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This study evaluated the capacity of a rock phosphate for the adsorption of organic
dyes methylene blue MB and methyl orange MO in aqueous solution, in order to
minimize the impact of these dyes on the environment. The physicochemical
characterization of natural phosphates (NP) shows that its mineralogy is carbonate-
fluorapatite, calcite and quartz, as demonstrated by X-ray diffraction. An infrared
(IR) analysis completed the structural study by confirming the characteristic bands of
a carbonated fluorapatite type B. The influence of adsorbent dose, pH, initial
concentration and temperature of the dye solution on adsorption onto NP was studied.
The experimental results show that MB is adsorbed almost entirely at an adsorbent
dose of 1 g/L and at a more basic pH and that the Langmuir model describes its
isotherm well. For MO, adsorption is performed at acidic pH, such that discoloration
reaches 60% at pH 4 and NP adsorbent dose of 10 g/L. The maximum adsorbed
amounts of MB (pH=9) and MO (pH=4) were found to be 9.54 and 1.09 mg/qg,
respectively. The kinetic data were analyzed to show that the pseudo-second-order
model seems to be the most appropriate to describe the adsorption dynamics of both
dyes on the naturel phosphate. The thermodynamic results show that the adsorption
is endothermic for MB and exothermic for MO. So, rock phosphate shows a good

potential as a sorbent for cationic dyes removal from wastewater.

1. INTRODUCTION

Currently, drinking water resources are greatly
reduced due to an increase in population accompanied
by intensive development of agriculture and strong
industrialization. In addition, the discharge of
wastewater into the natural environment from urban,
rural, and industrial centers, without preliminary
treatment, negatively impacts the quality of water
resources. The garment and the textile industry are
among the most demanding industries in the world in
terms of water consumption and, therefore, discharge
large amounts of wastewater charged in dyes. This
industry uses chemicals, including dyes, which are
generally responsible for many harmful environmental
and health effects (Combes and Haveland-Smith,
1982; Chen, 2006; Tsuda et al., 2000; Heiss et al.,
1992; Daneshvar et al., 2003) due to their complex
synthetic nature, which makes them more stable and
therefore not easily biodegradable (Damodar et al.,

2007; Gupta and Khatri, 2019; Elmoubarki et al.,
2015). The elimination of these effluents is one of the
main problems in the treatment process of liquid
waste. Several techniques such as chemical, physical,
physicochemical and biological have been used to
remove organic dyes. Their objective is to find a
treatment process that is technically accessible and
economically suitable for the industry. The adsorption
technique is the most favorable method for removing
organic dyes and has become an analytical method of
choice, highly effective and simple to use (Sabar et al.,
2020; Bedin et al., 2017). In addition, the use of a
natural and abundant adsorbent for wastewater
treatment is a legitimate way to preserve water capital
(Bensalah et al., 2017; Assimeddine et al., 2020).
Moroccan natural phosphates are mainly constituted
by fluoroapatite Cai0(PQ.)sF2 and partially substituted
by carbonate. Due to their surface properties and
multiple chemical components, they are widely used
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as adsorbent for many physico-chemical processes.
Among them, removal of methylene blue (MB), basic
yellow 28 and reactive yellow 125 (Barka et al., 2009),
elimination of cationic dye rhodamine 6G (Rh6G) as
well as anionic dye congo red (CR) from wastewater
(Bensalah et al., 2017) and removal of lead ions from
aqueous solution (Mouflih et al., 2006). In order to
broaden the scope and improve the previous research,
the present work is based on the physico-chemical
characterization of Moroccan naturel phosphate and
the study of its capacity to decolorize wastewater.
Methylene blue (MB) and methyl orange (MO) were
chosen as dyes because they are among the most
widely used in dyeing. They are also two model dyes
for the evaluation of the adsorption capacity of
adsorbents and have two different characters where
MB is cationic dye and OM is anionic dye. In addition,
these dyes have harmful effects on the environment
and health, so it is preferable to treat them before they
are discarded.

The choice of natural phosphate comes from the
fact that phosphate ores are known for their ability to
establish bonds with organic molecules of different
sizes due to their physicochemical properties and
diversity of chemical composition, its low cost and
their use without any pre-treatment. In addition, this
study examined the effects of different parameters
such as adsorbent dose, dye solution pH, initial
concentration, and temperature on the removal
efficiency of MO and MB dyes by adsorption. The
thermodynamics of adsorption were also evaluated.

