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ABSTRACT

In this work, the natural oil shale (NOS) performance was explored for removing methylene
blue as textile pollutant. The adsorbent was characterized using X-ray fluorescence (XRF), X-ray
diffraction (XRD), and scanning electron microscope (SEM). Further, the response surface meth-
odology (RSM) was investigated to optimize the factors influencing the adsorption of MB onto
NOS, using central composite design (CCD). The effect of the experimental parameters on adsorp-
tion yield, initial concentration of MB, mass of adsorbent, granulometry and pH, was studied
using the response surface methodology (RSM). The obtained results show that the high MB
adsorption rate (R% = 98%) is in a basic pH (pH = 12). The analyzes performed, based on res-
idue and analysis of variance (ANOVA), confirmed that NOS had a high efficiency adsorbent
capacity and that the chosen model is valid.

Keywords: Adsorption; Dyes; Methylene blue; Natural oil shale; Response surface methodology; Cen-
tral composite design

1. Introduction

The textile industry effluents are strongly contaminated
by dyes and has a huge impact on the aqueous environ-
ment [1,2]. A large volume of effluent contaminated by
dyes is discharged, and 10%-15% of the used dye is lost in
wastewater which damages the aesthetic nature of water,
reduces the light penetration through the water’s sur-
face and the photosynthetic activity of aquatic organisms
[1]. The fact that dyes are not easily biodegradable under

* Corresponding author.

aerobic conditions, due to the complexity of their chemi-
cal structure and the presence of aromatic rings, implies
that the effluents require specific treatments [3,4]. Waste
dyes can have severe environmental effects due to their
toxicity, that human health and environment can be neg-
atively impacted, [5]. The wastewater treatment remains a
major challenge, especially for developing countries that
do not yet have all the same opportunities to integrate
the concepts of sustainable water management to protect
its quality [3]. Hence, it is necessary to find the process
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of converting wastewater to be discharged back into the
environment. Thus, the purpose of wastewater treatment
is to speed up the natural processes by which water is
purified [6]. Among the many techniques for treating
Wastewater from dyestuff production is adsorption on nat-
ural materials such as oil shale, which has proven a great
performance in the elimination of different pollutants
[7] by the presence of the clay part in its composition [7-9].

To scientifically study the elimination of dyes by
adsorption process, it is important to determine optimum
conditions. This study is performed by the response surface
methodology (RSM). The advantage of using this approach
is that, it allows to control all the parameters influencing
the study by a polynomial model, thus providing precision
[10,11].

The aim of this work is to determine the effect of param-
eters, initial concentration of MB, pH, mass, and granulome-
try of adsorbent, and the interaction between factors, on MB
adsorption onto natural oil shale (NOS). The second step is
then the determination of the optimum conditions by the
central composite design (CCD) and the validation of the
chosen model.

2. Materials and methods
2.1. Preparation and characterization of the adsorbent
2.1.1. Materials

The MB chosen for this study was a synthetic dye
obtained from “Fur di Microskopie” (Germany), its chem-
ical structure is C, H,,CIN,S, with a molecular weight of
319.85 g/mol, its maximum wavelength is 664 nm, and it

has a cationic character (Fig. 1).

2.1.2. Preparation of the adsorbent

The adsorbent used was NOS from Sekhirat city in
Morocco; it has been milled and sieved to three granulom-
etry: 30, 75, and 150 um. It was in the form of a mixture of
organic matter that comes from plants and microorganisms,
and a mineral material (inorganic compounds) from the
sediment deposition [8,12,13].

2.1.3. Characterization of the adsorbent

The chemical composition for the major oxides, some
minor elements, and the loss on ignition of NOS were
determined by X-ray fluorescence, using a PW1660 X-ray
Spectrometer.

The mineralogical phases were analyzed by X-ray dif-
fraction (XDR) using Siemens D5000 diffractometer with
copper Kal diffraction line.

The morphological of NOS was investigated by scanning
electron microscopy (SEM) (JEOL JFC-2300HR JEOL JSM-IT
100 scanning electron microscopy), attached with EDX
unit (energy dispersive X-ray analyses), with accelerating
voltage 30 kV.

The pH of the zero-charge point corresponds to the zero
value of the surface potential [14]. For this investigation,
0.1 M NaCl was prepared, and its initial pH was adjusted
between 2.0 and 12.0 by using NaOH or HCI. Then, 25 mL

of 0.1 M NaCl was taken in the 100 mL flasks and 0.05 g of
NOS was added to each solution. These flasks were kept
for 24 h and the final pH of the solutions was measured
by using a pH 210 Microprocessor pH meter. Graphs were
plotted between pH final and pH initial [15].

