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ABSTRACT

In this work, we have suggested two low cost modifications on mineral clay, based on the kaolin
of Jijel. These modifications aim to remove the nitrate from contaminated water by adsorption. The
modified adsorbent clays are prepared respectively as follows, activation by Phosphoric acid under
microwave irradiation for the first (KH") and by mixing the kaolin with lime under microwave irradi-
ation for the second (K-lime). The adsorbents are characterized by X-ray diffraction, Laser particle size
analyzer, Fourier Transform Infrared (FTIR) and Scanning electron microscopy (SEM). The adsorption
experiments on clays are carried out in batch using synthetic nitrate solution. A study of adsorption
kinetic showed that the adsorption equilibrium is reached in 1 h for KH* and 50 min for K-lime and the
optimum pH value is 4 for both adsorbents. Adsorption process is done according to pseudo-second
order. The adsorption capacity of K-lime is better, with an adsorption rate of 75%, than that of KH,

where the rate is about 42%.
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1. Introduction

In Algeria, the amount of domestic waste has greatly
increased during the last 20 years due to the fast growth
of population and uncontrolled urbanization. This was
accentuated due to the lack of appropriate equipment and
resources [1]. Meanwhile, the composition of this waste is in
line to switch from the organic profile (food waste) to com-
plex materials (packaging, plastics, end of life products, etc.),
and that presents major risks for the environment and public
health [1]. Disposing waste in landfill is the practical process
to manage domestic wastes because of its low cost compared
to other process, but these landfills present another potential
risk for the environment through the production of biogas
and especially leachate, which can contain lots of organic pol-
lutants (biodegradable, but also resistant to biodegradation)
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as humic substances [2], heavy metals, organochlorines, inor-
ganic salts and nitrates which are the most dangerous [3,4].
This leachate is therefore a source of contamination for sur-
face and ground water if they are not treated properly [5-7].
To remove the nitrate from the leachate, the adsorption pro-
cess is the most effective method [8,9]. But its high cost pushes
more research to find and improve new adsorbent materials,
in particular activated clays [10-14]. Clay minerals such as
kaolin have been widely used in different applications; this
is due to their abundance and low cost disposability, high
cation exchange, and good adsorption capacity [15-17].
These characteristics of the kaolin pushed us to study and
to improve its adsorbent properties by chemical activation
under microwave irradiation and mixing with lime under
microwave irradiation too, to eliminate the nitrate which is
present at high concentration in the leachate. The clay origi-
nal from Tamazert (Jijel), which is located in the northeast of
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the mountain range of El-Milia (east of Algeria) representing
a mining reserve capacity of about 2.5 million tons, discov-
ered in 1925, and exploited since 1932. The mineralogical and
chemical composition of the studied kaolin is grouped in the
Table 1.

2. Materials and methods
2.1. Materials

The Kaolin used in this study is brought from Tamazert
city, province of Jijel, in the east of Algeria. We have applied
the adsorption to remove the nitrate which is present at high
concentration in leachate, the selection of this molecule was
motivated by its harmful nature in the environment on one
hand and by the strong presence in the analyzed leachate
on the other hand. In Table 2, we summarized the analysis
results of this leachate.

In this study, we have used synthetic solutions prepared
by dissolution of potassium nitrate in distillated water [18]
(potassium nitrate purchased from Sigma-Aldrich).

2.2. Preparation of clay adsorbents

The objective of our work is to synthesize adsorbents
from the kaolin of Jijel, and to use them as nitrate adsorbents.
We have characterized them by different methods.

Table 1
Mineralogical and chemical analysis of kaolin (Tamazert)
Oxide Content%
Chemical composition SiO, 48.8
ALO, 35.5
Fe,O, 0.64
TiO, 0.28
CaO 0.07
MgO 0.31
K,O 0.23
BaO 0.09
Mineralogical composition ~ Kaolinite 79
Quartz 12
Illite 9
Losses in fire at 1000°C 12.25% of its weight
Table 2
Physical and chemical properties of landfill leachate
(Boumergued/Algeria)
Parameter Result
Temperature (C°) 20
pH 3.99
Conductivity (us/cm at 20°) 6.5
TSS (mg L) 19
BOD, (mg L) 680
COD (mg L) 600
Nitrate (mg L) 250
Metals (Al, Fe, Cu, Zn, Pb, Cd) (mg L) 19.98

