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In this work, the reactivity of the surface of bituminous schists has been studied 
using a cation adsorbent, so-called Methylene Blue (MB). This bituminous schist 
is a calcareous clay rock that contains some amounts of organic matter. The 
samples were collected from an outcrop of Lamsied (Laâyoune), zone around 
Tarfaya-Boujdour. Once the granulometry of samples was well determined, the 
rocks were characterized by X-ray diffraction and they were analysed by X-ray 
fluorescence. Some parameters were considered relevant on the adsorption of 
MB by surface rock and they have been studied. One of these parameters is the 
adsorbed molecules-adsorbent contact time. This is the contact between a 
starting concentration of MB and a certain mass of gross rock. The analysis of 
results has shown that adsorption of MB can be well modelled by the Langmuir 
isotherm and also that a rapid kinetic (<100 min for L-type) can be fitted by a 
second-order equation model. The gross rock takes 84 % of the amount of MB in 

aqueous phase at a time less than 1min, using a rock mass of 0.1 g. 

                 © 2017 International Scientific Organization: All rights reserved. 

Capsule Summary: In the context of natural material investigation for the radioactive waste containment, this paper 
describes the preliminary study on the adsorbent capacity of bituminous shales from the Lamsied outcrop (Laayoun- 
Morocco). 
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INTRODUCTION 
 
This work must be considered a partial research of a general 
investigation on natural material in order to study the 

immobilization of stable and radioactive metals and his 
application to industry waste treatment. One of these 
applications can be the determination of a geological place to 
the confinement and storage of radioactive wastes (Jakobsen 
et al., 2012). 
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There are some published works on the adsorption of metals, 
organic and inorganic substances by natural material 
(Bendjama, 1982; Benguella and Benaissa, 2002; Khouya et 
al., 2006; Sbaa et al., 2001; Seghairi, 1998; Steger, 1973). 
Following these works, our research has been addressed to 
determine the physicochemical properties of bituminous 
schists, which contain some amounts of organic matter. 

These schists are calcareous clay rocks located in the outcrop 
of Lamsied (Laâyoune), near Tarfaya-Boujdour. In our case, 
we have considered the elimination of Methylene Blue (MB). 
Stable and radioactive metals will be considered in a next 
step of our investigation.  

The main objective of this work is to observe the 
retention of methylene blue by a representative sample of 

 

Fig. 1: Simplified geological map of the study area (Gebhardt and Zorn, 2008).

 

Fig. 2: Spectrum of XRD of sample S6 (1) where the presence of calcite is well observed. 

 

(a) (b) 

Fig. 3: (a) variation of final concentration, Ce, of MB. (b) Adsorption ratio R (%) of MB versus adsorbent mass, using 

an initial concentration, C0, equal to 50.8 mg/l and a contact time of 240 min. 

 

 

 

 

 

 

 

0

5

10

15

20

0 0.05 0.1 0.15 0.2

C
e(

m
g/

L)

Adsorbent mass (g)

70

75

80

85

0 0.05 0.1 0.15 0.2

R
(%

)

Adsorbent mass (g)

http://www.bosaljournals/chemint/
mailto:editorci@bosaljournals.com


ISSN: 2410-9649                                       Ayach et al / Chemistry International 3(4) (2017) 442-451 iscientic.org.  

444 
www.bosaljournals/chemint/                               editorci@bosaljournals.com 

gross rock S6 (1). An experimental procedure has been 
developed following two steps: Firstly the gross rock, which 
will be used as absorbent, has been characterized. Thus,  
granulometry of samples has been determined by X-ray 
diffraction (XRD) using a Malvern Mastersizer 2000 
equipment. The mineralogical structure was obtained by XRD 
and the chemical composition was determined by X-ray 
fluorescence (XRF). 

As second step, the mechanisms physicochemical of 
MB-rock system have been studied. This study has been 
addressed to observe the parameters of interest when the 
adsorption of MB by rock is considered. These parameters 

are: (i) the contact time of MB-rock, (ii) the starting 
concentration of MB in the solution, and (iii) the initial mass 
of absorbent.  

