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ABSTRACT

In the present study, natural sand of Merzouga region (NSM) was investigated for the removal of
textile dyes from aqueous solutions in static mode. X-ray diffraction analysis, FT-IR spectroscopy, N,
sorption and transmission electron microscopy were used to investigate physicochemical properties
of this siliceous material. The particle size distribution analysis was also used as a simple technique of
particle sizing. Characterization of the natural material indicates pure and very fine-sized sand with a
weak specific surface area. The effects of solution pH, initial dyes concentration, temperature, contact
time and adsorbent dose on the removal of methylene blue (MB) and malachite green (MG) were stud-
ied. Results showed that the highest removal efficiency of MB and MG by NSM were performed at basic
solution pH. The adsorption of the both dyes followed the pseudo-second-order kinetic model. The
thermodynamic parameters obtained demonstrated that MB and MG adsorption process is feasible,
spontaneous and endothermic. The equilibrium data were better described by Langmuir isotherm
model. In optimal conditions, the maximum adsorption capacities of NSM using Langmuir isotherm
model were 1.185 mg/g for MB and 3.144 mg/g for MG. FTIR analysis indicates that the adsorption
of MB and MG onto NSM could be done with a physical adsorption. Desorption experiment using
deionized water as desorbing agent revealed over 95.32% and 68.98% for MB and MG, respectively.
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1. Introduction

During the last decades, the rapid industrial
development all over the world has generated several
pollution sources. Textile processing industries are

* Corresponding author.

characterized by their high water consumption and
considered one of the major sources of environmental
pollutants [1]. The removal of dyes from textile effluents
is the most significant environmental problems. Various
techniques have been reported for the removal of dyes from
industrial effluents and wastewaters that often involve a
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combination of different processes to achieve the desired
water quality.

Currently, several technologies are available for dyes tex-
tile removal from aqueous solution such as photocatalytic
degradation [2,3], Fenton’s reagent [4], reverse osmosis [5],
ion exchange [6], membrane filtration [7] and electrochemical
treatment [8]. While, some of these methods are often quite
expensive, complex, less sensitive do not generally degrade
the pollutant, therefore causing an accumulation of the dye
as sludge creating a disposal problem. They have already the
limitations of being time-consuming,.

For that, special attention is given to the adsorption pro-
cess [9], because itis one of the efficient, economic and simplest
methods for the removal of organic pollutants from aqueous
solutions. Therefore, in recent years, considerable attention
has been taken, based on economical and environmental con-
cerns, to the investigation of different types of low-cost, eas-
ily available and highly effective adsorbents such as activated
carbon [10,11], clay [12], hydroxyapatite [13], layered double
hydroxides [14], nanocomposite [15,16], starch/poly(alginic
acid-cl-acrylamide) nanohydrogel [17], amberlite Ira-938
resin [18] and various biomass materials including Diplotaxis
harra and Glebionis coronaria L. [19], Trichoderma harzianum
[20], palm kernel [21], Ziziphus lotus fruit peels and Avocado
kernels seeds [22]. Even though, the research is always, look-
ing for other alternative adsorbents cheaper, abundantly
available, as simple and easy to regenerate.

In this context, an available component can be identified,
which is the sand. The sand is together small separate mineral
grains, recovering the ground. It is identified across to the size
grading, the most frequent of its components is the dry quartz
and its density varies according to its size grading and its com-
position. The sand is used as raw material in the glass industry
[23], as a filter of liquids and gases [24], as abrasive in factories
to clean metallic parts [25], in high-pressure jet to give the effect
faded in jeans [26], in agricultural amendment to increase at
the same time the pH of an acid ground and improve the tex-
ture of lands [27]. The sand is also an element mattering in the
tourist domain, when it is present on beaches and dunes. It is
little exploited in the field of adsorption of micro-pollutants of
the effluents generated by industrial activities.