2.2. Adsorption study

The experiments were carried out in a batch reactor
presented in Fig. 2, at room temperature (25°C), and in
the operating conditions as follow: initial concentration
(from 20 to 40 ppm), mass of NOS (15, 30 mg), granulom-
etry (30; 150 um) and solution pH (4,12). A mass of NOS
was added at 25 mL of dye solution in several initial con-
centration and pH. The solutions were stirred for 3 h, then,
the suspensions were centrifuged at 3,000 rpm for 15 min.
The residual concentration was determined using UV-Vis
spectrophotometer at 664 nm.

The equilibrium adsorption capacity (Q) and the
removal efficiency (R%) of the MB adsorbed on the NOS are
calculated according to Egs. (1) and (2).
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Fig. 2. Process flowsheet of the adsorption reactor.
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where Q, is the amount of adsorbed dye per gram of adsor-
bents (mg/g) at equilibrium time, C; and C, are respectively,
the initial and equilibrium concentration of MB in solu-
tion ((g/L), V is the volume of the solution (L), and m is the
mass of the adsorbent (g).

2.3. Design of experiment: response surface methodology

Adsorption process modeling was performed using the
design of experiment (DOE), second degree. The effect of
initial concentration of MB (X)), mass of NOS (X)), granu-
lometry (X,), pH (X,), on the removal rate (%) Y, were ana-
lyzed individually using RSM. This present investigation is
carried out by central composite design (CCD). The CCD
comprised the usual 2* factorial design ordinarily denoted
by n, 8 axial points symbolized by 1, and 6 center points
represented by 7. The process factor settings were carefully
selected to enable satisfactory coverage of the process vari-
able values ordinarily encountered in the regions of prac-
tical interest [16,17]. Furthermore, the factor levels were
coded using Eq. (3) [17]:

(f-M)
v == )
where “x is the coded variable value, “f’ represents the
factor level, “M” represents the center, and “S” is half the
deviation of the “low” factor level from the “high” level. The
actual and coded values are summarized in Table 1. The total
run given by CCD was calculated by Eq. (4) [16,18].

N:nf+na+n6:2”+2n+ncz30 4)

Table 1 represents the experimental range of factors at
two levels [high level (+1) and low level (-1)].

The experimental results were statistically analyzed by
JMP software version 11, using the central composite design
(CCD).

3. Results and discussion
3.1. Characterization of the adsorbent

3.1.1. XRF analysis

The results of the elementary analysis performed by the
XRF are presented in Table 2. The NOS used in this study
is rich in silica (52.56%) and alumina (23.12%). The mass

Table 1
Experimental range and levels of independent process factors

Variables (factors) Code Levels

-1 +1
Initial concentration, mg/L X, 20 40
Mass of NOS, mg X, 15 30
NOS granulometry, um X, 30 150
pH X, 4 12

loss after combustion corresponding to the ignition of loss
(LOI) is 7.89.
Other oxides, such as K,O, P,O,, and Na,O, can be

explained by presence of organic matter [19].

3.1.2. XRD analysis

The XRD analysis gave the same result obtained by
the XRF. The SiO, presents most of the NOS composition.
According to the XRD analyses, illustrated in Fig. 3, illite
and kaolin clay minerals were identified as matrix clay in
NOS [7].

3.1.3. SEM analysis

The elemental analysis and morphological structure of
NOS are shown in Fig. 4. The NOS is presented in plate-
lets form (Fig. 4a), which characterize clay, and aggregate’s
structure [7]. The EDX analysis confirms the results found
by the FRX and DRX analysis, with the presence of the
major elements: oxygen (44%) and silicon (20%) (Fig. 4b).

3.1.4. Determination of zero-point charge

The effect of pH may be explained by the zero-point
charge (PZC) of the adsorbent (pHpzc of NOS is 7.98,
Fig. 5), at which the adsorbent is neutral. The surface charge
of the adsorbent is positive when solution pH is below
pHpzc due to protonation of the functional groups [20]. An
increase in pH above pHpzc will show a slight increase in
adsorption if the dye species are still positively charged or
neutral even though the surface of the adsorbent is nega-
tively charged [20]. When both the surface charge of the
adsorbent and dye species charge become negative, the
adsorption will decrease significantly. Decrease in removal
of MB at lower pH is apparently due to the higher concen-
trations of H* in the solution (Fig. 5), which compete with
MB for the adsorption sites of NOS [21,22]. Generally, the
positive charge of the adsorbent surface decreases with
the increasing pH value, leading to the decrease in the

Table 2
Chemical composition of NOS by XRF

Composition Value (%)
SiO, 52.56
ALO, 23.12
Fe,O, 7.81
CaO 1.83
MgO 0.87
SO, 0.11
KO 4.15
TiO, 0.98
MnO 0.13
PO, 0.15
Na,O 0.25
SrO 0.036
ZnO 0.02
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repulsion between the adsorbent surface and MB, thus
improving the adsorption capacity [23].