Two modified kaolins have been used, the first of which
is chemically activated by phosphoric acid (KH"), according
to the following procedure: Preliminary treatment consists
of the removal of mineral salts, chlorides, carbonates and
organic matter (impurities). This was done in an Erlenmeyer
flask containing washed and dried kaolin (previously cal-
cinated at 600°C for 6 h in air flow), then the solution of
concentrated phosphoric acid was added (1 L, d = 1.68,
purchased from Sigma Aldrich). The addition of the acid
is carried out drop by drop with vigorous stirring in order
to avoid a sharp attack destroying the clay minerals. The
mixture is heated to a temperature of 90°C, the tempera-
ture kept constant during the activation process by using
a water bath. The contact time is maintained to 6 h. Then,
the treated kaolin was subjected to several washes with
hot distilled water (about 15 times), then dried at 80°C and
finally crushed and stored in a desiccator. While the second
kaolin is mixed with lime (K-lime) according to the follow-
ing procedure: In an Erlenmeyer flask containing 1 L of dis-
tilled water, 40 g of mixture (kaolin and lime) was added,
the mixture is heated at temperature of 80°C and is stirred
vigorously for 24 h with a clay/lime ratio = 1.6. After settling
overnight, the mixture was dried at 105°C.

The two modified kaolins are subjected to microwave
irradiation (650 W) for 10 min [19].

2.3. Adsorption experiments

The nitrate solutions were prepared from a stock solu-
tion containing the pollutant dissolved in distilled water
with well-defined concentrations and confirmed by dou-
ble beam UV-visible spectrophotometer (Shimadzu Model
1700). After the adsorption tests, wavelength characteris-
tic was obtained by automatic scanning between 190 and
1,100 nm, Quartz cuvette of 1 cm thickness, were used to
perform this experiment and distilled water was used as a
reference solution.

The protocol consists of adding 20 mg of the adsorbent
to a volume of 100 ml of each polluted solution whose initial
concentration equals to 225 mg L™ and pH equals to 4. The
mixtures were introduced into 100 ml Erlenmeyer flasks and
placed in a thermostatically controlled bath at a temperature
equal to 25°C and maintained under moderate agitation. At
the end of each stirring period, which varied from 30 min to
6 h, the samples were filtered several times, mixed with ten
drops of 2,4-phenoldisulfonique (the solution turns yellow)
and then analyzed by UV-visible spectroscopy at 410 nm
wavelength.

The amount of adsorbed product expressed in mg of
solution per gram of solid adsorbent is given by the follow-
ing equation:
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Retention rates were calculated using the following
relation:
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where g_is the amount of adsorbed nitrate (mg g™), C, is the
nitrate concentration at the equilibrium (mg L™), C, is the ini-
tial concentration of nitrate (mg L™), V is the volume of solu-
tion (L) and m is the mass of adsorbent (g).

In order to study the adsorption isotherm, 20 mg of
adsorbent was kept in contact with 100 ml of nitrate solution
with different concentrations (45-1,000 mg L™). The mixtures
were poured out in Erlenmeyer flasks of 100 ml then placed
in a thermostatic bath at constant temperature equal to 25°C
for a given contact time equal to 1 h for all samples. After
filtration (and addition of acid 2,4-phénoldisulfonique) the
solutions were analyzed by UV-Visible spectrophotometer to
determine the adsorbed quantity.

3. Results and discussion
3.1. Characterization

Table 3 shows some characteristics of the two modified
kaolins.

We note that the values of the humidity rate are low, this
explains the non-hygroscopic character of the two modified
kaolins and confirms the presence of a small amount of water
in the interspace [20].

The values of colloidality are important; these can be
due to a strong ionization and the fineness of the particles
involved in the constitution of the two modified kaolins [21].

We note that the values of pH are: 4.1 for KH" and 8.1 for
K-lime, this is explained by the nature of the ions exchanged
during the modification treatment.