In this paper, due to its great abundance and physico-
chemical properties, the natural sand of Merzouga (NSM) in
Morocco was used as adsorbents for dyes removal from the
aqueous solutions. Two types of commercial dyes were cho-
sen for this study, including, methylene blue (MB) and mal-
achite green (MG). Adsorption experiments were carried out
as a function of solution pH, contact time, adsorbent dosage,
initial concentration of dyes and temperature. The kinetics,
thermodynamic parameters controlling the adsorption pro-
cess were also calculated and discussed. Equilibrium sorp-
tion isotherms were modeled by Langmuir, Freundlich and
Temkin models. The NSM sample was characterized by X-ray
powder diffraction, N, sorption, FT-IR spectroscopy before
and after adsorption and transmission electron microscopy.

2. Experimental methods
2.1. Adsorbent material

NSM was selected as an adsorbent for dyes removal
due to its availability and physico-chemical characteristics.

NSM was collected in the dune of Merzouga region in the
southeast of Morocco.

2.2. Reagents

All of the reagents used in this study were of analytical
grade and were used without any further purification: nitric
acid 65% (Scharlau, Spain), sodium hydroxide (Merck,
Germany; 98% purity), methylene blue (C, H,CIN,S) and
malachite green (C,H,N,) from Sigma-Aldrich Chemical
Company, Germany. Characteristics and molecular structures
of MB and MG are presented in Table 1. Solutions were pre-
pared with distilled water.

2.3. Procedure and analysis

Natural sand of Merzouga (NSM) was washed, dried at
383Kand calcinedat773K.Structure, texture, surfacemorphology
and size distribution analyses by sieving were carried out to
identify the correlation between the NSM structure and their
adsorptive capacity. Several characterization techniques used in
this work are described below.

Phases present in the NSM and their crystallinity were
determined by performing powder X-ray diffraction (XRD)
method. The pattern was scanned from 20 = 2°-80° at scan
rate of 2°/min using a diffractometer (type X'Pert High Score)
with Cu Ka radiation. The accelerating voltage and the
applied current were 40 kV and 35 mA, respectively.

The specific surface area measurement was carried out
by nitrogen adsorption and desorption analysis at 77 K using
a Micromeritics Instrument FlowSorb II 2300. Before any
measurement was taken, the sample undergoes degassing in
573 K under nitrogen during 4 h to desorbed species on the
particles surface.

Infrared absorption spectroscopy spectra were illus-
trated, after and before adsorption of MB and MG, at room
temperature on a Fourier transform infrared spectroscopy
(FTIR-2000, PerkinElmer, USA). Before analysis, a small
amount of powdered sample was dispersed in a matrix of
KBr using weight ratio of (carbon/KBr) = 1/100 and then
pressed to form transparent pellet. KBr was previously oven-
dried to avoid interferences due to the presence of water and
FTIR spectrum was recorded at room temperature in the
wavenumbers range of 4,000-400 cm™.

The microstructure of NSM was observed using trans-
mission electron microscopy (TEM) with a JEM-2010F

Table 1
Physicochemical characteristics of methylene blue and malachite
green

Name Molecular structure MW Amax
(g/mol)  (nm)
Methylene blue /©i)j©\ 319.85 661
(Basic blue 9) (CHILN S N(CHy,
a
Malachite green 329.5 621

(Basic green 4)

\ \
.
O™
HC,0,- N
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microscope (JEOL, France), at an acceleration voltage of
200 kV. The grading analysis by sieving is made on a sample
and passed through six sieves.

2.4. Adsorption studies

Stock solutions of dyes were prepared by dissolving
desired weight of each dye in distilled water and necessary
concentrations were obtained by dilution. Sorption experi-
ments were performed in a series of 50 mL beakers contain-
ing the desired weight of NSM and 50 mL of the dye solution
at desired concentration. These experiments were carried
out at a constant agitation by varying pH of solution from
2 to 10, NSM dosage from 0.5 to 10 g/L, contact time from
0 to 360 min, initial dyes concentration from 10 to 100 mg/L
and temperature from 10°C to 50°C. The solution pH was
adjusted by adding NaOH (0.1 N) or HNO, (0.1 N) and mea-
sured by a sensION+ PH31 pH meter. The temperature was
controlled using a thermostatically controlled incubator.