The experiments have been developed controlling 
pH (6.8 at start). Under these conditions, the kinetic and 
adsorption isotherms have been determined. 
 
MATERIAL AND METHODS 

Sampling 

 According to the objectives of this work, some samples of 
rocks (bituminous schists with organic matter) were 

   

Fig. 4: Variation of the adsorbed amount of MB versus      Fig. 5: Fitted lines using a kinetic model of pseudo first  
the contact time               order 

  

Fig. 6: Fitted lines using a kinetic model of pseudo   Fig. 7: Fitted lines using a kinetic model of intra-particle  

second order               diffusion 
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collected from the outcrops located in Lamsied (Laâyoune). 
These samples will play the role of adsorbents of organic and 
inorganic substances in our study. The sampling area is 
presented in Figure 1. The sampling area is located on a 
consolidated plateau, at the side of the stripe of Tarfaya-

Boujdour, which is at the seaside. That covers some 
Cretaceous formations (especially from Aptian, Cenomanian 
or Campanian periods). 

Previous works (Espitalié et al., 1977; 1985; Lüning 
et al., 2004; Walkley and Armstrong Black, 1934; Walkley, 

    
Fig. 8: Adsorption isotherm of MB using schist rock             Fig. 9: Fitted line of experimental data using a model of  
absorbent              as Langmuir 
 
 

   
Fig. 10: Fitted line of experimental data using a model      Fig. 11: Fitted line of experimental data using a of 
Freundlich                   model of Temkin 
 

 

 
Fig. 12: Adsorption ratio R (%) for 134Cs using bituminous schists collected at Tarfaya sample S1 (14) 
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1947) have shown that the analysed samples had very high 
concentrations of total organic carbon (TOC) (Davison, 2005; 
Elkhatib et al., 1995; Gebhardt and Zorn, 2008; Kolonic et al., 
2002; Kuhnt et al., 1997; 2001; 2005; 2009; Mort et al., 
2008). The characteristics of samples are listed in Table 1. 
The analysis of the table shows that the samples are divided 
into three lithologies: 

S6 (1), S6 (3), S6 (5) samples are rich in total organic 
carbon (TOC), the S6 (1), S6 (3) samples contain higher 
calcite contents to the silicates while the sample S6 (5) 
contains a silicate content higher than that of calcite. 

Clay limestone: samples S6 (2), S6 (4) which contain 
a similar content and low in TOC compared to other 
lithologies and consist of a remarkable amount of calcite 
(CaCO3) compared to silicates. 

Limestone clay: S6 (6), S6 (7) samples, which contain 
a significant content of silicates compared to calcite, S6 (7) 
has a high TOC content and is higher than that of S6 (6). 
  In this work a sample, S6 (1), rich in total organic 
carbon (TOC), has been used to study the adsorption of MB 
by natural materials (bituminous schists).  
 

Granulometry 

The granulometry, using laser diffraction, has been 
determined in the sample S6 (1). The distribution of particle 
sizes determined using an equipment of wet laser diffraction 
(Malvern Mastersizer 2000). This system has a Hydro 
dispersion unit 2000G (Mejjad et al., 2016). The equipment 
and a protocol reach a distribution range from 0.02 to 2000 
µm particle size. To determine the granulometry, 1 g of 
sample was introduced in the dispersion unit, which 
contained demineralised water, dispersant agent. Every 
measurement takes 10 s, the period used for dispersion of 
agglomerates by ultrasonic waves. 
 
X-Ray diffractometry 

Mineralogic structures of sample S6 (1), the adsorbent in the 
experiment, has been determined X-ray diffractometry. The 
samples have been powdered and has been analysed in a 
diffractometer 2-cerclesX’Pert Pro MPD PANalytical. This 
equipment has a theta-theta goniometer, an ultra-rapid 
detector X’Celerator and a sample stages. 
 
X-Ray fluorescence 

The majority elements, in oxidised form in the inner 
adsorbent, have been determined using a spectrometer of X-
ray fluorescence, so-called Axios system. The characteristics 
of this spectrometer are a weak power (1 kW), a refrigeration 
system that uses SST tubes. These allow an energy excitation 
range of 20-60 kV and a current in the range 10-50 mA. 
 
