grain size analysis was made by sieve technique. A series
of ASTM sieves was selected for this purpose. Approx-
imately, 200 g of grinded, dried granite sand was passed
304-3894/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Grain size analysis by the sieve technique. The plot of the grain size (in
�m) versus percentage finer.

through these sieves. The Collected various fractions of par-
ticle sizes were weighted using electronic balance (Model:
Mettler Toledo B204-S). Computed the cumulative weights
and calculated the percent finer for each sieve size and
plotted against grain size (Fig. 1). This plot showed that
the particle size 500 �m has the maximum percentage finer.
Thus, size range (475–700 �m) was used in batch sorption
process.

2.3. Surfactant

The anionic surfactant sodium dodecyl sulfate (SDS) of AR
grade was purchased from BDH laboratory of 100% pure. The
stock solution of SDS was prepared by dissolving 0.7209 g in
double distilled water.

2.4. Batch sorption methods

In this study, characteristics of surfactant sorption onto the
granite sand were investigated. The batch work was carried out
in 100 ml Erlenmeyer flasks by transferring 10 ml of 3 × 10−3 M
SDS solution into the weighed sand (7.0 g) and the pH of the
solution was 6.25. The flasks were tightly stoppered and shaken
at the rate of 125 rpm with the mechanical orbital shaker (VRN-
360) for 15 min at 35 ± 0.5 ◦C and filtered. The adsorption stud-
ies were performed in triplicate. Adsorbed amount of surfactant
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2.5. Column experiment

Recovery of the adsorbed material as well as the regeneration
of column has also an important aspect for the practical appli-
cation of any adsorption process. For this purpose, dry granite
sand was packed in a 20 cm long column having 0.9 cm internal
diameter, yielding the packing density 2.36 g cm−3. The col-
umn was slowly flooded with water then 25 ml SDS solution of
4 × 10−3 M was fed into the column from the top. The flow rate
was 0.5 ml/min. The regeneration of the column was carried out
by two ways, washing with the distilled water and with H2O2
solution.

Similar procedure was followed for the decisive effect of
interference ions on the adsorption of SDS solution. The con-
centration of each trace metal ions (i.e. Cd2+, Fe2+, Pb2+ and
Ni2+) and the minor metal ions (i.e. Na+, Li+, K+ and Ca2+)
were 10 and 100 mg/l, respectively.

3. Results and discussion

Particle size distributions of the samples are illustrated in
Table 1. Adsorption studies were carried out to observe the
effect of these particles size on the attainment of equilibrium
time. Results showed that S1 (size range 300–450 �m) adsorbed
greater amount of surfactant molecules due to the large surface
area.
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mixed in 8 × 10 M SDS solution during orbital shaking of 15 min at 125 rpm
incubated at 34 ± 01 ◦C.
as obtained by measuring surface tension of the solution using
he stalagmometer (TRAUB’S Model: 4855) before and after
xposing with the adsorbent [26,27]. The average size of the
dsorbent varied from 300–1450 �m, examined by compound
icroscope (Cole Parmer Model: 48923-44). The effect of pH

n the adsorption phenomenon was studied by adding either
.1N HCl or NaOH.

The surfactant concentration in the sorbent phase q (mg g−1)
as calculated from the following expression,

= (C0 − Cf)
V

m
(1)

here C0 and Cf are the initial and final concentration (mg l−1)
f the adsorbate in solution, V is the volume (ml) of SDS solution
nd m is the mass (g) of the granite sand.
The dependence of the adsorption of SDS with mass of sand
s presented in Fig. 2. 10 ml of 3 × 10−3 M SDS solution at the
emperature of 34 ± 01 ◦C and pH 6.25, shaking for 15 min at
25 rpm. The amount of sand varied from 1.0 to 9.0 g. The data

able 1
ffect of adsorbent size on the adsorption of SDS

o. of samples Adsorbent size (�m) q (mg g−1)

1 300–450 1.205
2 475–700 0.980
3 700–1000 0.764
4 1000–1450 0.365

onditions: initial concentration of SDS, 3.28 × 10−3 M, pH 6.25, temperature,
5 ± 0.5 ◦C, orbital shaking 15 min at 125 rpm.

ig. 2. Adsorption of SDS from solution of different pH by 7.0 g of granite sand
−3
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Fig. 3. The effect of the amount of sand on the adsorption process of SDS. The
initial concentration of SDS was 3 × 10−3 M at the temperature of 34 ± 01 ◦C
and pH 6.25 for 15 min shaking at 125 rpm.

indicates the dependency of amount adsorbed on the dose of
the sand. The maximum uptake was exhibited at 7.0 g of adsor-
bent. Thus, this amount of sand was taken for further adsorption
kinetic study to achieved pseudo-order condition with respect to
adsorbent.