3.2. Statistical validation of CCD data
3.2.1. Experimental design

The design matrix is shown in Table 3. The axial runs
represent the points which were located beyond the “low”
(1) and “high” (+1) process factor levels pertaining to the
factorial segment of the experimental design matrix [17].
The values presented in Table 3, are given automatically by
the chosen model (CCD).

In this study, the concentration of MB (X ), mass of NOS
(X,), NOS granulometry (X,), and pH (X,) are used, the other
parameters (temperature, stirring speed, etc.) were kept
constant. The results of removal rate (%) are illustrated in
Table 3.

The response, namely removal rate (R%), was individ-
ually correlated with the process factors using second-or-
der models. Second-order or quadratic response surface
design mathematical model is a polynomial as in Eq. (5)
[17,24,25]:
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Fig. 3. X-ray patterns of NOS.
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where 4, represents the average value of the response to
the experiments. a,, a,, a,, and a, are corresponding to con-
centration of MB, pH, mass, and granulometry of NOS. On
the other hand, values a,,, a,, a,, a,, a,,, and a,, correspond
to interaction of first order, while a,, a,, 4, and a,, are
the interaction of the second order.

The model of removal% for MB onto NOS has been

illustrated by the following regression formula [Eq. (6)]:

34

17 7227 T3y

Y

(Nos/BM)

= 65.91-12.4774X, +8.3023X, —7.267538X,
+6.6974X, +4.6687X,X, —1.9487X X,
+5.0787X,X, +2.2575X X, - 4.3125X,X,
+2.4675X,X, +3.7968X> +2.6837 X>
~0.2477X2 +1.3634X? (6)

The second order equation for the polynomial model
given by JMP 11 software, shows that the positive sign

of the coefficients in the regression model (X, X, XX,
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Fig. 5. Determination of surface charge of NOS by PZC.
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Fig. 4. SEM analysis: (a) scanning image of NOS and (b) EDX analysis.
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Table 3
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Experimental design matrix and obtained response given by the composite center design for adsorption study

Initial concentration of MB (X)) Mass of NOS (g) (X,) Granulometry (um) (X,) pH (X)) Removal rate (%) (Y)
30 22,5 90 0.92 53.87
40 (+) 30 (+) 150 (+) 4(-) 68.93
30 22.5 90 8 64.56
30 22.5 90 15.08 86.5
30 22.5 90 8 72.31
20 (-) 15 (-) 150 12 (+) 78.34
40 30 30 (-) 4 75.06
40 15 30 4 55.64
40 30 30 12 80.31
20 30 150 12 93.62
40 15 150 4 6.9
30 225 90 8 58.98
40 30 150 12 71.75
20 30 30 12 92.91
40 15 150 12 53.96
20 15 150 4 66.47
30 35.78 90 8 82.52
30 25 90 8 60.43
20 30 30 93.47
40 15 30 12 64.26
30 9.22 90 8 66.13
30 22.5 90 8 72.66
20 30 150 4 89.94
30 22.5 90 8 66.52
12.29 22.5 90 8 93.46
20 15 30 12 98.59
20 15 30 85.95
30 22.5 90 8 59.92
47.71 22,5 90 8 62.17

effect, whereas the negative sign reflects an antagonistic
effect [26].

3.2.2. Analysis of variance

The analysis of variance (ANOVA) was performed to
verify the validation of the quadratic model [27], it can be
used to estimate whether the calculated effects are significant
[28]. The best regression model is acquiring from the prob-
abilistic value (p-value), thus, if it is less than 0.05 (p < 0.05),
it indicates that the chosen model is good [29-31].

The statistical significance parameters used by qua-
dratic models, are provided by coefficient of determination
R-square (R?), adjusted R-square (R*adj.), root of mean square
error, mean response, luck of fit, Prob. > F [32,27]. The val-
ues of these statistical models are listed in Table 4. The coef-
ficient of determination (R* = 0.915828%) is sufficient. This
value gives a good correlation between the experimental
and predicted values of the adapted model [33]. The opti-
mization of parameters was carried out by the desirability
approach of RSM [34], this function allows us to obtain opti-
mal adjustment that varies between 0 and 1. The value 0 is

assigned when the factors are unacceptable (undesirable)
response and 1 when the response represents the desired
maximum performance for the significant factors [35].