According to Table 3, the CEC of KH' is
18 mEq/100 g. This value is very good compared with liter-
ature results (3-15 mEq/100 g) [18]. After mixing with lime,
this value increased to 22 mEq/100 g, this improvement can
be explained by the cation exchange process between the
kaolin and the lime.

3.1.1. X-ray diffraction (XRD)

The XRD patterns of K-lime (Fig. 1) reveal the presence
of the peak of kaolinite, quartz, muscovite, and anatase. The
thermal treatment of kaolin has transformed the kaolinite
into a typical amorphous metakaolinite phase. After the acid
treatment (Fig. 2), the interlayer cations are replaced by pro-
tons and the octahedral cations are dissolved [22-24].

3.1.2. Particle size analyzer

The analysis results of the clays prepared by laser particle
size analyzer are shown in Figs. 3 and 4 and are summarized
in Table 4.

From the results obtained, we find that 90% of the two
modified kaolins are lower than 50 um, which confirms the
previous results of coilloidality.

Table 3
Physical and chemical properties of adsorbents

H% C% pH CEC (mEq/100g)
KH~ 1.56 70 41 18
K-lime 1.02 80.4 8.2 22

H%: humidity rate; C%: Colloidality; CEC: Cation exchange capacity.

The specific surface area of K-lime is greater than the spe-
cific surface area of KH, this difference is essentially due to
the insertion and the nature of cations exchanged.

3.1.3. Fourier transform infrared (FTIR)

The FT-IR spectra of different samples, in the range of
400-4,000 cm™ are shown in Fig. 5. The bands in the 3,000
4,000 cm™ correspond to the hydroxyl groups stretching
vibration. Si-O bending vibration was observed at 1,114.2,
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Fig. 2. XRD pattern of KH".
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1,031.7 and 1,008.5 cm™, while the stretching vibration was
observed at 698.5 and 796.1 cm™. Absorption band observed
at 913.0 cm™ correspond to the Al-O bending vibration and
peak intensities recorded at 537.7, 469.7 and 430.2 cm™ are
due to Al-O-Si skeletal vibrations [25,26].

3.1.4. Scanning electron microscopy (SEM)

The morphology surface of the two clays particles in
powder form was observed under SEM analysis (Fig. 6). The
porosity of the surface is clearly visible. After treatments, the
porosity of kaolinite showed up and arranged in random
shape, and this led to further increase in the surface area
[27,28].

3.2. Adsorption equilibrium

Several laws have been suggested to study the adsorp-
tion; they express the relation between the adsorbed amount
and the concentration of solute in a solvent at a given tem-
perature. The two important isotherms were selected for this
study: the Langmuir and Freundlich models.

The linear form of Langmuir isotherm model is repre-
sented in the following equation:

1 1 1
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where M is the maximum adsorption capacity (mg g™) and K
is the Langmuir constant (L mg™).

One of the essential characteristics of the Langmuir
model could be expressed in a dimensionless constant, called
equilibrium parameter, R, which is determined as follows
[29,30]:

=
=

en volume / passant
T T TTTTTT T L5 B

TTTTT T T T TTTTT T T T T

S

~ B0 —
— =
o o
E %
= sl
£ H ©
5 £
(5] ’d £
2 4 o
= o
AL =}
[ i =}
> ]
R T
M

g

Ol bl L LI Ll Ll
0.1 1.0 10.0
0.04 500.0

X (diamétres) / um

Fig. 4. Histogram of population density and cumulative curve
of K-lime.

Table 4

Characterization result by laser particle size analyzer (CILAS 1090)
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where C. is the initial nitrate concentration (mg L™). The value
of R, indicates the type of isotherm to be irreversible (R, =0),
favorable (0 <R, <1), linear (R, <1), or unfavorable (R, > 1).

The linear form of Freundlich isotherm model is repre-
sented by the following equation:

Lngs =LnK, + %LnCe (5)

where K and 1/n, are the Freundlich constants.

The results of the different models are shown in Figs. 7
and 8.

The values of Langmuir and Freundlich constant and the
coefficients of determination obtained from the linear regres-
sion are shown in Table 5.

