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Abstract
Activated mud has been employed to remove phenolic compounds, a common contaminant in wastewaters.
Because of high surface area per unit area, activated mud is the most effective adsorbent and exhibits high
capacity of adsorption of phenolic compounds. A complete study was undertaken on the adsorption of phenol starting from an aqueous solution on activated mud with ammonium chloride. The removal is found to be
dependent on concentration of phenol and increasing of concentrations favour the uptake. The isotherms and
kinetics of adsorption of phenol on activated mud were studied at 20˚C. Equilibrium isotherm of phenol on
activated mud is obtained and the results shows that the Langmuir model provided the best fit for the adsorption data. From the experimental results obtained, the adsorption process can be well described with the
pseudo-second order model.
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1. Introduction
Aromatic compounds like phenol are present in strong
concentrations within wastewater generated by the petrochemical industry. This wastewater is often dischargeed into the sea and represents a true danger to human
health; it quickly becomes absorbed via all means of exposure. As an example, absorption was estimated at between 70% and 80% within 6 hours for exposure to phenol vapour with concentrations ranging from 6 to 20
mg/m3, practically exclusively by means of skin exposure on healthy volunteers [1]. A number of effective and
not very expensive processes have moreover already
been developed in order to mitigate the presence of phenol in the environment [2-4].
The present work focuses on testing a new process
based on the adsorption of an activated clayey material.
A good number of uses for the adsorbing capacity of clay
are already known; in the case of polluted water treatment for example, clay can be used to: adsorb organic
toxic compounds [5-7], retain surfactant and dyes [8,9],
pesticides and herbicides [10] present in the aqueous
phase. Clay also gets used in the detergent and paper
industries, in oil-well drilling, where it is called drilling
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sludge after having undergone activation with sodium
carbonate [11]. It often proves necessary however to increase capacity of clay by activation [12-15].
Sediments generated from the dredging of dams cause
serious environmental problems. Given their abundance
throughout the country, the opportunities offered by their
reuse seem to be quite attractive. A simple acid activetion of mud has enabled us to derive a material capable
of adsorbing potential water pollutants such as phenols.
The material used in the present work contains dam
sediments. In Algeria, silting constitutes the major concern of hydraulics engineers and weir facility managers
because of its role in reducing dam capacity. For the
Fergoug Dam located in Western Algeria, the silting rate
reached 78.3% in 1997. Mud extracted from the dam has
been targeted in this study. The sediments there have
been submitted to an activation treatment by use of ammonium chloride.
We report here a study on the ability of an activated
mud to uptake phenol. To understand the adsorption
mechanism and kinetics, phenol removal experiments
were carried out. Adsorption isotherms were determined,
compared to Langmuir equations, and maximum capacity was calculated. Kinetics of the process including kiJEAS
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netic modeling has been highlighted.

2. Materials and Methods
2.1. Materials
The dam sediment used in this work is recovered mud
from the breach of the Fergoug Dam (located in Western
Algeria). The unpurified mud and activated mud with
ammonium chloride underwent a physicochemical characterisation.
The chemical composition is given by the fluorescence
method using an apparatus of the type FRX P.W1404.
RAY. Specific surface has been calculated using the B. E.
T. method with an apparatus of the type Micromeri- tics
GEMINI 2375.
X-ray diffraction analysis was carried out with a standard Philips PW 3710 x-ray generator with a copper anticathode.
Infrared spectra were obtained on a FT / IR 430 Fourrier transform Infrared spectrometer Jasco. Powder samples were dispersed in anhydrous methylene chloride and
drops of the liquid were spread on KBr plates.
Structure of materials is obtained with electron microscope with sweeping, Philips XL 30.