After each adsorption experiment completed, the solid
phase was separated from the liquid phase by centrifugation
at 3,000 rpm for 10 min. Each sample was diluted by distilled
water and the residual concentration was determined from its
UV-Vis absorbance characteristic with the calibration curve
method at the wavelength of maximum absorption at 661 nm
for methylene blue and at 621 nm for malachite green. A
TOMOS V-1100 model UV-Vis spectrophotometer was used.

The adsorption capacity and adsorption yield were
calculated using the following equations:

@™

0 . _ (Ca _ C)
Jo Removal efficiency = e x100 ()

o

where g, is the adsorbed quantity (mg/g), C, is the initial dye
concentration (mg/L), C is the dye concentration at a time
t (mg/L), R is the mass adsorbents per liter of solution (g/L).

Desorption experiment for the NSM was investigated
using a desorbing agent. In this study, deionized water was
used as an eluent solution to desorb MB and MG from the
surface of the NSM. In first time, the adsorption of the both
dyes onto NSM was performed for 180 min. The volume of
the dye solution was 100 mL with a concentration of 50 mg/L
and the weight ratio of 20 g/L. After saturation, the suspen-
sion was filtered and the residual solid was contacted with
the desorbing solution at the same operating conditions
adopted in adsorption. The mixture was stirred for 180 min
and then filtered and the concentration of desorbed dye was
determined. The percentage of both dyes desorbed was cal-
culated by the following equation:

100xC,
g,xR

% Desorption =

®)

where C, (mg/L) is the concentration of dyes desorbed,
g, (mg/g) is the adsorption capacity of the adsorbent for each
dye and R is the weight ratio of the NSM used in desorption.

3. Results and discussion
3.1. Particle size distribution

The grading analysis by sieving is made on a sample
of 400.01 g obtained from the source. This sample passed
through six sieves. The respective meshings which have six
nominal dimensions (d): 500, 300, 250, 200, 150 and 100 pm.
The masses and the percentages of passing obtained are
grouped in Table 2. According to this result, we observe that
the particles size was between 200 and 400 pm. It is an aver-
age sand according to the classification of Mahaney [28] and
Larsonneur [29].

3.2. Characterization
3.2.1. X-ray powder diffraction

Fig. 1 shows the X-ray powder diffraction pattern of
NSM sample. Peaks at 20 = 21°, 27°, 42°, 50° and 60° were

Table 2
Result of the grading test by dry sieving

d Retained =~ Cumulative Passing % Passing
(m) (8 retained (g)  (g)

0 400.01 400.01 0 0
100 5.37 393.51 6.5 1.62
150 22.23 388.14 11.87 2.97
200 61.05 365.91 34.10 8.52
250 105.45 304.86 95.15 23.79
300 199.41 199.41 200.6 50.15
500 0 0 400.01 100
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Fig. 1. X-ray diffraction pattern of the NSM.
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attributed to the quartz phase. The peaks observed at20 =29°,
36° and 39° are attributed to the crystalline calcite phase. The
fineness peaks indicate that the NSM was well crystallized.
This result indicated that the sand of dune of Merzouga is
siliceous sand.

3.2.2. Specific surface area determination

The specific surface area calculated from the classic for-
mula of Brunauer-Emmet-Teller of the NSM was estimated
as 2.7 m?/g. This small surface area suggested that the NSM
do not have relatively defined holes on their surface.

3.2.3. Transmission electron microscopy observation

Fig. 2 presents the TEM particle morphologies of the NSM
studied in different size grading between 150 and 500 pm.
In this surface, particles possess a uniform distribution. The
images (a, b), (¢, d), (e, f) and (g, h) correspond, respectively,
in size grading 150 <d <200 um, 200 < d <250 um, 250 < d
<300 um and 300 < d < 500 um. Images b, d, f and h show
that size on this studied sand are in varied forms. This can
be explained by coming from distant regions under the effect
of the wind. Figs. 2(a), (c), (e) and (g) show the existence of
black small points corresponding to the spaces of pore as
holes on the surface which looks similar to a sponge. This
wide porous texture is a very good argument showing the
capacity of adsorption of this sand.