2. METHODOLOGY
2.1 Samples and techniques

The phosphate used in this study was extracted
from the Khouribga-Morocco region. It was used in
crude form, and without prior purification; only
particles of size between 180-125 pum were used.
Particle size was measured using a set of vertically
stacked sieves (Retsch) with mesh sizes between 90 and
500 um. A mass of material was shaken and vibrated to
pass through the sieves for 5 min and the retained
guantity on each sieve was weighed. A phosphate
portion was further calcined in a porcelain boat at
500°C in a tubular furnace. The interest of the
calcination of phosphate sample was essentially the
elimination of a part of the organic matter in gaseous
form (CO) to study its effect on the adsorption, and the
choice of this temperature, which is not high, was to
preserve the basic amorphous morphology of this
material. The obtained products were denoted as non-
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calcined NP and calcined NP, and then characterized
using the following techniques:

X-ray fluorescence (XRF) was used to analysis
the chemical composition of both samples. The
elemental composition was determined by a Axios
wavelength dispersive XRF spectrometer (Epsilon 3X,
Manufacturer PANalytical, Netherlands). Samples
were prepared in the form as compacted powder into
pellets (PROT-ELE03-vO01).

X-ray diffraction (XRD) measurements were
recorded on a D2 Phaser powder diffractometer
(Manufacturer Bruker, Germany) equipped with a
copper anticathode (CuK, line, \=1.5406 A) operating
at 30 kV and 10 mA. The samples were irradiated in an
angular range of 20 of 10° to 80° with a 0.01°
measurement pitch and a 0.5 sec/step count time.

Infrared spectroscopy measurements were
obtained wusing a Perkin Elmer FTIR-2000
spectrophotometer (Netherlands). The results are
presented in transmittance for wavenumbers between
4,000 and 400 cm?. The samples are packaged as
pellets, consisting of 1 mg of the solid, diluted in 100
mg of KBr.

The specific surface area of non-calcined and
calcined NP was determined from N, adsorption at
-196°C using the BET method on a Quantasorb junior
apparatus which provides only the specific surface.
Samples were degassed for half an hour at 150°C before
measurements.

2.2 Adsorption studies

The required initial dye concentrations were
prepared by dissolving the desired weight of each dye
in distilled water. The sorption processes were carried
out in graded beakers containing the desired adsorbent
dose and 200 mL of the colouring solution at a given
concentration. These experiments were carried out with
constant agitation and varying the pH of the solution,
the phosphate solids dose 0-14 g/L, the contact time
from O to 180 min and the starting dye concentration of
10 to 40 mg/L at five temperatures from 10 to 50°C
which was controlled using a Cryothermostat. The pH
was adjusted by adding sodium hydroxide or nitric acid
solution. At the given time intervals, about 3 mL of the
sample mixtures were collected and then filtered to
separate the solid from solution using a syringe attached
to a Sartorius filter (Porosity 0.2 um). The maximum
absorption wavelengths are 665 and 465 nm for
methylene blue and methyl orange, respectively. The
adsorption capacity was calculated using Equation 7 in
Table 1.
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2.3 Adsorption Kinetics and isotherms models
Diverse theoretical adsorption kinetic (pseudo-
first-order and pseudo-second-order) and Freundlich
and Langmuir isotherm models are applied to
experimental data in order to determine the best-fitting
model as shown in Table 1. The Langmuir model
considers that the adsorption sites are uniformly
energetic, that they are covered by a single layer and
that there is no lateral interaction between the
adsorbed molecules. Graphically, a saturation point is
reached at equilibrium (Langmuir, 1916). The
Freundlich isotherm model considers that the number
of sites likely to adsorb the compound is unlimited.
Thus, the Freundlich isotherm has no maximum unlike
that of Langmuir. This empirical model is widely used
for the practical representation of adsorption
equilibrium (Freundlich and Heller, 1939).

3. RESULTS AND DISCUSSION
3.1 Characterization

3.1.1 X-ray fluorescence

X-ray fluorescence chemical analysis is a non-
destructive technique used to quantify the elemental
composition of a sample. The percentages by mass of
the oxides found in the uncalcined and calcined at
500°C natural phosphates are presented in Table 2.