The isotherm data of layered clay fits the Freundlich
equation with a coefficient of determination (R? = 0.99) and
shows excellent linearity for the two adsorbents prepared.
The value of 1/n gives an indication on the validity of the
adsorption of the system adsorbent-adsorbate. The value of
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Fig. 5. FTIR spectra of KH* and K-lime.
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Fig. 6. SEM images of both modified kaolin.

Diameter to 10% (um) Diameter to 50% (um) Diameter to 90% (um) The density ~ Specific area (cm? g™)
K-lime 2.85 12.14 35.90 2.50 13,073.98
KH* 44.99 16.41 42.05 2.26 5,682.19
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Fig. 7. Nitrate adsorption isotherms on two supports according to the Freundlich model. (a) K-lime, (b) KH*.
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Fig. 8. Nitrate adsorption isotherms on the tow supports according to the Langmuir model. (a) K-lime, (b) KH".
Table 5
Langmuir and Freundlich isotherm parameters for adsorption of nitrate on KH* and K-lime
M Langmuir parameters Freundlich parameters
K R, R? K, 1/n R?
KH* 149.66 0.003 0.0058 0.925 3.34 0.34 0.997
K-lime 357.59 0.157 0.0087 0.629 12.60 0.63 0.993

1/n between 0 and 1 that indicates a favorable adsorption
[31]. In addition to that, this also indicates that the adsorp-
tion capacity increases, and further, adsorption sites appear.
The values of 1/n were less than one (1/n = 0.34 for KH*
and 1/n = 0.63 for K-lime) revealing favorable adsorption
conditions.

The value of the coefficient of determination of Langmuir
equation is lower than Freundlich value. Therefore, the
adsorption does not match Langmuir isotherm. R, val-
ues are well within the defined range (0.0058 for KH" and

0.0087 for K-lime) and indicate that the adsorption process
is favorable.

3.3. Adsorption kinetics
3.3.1. Effect of contact time

The different results obtained are plotted in Fig. 9, which
shows that the equilibrium is quickly achieved, after 1 h of
contact for KH" and 50 min for K-lime.
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The shape of the graph highlighting two distinct
zones [32].

e The first zone corresponds to a rapid adsorption.

e The second zone is in the form of a plateau where the
adsorption of the dissolved nitrate is maximum. At this
level, there is a pseudo-equilibrium between the adsorp-
tion and desorption and adsorption kinetics become
relatively slower.

3.3.2. Effect of initial solution pH

According to Fig. 10 the amount of removed nitrate
decreased when the pH increased. The variation of adsorp-
tion with pH can be explained by the electrostatic interaction
between the adsorbent and adsorbate. The high adsorption
capacity at low pH is mainly due to the strong electrostatic
interaction between the positively charged sites of adsorbent
(presence of H") and the anions. However, lower adsorption
of the nitrates ions at alkaline pH could be attributed to the
abundance of OH" ions which will be a competitor with the
pollutant for the same adsorption sites [33,18].

3.3.3. Effect of adsorbent dose

From Fig. 11 it is evident that the adsorption capacity of
clay increased with an increase in adsorbent dose up to a par-
ticular region and then reaches an equilibrium level at higher
doses. This may be due to the overlapping of active sites at
higher doses. So, there was no appreciable increase in the
effective surface area due to the conglomeration of adsorbent
particles [34].

3.4. Kinetic studies

In Table 6, we summarize the different results obtained
in the study of the adsorption kinetics of nitrate on the two
clays prepared.

In this study, three kinetic models were applied to the
adsorption kinetic data in order to investigate the behav-
ior of adsorption process of nitrates onto our clays pre-
pared. These models are the pseudo-first-order model [35]
(Eq. (6)), pseudo-second-order model [36] (Eq. (7)) and
intra-particle-diffusion model [37] (Eq. (8)). Figs. 12-14
shows the application of the cited models of kinetics on KH+
and K-lime clays.

+
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Fig. 9. Effect of contact time on the adsorbed quantity.