4. Adsorption study
4.1. Effect of solution pH

The adsorption process is mostly affected by the variation
in solution pH. In general, the effect of solution pH depends
on the ions present in the reaction mixture and then on the
electrostatic interactions with the surface of the adsorbent.
Both aqueous chemistry and surface binding sites of the
adsorbents are influenced by solution pH. The effect of the
variation of solution pH on the adsorption of MB and MG
onto NSM is illustrated in Fig. 3. The figure indicates that
MB sorption decreases with the increase of solution pH from
4 to 9; as a result, the removal efficiency decreases from 62%
to 44%. For pH values between 9 and 12, the removal effi-
ciency of the dye increased gradually. For MG, the adsorp-
tion efficiency increased simultaneously with increasing
solution pH from 6 to 9. The highest adsorption yield of
MB and MG were obtained at basic pH solution. This is due
to the fact that, with the increase of solution pH, the sur-
face of the adsorbent particles becomes negatively charged.
Consequently the ionic absorbent-adsorbate interaction with
cationic dyes (MB and MG) becomes progressively signifi-
cant. Hence, basic medium pH was suitable for the removal
of 65% of MB and 93% of MG onto NSM.

4.2. Effect of adsorbent dosage

Optimum adsorbent dosage is one of the important
parameters to be studied. It gives information on the amount
of adsorbate adsorbed as a function of the number of available
adsorption sites and the surface area increases by increasing
the adsorbent dosage. The removal efficiency of MB and

MG by NSM are shown in Fig. 4. The figure shows that the
adsorbent yield of the both dyes increases with increasing the
adsorbent dosage and maximum removal efficiency occurs
at an adsorbent dosage of 30 g/L. This variation can be justi-
fied by the availability of more number of sorption sites on
the surface of the sand. From the figure, it could be seen that
30 g/L of sand is sufficient to remove about 80% of MG and
50% of MB. The sorption yield of MG is greater than that of
MB. This difference may be due to the nature of adsorbent—
adsorbate interactions.

4.3. Adsorption kinetics

The kinetic study presents a major parameter on the pro-
cess of adsorption. Fig. 5 illustrates the effect of contact time
on the adsorption of MB and MG on the NSM. Kinetics data
of solute uptake is required for selecting optimum conditions
for full-scale with batch process. From the figure, it could be
seen that the adsorption of MB and MG were rapid at the
first period of the process and it accuses equilibrium after
about 240 min. In fact, values of adsorbed quantity (g) were
increased quickly, and after 240 min they become almost
constant. This time can be considered optimal for effective
retention of the both dyes onto NSM. The kinetic data were
analyzed by different kinetic models: pseudo-first order,
pseudo-second order equations and the intraparticle diffu-
sion model. The obtained results are, respectively, illustrated
in Figs. 6-8.

The first-order rate expression of Lagergren based on
solid capacity is generally expressed as follows [30]:

g=q,(1-¢™) 0

where g, and g (both in mg/g) are, respectively, the amounts
of dye adsorbed at equilibrium and at any time ¢ (min), and
k, (1/min) is the rate constant of adsorption.

The pseudo-second order model proposed by Ho and
McKay [31] is based on the assumption that the sorption fol-
lows second order chemisorption. The pseudo-second order
model can be expressed as:

k,q’t
q — 1 qu
+kyq,t

Q)

where k, (g/mgmin) is the rate constant of pseudo-second
order adsorption.

In order to explain the diffusion mechanism, the intra-
particle diffusion model was used. This model explains a
multi-step kinetic sorption process. In general, however, the
external diffusion can be considered negligible; especially
in well stirred system [32], the rate controlling step is the
intraparticle diffusion step. The equation of the intraparticle
diffusion kinetic model is expressed as follows [33]:

g=Kp5+1 ©6)

where g is the amount of solute adsorbed at any time (mg/g);
K, (mg/K min'?) is the adsorption rate constant, and [ is the
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Fig. 2. TEM micrographs of NSM.
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effect of boundary layer thickness. The K, values can be
determined through a linear regressions of g vs. {° [32].