It can be seen that the lower levels of P,Os and
higher amounts of CaO indicate the presence of other
mineral phrases containing calcium such as calcite
(CaCO3) and gypsum (CaO+S0;) in addition to
apatite. Indeed, the percentage ratio of CaO/P,0s
obtained by XRF (equal to 3.04 for non-calcined NP
and 3.18 for calcined NP) is greater than that
calculated from fluorapatite (equal to 1.31). There is
also silica (SiO,) and lower contents of Al.Os, Fe;0s,
MgO, and SOs. The increase in the percentages of
oxides that form phosphate after calcination at 500°C
is due to the calcination eliminating part of the organic
matter in gaseous form (CO,) and water (Mgaidi et al.,
2004), subsequently increasing the contents of the
remaining elements. It should also be noted that other
metals (Pb, Cu, Cd, Cr, Zn, Ti,...) were detected in the
ppm range.

3.1.2 X-ray diffraction

X-ray diffraction analysis of non-calcined and
calcined natural phosphates at 500°C, as shown in
Figure 1, shows that these materials are well
crystallized and they are mainly composed of a
fluorapatite carbonated mineral (also known as
francolite), which is derived from an ore fluorapatite
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Cai(POs)eF2 (Kenzour et al., 2019; Gallala et al.,
2016; Fahami and Nasiri-Tabrizi, 2014). Carbonate-
fluorapatite have an essential substitution in the crystal
lattice of carbonate apatite, Ca?* cations by Na*, K*,
Mg?*..., and also by the partial substitution of phosphate
and/or fluoride ions by carbonate ions, which leads to
the formation of B- and/or A-type carbonate-
fluorapatite (Madupalli et al., 2017; Fleet and Liu,
2008), respectively. Phosphate ores also contain
secondary minerals, or gangue impurities including
contents of quartz (SiO), calcite (CaCOs), and
carbonates, which are in the form of dolomite
CaMg(COs), (Kenzour et al., 2019). XRD also reveals
the presence of weak amounts of fluorapatite evident by
the 26=11° peak. The diffractograms show that with
calcination at 500°C, the diffraction lines become more
resolute and intense (26=20.8°, 23.0°, 26.6°, 29.4°,
39.3°, 47.5°, 57.5°); which reflects an improvement in
the crystalline quality of the phosphate studied. On the
other hand, there was a decrease in the intensity of the
lines corresponding to carbonate-fluorapatite due to
calcination, which acts on the elimination of some
carbonates.

Table 2. Mineralogical composition of natural phosphate (non-
calcined and calcined).

Compounds wit% of wt% of NP
non-calcined NP calcined at 500°C

CaO 34.337 49.086
P20s 11.281 15.407
SiO2 1.479 6.959
Al03 0.584 2.007
Fe203 0.262 0.693
MgO 0.231 0.692

SOs3 0.541 0.630

K20 ok 0.177
TiO2 ok 0.161
Cr20s3 ok 0.105

3.1.3 Infrared spectroscopy

To determine the carbonates type of the
fluorapatite indexed by the XRD analysis, we recorded
the IR absorbance spectra of the phosphate solids.
Figure 2 corresponds to the infrared absorption
spectra of non-calcined and calcined natural
phosphates at 500°C. The strong band observed
around 1,040 cm? is attributed to asymmetric
stretching vibration vz of PO4 phosphate anions, which
broadened by shoulder band at 1,080 cm? can be
assigned also to vs PO3~ (Furuzono et al., 2001). The
bands centered at 576 cm™ (it becomes shoulder after
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Figure 1. XRD patterns of the non-calcined and calcined natural phosphate

calcination) and 606 cm™ can be assigned to out-of-
plane bending vibration v, of phosphate group (PO3™)
(Dakkach et al., 2012; Sadiq et al., 2015). The band
located at 480 cm? is attributed to the symmetrical
strain mode v, (PO3™) (Drouet, 2013). The spectra of
solids exhibit the shoulder for orthophosphates (P03 ™)
ions, at 966 cm™. It is attributed to symmetric
stretching vibration vi of phosphate PO3~ (Drouet,
2013). The doublet located around 1,428 and 1,454
cm?, is associated to vs (CO%™), while the absorption
band observed at 872 cm is assigned to the v, bending
vibrations of the carbonate group (CO%™) (Zahrani and
Fathi, 2009; Nikcevic et al., 2004), consistent with the