Ln(q,-q,)=Lng, -kt (6)
Lo L.l )
9. ka a,

g, =kt'?+C ®)

where g, and g, are the amounts of nitrate adsorbed (mg g™) at
equilibrium and at time f (min), respectively, k, (min™) is the
pseudo-first-order rate constant, k,is the pseudo-second-order
rate constant, k,is the intraparticle-diffusion constant rate
and C is the intercept. The kinetic constants and correla-
tion coefficients of these models are given in Table 7. The
results showed that the adsorption system followed the
pseudo-second-order model, with correlation coefficient
value of 0.99 (for the tow adsorbent) which is better than the
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Fig. 10. Effect of pH on the adsorbed amount (V = 100 ml,
C,=225mg L, m=20mg, T=25°C).
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Fig. 11. Effect of the adsorbent dose on the adsorbed amount
(V=100 ml, C,=225mg L™, pH =4, T=25°C).

Table 6
Equilibrium time, final pH and Retention rates of nitrate solution
after adsorption on the two clays prepared

Adsorbent  Equilibrium time R Final pH of
(min) (%) solution

KH* 60 42 51

K-lime 50 75 7.2
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Table 7
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Adsorption kinetic parameters for the adsorption of nitrate on the tow modified kaolin

Doy enp Pseudo first order Pseudo second order Intraparticle diffusion
k, 4. R K, 4. R k ¢ R’
KH* 94.5 0.0712 62.8 0.67 0.003 93.5 0.99 0.30 0.92 0.97
K-lime 168.75 0.0046 111.4 0.42 0.005 166.1 0.99 2.56 1.50 0.96
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Fig. 12. Pseudo-First-order kinetic model for the adsorption of
nitrate on the tow modified kaolin.
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Fig. 13. Pseudo-second-order kinetic model for the adsorption of
nitrate on the tow modified kaolin.
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Fig. 14. Intraparticle diffusion model for the adsorption of nitrate
on the tow modified kaolin.

pseudo-first-order-model (0.67 for KH* and 0.42 for K-lime)
and the calculated ge, value from this model is also in good
agreement with the experimental value g, . These results
indicate that the adsorption of nitrate on KH*and on K-lime
could be better explained based on the pseudo-second-order

kinetics model [22,38].

The Fig. 14 represent Intraparticle diffusion model
for the adsorption of nitrate on the tow modified kaolin.
The first sharper portion is the instantaneous adsorption
or external surface adsorption; the second portion is the
gradual adsorption stage where the intraparticle diffusion
is the rate limiting; and the third portion is the final equilib-
rium [22].

4. Conclusion

The results obtained in the study of the adsorption of
nitrate on kaolin of Jijel activated chemically by phosphoric
acid under microwave irradiation and by mixing with lime
under microwave irradiation, showed the efficiency of elim-
inating this pollutant by adsorption on this two adsorbent
with the following details:

e The rate of nitrate removed on activated kaolin under
microwave irradiation is about 42% and increases to 75%
for the kaolin-lime mixture under microwave irradiation.

e The adsorption kinetics on the two kaolins modified
under microwave irradiation is very quick, especially on
the mixture kaolin-lime (50 min).

e The plot of adsorption isotherms allows us to classify
the two modified kaolins under microwave irradiation
according to their affinity of adsorption. It confirms,
moreover, the homogenization of the particles of the
clays.

e The treatments and operating conditions applied to our
clay have an influence on the final pH of the studied solu-
tions, in other words, the modified kaolins under micro-
wave irradiation have a significant influence on the pH of
the polluted solutions.

e 20 mg of adsorbent in 100 ml of nitrate solution at pH 4
represented the optimum conditions in this study.

e The kinetic modeling of the nitrate on the two modified
kaolins indicates that adsorption process is of pseu-
do-second order.

References
[1]

C. Bardon, Recommendations for experimentally determining
the cation-exchange capacity of shaly media, Oil Gas Sci.
Technol., 38 (1983) 621-626.

K.H. Kang, H.S. Shin, H. Park, Characterization of humic
substances present in landfill leachates with different landfill
ages and its implications, Water Res., 36 (2002) 4023-4032.

Z.P. Wang, Z. Zhang, Y.J. Lin, N.S. Deng, T. Tao, K. Zhuo,
Landfill leachate treatment by a coagulation- photooxidation
process, J. Hazard. Mater., 95 (2002) 153-159.

R. Chemlal, L. Azzouz, R. Kernani, N. Abdi, H. Lounici, H. Grib,
N. Mameri, N. Drouiche, Combination of advanced oxidation
and biological processes for the landfill leachate treatment,
Ecol. Eng., 73 (2014) 281-289.