The pH of the aqueous solution is an important control-
ling parameter in the adsorption process. A number of works
has been reported a non-specific ion adsorption, which measure
changes in the electrostatics adsorption of the cations and anion
with changes in the activities of H+ and OH−, to find the point
of zero net charge (PZNC) [28,29]. A granite sand was com-
prised 70–77% SiO2 whose reported PZNC is 2.0 [30]. In the
present study, adsorption of SDS on granite sand at different pH
was observed and the results are plotted in Fig. 3. The maxi-
mum adsorption took place at pH 2.0 and gradually decreased
to minimum at pH 9.0, confirmed that PZNC of the granite sand
is 2.0.

The observed effects of Ca2+ and Na+ ions in the range of
(0.10–0.60) M on the adsorption of SDS were remarkable. It was
noticed that the presence of Na+ ions in the range of (0–0.30) M
slightly decreased the adsorption of SDS because of the common
ion effect, which reduced the availability of negatively charged
dodecyl molecule (Fig. 4). While on the other hand, the adsorbed
amount sharply increased with increasing Ca2+ ion concentra-
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Fig. 5. Adsorption isotherms for SDS onto the granite sand. Initial concentration
of SDS was 4.23 × 10−3 M at the natural pH 6.25 during 15 min orbital shaking
at 125 rpm and the amount of sand was 7.0 g.

tion. It is because of the formation of scum, which is sufficiently
adsorbed onto the sand surface.

A series of experiments were undertaken to study the temper-
ature effect by performing experiments at 22, 25, 35 and 38 ◦C.
In all the experiments, the particle size range of the sand was
475–700 �m. The initial concentration of SDS was 3 × 10−3 M,
agitation speed 125 rpm and natural pH 6.25 was used. The influ-
enced of temperature on the sorption of SDS is illustrated in
Fig. 5. The increasing trend of adsorption at low temperature
attributed to the fact that the adsorption interactions are exother-
mic in nature.

3.1. Adsorption kinetics

The adsorption kinetics described a pseudo-first order trend
(Lagergren 1898) [31]:

ln (qe − qt) = ln qe − kadst (2)

where qt and qe (mg g−1) are the amounts adsorbed at time t
(min) and at equilibrium, respectively. Eq. (2) clearly justified
that the sand sorption process followed the pseudo-first order
kinetics (Fig. 6). The values of adsorption rate constant kads, at
different temperature were calculated and used further in the evo-
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ig. 4. Effect of Na+ (�) and Ca2+(�) ions on the adsorption process. The initial
oncentration of SDS was 4.23 × 10−3 M at 32 ± 0.5 ◦C and amount of sand was
.0 g.
ig. 6. Kinetics study of the adsorption process at different temperature. Con-
itions: concentration of SDS = 3 × 10−3 M, pH 6.25, amount of sand = 7.0 g,
rbital shaking at 125 rpm.
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Fig. 7. Plot of ln Kads against reciprocal temperature for SDS onto granite sand.
Conditions: concentration of SDS = 3 × 10−3 M, pH 6.25, amount of sand = 7.0,
shaking at 125 rpm.

lution of activation energy, which was obtained 33.65 kJ mol−1

using Arrhenius plot (Fig. 7).

3.2. Adsorption isotherms

To quantify the adsorption capacity of granite sand for the
removal of SDS from water, the Langmuir and Freundlich mod-
els were used. The linear form of the Freundlich model:

log q = log K + 1

n
log C (3)

where K and n are empirical constants. q is the amount adsorbed
in mg g−1. C is the concentration of solute in the solution. A
plot of log q versus log C yielded a straight line (Fig. 8) with the
slope 1/n and intercept log K confirmed the validity of Freundlich
isotherm.