carbonate fluorapatite spectra previously reported by
Fleet (2009) and Wang et al. (2018). It corresponds to
the out-of-plane oscillating motion of C atoms. The
wavenumbers of carbonate vibrations illustrated in
Figure 2 show the characteristic bands of type B
carbonate- fluorapatite (CO3~ substitute PO3~ ions).
Therefore, the intensities of all bands corresponding to
COs and PO, vibrational modes in the calcined
phosphate were lower relative to non-calcined
phosphate, possibly indicating the transfer of a
carbonate amount from carbonated-fluorapatite into
calcite and dolomite (Figure 2). This confirms the
results obtained by XRD (Figure 1).
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Figure 2. FT-IR spectra of non-calcined and calcined natural phosphate
Both bands at 1,616 and 1,630 cm™ are due to  vibrations bound by hydrogen bonds (O-H

the bending vibration of the hydroxyl (OH") (H-O-H)
(Nikcevic et al., 2004; Yous et al., 2018; Aines and
Rossman, 1984; Boughzala and Bouzouita, 2015). A
series of vibrations was observed in the 3,200-3,550
cm? region which could be assigned to OH group
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asymmetrical and symmetrical stretching vibrations).
The additional shoulder at 704 cm™ can be assigned to
free vibration of OH (v.(O-H) (Nikcevic et al., 2004;
Wang et al., 2018). No band was observed at 880
cm?, which is assigned to the A-type carbonate and
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can be found in the spectra of natural phosphate, as
reported previously by Madupalli et al. (2017).

3.1.4 Specific surface area

The specific surface area of non-calcined and
calcined NP was 27 and 32 m?/g, respectively. These
BET surface area values remained low compared to
other adsorbents such as activated carbon (Wang et al.,
2017). A slight increase after calcination of sample
may be due to the creation of new sites by the release
of volatile molecules.

3.1.5 pH zero charge point (pHpzc)

The pHpzc (zero charge point pH) is the pH
value at which the net adsorbent surface charge is zero.
This is a key parameter in adsorption processes,
especially when electrostatic forces are implied in the
mechanisms. The pHpzc is determined by the pH drift
method, which consists in adjusting the pH of NaCl
solutions with a concentration of 0.01 M and a volume
of 50 mL (pH values between 2 and 12) by adding a
solution of NaOH or HCI (0.1 M). Then, a mass of
0.05 g of the phosphate sample added to each volume.
The suspensions must be kept stirring at room
temperature for 6 h, and the final pH is then measured.
Furthermore, the natural phosphate used is insoluble
in water at different pH studied (acidic and basic).

We have plotted the evolution of the final pH as
a function of the adjusted initial pH (Figure 3). The
point of intersection between the curve obtained and
that of the bisector corresponds to the pHpzc, which
equals 8. As well as for pH higher than pHpzc, the
adsorbent surface would be negatively charged so that
the cations can be adsorbed, while for pH lower than
pHpzc, the surface would be positively charged so that
the anions can be adsorbed.

3.2 Adsorption studies

3.2.1 Adsorbent dose

Figure 4 shows the percentage of removal of
methyl orange (MO) and methylene blue (MB) dyes
as a function of the crude phosphate dose, with a
contact time of 3 h. It can be seen that the degree of
discoloration rises as the mass of natural phosphate
adsorbent increases. For MB, the total staining of
solution is extinguished at around 1 g/L, while for MO,
the solution remains colored even at 14 g/L, the
percentage of elimination stabilizes almost at 20% for
a mass ratio of 10 g/L. This is can be explained by the
anionic (MO) and cationic (MB) nature of adsorbate
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and surface charge of adsorbent without any
modification of solution initial pH (pH=9).
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Figure 3. pH zero charge point of natural phosphate (NP)
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Figure 4. Effect of adsorbent dose on MB (Co=10 mg/L) and MO
(Co=20 mg/L) adsorption

3.2.2 Removal efficiency by non-calcined and
calcined phosphate

Figure 5 shows the comparison of dye removal
efficiency of the solutions prepared by adsorption on
uncalcined and calcined phosphate at 500°C. The
curves show that the adsorption mechanism is almost
the same for both MB and MO dyes. This can be
explained by the fact that both samples have similar
structural properties and compositions, according to
the results obtained from their characterization. It can
be concluded that a calcination temperature of 500°C
does not result in a significant difference in the texture
of the phosphate studied. So, in the rest of the work,
we limited ourselves to the examination of the
adsorption capacity of the non-calcined crude
phosphate.
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3.2.3 Effect of pH on dyes removal

