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ABSTRACT: This article presents two aspects environnementals: valorization of oil shale ash (OSA) of oil industry on
the one hand, and on the other hand to study the effectiveness of cation adsorption of dye such as the Methylene blue
(BM) on material (OSA).In this context, we carried out a parametric study of adsorption, in particular, the time of
contact, the pH, the amount of the adsorbent, the temperature and the stirring velocity. A study of the kinetics of
adsorption was carried out by two models: pseudo-first order and pseudo-second order, and a modeling by the
isotherms of adsorption while basing itself on the models of Langmuir and Frendlich. The maximum capacity of
adsorption of BM on OSA is of 2,464 mg/g, for a concentration of BM of 5 mg/L, an amount of adsorbent of 2 g/L.
Material OSA was characterized by several methods such as diffraction of x-ray (DRX), electronic scan microscopy
(MEB), electronic microscopy in transmission (MET), x-ray fluorescence (FX), and the infra-red Spectroscopy with
transforms of Fourier (FTIR). In addition, the economic aspect of the use of OSA makes important the re-use of these
materials considering their capacity to regenerate itself.
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I. INTRODUCTION

The extensive use of dyes in dye-manufacturing industries creates significant problems due to the discharged of colored
waste water. The presence of very small amounts of dyes in water is visible and affects the quality of water [1].

Most of these dyes pose acute problems for the ecological system, as they are toxic and have carcinogenic properties,
which make the water contaminated with dyes inhibitory to aquatic life [2-4]. With industrialization, the discharge of
industrial wastewater has increased. At the same time, there are concerns, and there is the need to find cheap and
efficient methods for the industrial waste water prior to disposal into natural waters [5-6].

Various techniques, such as precipitation, membrane filtration, coagulation/flocculation, electrochemical and chemical
oxidations, ion exchange, adsorption [7]. The advantages and disadvantages of every removal technique have been
extensively reviewed [8-9]. The removal of dyes in an economic way remains an important issue for researchers and
environmentalists. The adsorption is an excellent alternative selection especially using inexpensive and high adsorption
capacity adsorbent without requiring any additional pre-treatment step before application. Adsorption is superior to
other wastewater treatment techniques in terms of its initial cost, flexibility and simplicity of design, ease of operation
and insensitivity to toxic pollutants [10-15].

In this work, we were interested in the study of the adsorption of the methylene blue dye on the oil shales calcined
taken of a layer of Timahdit, located in the mountains of the Average Atlas (Morocco), is spread out over a surface of
1.000 km?. The thickness of the layer of the schists in this layer varies from 100 to 150 m. [16].
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Oil shale will be one of the most interesting energy and chemical sources in the world after the exhaustion of oil
deposits. Morocco is one of the world leading countries in term of oil shale resources. They are very promising. They
are estimated in Tarfaya deposit, located in the south western part of Morocco at 86 billion tons within a 2000 km? area
and in Timahdit deposit, located about 250 km southeast of the capital Rabat, at 18 billion tons within a 196 km? area
[17].

Mining and processing of the oil-shale will significantly disturb the environment, as a result of pollution by dust
particles and ash derived from the oil shale [18, 19]. Valorisation of these valuable by product will reduce the
environmental impact and will make oil shale development economically feasible for energy production in the future
[20].

In this work, we were interested in the study of adsorption of the methylene blue dye on ashes of the oil shales. Various
experimental parameters were analyzed: pH, mass of adsorbent, initial concentration while coloring, stirring velocity,
and temperature. The capacities of adsorption as of rough clays were given by using the isotherms of Langmuir and
Freundlich. The kinetics of adsorption of the methylene blue was studied by using the equations of the pseudo-first
order and the pseudo-second-order.

I1. MATERIALS AND METHODS
11-1 Adsorbate

The adsorbent used is the Methylene blue, provided by the company Ciba Specialty Chemicals Inc, All the chemicals
use come from Merck. Table 1 represents a descriptive card of the methylene blue BM.