The validity of each model was tested by estimating the
correlation coefficient, r* value and sorption capacity (q,,,)-
Parameters of the pseudo-first order and pseudo-second
order models were evaluated with the aid of the non-linear

regression using Origin 6.0 software. All relative parameters
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Fig. 3. Effect of pH on the adsorption of MB and MG onto NSM:
C,=50 mg/L, R =40 g/L, time = 180 min, T =25°C.
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Fig. 4. MB and MG removal efficiency as function of NSM dose:
C,=50 mg/L, time = 180 min, T =25°C.
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Fig. 5. Kinetics of adsorption of MB and MG by NSM: C= 50
mg/L, R=40g/L, T =25°C.
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Table 3
Kinetic constant values for MB and MG adsorption onto NSM
Dyes MB MG
Torp (mg/g) 0.557 0.940
Pseudo-first order 9., (mg/g) 0.557 0.987
k, (1/min) 0.029  0.141
r 0.893 0.950
Pseudo-second order  g_, (mg/g) 0.498 0.937
k, (g/mg min) 0.069 0.223
r 0.950 0.988
Intraparticle diffusion K, (mg/K min'?)  <0.0001 0.029
L 9 11
r 0.937 0.652

of the pseudo-first order, pseudo-second order kinetic and the
intraparticle diffusion model are listed in Table 3. The table
shows that, for MB and MG sorption, the values of correlation
coefficient were closer to 1 in the case of pseudo-second order
than pseudo-first order model. Although, the calculated equi-
librium values (g_,) from pseudo-second order model were
more compatible with the experimental equilibrium values
(4.,,) than the others calculated from the pseudo-first-order
model for the both dyes.

In fact, in the intraparticle diffusion model, the dye
adsorption by NSM involves several steps, which are:
transfer of dye from the solution to the adsorbent surface,
film diffusion, dye adsorption on the outer surface of the
adsorbent, dye diffusion in the pores and in the solid phase
(intraparticle diffusion), and finally, dye adsorption on the
active sites in the interior surface of the adsorbents [34]. From
the plot of g, versus t*%, the values of intraparticle diffusion
rate constant (k) and the effect of boundary layer thickness
(I) were calculated (Table 3). As shown from Fig. 8 that the
plots are not more linear through all the time ranges for the
both dyes. While, the correlation coefficient in the case of
MB sorption indicate a value close to 1 than this one in MG,
which means that the adsorption process is not governed
principally by intraparticle diffusion. If the intercept length
increased, adsorption is more boundary layer controlled.

The analysis of these results shows that the adsorption of
MB and MG could be more described by the pseudo-second
order model. These results provide that the adsorption
capacity may be due to the higher driving force making
the transfer of MB and MG molecules to the surface of the
adsorbent particles.

4.4. Effect of temperature

The effect of temperature on the adsorption of dyes is very
important in the real application of adsorption as various tex-
tile and other dyes effluent produced at relatively different
temperatures. Indeed, it promotes the diffusion of molecules
across the external boundary layer and the internal pores of
the adsorbent particles, probably due to the decrease of the
viscosity of the solution. Fig. 9 represents the variation of the
percentage sorption of MB and MG on the NSM as function
of the temperature. The curves indicate that the temperature
has a less significant effect on the adsorption of both the dyes

100
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o 60 4 /\
]
E —a— MG
= 207 —e—MB
>
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% 20
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0 10 20 30 40 50 60
T(°C)

Fig. 9. Effect of temperature on the adsorption of MB and MG
onto NSM: C;=50 mg/L, R =40 g/L, time = 180 min.

onto NSM. It is found that the removal efficiency of the MB
and MG slightly increases in the temperature range between
10°C and 50°C. It also appears that the adsorption of MG is
important than MB. The relatively small surface area may be
explaining the obtained result.