(21

(3]

(4]



328

[5]

(6]

[7]

(8]

19

[10]

[11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

B. Ben hamouda et al. / Desalination and Water Treatment 155 (2019) 321-328

J.T. Zume, A. Tarhule, S. Christenson, Subsurface imaging of
an abandoned solid waste landfill site in Norman, Oklahoma,
Ground Water Monit. Rem., 26 (2006) 62—69.

F.Khalil, O. Bouaouine, H. Chtioui, S. Souabi, M.A. Aboulhassan,
A. Ouammou, Treatment of landfill leachate by coagulation-
flocculation, J. Mater. Environ. Sci., 5 (2015)1337-1342.

M. El kharmouz, M. Sbaa, A. Chafi, S. Saadi, L’étude de I'impact
des lixiviats de I'ancienne décharge publique de la ville d’Oujda
(Maroc oriental) sur la qualité physicochimique des eaux
souterraines et superficielles, Larhyss J., 16 (2013) 105-119.

R.R. Kalantary, E. Dehghanifard, A. Mohseni-Bandpi,
Nitrate adsorption by synthetic activated carbon magnetic
nanoparticles: kinetics, isotherms and thermodynamic studies,
Desal. Wat. Treat., 57 (2016) 16445-16455.

H.A. Hanafi, S. Azeema, Removal of nitrate and nitrite anions
from wastewater using activated carbon derived from rice
straw, J. Environ. Anal. Toxicol., 6 (2016) 1-6.

T. Xiaowen, Y. Zhiquan, X. Pan, L. Ying, N. Xiaojun, Nitrate
adsorption from aqueous solutions by calcined ternary
Mg-Al-Fe hydrotalcite, Water Sci. Technol., 75 (2017) 2194-2203.
Y. Nancy, H. Cacier, R. Albeiro, I. César, F. Elizabeth, Adsorption
of nitrate and bicarbonate on Fe-(hydr)oxide, Inorg. Chem., 56
(2017) 5455-5464.

O.A. Kayode, L.U. Emmanuel, 1.O. Bamidele, Kinetic and
thermodynamic aspects of the adsorption of Pb(2+) and Cd(2+)
ions on tripolyphosphate-modified kaolinite clay, Chem. Eng.
J., 136 (2008) 99-107.

M. Alkan, B. Kalay, M. Dogan, O. Demirbas, Removal of copper
ions from aqueous solutions by kaolinite and batch design, J.
Hazard. Mater., 153 (2008) 867-876.

C.J. Mena-Duran, M.R. Sun-Kou, T. Lopez, Nitrate removal
using natural clays modified by acid thermoactivation, Surf.
Sci., 253 (2007) 5762-5766.

B. Wasse, F. Gezahegn, F. Nestor, Removal of nitrate ion from
aqueous solution by modified Ethiopian bentonite clay, Int. J.
Res. Pharm. Chem., 4 (2014) 192-201.

O. Bouras, T. Chami, M. Houari, H. Khalaf, ]. Bollinger, M.
Baudu, Removal of sulfacid brilliant pink from an aqueous
stream by adsorption onto surfactant modified Ti-pillared
montmorillonite, Environ. Technol., 23 (2002) 405-411.

M. Morteza, S. Shamsuddin, E. Kumars, Nitrate Adsorption
on Clay Kaolin: Batch Tests, Hindawi Publishing Corporation
(2015) 397069.

M. El Ouardi, S. Qourzal, S. Alahiane, A. Assabbane, J. Douch,
Effective removal of nitrates ions from aqueous solution using
new clay as potential low-cost adsorbent, J. Encapsul. Adsorpt.
Sci., 5 (2015) 178-190.

R. Trujillano, E. Rico, M.A. Vicente, M. Herrero, V. Rives,
Microwave radiation and mechanical grinding as new ways for
preparation of saponite-like materials, Appl. Clay. Sci., 48 (2010)
32-38.

S.J. Kim, Sorption mechanism of U (VI) on a reference
montmorillonite: binding to the internal and external surfaces,
J. Radioanal. Nucl. Chem., 250 (2001) 55-62.