The pH is a more important parameter in the
adsorption process, as it can influence both the
adsorbent surface and adsorbate structure as well as
the mechanism of adsorption (Elmoubarki et al.,
2017). For this, we carried out several adsorption tests
in different pH values. The experimental results
presented in Figure 6 clearly show that the pH has a
strong influence on the adsorption of the anionic dye
MO, in which the percentage of discoloration is
canceled out in the most basic pH, while the
elimination is more favorable in the acidic medias, it
reaches 60% for a pH value of 4. For MB, the rate of
elimination increases with increasing pH value. It
went from 75% for a more acidic pH (pH=2) and
arrived at 99% for a basic pH equal 12. These results
can be explained that when the pH of the solution is
lower (pH<pHpzc), the richer the solution is in
hydrogen ions. The number of positively charged sites
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increases and the surface of the phosphate solid
become positively charged, and therefore likely to
attract the negative charges of the anionic dye (MO)
(Guo et al., 2013). On the other hand, at pH superior
to pHpzc, the surface is negatively charged, which
promotes adsorption of the cationic dye. The initial
adsorption of dyes was higher compared to the
equilibrium point, due to the high activity (strength
and numbers) of the initial sites available on the
material surface. Equilibrium was reached at 30 min
and 60 min for BM and MO, respectively, followed by
plateaus signifying equilibrium, and this is valid for all
pH values. In the sequel of this work, we kept the pH
of the solution for the MO dye at 4, by adjustment with
nitric acid solution, because the pH of the colored
solution reached a value of 9, once the NP is added,
and we have found that the adsorption of MO almost
canceled out at basic pH.
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Figure 6. pH effect on adsorption of MB (a): Co=10 mg/L, R=1 g/L and of MO (b): Co=20 mg/L, R=10 g/L
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3.2.4 Effect of initial dye concentration

The initial dye concentration affects its kinetics
and the adsorption capacity; for this, the initial
concentration of dye was varied from 10 to 50 mg/L.
The results obtained are presented in Figure 7, which
show that the adsorption process starts with a short
transient regime and ends with a steady state. The
curves show that the adsorbed quantity rises rapidly
during the first 30 min for MB and 60 min for MO
until reaching a plateau whatever the concentration.
This may be due to the saturation of all active sites on
the surface of the phosphate material. The adsorbed
amount increases from 3.2 to 10.2 mg/g in the case of
MB and from 0.3 to 2.8 mg/g in the case of MO for
concentrations ranging from 10 to 50 mg/L. According

(@ 14
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0

to the curves, the concentration threshold has not been
reached since the plateaus are far from each other and
are approaching each other for MB at higher
concentrations. Increasing the initial concentration
enhances the interaction between the adsorbate
molecules and the adsorbent particles, thus increasing
the adsorption capacity. More, increasing the initial
dye concentration induces an increase in the driving
force of the concentration gradient, hence increasing
the diffusion of the dye molecules in solution through
the adsorbent surface (Deniz and Saygideger, 2010).
A similar trend has been described for the adsorption
of methyl orange dye onto mesoporous carbon by
Mohammadi et al. (2011) and methylene blue onto
activated carbon by Kuang et al. (2020).
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Figure 7. Effect of initial concentration: MB (a): dye at R=1 g/L, pH=9 and MO (b): dye at R=10 g/L, pH=6

3.2.5 Adsorption isotherms

The adsorbed quantities at equilibrium (ge), as
a function of the equilibrium concentration of each
dye, are shown in Figure 8. The experimental results
obtained were compared with adsorption isotherm
models of Langmuir (Langmuir, 1918) and Freundlich
(1906). All constants involved in the expression of

each model were calculated by non-linear regression
analysis and presented in Table 3. From Figure 8 we
can notice that the adsorption of dyes at equilibrium
increases with increasing concentration at equilibrium,
this was due to a high driving force for the mass
transfer of the dye at high concentration in solution.