The adsorbed 

Prior to developing procedures for the containment of 
radionuclides by this raw or conditioned natural material, we 
have firstly studied its physicochemical adsorption 

properties by means of methylene blue (MB) removal tests 
from aqueous solutions (Avena Et al., 2001, Hang and 
Brindley, 1970, Kahr and Madsen, 1995). 
 
Test of adsorption 

The experimental test is to introduce a known mass of 
adsorbent in an aqueous solution of MB. Once the adsorbent, 
sample S6 (1), is in the solution the ensemble is stirred until 
equilibrium at room temperature. A part of adsorbed 
remains in solution and other fraction is fixed on the solid. 

The starting concentration of MB and its final 
concentration, before and after equilibrium in the test, are 
determined by absorbance in an Ultraviolet-visible 
spectrophotometer UV-3100PC using λ = 664 nm. The 
equipment calibration is done before measurements using 
some diluted solutions of a MB solution of 100 mg/l. The 
starting pH in the test was 6.8. This pH is recommended by 
some authors (Miyah et al., 2015). Thus, experiences 
developed at pH=6.8 showed an easy adsorption of MB by 
clays when starting when pH increases and becomes stable if 
pH reaches 7. This fact is also observed by Ghosh and 
Bhattacharyya (Gosh and Bhattacharyya, 2002) in the case of 
using Kaolinite an adsorbent. This behaviour is explained by 
the neutralization of negative charges of adsorbents per H+ in 
acid media. For that we have selected pH= 6.8 as starting 
value in the whole of the tests. 

Once the physicochemical equilibrium of adsorption 
can make sure, the amount of MB adsorbed, noted as Qads and 
expressed in mg of MB par g of adsorbent, is calculated using 
the equation (1) (Dbik et al., 2014). 

 

𝑄𝒂𝒅𝒔 =
𝑪𝟎−𝑪𝒓𝒆𝒔

𝒎
× 𝑉                                (1) 

 
Where, Qads is the amount of MB that is adsorbed per gram of 
adsorbent (mg/g). C0 is the starting concentration of MB in 
the aqueous phase (mg/l). Cres is the final concentration of 
MB in the aqueous phase, once the equilibrium is reached 
(mg/l). m is the adsorbent mass (g). V is the volume of 
solution (l). 
 
Kinetic study and isotherm of adsorption 

The studies on kinetic and isotherms of adsorption of MB by 
the gross rock, sample S6 (1) in Table 1, were done using 
conditions previously mentioned. Before any operation of 
adsorption, the rock was finely grinded and homogenised.  

The kinetic of absorption of MB by the gross rock has 
been studied. For this, 500 ml of MB, with concentrations of 
50.8, 45.7 and40.8 mg/l were initially added into 0.5 g of 
adsorbent: sample S6 (1). The pH of liquid-solid system was 
controlled (pH=6.8) and stirred at room temperature, using 
300 rpm. Different extractions from the top of solution were 
done at different moments from 0 to 360 min. The separation 
of phases is fulfilled at 2000 rpm for 15 min. Isotherms of 
adsorption were analysed in the same conditions. The 
contacting time was 240 min and the initial concentrations of 
MB were from 30.1 mg/l to 50.8 mg/l. 
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Models of kinetics of adsorption  

The studies on kinetics were developed for a better 
comprehension of mechanisms of reaction, especially the 
case of adsorption. Three models on kinetic of adsorption of 
MB by the rock S6 (1) were tested. These models are: 

The pseudo-first order model: This model is based on the 
equation (2) (Srivastava et al., 2006). 
 

Log (qe – qt) = Log (qe)−
𝐤𝟏

𝟐.𝟑𝟎𝟑.
t                         (2) 

 
The pseudo-second order model: This model is based on the 
equation (3) (Ho and McKay, 1999; Liu et al., 2010). 
 
t

𝑞𝑡
= 

t

k2qe
2 + 

1

qe
 t                                                      (3) 

 
Linear model of intra-particular diffusion: This model is 
based on the equation (4) (Laabd et al., 2015). 
 
qt= Kd t1/2 + Cd                                                 (4) 
 
Where, qe is the adsorbed amount at equilibrium (mg/g), qt is 
the adsorbed amount at time t (mg/g), k1 is a velocity of 
adsorption constant for the pseudo-first order (l/min), k2 is a 
velocity of adsorption constant for the pseudo-second order 
(g/mg min), Kd is a velocity of diffusion through pores (mg/g 
min ½), Cd is the ordinate at origin (mg/g), t is the time 
(min). 