A. Qlihaa, S. Dhimni, F. Melrhaka, N. Hajjaji, A. Srhiri, Physico-
chemical characterization of a morrocan clay, J. Mater. Environ.
Sci., 7 (2016) 1741-1750.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

A. Boukhemkhem, K. Rida, Improvement adsorption capacity
of methylene blue onto modified Tamazert kaolin, Adsorpt. Sci.
Technol., 35 (2017) 753-773.

D. Ghosh, K.G. Bhattacharyya, Adsorption of methylene blue
on kaolinite, Appl. Clay Sci., 20 (2002) 295-300.

S. Korichi, A. Elias, A. Mefti, Characterization of smectite after
acid activation with microwave irradiation, Appl. Clay Sci., 42
(2009) 432-438.

A. Njoya, C. Nkoumbou, C. Grosbois, D. Njopwouo, D. Njoya,
A. Courtin-Nkoumbou, Genesis of mayouom kaolin deposit
(western cameroun), Appl. Clay Sci., 32 (2006) 125-140.

F.A. Dawodu, K.G. Akpomie, Simultaneous adsorption of Ni
(II) and Mn(II) ions from aqueous solution unto a Nigerian
kaolinite clay, J. Mater. Res. Technol., 3 (2014) 129-141.

A.G. San Cristobal, R. Castello, M.A.M. Luengo, C. Viscayno,
Acid activation of mechanically and thermally modified
kaolins, Mater. Res. Bull., 44 (2009) 2103-2111.

C. Volzone, ]. Ortiga, SO2 gas adsorption by modified kaolin
clays: influence of previous heating and time acid treatments, J.
Environ. Manage., 92 (2011) 2590-2595.

D. Mohan, S. Chander, Single, binary, and multicomponent
sorption of iron and manganese on lignite, J. Colloid. Interface
Sci., 299 (2006) 76-87.

M.K. Seliem, S. Komarneni, T. Byrne, F.S. Cannon, M.G.
Shahien, A.A. Khalil, LM. Abd El-Gaid, Removal of nitrate by
synthetic organosilicas and organoclay: kinetic and isotherm
studies, Appl. Clay Sci., 110 (2013) 181-187.

W.T. Tsai, Y.M. Chang, C.W. Lai, C.C. Lo, Adsorption of basic
dyes in aqueous solution by clay adsorbent from regenerated
bleaching earth, Appl. Clay Sci., 29 (2005) 149-154.

R. Elmoubarki, F.Z. Mahjoubi, H. Tounsadi, ]. Moustadraf, M.
Abdennouri, A. Zouhri, N. Barka, Kinetics and thermodynamics
study of methylene blue adsorption onto Aleppo pine cones, J.
Mater. Environ. Sci., 7 (2016) 2869-2879.

H. Tahir, Comparative Trace Metal Contents in Sediments and
Liquid Waste from Tanneries and Their Removal of Chromium
Using Zeolite 5A, Electronic Journal of Environmental,
Agricultural and Food Chemistry, 4 (2005) 23-29.

V.C. Srivastava, M.M. Swamy, D. Malli, B. Prasad, I.M. Mishra,
Adsorptive removal of phenol by bagasse fly ash and activated
carbon: equilibrium, kinetics and thermodynamics, Colloids
Surfaces A: Physico chem. Eng. Asp., 272 (2006) 89-104.

Y. S. Ho, G. McKay, Kinetic model for lead(II) sorption on to
peat, Adsorpt. Sci. Technol., 16 (1998) 243-255.

B. K. Nandi, A. Goswami, M.K. Purkait, Adsorption
characteristic of brilliant green dye on kaolin, J. Hazard. Mater.,
161 (2009) 387-395.

L. Deng, Z. Shi, L. Luo, S. Chen, L. Yang, X. Yang, L. Liu,
Adsorption of hexavalent chromium onto kaolin clay based
adsorbent, J. Cent. South Univ., 21 (2014) 3918-3926.

C. Belver, M.A.B. Munoz, M.A. Vicente, Chemical activation of
a kaolinite under acid and alkaline conditions, Chem. Mater., 14
(2002) 2033-43.