Table 1 structure and characteristics of Methylene blue
Name Methylthioninium chloride (CI 52015)
Chemical structure QN“ —

H2C . = +/I o -CH-

CHa Cl CHz

Molecular formula C16H18N3SCI
Other name 3,7-bis(Dimethylamino)- phenothiazin-5-ium chloride
Molecular weight ( g/mol) 319.85

11-2 Preparation of adsorbent

The oil shale, originating in the area of Timahdit, used in this work, was crushed and filtered to obtain fractions < 80
pm then calcined with 800 °C, washed several times with ultrapure water (MILLIPORE, direct-Q, UV3 With Pump)
dried with 105 °C during 24 h to obtain oil shale ash.

11-3 Determination of pH zero charge point

The zero point charge pH (pHzpc) of the OSA adsorbent was measured using the pH drift method [21]. In this fact, the
pH_zpc of the adsorbent was determined by adding 20 mL of 5.10 mol/L NaCl to several 50 mL béchers of polystyrene.
A range of initial pH (pH;) values of the NaCl solutions were adjusted from 2 to 12 by adding 0, 1 mol/L of HCI and
NaOH. The total volume of the solution in each flask was brought to exactly 30 mL by further addition of 5.10 mol/L
NaCl solution. The pH; values of the solutions were then accurately noted and 50 mg of each adsorbent were added to
each flask, which was securely capped immediately. The suspensions were shaken in a shaker at 298 K and allowed to
equilibrate for 24 h. The suspensions were then centrifuged at 4000 rpm for 15 min and the final pH (pHs) values of the
supernatant liquid were recorded. The value of pHzpc is the point where the curve of ApH (pHe—pH;) versus pH; crosses
the line equal to zero. Measured pH was down by pH-Metre (Hach sension 2 pH ISE meter).
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11-4 Experimental procedure

Adsorbent OSA was characterized by various methods of analysis: XDR, of the Panalytical company, by using a Cu
radiation K, (A = 1, 54060 nm), functioning to 40 kV and 30 mA. The data were collected with 26 = 10°-80°. XRF,
uses a sequential spectrometer AXIOS PANALYTICAL with a channel of measurement bases on only one goniometry
covering the complete range of measurement of B to U. FTIR, company BRUKER (Vertex70) by using a range
sweeping wavelength 400-7500 cm™. MEB-EDX,(Quanta 200 FEI equipped with probe EDAX for microanalysis of
surfaces) and the MET, (FEI TECNAI G2), with an enlarging from 150 to 500.000 times.

Experiments preliminaries on adsorption, of BM on OSA, showed that balance was established to 10 min with room
temperature by using the technique of batch processing. Measurements of adsorption were carried out by mixing
various quantities of OSA for the elimination of the potential of the methylene blue dye in series of the beakers out of
glass containing 200 ml of the solution coloured with different pH and concentrations by using a heating with
numerical control, and a magnetic stirrer (Stuart). Solutions of dye were prepared by using ultrapure water
(MILLIPORE, direct-Q, UV3 With Pump) to prevent and minimize the possible interferences, the taking away were
carried out, centrifuged (universal 32 hettich) during 15 min with 4000 rpm, thus the supernatant is filtered using a
syringe filter of diameter 0,45um (Minisart, sartorium stedim biotech). The effect of several variables of the OSA
amount (1-3 g/L), of pH (2-12), the stirring velocity (300 to 900 tpm), the time of contact (0-120 min), the initial
concentration while coloring (1 to 10 mg/L) and of the temperature of the solution (20-60 °C) was studied.

The pH of the solution is adjusted by addition of an minor amount of HCI or NaOH (0, 1 M). At the end of the
experiments of adsorption, the concentration of dye was given by measuring the absorptance of the solution with A =
664 nm using a UV-visible spectrophotometer (Jasco V530). All the experiments were carried out in double and the
median values are presented.