Thermodynamic parameters including the change in free
energy (AG°), enthalpy (AH®) and entropy (AS°) were used to
describe thermodynamic behavior of the adsorption of MB
and MG onto NSM. These parameters were evaluated to dis-
cover the spontaneous nature and the changes in randomness
of the system. Then, the exothermic or endothermic nature of
the adsorption process can be also determined.

These thermodynamic parameters were determined
according the following reversible process [35]:

dye in solution = adsorbed dye (7)

For such equilibrium reactions, K, the distribution
constant, can be expressed as:

K,=Je ®)

The Gibbs free energy (AG°) was calculated using the
following equation:

AG® = -RTIn(K ) )

where R is the universal gas constant (8.314 ] mol/K) and T is
solution temperature in K.

The enthalpy (AH®) and entropy (AS°) of adsorption
were estimated from the slope and intercept of the plot of
InK vs. 1/T yields, respectively. They were determined using
van't Hoff equation:

AGS_ AH® AS°
RT  RT R

LnK, = (10)

Thermodynamic parameters calculated for the adsorp-
tion of MB and MG onto NSM are illustrated in Table 4. It
could be seen from this table that the adsorption of dyes is
thermodynamically favorable with a spontaneous adsorption
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process due to the negative values of Gibbs free energy (AG®)
at different temperature [36,37]. As shown that the enthalpy
of adsorption (AH®) is of the order of 0.0025 kJ/mol for MB
and 0.0016 kJ/mol for MG, these positive values indicate that
the adsorption is endothermic [38]. The AS® parameter was
found to be positive for adsorption of MB and MG onto NSM
proving an increase in the randomness at the solid/solution
interface during the adsorption [39].

4.5. Adsorption isotherms

Adsorption isotherms are important in this study as they
describe the possible interaction between the adsorbate and
adsorbent. The equilibrium adsorption capacities vs. concen-
trations of the dye solution at equilibrium are represented in
Figs. 10 and 11. It could be seen from these figures that the
equilibrium adsorption capacity increases with the increas-
ing of initial concentration of dyes. The increase in adsorbed
amounts with concentration is probably due to a high driv-
ing force for mass transfer. Hence, high concentration in
solution implicates greater amount of dye molecules fixed at
the surface of NSM. To explain more the adsorption process,
the obtained equilibrium data were modeled using differ-
ent isotherm models. In this study, three adsorption equi-
libriums isotherm models including Langmuir, Freundlich

Table 4
Thermodynamic parameters calculated for the adsorption of MB
and MG onto NSM

Adsorbent NSM
Adsorbate T g, K, AG° AH° AS°
(°C) (mg/g) (J/mol)  (kJ/mol) (J/K mol)
MB 10  0.66 0.03 -5,414.45 0.0025 0.02
20 0.73 0.07 —4,167.69 0.0025 0.02
40 0.90 0.07 -2,447.31 0.0025 0.02
50 0.84 0.05 -2,821.00 0.0025 0.02
MG 10 1.02 0.10 -8,239.38 0.0016 0.02
20 1.13 0.18 -6,458.71 0.0016 0.02
40 1.21 0.39 -6,899.35 0.0016 0.02
50 1.20 0.35 -8,033.14 0.0016 0.02
1
08 . li:"_ﬂ_‘____;"_.,
06 - %
Cl e
E 04 | ,,’ ] Exper'\m_enta\ point
=2 pa Langmuir
2 Freundlich
024 . 7 ————-Temkin
.!‘
0 / T T T T T
0 10 20 30 40 50 60 70
Ce(mg/L)

Fig. 10. Experimental points and fitted isotherm curves for MB
adsorption onto NSM.
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and Temkin models have been used for the analysis of the
obtained equilibrium data.

4.5.1. Langmuir isotherm

The Langmuir isotherm assumes that sorption comes from
the monolayer coverage of adsorbate over a homogenous
adsorbent surface [40]. This model supposes that sorption
occurs on specific homogeneous sites within the adsorbent
and all its sorption sites are energetically identical. The math-
ematical expression of the Langmuir isotherm is given by
Eq. (11):

_ KC

11
e 1+K,C, (an

where g (mg/g) is the maximum monolayer adsorption
capacity and K, (L/mg) is the Langmuir equilibrium
constant related to the sorption affinity. C, is the equilibrium
concentration.