Models of isotherms of adsorption 

The transformed, linear, of models of isotherms of adsorption 
done by Langmuir, Freundlich and Temkin are presented in 
equations (5), (6) and (7), respectively (Laabd et al., 2015; 
Baghriche et al., 2008 ; Laabd et al., 2015). 

 
𝐶𝑒

qe
= 

1

KLqm
 + 

𝐶𝑒

𝑞𝑚
      (5) 

 
The separation factor rL (without magnitude) is evaluated 
using the following equation: 
 
rL = 1/ (1+KLCe) 
 
The factor rL can be interpreted according to (Giles et al., 
1960), If 0 <rL< 1: adsorption is favourable, If rL> 1: 
adsorption is not favourable, If rL = 1: adsorption is linear 
AND If rL = 0: adsorption is irreversible . 
 

Ln qe = Ln Kf+ 
𝟏

𝒏
× Ln Ce     (6) 

 
qe = B LnKT + B LnCe     (7) 
 
Where, KL: Binder constant of Langmuir, Ce: Final 
concentration in solution at equilibrium of adsorption in 
mg/l, qe: Amount of adsorbed MB at equilibrium in mg/g, qm: 
Maximum adsorbed amount in mg/g, Kf, n: Empiric constants 
of Freundlich and KT, B: Constants of Temkin model. 

Table 1: Characteristics and lithology of samples collected at Lemsied region (El batal, 2014) 
Sample TOC (%) 

(Rock 
Eval) 

CaCO3 

(%) 
Silicates 

(%) 
Altitude Lithology Geologic 

period 

S6 (1) 6 55.93 35.07 0.5 m Marl with high concentration of organic matter 

L
at

e 
C

re
ta

ce
o

u
s 

p
er

io
d

 

S6 (2) 0.59 91.53 7.59 2 m Clay (calcareous) 

S6 (3) 3.83 47.46 46.80 4 m Marl with high concentration of organic matter 

S6 (4) 0.58 84.75 14.38 6m Clay (calcareous) 

S6 (5) 3.19 38.98 56.23 8m Marl with high concentration of organic matter 

S6 (6) 1.94 16.95 80.14 10m Clay (calcareous) 
S6 (7) 5.04 27.12 65.32 12m Clay (calcareous) 

 

Table 2:  Distribution of particle size of adsorbent S6 (1) 
Particle size (µm) Lower than 2 from 2 to 50 from 50 to 2000 

Volume (%) 0.25 58.48 41.27 

 Clay Lime Sand 

 

Table 3: Content in % of oxides in the sample S6 (1) that is used as absorbent 

Compounds CaO Na2O SiO2 SO3 Al2O3 MgO P2O5 K2O Fe2O3 

Concentration (%) 20.70 14.40 9.03 3.69 2.14 0.95 0.55 0.43 0.33 
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RESULTS AND DISCUSSION 

Study on particle size 

According to results shown in Table 2, the main material of 
sample S6 (1) is lime (58.48 %), next sand grains (41.27 %) 
and finally clay (0.25 %). The analysis by spectrometry of X-
ray fluorescence of absorbent S6 (1) shows that (Table 3): 
The higher concentrations correspond to the following 
oxides: CaO> Na2O> SiO2> SO3> Al2O3>Fe2O3. The presence of 
CaO is explained by the marine origin of the rock. The ratios 
SiO2/Al2O3= 4.22 can show the presence of a high amount of 
free quartz in the sample. The low concentration of Fe2O3 is  
related to the absence of nodules of oxides and hydroxides of 
iron. The low concentration of MgO is explained due to no 
dolomitisation phenomenon in the rock. The low 
concentration of K2O is related to a poor presence of illite in 
the rock. Other oxides, such as P2O5 and Na2O, can be 

explained by precipitation on this material that is rich in 
organic matter and kerogen (El Batal, 2014). 