The amount of equilibrium adsorption Qe (mg/g) was calculated using the formula:

G —Ce (1)
Where C, and C, (mg/L) are the liquid concen Q. = W itially and at equilibrium, V is the volume of the
solution (L) and W is the mass of dye adsorbent (g).

The dye removal percentage can be calculated as follows:
G- C )

0

Where Cy and C, (mg/L) are the initial a1 % of dve removal = = 100 solution.

111.RESULTS AND DISCUSSION

I11. 1 Characterization of the adsorbent

A- Quantitative chemical analysis

Chemical analyzes of oil shale ash were performed using X-ray fluorescence spectrometer. Augite is a mineral species
of the group of silicates under group of the inosilicates of the family of pyroxenes. It is about a clinopyroxene
ferromagnésien and calcic of formula (Si, Al), Os (Ca, Mg, Fe, Na) (Mg, Fe, Al, Ti, Cr) [22]. The results are
summarized in Table 2, where we noted predominance in SiO,, Al,O3, Fe,Oz and CaO. The remaining oxides are
partégés in two categories, those which have a little small mass percentage (MgO, Na,O, TiO,, P,O4, and K,0) and
those which are with the state of trace. A loss on the ignition a little can weak what remains close to pure.

Composé Si0, AlLOs Fe,0; Ca0 MgO Na20 TiO, P,0O5 K,0 SrO Cl P.a.F Total

% [OSA] 441 16,7 11,6 9,28 5,23 4,06 2,69 L2 1,17 0,295 0,29 2,49 99,155

Table 2: Mineralogical composition, of oil shales ashes OSA

B- Mineralogical analysis
To identify the prevalent phases of mineral of oil shales ashes, of the diffractometric analyzes of x-ray were carried out
using the Diffractometer Siemens 5000. The results are gathered in Figure 1.

The decomposition of the oil shales (900°C), generate augite according to the whole of the following equations [23-27]:
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CaCQ; (calcite) + SiO, —CO, + CaSiO3 wollastonite )

Illite KA, (SizAl) O (OH), + 6 CaCO; (calcite) —» 6CO,+2H,0 + K,0+ 3SiO,+
3Ca,Al,SiO; gehlenite (4)
Ca,AlLSi,0; + CO, —»CaCO; + (Ca.Mg.Al.Fe)(Si.Al)Os), augite (5)
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Figure 1: Diffractometric analysis of OSA

iffraction of x-rays gave the same result obtained by the FRX. That wants to say that augite is

composed in majority in oil shales ashes.

C- Morphological analysis
Our samples were analyzed by electronic scan microscopy MEB; the use of this technique makes it possible to
visualize the morphology of the surface of oil shales ashes. as shown in the Figure 2.

Copyright to JIRSET

EDX ||

Figure 2: Micrography MEB coupled by EDX of oil shale ash OSA
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The image Figure 2a it is an image which is taken in secondary mode of electron with a porous morphology on a some

micron scale. What shows us that our material is microporous. The image Figure 2b is an image taken in mode of
electron retrodiffused with a contrast of phase:

i : The clear spots correspond to the following light states: C, O, S (See EDX of the Figure 2).
ii : The dark spots correspond to the following heavy states: Al, Si, Fe, Cu (See EDX).

Figure 3 : Micrography MET of oil shales ashes OSA

The figure 3a and 3b shows the analysis by electronic microscopy in transmission MET proving that material OSA
presents geometry of stacking in the form of uniformly ordered whorl.