According to Langmuir model:

1

q
= 1

qm
KC + 1

qm
(4)
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Fig. 9. The Langmuir adsorption isotherm of adsorption of SDS onto granite
sand at the temperature 35 ± 0.5 ◦C and pH 6.25. Where 1/C is the reciprocal
of equilibrium concentration of SDS and 1/q is the reciprocal of the quantity of
SDS adsorbed.

Table 2
The Langmuir and Freundlich parameters for the adsorption of SDS onto the
granite sand

Experimental Langmuir
isotherm constant

Experimental Freundlich
isotherm constant

qmax (mg g−1) 1.3070 n 1.4770
K 0.0192 K 0.1730
ra 0.9852 ra 0.9758
rb 0.9917 rb 0.9821

The pH of the solution of was 6.25 at 35 ± 0.5 ◦C and the shaking time was
15 min at the rate 125 rpm.

a Correlation coefficient (linear regression).
b Correlation coefficient (non-linear regression).

where K is the Langmuir adsorption, qm is the limiting amount
of adsorbate that can be taken up per mass of adsorbent. C and
q have the same meanings as in the Freundlich isotherm. The
linear plot of 1/q versus 1/C shows the applicability of Langmuir
isotherm (Fig. 9). The correlation coefficients obtained with both
kind of regression (linear and non-linear) are given in Table 2.
The values obtained from the Langmuir equation shows bet-
ter correlation to the experimental results than the Freundlich
equation. The validity on the Langmuir isotherm depicted the
monolayer adsorption onto surface containing finite number of
identical sorption. Similar behavior has been observed in a num-
ber of studies [25,26].

The free energy change�G, enthalpy change�H and entropy
�S were calculated and listed in Table 3.

Table 3
Thermodynamic parameters for the adsorption of SDS onto granite sand at dif-
ferent temperatures

Temperature (K) 1/T × 103 ln k �G (kJ
mol−1)

�S (kJ
mol−1 K−1)

�H (kJ
mol−1)

300 3.33 5.164 −12.88 0.1123
303 3.30 5.22 −13.149 0.1120 20.81
311 3.21 5.459 −14.115 0.1122
ig. 8. Freundlich adsorption isotherm of the adsorption of SDS for initial
oncentration 3 × 10−3 M by granite sand. Where log C is the log equilibrium
oncentration of SDS and log q the log of quantity of SDS adsorbed at equilib-
ium. The temperature was 35 ± 0.5 ◦C and pH 6.25.
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Table 4
Column experiments for regeneration of column

No. of cycles Washing by H2O Washing by H2O2

Amount adsorbed (mg g−1) Percent adsorbed Amount adsorbed (mg g−1) Percent adsorbed

Fresh adsorbent 0.461 48.0 0.461 48.0
1 0.216 22.5 0.370 39.0
2 0.144 15.0 0.292 30.5
3 0.074 7.75 0.292 30.5
4 0.007 0.75 0.215 22.5

Conditions: initial concentration of SDS, 4 × 10−3 M; pH 6.25; temperature, 35 ± 0.5 ◦C; volume of SDS solution, 25 ml; mass of sand to packed the column, 30 g;
density of column, 2.36 g/cm3; flow rate, 0.5 ml/min.

3.3. Regeneration of column

Fenton reagent (FR) is one of the most popular advanced
oxidation process (AOPs). In spite of this, environmental appli-
cations of FR are relatively recent [32]. It was first reported by
H.G.H. Fenton in 1894 [33]. H2O2 is environmental friendly,
since its decomposed into oxygen and water. Numerous research
have been devoted to take advantages of the potential bene-
fits of the use of FR as a remediation process for the treat-
ment of wide variety of water pollutant such as surfactant
[34] and commercial dyes [35]. The use of hydrogen perox-
ide as a washing agent converted it into FR owing to the
natural occurring iron (4–6%) in the granite sand. It can be
described as the generation of .OH through catalytic decompo-
sition of hydrogen per oxide (H2O2) carried out by Fe2+ or Fe3+

[32,36].