3.2.3. Effect of the adsorption parameters

In this study, the most of parameters are statistically sig-
nificant, where the p-value was less than 0.05, such us: ini-
tial concentration of MB (<0.0001), mass of NOS (0.0002),
granulometry (0.0024), pH (0.0013), the interaction effect
between: concentration and the mass of NOS (0.0315), the
mass of NOS and granulometry (0.0211), the mass of NOS
and pH (0.0443), these results are illustrated in Table 5.

According to these obtained results by the JMP software,
the predictive equation in terms of significant parameters
is shown in Eq. (7):

Y (Removal rate %) = —12.4774 X, +8.3023 X,
~7.2675 X, +6.6974X, +4.66875X X,

+5.07875X,X, —4.3125X, X, (7)
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Analysis of variance and statistical parameters of central composite design

Source Degrees of freedom Sum of squares Mean square F-ratio
Model 14 8,489.0950 606.364 10.1032
Error 13 780.2191 60.017 Prob.>F
C. total 27 9,269.3141 - <0.001
Statistical parameters
R-square R-square Adj. Lack of fit Root mean squared error Mean of response
0.915828 0.825181 0.9820 7.747055 72.0075

Table 5

Estimate of coefficients by ANOVA analysis
Terms Estimation Standard error t-ratio Prob. > ¢l
Constant 65.91 3.162722 20.84 <0.0001*
Initial concentration (20,40) -12.47747 1.641596 -7.60 <0.0001*
Mass of NOS (15,30) 8.3023659 1.641596 5.06 0.0002*
Granulometry (30,150) ~7.2675 1.936764 3.75 0.0024*
pH (4,12) 6.6974514 1.641596 4.08 0.0013*
Initial concentration x Mass of NOS 4.66875 1.936764 2.41 0.0315*
Initial concentration x Granulometry -1.94875 1.936764 -1.01 0.3327
Mass of NOS x Granulometry 5.07875 1.936764 2.62 0.0211*
Initial concentration x pH 2.2575 1.936764 1.17 0.2647
Mass of NOS x pH —4.3125 1.936764 -2.23 0.0443*
Granulometry x pH 2.4675 1.936764 1.27 0.2250
Initial concentration x Initial concentration 3.7968078 2.017345 1.88 0.0824
Mass of NOS x Mass of NOS 2.6837579 2.017345 1.33 0.2063
Granulometry x Granulometry -0.247722 3.595348 -0.07 0.9461
pH xpH 1.36340064 2.017345 0.68 0.5110

* presents the values of probability that is less than 0.005, that is, mean the significant effect.

This model shows that the initial concentration has a
negative effect on the MB removal rate (%). When the mass
of adsorbent increases, the removal rate decreases lightly
then remains constant above 25 mg (Fig. 6), which explain
that the cations of the dye can easily access to adsorption
sites when the adsorbent mass is low, but, a large mass of
adsorbent induces agglomeration and aggregation of parti-
cles, hence a reduction in the surface area and, consequently,
a decrease in amount of adsorbate per unit mass of the
adsorbent [36].

It is also noted that the response increases when the
pH increases, the minimum adsorption observed at low
pH (pH 4) (Fig. 6) may be due to the higher concentration
and high mobility of H* ions which favored the adsorp-
tion of hydrogen ions over MB [37,38]. It is suggested that
at lower pH values, the surface of the adsorbent is sur-
rounded by hydronium ions (H*), thereby preventing the
dye ions from approaching the binding sites of the sorbent
[38]. Similar observation has been noted by Azzaz et al. [39]
for the MB removal onto chemical treatment of orange tree
sawdust, it showed that more the surface of raw orange saw-
dust (ROS) is negatively charged, more it allows the attrac-
tion of positively charged MB at a pH 10.2. The desirability
function obtained by this model is equal to 0.973 (Fig. 6).

3.2.3. Residue examination

The residue is defined the difference between the quan-
tity measured and the quantity predicted by the model [40].
Residue analysis consists of comparing the residues as a
function of the adsorbed experimental quantities. Fig. 7 pres-
ents the residue values for each experiment. It shows that
the residue does not exceed the removal rate field. This
residue is equally distributed in space which means that
it has been accepted. Moreover, this illustrates that this
model describes well the phenomenon studied [41].