D- Analyzes by infrarouge

The adsorption bands observed, as it is shown in the figure 4, the presence of the connections characterizing oil shale
ash OSA. Among these bands one quotes mainly: the band 974, 47 cm™ which can be attributed to stretching Si-O-Si
bridge vibration, the tape 735 cm™ corresponds to the vibrations of deformation of O-Si-O, and two bands 467 and 414
cm™ correspond to the vibrations of deformation Si-O-Al.
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111.2. Study of effect of various parameters on the adsorption of the methylene blue

A- Influence time of contact on the adsorption of the methylene blue

The study of the kinetics of elimination of the methylene blue BM by oil shales ash OSA in aqueous medium (see
Figure 5 which represents the curve of evolution of the quantity of BM adsorbed per gram of OSA according to times
of contact with different concentration initial varies from 1 to 7 mg/L while coloring) show that the time of balance
very fast and is reached 10 minutes and independent of the initial concentration and that the quantity adsorbed with Qe

L L B N B B B B B B B R
3,54 -
] —=— [BM]=01mg/L H{
304 —o— [BM]=02 mg/L ||
' [BM]= 03 mg/L
—v— [BM]=05mg/L [|
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E
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05 “g“ guanE-E—E—m & §—————————u |
|
0,0 - * E
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Figure 5: Influence time of contact on the kinetics of adsorption of the methylene blue on (OSA)

(mg/g) balance increases with the concentration. The results, presented by table 3 are obtained with constant operating
condition T=20°C, [OSA] =2, 0 g/L).

[methylene blue] o mg.L™ 01 02 03 05 07
Quis (Mg.g7) | OSA 0,404 0,948 1,464 2,464 3,316

Table 3: Quantities adsorbed by OSA with various initial concentrations of the BM.

The augmentation of the quantity of adsorption according to the concentration initial of BM, qui' is represented in table
3, explains by the presence of a big number of molecules which will diffuse towards the sites of the surface of the
adsorbent and consequently adsorption partial depends on the initial concentration of the dye.

B- Influence amount of adsorbent

With end to optimize the quantity of OSA added to coloured solution BM of the experiments were provided by using
100 ml with the solution with BM (5 mg/L), to the which various quantities of OSA were added (1 - 3 g/L).

The Figure 6 watches which the output increases with the addition of OSA up to 2 g/L, and reached a maximum value
of 98% then it is stabilized.
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Figure 6 : Effect of adsorbent amounts on dye removal BM

C- Effect of the pH on the holding capacity of the methylene blue dye

One of the main variables affecting the adsorption process is pH, influencing not only the surface charge of adsorbent,
the degree of ionization of the material present in the solution and the dissociation of functional groups on the active
sites of the adsorbent, but also the solution dye chemistry. In this fact, pH must control the adsorption of dyes onto
suspended particles, because both adsorbed molecules and adsorbent particles may have functional groups which are
affected by the concentration of H* ions in the solution and which are involved in the molecular adsorption process at
the active sites of adsorbent [28].

Firstly, the results of blank dye solution studies indicate that the change of the initial pH 2-12 of dye solution has a
negligible effect on the Anax Of methylene bleu dye. The PZC of ashes of the oil shales is of 8, 05.

Table 4 Effect of pH on the maximum absorbance
wavelength Amax (M) of BM

pH Xmax (nm)

2 662

4 664

6 663

8 664
10 664
12 616

This observation proves that any chemical structural change of dye molecules is not occurred at pH 2-12. The
maximum absorbance wavelength A« (nM) of MB at different pH values is shown in Table 4.The pH of the zero
charge of the OS is determined to be 8.05, for pH values higher than 8.05, the surface of the OSA becomes negatively
charged and this is opposite for pH < 8.05.
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Figure 7 : Influence pH on the capacity of adsorption of the methylene blue

The figure 7 proves that one can as follows explain the increase in the adsorbed quantity of the B.M with the increase
in pH (ranging between 2 and 8): The addition of the H" cations to lower the pH, involves the neutralization of the
negative charge of oil shales ashes on the level of the edges, which disadvantages the adsorption of the cation B.M in
very acid medium. In addition when the pH increases there is a reduction in the H" cations, therefore the load of the
OSA is definitely negative what supports the adsorption of the BM.