Fe2+ + H2O2 → Fe3+ + OH− + •OH

Fe3+ + H2O2 → Fe2+ + •OOH + H+

Observation shows that after four cycles, percent adsorp-
tion decreased from 48.0 to 0.76% and 48.0 to 22.5% by
using H2O and H2O2 solution, respectively (Table 4). This
implies that the percentage recovery from the H2O2 solution
was found to be higher than distilled water because, the produc-
t
m

Fig. 10. First order desorption process.

from the active centers and can be perceived by the following
reaction mechanism.

•OH + R–H → H2O + R•

R• + Fe3+ → P + P′ + Fe2+

where R–H is the surfactant, R. is the free radical from sur-
factant molecule, P and P′ are the decomposed fragment of
surfactant.

Thus, the hydrogen peroxide solution turned out to be
a better washing agent. Fig. 10 represents that desorption
process by H2O2 solution and by H2O followed first order
kinetics.

T
T of SDS

C After adsorption, concentration
of SDS (M × 10−3)

Percent adsorption q (mg g−1)

I 2.08 48.00 0.461

I 1.71 59.00 0.605

I 3.40 14.14 0.134

C ± 0.5
d

ion of hydroxyl radical improved the degradability of surfactant
olecules and finally they released as decomposed products

able 5
he effect of the interference ions (minor and trace metals) on the sand sorption

ondition Before adsorption, concentration
of SDS (M × 10−3)

n the absence of interference ions 4.00

n the presence of minor metal ionsa 4.23

n the presence of trace metal ionsb 3.97

onditions: initial concentration of SDS, 4 × 10−3 M; pH 6.25; temperature, 35
ensity of column, 2.36 g/cm3; flow rate, 0.5 ml/min.
a Na+, Li+, K+, Ca++ = 100 mg/l.
b Cd++, Fe++, Pb++, Ni++ = 10 mg/l.
◦C; volume of SDS solution, 25 ml; mass of sand to packed the column, 30 g;
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Table 6
Percent adsorption data for tested surfactant

Surfactant Molecular mass Ionic type Percent adsorption

SDSa 288.38 Anionic 56.66
Tween 80b 1310 Non-ionic 42.00

Conditions: amount of adsorbent = 7.0 g; Shaking time = 15 min (at 125 rpm);
temperature = 26 ◦C.

a pH (natural) 5.95
b pH (natural) 6.10

3.4. Test with interference ions

The utility of the adsorbent in column chromatography has
been tested by minor and trace metals. Composition and con-
centrations are given in Table 5.

In the presence of trace metal ions (i.e. Cd2+, Fe2+, Pb2+ and
Ni2+) the adsorption capacity for SDS decreased because of the
preferential adsorption of these metal ions onto the active center
of adsorbent. However, on the other hand minor metals (i.e.
Na+, Li+, K+ and Ca2+) enhanced the adsorption of surfactant.
Because of the collective effect of these ions the formation of
scum occurred, which provided a suitable adsorption conditions
for SDS. These results inferred that the granite sand can also
be used as an effective adsorbent for the removal of transition
metals from the industrial effluents.

Adsorption studies were also carried out for a non-ionic
surfactant (i.e. Tween 80) summarized in Table 6. The results
revealed that the granite sand was also used for the removal of
non-ionic surfactant. However, the percent adsorption was com-
paratively low in that case.

3.5. Removal of SDS (anionic surfactant) from ground
water

In order to check the applicability of the removal technique,
the optimized method was applied for the removal of SDS
(
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on PZNC, time of agitation, mass of sand and temperature of
SDS solution. The maximum uptake has occurred at pH 2.0.

- Thermodynamic parameters have been calculated and the
adsorption of SDS onto granite sand satisfied the Langmuir
and Freundlich isotherms.

- Spent adsorbent was successfully regenerated using H2O2
solution, act as Fenton or Fenton like reagent.

- Granite sand would be useful for the treatment of water con-
taining surfactants as well as for trace metal ions.

Acknowledgment

The authors are grateful to Dean, faculty of science, Univer-
sity of Karachi, for financial support.

References

[1] E. Emmanual, K. Hanna, C. Bazin, G. Keck, B. Clement, Y. Perrodin,
Fate of glutaraldehyde in hospital wastewater and combined effects of
glutaraldehyde and surfactants on aquatic organisms, J. Environ. Int. 31
(2005) 399.