Table 3. Constants for isothermal models of dyes adsorption on natural phosphate

Dyes gm (Mg/Q) Langmuir Kr Freundlich

KL (L/mg) r2 (mg*"/LMg) n r
MB 10.3321 1.7811 0.98921 5.93569 4.92987 0.89382
MO 25.9014 0.0050 0.84625 0.02011 0.60961 0.99554

It can be seen from the values of the correlation
coefficients r?, the Langmuir model best describes the
adsorption isotherm of MB. This result indicates that
the adsorption process takes place in a monolayer,
where all adsorption sites on adsorbent surface are
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energetically uniform, and there are no lateral
interactions between the adsorbed molecules. It can be
seen graphically that a saturation point is reached
where no further adsorption can occur afterwards, this
is a plateau which characterizes the Langmuir
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isotherm at equilibrium. The constant called the

separation factor whose Langmuir isotherm
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characteristic can be expressed in the form established
by Equation 8 in Table 1.
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Figure 8. Adsorption isotherms for MB (a): dye at R=1 g/L, pH=9 and MO (b): dye at R=10 g/L, pH=6

Three cases of adsorption can be distinguished
according to the value of R, the adsorption is
unfavorable when the separation factor value is strictly
superior to one, if the R =1 the adsorption is said to be
linear, when O<R.<1 the adsorption is said to be
favorable (Yous et al., 2018). The measured values for
the studied dyes are less than one and more than 0
(R.=0.053 for MB and 0.909 for MO). This reveals
favorable adsorption of MB and MO over adsorbent
surface.

Linearity also shows that the adsorption
isotherm of MO follows the Freundlich model, based
on the heterogeneous sorption surface where the
number of sites that can adsorb the compound is
unlimited. Thus, this isotherm does not present a
maximum. The shape of the isotherm will depend on
the value of 1/n, which represents the absorption
intensity; in this case, we have 1/n>1, representing the
S-type convex isotherm according to Giles
classification (Giles et al., 1960), in which the
adsorbate- adsorbent interactions take place due to
electrostatic attractions, but also adsorbate-adsorbate,
due to intermolecular interactions.

3.2.6 Adsorption kinetics

The two kinetic models, pseudo-first order and
pseudo-second order, have been examined to
characterize the kinetics involved in the adsorption
process of both MB and MO dyes. The kinetic data
were evaluated by the values of the correlation
coefficient (r?) and the quantity adsorbed at
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equilibrium of dye. The parameters were estimated
using non-linear regression.

The Kkinetics results of the adsorption of
methylene blue and methyl orange by non-calcined
NP are presented in Table 4 and Figure 9. The figure
indicates that the removal of cationic MB and anionic
MO were very rapid in the first 30 min of contact time;
the adsorption capacity of the dyes reached 0.91 mg/g
and 8.35 mg/g for MO and MB, respectively. After
this period, the rate of removal was slower and
stagnated with the increase in contact time. Around
90% of the quantity of dye adsorbed at the end of
equilibrium was carried out in the period 0-30 min. At
180 min, adsorption capacity stabilizes at 1.09 mg/g
for the MO and 9.54 mg/g for the MB dyes.

According to the results obtained, the two
models give a reasonably good fit to the experimental
data, but the pseudo-second order model is found to be
the most suitable to describe the adsorption dynamics
of the two dyes on the phosphate due to the excellent
correlation of the parameters calculated by the model
with the experimental data. Our results are in
accordance with that reported by others works
(Assimeddine et al., 2020; Elmoubarki et al., 2015;
Mahjoubi et al., 2016). They showed that the adsorption
process of the same dyes on clays and layered double
hydroxides (LDH) absorbents obeys the pseudo-
second-order model. This model allows the
characterization of adsorption kinetics by taking into
account both the rapid uptake of solutes at the most
reactive sites and the slow uptake at low energy sites.
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Table 4. Kinetic parameters of adsorption of MB and MO on natural phosphate

Dyes Pseudo-first-order Pseudo-second-order
ge (exp) ge (mg/g) k1 r? ge k2 (g/mg-min) 2
(mglg) (L/min) (mg/g)
MB 9.540906 9.15594 0.08868 0.9836 10.00316 0.01308 0.99472
MO 1.091152 1.04556 0.09365 0.99073 1.140725 0.11214 0.99579
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Figure 9. Adsorption kinetics, pseudo-first-order and pseudo-second-order of MB (a) and MO (b)