After the pH is reached 10 and 12, one records a negative effect on fixing of the dye of BM on ashes of the oil shales,
resulting in the reduction in the capacities of adsorption because of the relarguage of blue of methylene.

D- Influence temperature
The temperature of material is a parameter which influences considerably the quantity of adsorption. The temperature
used in this study varies in experiments between 20°C and 60°C and [BM] = 05 Mg. L, [0SA] =2.0 g.L™".
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Figure 8 : Evolution of the quantity of the methylene blue adsorbed on the surface of adsorbent OSA according to the temperature,
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The results obtained in the figure 8 at the time of these test watch that the quantity of adsorption increases with the
temperature in the interval studied. This means that the interaction between adsorbent OSA and adsorbate BM is of
nature endothermic.

E- Influence speed of agitation
The speed of agitation plays a big role in the transfer of the molecules of aqueous solution towards the adsorbent; it is
thus interesting to study this parameter. The balance with [OSA] = 2.0 g.L™, [BM] = 05 mg/L, T=20°C.

2,50 T T T T T T T T T T T T T
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] ]
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2,44 1 g

2,42 4

Q.(mg.g")

NG
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Figure 9 : Influence speed of agitation on the quantity of the methylene blue adsorbed with

The study of the kinetics shows us, in the figure 9, that the adsorption of BM on the OSA in aqueous medium believes
slightly with the speed of agitation (of the 300 up to 700 rpm), and it becomes constant beyond 700 rpm.

111.3. Adsorption kinetics

The model of the kinetics of first order is adapted the most for the weakest concentrations of aqueous solution. This
model is presented by the relation of Lagergren [29], based on the adsorbed quantity, is the first equation speed
established to describe the kinetics of adsorption in a liquid/solid system. This model of pseudo-first-order is
represented by the following relation [30]:

In(q, — q;) = lnq, — K4t
(6)

Where qt: quantity of adsorbate adsorbed with time t (mg.g™), ge: quantity adsorbed with balance (mg.g™);
k1: constant speed of adsorption of the pseudo model - first order (min™), T: time (min).

Evolution of In (ge-0) according to time, presented in our work. If the Lagergren relation is checked, while carrying
In(qe-q) according to time, we must obtain a line of slope - K,gs. This indicates that the kinetics of adsorption of the BM
on OSA does not correspond to the kinetics of the pseudo-first order.

The reaction speed of pseudo-second-order depends on the quantity adsorbed on the surface on the adsorbent and the

quantity adsorbed with balance. The model of pseudo-second-order can, being represented in the following form [31]:
T 1 T

a:  Kzq2z @ a. 7
Where ky: constant speed of adsorption of the model of pseudo-second-order (g.mg-1.min™).
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If this equation is checked, by tracing t/g; according to t, we must obtain a line of slope 1/g. and ordinate in the
beginning equal to 1/ (K; g¢?).

The modeling of the kinetics of adsorption of BM on adsorbent OSA by the model of pseudo-second order is presented
on Figure 10. These results are obtained with constant operating condition: with 20°C ([BM] = 05 mg. L™, Vagitation =
500 tpm and [OSA] =2.0g.L™").

300 "B

|l | —m—[BM] =01 mg/L ]

250 - —o— [BM] =02 mg/L |
[BM] =03 mg/L

1 | —v—[BM] =05mg/L ] ]
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o 150 ] .

100 / e .

50 _/D ‘ e Y

0 20 40 60 80 100 120
Time (min)

Figure 10 : Model of the pseudo-second-order for the adsorption of the methylene blue on adsorbe OSA

The corresponding parameters were gathered in the Table 5 which also presents the coefficients of correlation. These
calculated coefficients are more about the unit for the kinetic model of pseudo second-order. That indicates that this last
model described well the experimental results of the adsorption of the BM on the two adsorbents.