2.2. Solutions Preparation
The solvent used was demineralised water with a pH of 7
and a conductivity of 0.5 µS. Phenol adsorption isotherms from aqueous solutions were obtained using the
batch equilibration technique: 0.4 g of adsorbent was
mixed with 100 ml of the aqueous solutions of various
initial concentration (C0) ranges from 2 to 400 mg/L. A
mechanical agitator at 500 rpm was used. Suspensions
shaken for 2 h, were placed in polypropylene tubes, immersed in a thermostatic shaker bath at constant temperature 20˚C and then centrifuged. Supernatants collected in dark brown colored bottles were analyzed by a
spectrophotometer (Perkin, lamda 25) at the wavelength
of maximum absorbance (l max = 269.70 nm), then the
concentration at stability (Ce) was obtained.

2.3. Preparation of Activated Mud with 2 M
Ammonium Chloride
About 100g of raw mud was mixed to 1L of ammonium
chloride (2M), solution was agitated during 24 hours at
50˚C. The solution obtained was then introduced into
sedimentation test-tube. After 15 minutes of decantation
(in order to eliminate large particles like quartz), 2/3 of
the remaining volume were recovered and decanted
again. The mud was then recovered and washed several
Copyright © 2011 SciRes.
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times with demineralised water until all chlorides had
disappeared. After decantation, the activated mud was
dried at ambient temperature and placed in the drying
oven between 80˚ and 100˚C in order to undergo the
various adsorptions.

2.4. Adsorption Isotherms
The physico-phenomenon of adsorption of phenol on
acidified mud, is relatively rapid and can be reversible.
Several isotherms models were used to describe the equilibrium between adsorbed phenol on acidified mud and
phenol in solution (Ce) at constant temperature. The
Langmuir isotherm equation is given below:

q e Q0 bCe1 1 + bCe 
=

(1)

where qe is the adsorbed amount (mg/g) at equilibrium,
Ce is equilibrium concentration in the solution (mg/L),
Q0 is the adsorption capacity (mg/g) and b is a constant
related to the energy of adsorption (L/mg).
Death equation is linearised under form [16]

Ce
=
qe 1 Q b + Ce Q0
0

(2)

The well-known Freundlich isotherm used for isothermal adsorption is a special case for heterogeneous surface energy in which the energy term in the Langmuir
equation varies as a function of surface coverage strictly
due to variation of the sorption.
The linear form of Freundlinch isotherm model is
given by the following equation:

ln=
q e lnk F + (1 n ) lnCe

(3)

where kF (mg/g) (1/mg)1/ n and 1/n are Freundlich constants related to adsorption capacity and adsorption intensity, respectively, of the sorbent.

2.5. Adsorption Kinetics
The two kinetic models have been studied to deter- mine
the phenol elimination mechanism on activated slu- dge.
The first model is of the first order, kinetic and conventionally expressed by Lagregen's equation [16]:

ln ( ( qe − qt ) / qe ) =
− k1 t

(4)

qe: amount of sorbed phenol at equilibrium (mg/g)
qt: amount of sorbed phenol at time t (metal uptake)
(mg/g)
k1: rate constant (min-1)
The amount of sorbed phenol per gram of adsorbent qt
at time t was caculated as follows:

=
qt

( C0 − Ce )

m ads

C0 : initial concentration of phenol in mg/L
JEAS
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Ce: concentration of phenol in the fluid at time t in
mg/L
mads: adsorbent amount in the solution (g/L)
The second model is of the second order and expressed by the following equation [17]:

dqt
=
dt K ( qe − qt )

2
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Activated mud

(5)

where K is the rate constant of sorption (g/mg.mn).