4.5.2. Freundlich isotherm

The Freundlich isotherm is an empirical model of hetero-
geneous surface sorption with non-uniform distribution of
heat sorption and affinities [41]. It is expressed mathemati-
cally by Eq. (12):

q,=K.C" (12)

where K. (mg'*/g L) and n are Freundlich constants.
n is the heterogeneity factor related to adsorption affinity and
K, is related to the adsorption capacity.

If the values of n are in the range of 1-10, it can be
considered that the sorption process indicates a favorable
and slightly difficult sorption. However, the sorption is very
insignificant when n is lower than 1. Also, if the value of n is
equal to unity, the adsorption is linear; if the value is below
to unity, it can be deduced that sorption process is chemical,
if the value is above unity adsorption is a favorable physical
process.
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Fig. 11. Experimental points and fitted isotherm curves for MG
adsorption onto NSM
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4.5.3. Temkin isotherm

Temkin isotherm model suggests a uniform distribution
of binding energies and assumes the effects of the interaction
of the adsorbate and the adsorbing species [42]. This isotherm
assumes that the heat of adsorption of all the molecules in
the layer would decrease linearly rather than logarithmically
with coverage owing to adsorbate-sorbent interactions. The
Temkin isotherm has been expressed mathematically as:
q,=BIn(K,C) (13)
where B=RT/b, T (K) is the absolute temperature and R is the
universal gas constant (8.314 J/mol).

B is the Temkin constant related to the heat of adsorption
(kJ/mol), and K, empirical Temkin constant related to the
equilibrium binding constant related to the maximum
binding energy (L/mg).

The calculated results from the curves of Langmuir,
Freundlich and Temkin isotherm models for MB and MG have
been summarized in Table 5. The higher values of r* accused
the applicability of the Langmuir model for dyes sorption
onto the NSM. Therefore, the best fit of experimental data
was obtained with the Langmuir model. For the Freundlich
model, the correlation coefficients are lower. The values of
n > 1 indicated favorable adsorption at experimental condi-
tions of the both dyes sorption onto NSM. The Temkin model
found a calculation about equilibrium binding constant cor-
responding to the maximum binding energy, K,. This model
presents a correlation coefficient 72> 0.98 for the MB sorption
and a lower value in the case of MG sorption. The compari-
son between the three models for the analysis of optimization

Table 5
Equilibrium constant values for MB and MG onto NSM
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data provides that the Langmuir model is the most suitable
to fit the adsorption data.

On the other hand, it appears that the removal efficiency
of the sand was independent to the specific surface. It was so
due to the interactions between functional groups at the sand
surface and groupements of dyes. These interactions could
be considered as links of van der Waals nature. This is seen in
the equilibrium data that it was fitted to the Langmuir model.

Maximum adsorption capacity obtained from the
removal of MB and MG onto NSM was compared with the
previous records of various low-cost adsorbent as summa-
rized in Table 6. It can be observed that experimental data of
the present study were found to be higher than those of some
corresponding adsorbents in the literature.

4.6. Contribution of functional groups in the sorption

Fig. 12 shows FT-IR spectra of NSM sample before and
after adsorption of both the dyes. From the FTIR spectra, the
observed changes occurring on the NSM after adsorption of
MB and MG are reflected in the broad and strong bands at
3,436 and 1,617 cm™, which are attributed to the stretching
and bending of hydroxyls vibrations of Mg-OH and Fe-OH
groups, respectively. The bands situated at 1,418 and at
693 cm™ are assigned to the stretching vibration modes char-
acteristic of the groupings of carbonates. The bands situated
in 1,080 cm™, that divided into two at 796 and at 778 cm™ and
at 459 cm™ are, respectively, bending in the plane and outside
the plane of the groupings silicon—oxygen. The intensity of
bands around 1,080 cm™ confirms that the sand of Merzouga
is very rich in silica. This result is in accordance with X-ray
diffraction result.