[2] J.C. Lopez-Montilla, S. Pandey, D.O. Shah, O.D. Crisalle, Removal of
nonionic organic pollutants from water via liquid-liquid extraction, Water
Res. 39 (2005) 1907.

[3] M.A. Lewis, the effect of mixtures and other environmental modifying
factors on the toxicities of surfactants to freshwater and marine life,
Water Res. 26 (1992) 1013.

[

[

[

[

[

[

anionic surfactant) from ground water. The removal efficiency
as 70.11%. In the ground water sample, the capacity was found
igh. It was due to the presence of other major cations like
alcium and magnesium, which formed scum with anionic sur-
actant.

. Conclusion

Many developing countries suffer from chemical contami-
ation of water supplies largely due to uncontrolled industrial
ctivity and so; a water treatment technique, which has ability to
eal with such pollutants in an effective way, proved valuable.
ur work concerned the removal of SDS (anionic surfactant) by
ranite sand. The results obtained and their interpretation has
een concluded:

The adsorption capacity was decreased by raising temperature,
indicating that the adsorption interactions were exothermic in
nature.
Granite sand is an appropriate adsorbent for the removal of
SDS from aqueous solution. The said process was dependent
[4] V.K. Whiting, G.M. Cripe, J.E. Lepo, Effect of the anionic surfactant,
sodium dodecyl sulfate on newly-hatched blue crabs, callinectes sapidus
and other routinely tested estuarine crustaceans, Arch. Environ. Contam.
Toxicol. 31 (1996) 293.

[5] A.K. Mathur, B.N. Gupta, Detergents and cosmetics Technology, Ind. J.
Environ. Prot. 18 (1998) 90.

[6] V. Mezzanotte, F. Castiglioni, R. Todeschini, M. Pavan, Study on anaer-
obic and aerobic degradation of different nonionic surfactant, Bioresour.
Technol. 87 (2003) 87.

[7] M.T. Garcia, I. Ribosa, T. Guindulain, J. Sanchez-Leal, Fate and effect of
monoalkyl quaternary ammonium surfactants in the aquatic environment,
J. Environ. Pollut. 111 (2001) 169.

[8] M.J. Scott, M.N. Jones, The biodegradation of the surfactant in the
environment, Biochem. Biophys. Acta (BBA)—Biomembr. 1508 (2000)
235.

[9] A. Dhouib, N. Hamad, I. Hassaı̈ri, S. Sayadi, Degradation of
anionic surfactants by citrobacter braakii, Process Biochem. 38 (2003)
1245.

10] P. Somasundaran, L. Huang, Adsorption/aggregation of surfactants and
their mixtures at solid-liquid interfaces, J. Adv. Colloid Interface Sci.
88 (2000) 179.

11] S.W. Musselman, S. Chander, Adsorption of acetylenic diol-based non-
ionic surfactants on lamp black and phthalocyanine blue pigment, J.
Colloid Interface Sci. 256 (2002) 91.

12] F. Li, M.J. Rosen, Adsorption of Gemini and conventional cationic
some pollutants by the clay, J. Colloid Interface Sci. 224 (2000)
265.

13] A. Adak, M. Bandyopadhyay, A. pal, Removal of anionic surfactant
from waste water by alumina, J. Colloids surfaces A: Physicochem.
Eng. Aspects 254 (2005) 165.

14] A. Adak, M. Bandyopadhyay, A. Pal, Adsorption of anionic surfactant
on alumina and reuse of the surfactant-modified alumina for the removal
of crystal violet from aquatic environment, J. Environ. Sci. Health. A.
Tox. Hazard. Subst. Environ. Eng. 40 (2005) 167.

15] C.M. Gonzalez-Garcia, M.L. Gonzalez-Martin, R. Denoyel, A.M.
Gallardo-Moreno, L. Labajos-Broncano, J.M. Bruque, Ionic surfactant
adsorption onto activated carbons, J. Colloid Interface Sci. 278 (2004)
257.



M.N. Khan, U. Zareen / Journal of Hazardous Materials B133 (2006) 269–275 275

[16] M. Chiming, L. Chenglong, Interaction between polyvinyl pyrrolidone
and sodium dodecyl sulfate at solid/liquid interface, J. Colloid Interface
Sci. 131 (1989) 485.