3.2.7 Effect of temperature and thermodynamic
study

Depending on the type of adsorbent material
and the nature of the adsorbed molecules, adsorption
is a process that can be endothermic or exothermic
(Rytwo and Ruiz-Hitzky, 2003). To make a
thermodynamic study of the phenomenon of
adsorption of dyes such as methylene blue and methyl
orange by crude phosphate, we carried out
discoloration tests by varying the temperature of
colored solutions from 10 to 50°C, because the effect
of temperature on the dye adsorption is very important
in the adsorption mechanism. Figure 10 represents the
percent removal of BM and OM on crude phosphate
as a function of solution temperature. The curves in
the figure indicate that increasing the solution
temperature leads to an increase in removal efficiency
(%), which promotes MB adsorption, suggesting an
endothermic process. This probably results from an
increase in the number of active adsorption sites, via
the release of new sites, with increasing temperature.
Moreover, an increase in temperature promotes the
diffusion of molecules through the outer boundary
layer to the inner pores of the adsorbent particles, this
may be due to the decrease in the viscosity of the
solution and the increase in the concentration of
monomers in the solution. These results are in
agreement with those found by Al-Ghouti et al. (2005)
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on a study of MB adsorption by manganese-oxides-
modified diatomite. In contrast, other studies show
that temperature change has almost no or little
influence on the efficiency of MB adsorption by raw
maize corncob (Farnane et al., 2018) or by clays
(Elmoubarki et al., 2015), respectively. Thus, it is
noticed that the effect of temperature could be related
to the nature of the adsorbent particles. On the other
hand, the removal of MO decreases significantly with
increasing temperature, is due to the presence of
desorption steps in the adsorption mechanism, in
agreement with Arrhenius’law, suggesting that the
surface reaction is exothermic.

From the results obtained, we determined the
thermodynamic parameters of adsorption such as
enthalpy (AH°) and entropy (AS°), which were
estimated respectively from the slope and intercept of
the In(Kp) vs. 1/T plot, and free energy (AG®), using
the Equations 9 and 10 in Table 1. From the calculated
constants which are shown in Table 5, we can confirm
that the adsorption process is endothermic for MB
(positive AH®), then, the negative values of AG® are
accompanied by a decrease with the rise in
temperature indicates that the adsorption is
spontaneous and more feasible at higher temperatures
(Machrouhi et al., 2020). The value of the standard
enthalpy, higher than 40 kJ/mol, can tell us that
adsorption is chemical nature. In the case of MO,
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according to the value of AH° the adsorption is
exothermic, and thisis physisorption type. Itis also
noted that AG® increases with increasing temperature,
indicating a decrease in adsorption feasibility of MO
dye onto phosphate materials.

Table 5. Thermodynamic parameters calculated for adsorption

Furthermore, it can be seen from the values of
AS° that the randomness increases for MB (AS°>0)
and decreases for MO (AS°<0) at the solid/solution
interface in the course of the dyes adsorption onto the
surface of natural phosphate.

T(C) BM OM
Kb AG°® AH° AS° Kb AG° AH° AS°
(kJ/mol) (kJ/mol) (J/K mol) (kJ/mol) (kJ/mol) (J/K mol)
10 6.818 -4.519 0.134 4,734
20 12.301 -6.117 0.107 5.435
30 29.472 -8.528 56.421 214.43 0.090 6.066 -16.042 -73.181
40 64.714 -10.857 0.076 6.695
50 121.666 -12.899 0.055 7.782
a b
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Figure 10. Effect of temperature on adsorption over crude phosphate of MB (a): R=1 g/L, pH=9 and MO (b): R=10 g/L, pH=6

4. CONCLUSION

This modest work examined the potential of a
local natural phosphate, from the Khouribga-Morocco
region, in the removal of cationic and anionic dyes
from an aqueous solution. Different adsorption
parameters such as contact time, initial dye
concentration, adsorbent dose, pH of the initial
solution and temperature  were optimized.
Experimental results of the adsorption tests showed
that the phosphate material follows a pseudo-second-
order adsorption kinetics for MO and MB dyes. This
material exhibited high adsorption capacity at a more
basic pH for the cationic dye MB (9.54 mg/g) and at a
more acidic pH for the anionic dye MO (1.09 mg/g).
The adsorption capacity of natural phosphate increases
with the increase in the initial concentration of dyes,
and the complete saturation of all surfactant sites on
the material is reached at 30 min for MB and 60 min
for MO, then the appearance of an equilibrium plateau.
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Increasing the temperature of the solution increases
the removal efficiency (%) of methylene blue and
decreases that of methyl orange. The adsorption
process is spontaneous (AG° negative) and
endothermic (AH® positive) for MB and exothermic
for MO. Finally, the present study has shown that the
local natural phosphate appears to be a good adsorbent
candidate for the decoloration of dye-containing
effluents.
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