Dyes  Langmuir Freundlich Temkin
q,, (mg/g) K(L/mg) n K, (mg'"/g/L") r K, (L/mg) B (kJ/mol) r

MB 1.185 0.047 0.992 1.949 0.111 0.974 0.822 0.221 0.985
MG 3.144 0.079 0.984 1.488 0.264 0.967 1.869 0.478 0.918

Table 6

Comparison of maximum adsorption capacity of NSM for MB and MG with different adsorbents
Adsorbent q (mg/g) MB q (mg/g) MG References
Raw KT3B kaolin (Algeria) 52.76 - [43]
Kaolinite 102.04 - [44]
Nanoporous activated carbon prepared from karanj 154.8 - [45]
Polyaniline nanotubes (PANI NTs) 09.21 - [46]
Graphene oxide nanosheets (GO) at 25°C 03.57 - [47]
Graphene oxide nanosheets (GO) at 35°C 4.37 - [47]
Activated lignin—chitosan extruded (ALiCE) 36.25 - [48]
Almond gum - 196.07 [49]
Chitosan ionic liquid beads A (1-butyl-3-methylimidazolium acetate A) - 08.07 [50]
Chitosan ionic liquid beads B (1-butyl-3-methylimidazolium chloride B) - 0.24 [50]
Natural zeolite - 4.15x10° [51]
Natural sand of Morocco (NSM) 1.185 3.144 This study
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Fig. 13. Percentages of MB and MG desorbed from loaded NSM
using deionized water.

After loading of MB and MG, the FTIR spectra
demonstrate some shifts of the wavenumber of hydroxyl
groups. Hence, before and after adsorption of both the dyes,
the infrared spectrum indicated no chemical change on the
majority of functional groups of NSM, which suggested that
the adsorption of MB and MG onto NSM could be done with
a physical adsorption [52].

4.7. Desorption of MB and MG from NSM

Disposal of an adsorbent loaded with textile dyes creates
another environmental problem and requires further treat-
ment. For this reason, regeneration of adsorbent materials
through desorption of the dyes is of crucial importance. The
desorption process is also important in order to recover the
adsorbed dyes for reuse. Fig. 13 presents the percentages of
MB and MG desorbed from loaded NSM using deionized
water. The figure indicates that the desorbed percentages of
MB and MG were found to be 95.32% and 68.98%, respec-
tively. These results indicate that distilled water is fairly effi-
cient at desorbing the adsorbed MB and MG onto NSM.

5. Conclusion

This work focused on the study of the elimination of textile
dyes by adsorption on the sand of Merzouga. Experimental
results show that the adsorption process depends on the pH of
dye solution, of the concentration and of the mass of adsorbent.
The amount of adsorption of methylene blue and malachite
green in the NSM increases with increasing of the basicity of

the solution. Therefore, very significant sorption efficiency was
achieved in basic medium. The kinetic study of the adsorption
of MG and MB onto NSM showed that the adsorption pro-
cess was initially rapid and then slowed down until reaching
the equilibrium to 240 min. The kinetics of adsorption of MG
and MB was better described by the pseudo-second order. For
the effect of dosage sorbent, a mass ratio of 40 g/L is sufficient
to remove about 80% of MG and 50% of MB. The thermody-
namic parameters obtained at different temperature indicate
that MB and MG adsorption onto NSM process is spontaneous
and endothermic. Further, equilibrium isotherms of both the
dyes were more described adequately by the Langmuir iso-
therm model. The optimization of the parameters influencing
the dyes sorption shows that the adsorption efficiency of the
malachite green was greater than that of methylene blue.

Sand of Merzouga proved as an adsorbent having
a relatively average adsorption affinity of textile dyes.
Nevertheless, the natural abundance of this material can
offer a new adsorbent for wastewater treatment. In addition,
the easy desorption of sand adds an advantage in using this
material for the adsorption of textile dyes.
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