Co (BM) Qexp Kinetics of the 2" order

(mg.L™Y) (mg.g™) K, (g.mg".min™) Qca (Mg.g7) R
JOSA]=01 mg/L 0,404 3,15 0,400 0,999
[OSA]=02 mg/L 0,948 6,20 0,950 0,999
[OSA]=03 mg/L 1,464 15,43 1,464 0,999
[OSA]=05 mg/L 2,464 12,611 2,464 0,999
[OSA]=07 mg/L 3,316 3,004 3,320 1,000

Table 5 : Parameters characterizing the kinetics of adsorption of BM on adsorbe OSA.

111.4. I1sotherms of adsorption

Isotherms of adsorption were obtained by presenting different concentration from the methylene blue (between 1 and
10 mg. L™) and a concentration while adsorbing of 1.0 g.L™* for OSA. The experiments of adsorption were carried out
in an engine to dig containing 200 ml of solution of BM with 20°C. The experiments were carried out during a time of
contact of 120 min to make sure of the establishment of balance of adsorption/desorption.

Equilibrium adsorption isotherm data were analyzed according to the Langmuir and Freundlich models. The Langmuir
equation is suitable to describe the adsorptive behaviour of homogeneous surfaces. The Langmuir adsorption model is
established on the following hypotheses: uniformly energetic adsorption sites, monolayer coverage, and no lateral
interaction between adsorbed molecules. A mathematical expression of Langmuir can be written as [32]:

 QumaxK.C, 8

9e =3+ K,C,
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Where g, (mg/g) is the adsorbed amount at equilibrium, C. is the equilibrium concentration of the adsorbate (mg/L), K.
is Langmuir equilibrium constant (L.mg.;) and Qmax the maximum adsorption capacity (mg/g). The linear form of
Langmuir equation is: c. 1 . c.
@e B KL@ﬂmx Qmax (9)

If the equation of Langmuir is checked, we must obtain while placing on the figure 11 our experimental points in
Ce/Qe=f (C,), a line whose slope and ordinate in the beginning enable us to determine Qnax and K.
The essential characteristic of Langmuir isotherm can be expressed by the dimensionless constant called equilibrium
parameter, R, definedby: R — 1

T+ KuGy (10)

Where Cy is the initial dye concentration (mg/L). R_ values indicate the type of isotherm to be irreversible (R_ =0),
favorable (0< R < 1), and unfavorable (R > 1) [33].

The isotherm of adsorption of Freundlich [34] supposes that adsorption occurs on a heterogeneous surface by a multi-
layer mechanism of adsorption, and that the adsorbed quantity increases with the concentration. A mathematical
expression of Freundlich isotherm was as follows:

= K C"
4e Fre (12)

Where K (L/mg) is Freundlich constant and n is the heterogeneity factor. The K; value is related to the adsorption
capacity; while the 1/n; value is related to the adsorption intensity. 1/ns values indicate the type of isotherm to be
irreversible (1/n¢ =0), favorable (0< 1/n< 1), unfavorable (1/ns> 1) [34] can be rearranged to linear form:

1
InQ, = InKy + n—f!nCe (12)

The model of Freundlich was applied to the experimental results of the isotherms of adsorption of the BM to OSA.

T T T T T T T T T T 18 I . I T T T
e '
1,64
1,84 — 1 Y=0207X+1239
144 R'=088
Y=0,193 X+0,048 '
15 R =0997 T
1,2
1,24 - A
o b
8 & 10-
o) c ]
© 09 1 5
0,84
0,64 B 06
m
03+ T 04 "
1
optr————¥——7—7— o7
0 1 2 3 4 5 6 7 8 9 10 11 -3 -2 -1 0 1 2
Ce LnCe
Figure 11: Isotherm of Langmuir (2" Form) Figure 12: Isotherm of Freundlich
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The results obtained are presented on Figure 12 and the parameters of Freundlich are consigned in Table 6.