3. Results and Discussion

Mud

3.1. Characterization
The chemical characterization of mud show (Table 1)
that silica and calcium oxide are its major constituents.
The percentage of the iron oxide is important.
Chemical analysis of mud activated with ammonium
chloride indicates a rise in the silica rate as well as the
alumina rate which is justified by the literature [18,19].
Specific surface of mud activated increases [20,21].
X-ray powder diffraction patterns of raw mud and activated mud are shown in (Figure 1). These XRD confirmed that mud and activated mud was illite [22].
X-ray diffraction pattern for raw mud show : diffracttion peak with basal spacing d = 4.23 Å, characteristic of
the beidellite; diffraction peak to 3.02 Å ,characteris- tic
of saponite; the diffraction peak at 3.33 Å is assigned to
the impurtés as quartz; diffraction peak to 2.12 Å characteristic of illite and diffraction peak to 1.90 Å to kaolin.
Activation of mud causes some change in crystal
structure: diffraction peak of quartz at 3.33 Å decreased
intensity in comparison to the spectra of diffraction of
X-ray of the raw mud; diffraction peak of intensity 100%
situated in 2.73 Å represents the family of the illite, it is
essentially about the hectorite or saponite, this last is also
put in evidence by the reflection in 1.73 Å .
Table 1. Characterization of mud and activated mud.
Mud

Activated mud

% by weight

% by weight

SiO2

40.98

56.95

CaO

17.67

2.32

Al2O3

8.21

13.21

Fe2O3

5.04

7.77

25.49

18.36

Surface area (m /g )

54.58

142.36

pH

9.48

8.4

2.32

2.48

Constituents

Loss on ignition
2

-3

Density (g m )
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Figure 1. X-ray diffraction pattern for raw mud and activated mud.

The Infrared spectrum (Figure 2) obtained for activeted mud does not differ significantly from its “mother”:
raw mud. IR analysis of activated mud confirmed the existence of NH4+ ion in mud. The band in the range 1400 1420 cm-1 was attributed to the deformation of NH4+ ion,
thus further confirming the presence of ammonium in
mud [23].
The large band at 1031 cm-1 observed in the spectra of
mud, attributed to the vibration of Si-O-Si, decreased
intensity in the spectra of the activated mud; it can be du
to the formation of the amorphous silica.
The bands around 533 and 469 cm-1, attributed respectively to deformation of four-membered siloxane ring
and deformation of Si-O-Al [24,25], increased in the
spectra of the acted mud.
The image obtained using the electron microscope
with sweeping, Image 1, shows the structure in layers of
the rough vase. The image obtained using the electron
microscope with sweeping, Image 2, shows the structure
of the activated mud.

3.2. Effect of the Acidified Mud Mass
Various sample masses from the untreated vase and the
acidified vase with ammonium chloride (0.1 to 0.7g),
were added to 100 ml of phenol solution (4 mg/L), and
maintaining the contact under agitation for 2 h at 20˚C .
After analysis of the filtered water, the concentration at
stability and consequently the corresponding reduction
ratio: R% = (Ci-Ce)/Ci were both obtained. The evolution
JEAS
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Figure 2. Infrared spectra for mud and activated mud.

Image 1. Electron microscope with sweeping of rough mud.

Image 2. Electron microscope with sweeping of activated
mud.

in the rate of phenol elimination vs. masses of untreated
mud and acidified mud is given in Figure 3. The maximum elimination rate value 75.05% has been derived for

a mass of activated mud equal to 0.4 g. Beyond this mass,
the curve reaches a stage indicating that the quantity of
fixed phenol no longer varies. The untreated mud exhib-
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its a lower rate of phenol elimination, approx. 21.42%.
These experimental results thus justify mud activation
[12-26].
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phenol molecules and their fixation onto the activated
mud.

3.4. Effect on Initial Phenol Concentration
3.3. Effect of Stirring Velocity
In order to study the influence of stirring velocity on
phenol fixation Figure 4, samples were prepared by
mixing 0.4 g of acidified mud with 100 ml of phenol
solution (4 mg/L) agitated for 120 min at various speeds
at 20˚C. An increase in the phenol elimination rate is
indeed noticeable. Faster agitation incites the diffusion of

The adsorption data for the uptake of phenol versus contact time at different initial concentrations is presented in
Figure 5. The results show that equilibrium time required for the adsorption of phenol on activated mud is
almost 80 minutes. It is also seen that the remaining
concentration of phenol becomes asymptotic to the time
axis after 80 minutes of shaking. These results also indi-

Figure 3. Fixation of phenol according to the mass of the mud and activated mud at 20°C, [phenol]= 4 mg/L.