[17] H. Wenzhi, P.R. Haddad, New three phase model for miceller liquid
chromatography, Anal. Commun. 35 (1998) 191.

[18] A. Patzko, I. Dekany, Soil surfactant interaction, adsorption, wettability
and permeability of sedimenting clay, T Agsokem. 45 (1996) 229.

[19] S.G. Dai, L. Dong, Z. Wang, Adsorption of surfactant on soil, Zhongguo
Huanjing Kexue. 19 (1999) 392.

[20] C. Kuei, J. Yeh, Sorption and desorption kinetics of surfactants TX-100
and DPC on different fractions of soil, J. Environ. Sci. Health (Part A)
38 (2003) 1145.

[21] A.A. Atia, Radwan, Adsorption of different surfactants on kaolinite,
N.R.E. Adsorptn. Sci. Technol. 15 (1997) 619.

[22] K. Lunkenheimer, H. Fruhner, F. Theil, Adsorption catalyzed hydrolysis
of sodium n-dodecyle sulfate at solid/liquid interfaces, Colloids Surf. A.
76 (1993) 289.

[23] J. Rouquerol, S. Partylra, Adsorption of surfactant on rocks, J. Chem.
Tech. Bio-Tech. 31 (1981) 584.

[24] Z. Wenmin, Z. Buyao, Study of surfactant adsorption on low energy
solid surface. III Adsorption of anionic surfactants on polystyrene latex
particles, Huaxue Xuebao 48 (1990) 737.

[25] P.D. Purakayastha, A. Pal, Adsorption of anionic surfactant by a low
cost adsorbent, J. Environ. Sci. Health (Part A) 37 (2001) 925.

[26] M. Nasiruddin, U. Zareen, Adsorptive removal of non-ionic surfactants
from water using granite sand, J. Iranian Chem. Soc. 1 (2004) 152.

[27] M.S. Akhter, S.M. Al-Alawi, A comparison of micelle formation of
ionic surfactants in formamide, in N-methyl formamide and in N,N-
dimethyle formamide, J. Colloids Surfaces A Physicochem. Eng. Aspect
219 (2003) 281.

[28] A. Chip, Q.M. Lena, R.D. Rhue, E. Kennelley, Point of zero charge
determination in soils and minerals via traditional methods and detection
of electroacoustic mobility, Geoderma 113 (2003) 77.

[29] E. Marcano-Martinez, M.B. McBride, Comparison of the titration and
ion adsorption methods for surface charge measurements in Oxisols,
Soil Sci. Soc. Am. J. 53 (1989) 1040.

[30] G.W. Vanloon, S.J. Duffy, Environmental Chemistry, first ed., Oxford
University Press Inc., New York, 2003.

[31] S. Lagergren, Zur theorie der sogenannten adsorption geloster stoffe, K.
Sven. Vetenskapsakad. Handl. 24 (1898) 1–39.

[32] A.B. Arturo, D.D. Dionysios, T.S. Makram, T.L. Richardson, Oxidation
kinetics and effect of pH on the degradation of MTBE with Fenton
reagent, Water Res. 39 (2005) 107.

[33] H.J.H. Fenton, Oxidation of tartaric acid in presence of iron, J. Chem.
Soc. 65 (1894) 899.

[34] M. Kitis, C.D. Adams, G.T. Daigger, The effect of Fenton’s reagent
on the biodegradability of non-ionic surfactants, Water Res. 33 (1999)
2561.

[35] W.Z. Tang, Decolorization kinetics and mechanisms of commercial dyes
by H2O2/iron powder system, Chemosphere 32 (1996) 947.

[36] A. Safarzadeh-Amiri, J.R. Bolton, S.R. Cater, The use of iron in
advanced oxidation processes, J. Adv. Oxid. Technol. 1 (1996) 18.


	Sand sorption process for the removal of sodium dodecyl sulfate (anionic surfactant) from water
	Introduction
	Experimental
	Preparation of adsorbent
	Grain size analysis
	Surfactant
	Batch sorption methods
	Column experiment

	Results and discussion
	Adsorption kinetics
	Adsorption isotherms
	Regeneration of column
	Test with interference ions
	Removal of SDS (anionic surfactant) from ground water

	Conclusion
	Acknowledgment
	References