3.3. Synergic effect of adsorption parameters

JMP software (version 11) was employed to present the
three-dimensional (3D) response surface plots by varying
two factors in function of the response, (Fig. 8). The first
significant interactive effect between the mass of adsorbent
and pH, provided in Fig. 8b, with p-value of 0.0443 proves
the essential role of solution pH in elimination of MB onto
NOS, therefore, the removal rate (%) of MB increase from
50% to 90% by increasing pH from 4 to 12 and increasing
mass of NOS from 15 to 30 mg, which explain the difference
of NOS surface charge in acidic and basic solution [38].
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The second significant interactive effect can be observed
between the mass of adsorbent and the concentration
(0.0315) Fig. 8¢, indicates that in the maximum level of the
MB concentration (40 ppm) and with increasing the mass
of NOS from 15 to 30 mg, the removal rate rises from 40%
to 75%. The third significant interaction between mass of
adsorbent and granulometry where the p-value = 0.0211,
the removal rate decreased from 80% to 40% by increas-
ing the granulometry of NOS from 30 to 150 um, Fig. 8e,
it can be explaining that the surface area of adsorbent,
more it’s high more the adsorption is efficient, on the other
hand, at higher mass of adsorbent, strong driving force
and large surface area would be available for exchangeable
sites for dye ions [42].

4. Regeneration of NOS

The regeneration which is an interesting process in
the adsorption phenomenon was carried out in this study
to enhance the NOS and analyze its recoverability. The
desorption study of MB was performed in the batch sys-
tem by using HNO, (0.3 M) as the eluent to investigate
potential regeneration of the adsorbent used. MB loaded
NOS was dried for 24 h at 50°C. The results (Fig. 9) show
an effectiveness of the NOS in the adsorption/desorption
even after five cycles, hence, its advantage from the eco-
nomic and environmental point of views. The increase

efficiency of desorption from the first cycle to the five (from
Ads, . =55.85%, Des; =12.25%, to Ads,,, .= 35.71%,
Des 4. = 42.89%), w1t¥1 a maximal percentage in the
third cycle (Ads, eyele = 11.89%, Des, , oycle = 73.19%) can be
explained by the weak bonds applied between the dye and
the adsorbent due to the physisorption process [7].

5. Comparison with other adsorbents for the MB removal

To demonstrate the efficiency using NOS, of Sekhirat
region, as a good adsorbent of MB elimination and other
pollutants, indeed of its availability, and the recoverabil-
ity of this adsorbent which can be used in textile industry
with a high performance (R% = 98.59%), a comparison with
other studies of MB removal is provided in Table 6. NOS of
skhirate presents a good performance.

6. Conclusion

This present investigation shows that natural oil shale
(NOS), as an inexpensive sorbent, has an important effi-
ciency for removal textile dyes in aqueous solution espe-
cially MB (32.86 mg/g). The strong adsorption of cationic
dyes is done at high pH. The characterization of adsorbent
reveals that the matrix clay of oil shale consists of illite and
kaolin, with a high percentage of SiO, and ALO,. The mod-
eling process of adsorption was statically optimized using
flexible and reliable empirical models RSM. According to
the statistical results, the effect of the initial concentration
showed a negative impact on the removal efficiency of MB
by NOS. However, all effects are significant on the elimina-
tion process of MB by adsorption on the NOS. The model
envisaged for the optimal design has been well verified by
the experimental data, with R* and R*adj is 0.913 and 0.827,
respectively. The maximum removal rate is obtained in the
following optimum conditions: (X, = 20 mg/L) for the initial
concentration, (X, =15 mg) for the mass of NOS, (X, =30 um)
for granulometry and (X, = 12) for pH. The MB dye is effi-
ciently desorbed by nitric acid from adsorbed NOS. The
reusability of the adsorbent used is found efficient after
consecutive adsorption-desorption cycles.
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Table 6
Literature comparison of removal MB onto different adsorbents
Adsorbents Sorption capacity (mg/g) Reference
Homemade walnut carbon 3.74-4.74 [43]
Fe,O,/chitosan/graphene (FCG) nanocomposite 47.35 [44]
Raw oil shale (SSB) 50
oil shale decarbonated (SBD) 60 [45]
Raw clay (AB) 75
Decarbonated clay (AD) 115
Raw orange sawdust 39.68 [46]
Clay loaded hydrochar 96.9 mg/g [47]
Ruthenium nanoparticles on activated carbon (Ru/C) 9.25-48.40 mg/g [48]
Natural oil shale (Tarfaya) 40.82 [49]
Natural oil shale (Skhirate) 32.86 This work

Efficiency (%)

I Adsorption
[ Desorption

Cycle 2 Cycle 3

Number of cycles

Cycle 1 Cycle 4 Cycle 5

Fig. 9. Adsorption/desorption consecutive cycles of MB/NOS in
batch system.
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