Figure 4. Effect of agitation speed to the remaining phenol at 20°C, [phenol] = 4 mg/L.

Copyright © 2011 SciRes.
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Figure 5. Effect of initial concentrations to the remaining phenol at 20°C.

cate that the sorption process can be considered very fast
because of the largest amount of phenol attached to the
sorbent within the first 80 minutes of adsorption. The
adsorbed amount at equilibrium qe, increases according
to the initial concentration of the treated phenol solution.
When the initial phenol concentration is 400 mg/L, the
adsorbed amount at equilibrium is maximised and reaches 48.12 mg/g. Fixing the phenol thus becomes more
heavily favoured as the initial concentration increases.
The increase in concentration enhances mass transfer,
thereby exerting a force on the surface of the adsorbent
and leading to an increase in phenol adsorption speed on
the activated mud. Since our experimental results clearly
suggest Type I isotherms [27,28].

Figure 6. Isotherm at 20°C for phenol on activated mud.
Experimental are reported as points and Langmuir model
by curve.

3.5. Adsorption Isotherm
During the batch experiments, adsorption isotherms were
used to evaluate adsorption properties. 0.4g of adsorbent
was mixed with 100 ml of the aqueous solutions of variFigure 7. Isotherm at 20°C for phenol on activated mud.
ous initial concentration (C0) ranges from 2 to 200 mg/L
Experimental are reported as points and Freundlich model
at 20˚C. A mechanical agitator at 500 rpm was used.
by curve.
Suspensions shaken for 2 h.
The curves associated to the Langmuir model and FreAssuming the Freundlich isotherm model applies, the
undlich model are represented in Figure 6 and Figure 7.
following rearrangement of Equation (3) allows the deBy means of the correlation coefficients obtained from
termination of Freundlich parameters:
the trend curves, it can be observed that the most suitable
Values of n and K were calculated from experimental
model for the adsorption of phenol by acidified sludge
data through linear regression:
2
2
would be Langmuir's (R Langmuir >R Freundlich)
=
n 1.57
=
K 0.62
=
r 2 0.9580
Assuming the Langmuir isotherm model applies,
the
The correlation coefficient (r2) was found to be very
following rearrangement of Equation (2) allows the dehigh in Langmuir adsorption model. The Langmuir adtermination of Langmuir parameters:
sorption model was found to be applicable in interpreting
=
Q0 28.98
=
mg g b 0.0066
=
L mg r 2 0.9811
phenol adsorption by activated mud.
Copyright © 2011 SciRes.
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Figure 8. Pseudo-second order kinetics plot for adsorption of phenol on activated mud.

3.6. Adsorption Kinetic Modelling
The kinetics study has been applied to an initial phenol
concentration equal to 400 mg/L and an activated sludge
mass/volume ratio for the phenol solution of 3.75
mg/mL.
The pseudo second order kinetic equation was applied
to the experimental data in order to investigate the sorption mechanism of phenol. Figure 8 show the plots of
the linearized form of the pseudo second order model for
sorption of phenol at 20˚C .
By comparing the correlation coefficients obtained for
both the first- and second-order kinetic equations, it can
be noted that the most suitable kinetic model for phenol
adsorption is the second-order one, with an adsorption
capacity of activated mud at saturation equal to:
qe = 47.1698 mg/g. Correlation coefficient obtained
for second-order kinetic: r2 = 0.9883. The rate constant
of sorption K = 0.016 g/ mg.mn.

well.
● The adsorption of phenol on activated mud was best
described by the pseudo second order rate model and
sorption can not been described with first order model.
The adsorption capacity of activated mud at saturation
was found to be 47.1698 mg/g.
Consequently, mud activated chemically by ammonium chloride is successfully used as adsorbing agent
and has a high adsorption capacity for phenol.
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