Langmuir Freundlich
Qmax (Mg/g) K (L/mg™) Re R? Kr (mg/g) Nt R?
OSA 5.1813 4020 0,04 0,997 3.452 49 0,868

Table 6 : The estimated parameters of the isotherms of adsorption of Langmuir and Freundlich

The estimated parameters of the isotherms of adsorption of Langmuir and Freundlich, for the adsorption of methylene
blue dye, by using adsorbents (OSA), are gathered in Table 6.

111.5. Thermodynamics of adsorption

The concept of thermodynamics supposes that in an isolated system where energy cannot be gained or lost. The
thermodynamic parameters which must be considered to determine the process are changes of the standard enthalpy
(AH®), the standard entropy (AS°) and free standard energy (AG®) due to the transfer of the unit of the body dissolved
starting from the solution to the solid-liquid interface. The values of AH® and AS°® were calculated by using the
equation of Van't Hoff [35]:

z AS®  AH® with Q. (13)

A
& = e$_ﬁ} === !‘J'I.Kd = —— e
R RT C.

Ce
Where R: constant of perfect gas (R = 8.314 J.mol™.K™*), and T: absolute temperature of solution (°K)

Kq: partition coefficient, where Q.: quantity adsorbed on the solid with balance (mg.g™), and C.: concentration with
balance (mg. L™).

The values of AH® and AS° were calculated starting from the slope and of the interception of the layout of InKy
according to 1/T as the figure.13 shows. AG® can be calculated below by using the relation:
AG° = —RTInK 4 AG® = AH® — TAS®

{14\
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Figure 13 : Layout of InKq in function 1/T;

The states of adsorption: initial concentration =05mg. L™, dosage adsorbing =2.0 g.L™.
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AH° AS° AG® (kJ.mol )
(kJ.mol ™) (@.mol K™
20°C 30°C 40°C 50°C 60°C
OSA 16,04 84,13 -8,60 -9,44 -10,28 -11,12 -11,96

Table 7: Thermodynamic parameters of the process of adsorption of the methylene blue on OSA at various temperatures,

Endothermic nature is also indicated by the increase in the quantity adsorbed with the increase in the temperature, wish
is obtained by Table 7.

111.6. Regeneration of the support of oil shales ashes
The economic aspect and environmental of the use of adsorbent materials, makes important the re-use of materials,
sight their low costs and their capacity to regenerate itself [36].

Regeneration influences the capacity of adsorption OSA by the thermal treatment a temperature of 500 °C during 6:00
after adsorption of 5 mg/L of BM. Indeed for a concentration of 5 ppm, one noted are capacities of adsorption relatively
less important than those obtained at the beginning.

The table 8 displays the difference in capacity of first and second cycle is due to the reduction in the specific surface of
this material following the heat treatment carried out.

Capacity of Capacity of 1¥ Capacity of 2" cycle
adsorption (mg/g) cycle (mg/g) (mg/g)
Capacity of adsorption of 2,464 2,456 2,444
[SBC]
Output % 98,56 98,24 97,76

Table 8 : capacity of adsorption and percentage of elimination of the BM by OSA for 1% and the 2™ cycle of regeneration
1V.CONCLUSION

In this study, OSA shows promising adsorption capacity for methylene blue removal. The operating parameters for the
maximum adsorption were dye solution concentration (5mg/L), adsorbent dosage (2g/L), contact time (10 min) and
temperature (323 K). Removal of methylene blue dye is pH dependent and the maximum removal was attained at pH 8.
The kinetic studies of dyes on BM indicated that the adsorption kinetics of dyes on OSA followed the pseudo- second
order at different dye concentration values.

The equilibrium data have been analyzed. The results were fitted well the Langmuir and Freundlich isotherm models.
Thermodynamic studies indicated that the dye adsorption onto OSA was a spontaneous (the negative AG°®),
endothermic and physical reaction (the positive AH® and AS°). Finally, the economic aspect of the use of oil shales
ashes OSA, makes important the re-use of these materials seen being able to them to regenerate itself, to be re-used in
the adsorption of the methylene blue dye.
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