Finally, it is possible to make sure the abundance of 
calcars with presence of quartz. The low concentration of 
iron could be related to perytisation phenomena because this 
material is rich in organic matter and kerogen. 
 
Mineralogical composition 

Analyses by XRD can make sure the presence of calcite 
(CaCO3) in the sample. It is clearly deduced of spectrum 
shown in Figure 2. Other minerals cannot be observed in the 
spectrum due to high intensity of its lines in the spectrum. 
These results confirm those obtained by XRF. 
 
Effect of mass of absorbent 

The influence of the rock amount, sample S6 (1), used as 
adsorbent, has been determined. The experiments were done 

Table 4: Parameters of kinetic models and maximal amount adsorbed of MB on the surface of sample S6 (1) 

Model Parameters C0(BM)= 50.8 (mg/l) C0(BM)= 45.7 (mg/l) C0(BM)= 40.8 (mg/l) 

Pseudo first order 

R2 0.98 0.97 0.98 

K1 (min-1) 0.011 0.02 0.013 

qe.cal (mg/g) 12.2 13.44 10.53 

qe.exp (mg/g) 41.45 37.15 34.45 

Pseudo second order 

R2 0.99 0.99 0.99 

K2 (g/mg.min) 0.003 0.003 0.003 

qe.cal (mg/g) 42.37 38.31 35.58 

qe.exp (mg/g) 41.45 37.15 34.45 

Intra-particle 
diffusion 

R2 0.60 0.62 0.61 

kd (mg/g min1/2) 1.26 1.19 1.09 

Cd 21.95 19.39 18.04 

 

Table 5: Parameters of models of adsorption isotherms of Langmuir and Freundlich and Temkin using MB and sample 
S6 (1) 

Isotherms Parameters Values 

 
R2 0.99 

 
KL 2.16 

Langmuir qm(mg/g) 40.82 

 rL 0.045-0.41 

 
R2 0.88 

Freundlich Kf 30.81 
 n 9.83 

 
R2 0.85 

Temkin KT 6666 
 B 3.5 
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using the conditions already mentioned. The masses were in 
the range from 0.02 g to 0.15 g. Samples were stirred using 
an initial concentration of MB, C0, equal to 50.6 mg/l and a 
volume of 100 ml. Figure 3a shows the rapid decrease of final 
concentration of MB (Ce), with mass and how this 
concentration is stabilized when masses are higher than 0.1 
g. Figure 3b confirm this behaviour. In this Figure is 
presented the values of adsorption rate, R (%) versus mass of 
adsorbent. Indeed, the adsorption rate increases (linear) with 
mass of adsorbent until it reaches a maximum, 84 %, with 
masses higher than 0.1 g. This fact, which is considered as a 
limitation of cation adsorption by MB, though the sites of 
adsorption had increased, may be considered as competitive 
reactions of adsorption of H+, with sizes lower than MB and 
that becomes more abundant after the adsorption of 84.5 of 
MB. More theoretical and experimental efforts are necessary 
to study the fact of exchange at the solid–liquid interface. 
 
Study of kinetics 

Figure 4 shows the variation of the adsorbed MB amount, 
Qads, versus time. According to this Figure, we can suggest 
that, the curves of variation of Qads versus time, obtained 
using different concentrations of MB are similar to previously 
reported works (Dbik et al., 2014). Concerning the plateau, 
the adsorbed concentration of MB increases with the initial 
concentration of MB in aqueous phase. This fact was already 
observed in previous works (Abd El-Latif et al., 2010; Ouasif 
et al., 2013). The kinetic of adsorption occurs in two steps: In 
the first step is rapid and takes 15 min. At this moment the 
MB can find active sites on the surface of adsorbent. The 
second step starts after 15 min with a slow adsorption and 
takes 100 min. The equilibrium is then reached, with a 
maximum of 42 mg/g using an initial concentration of MB of 
50 mg/l. The existence of this plateau confirms the 
hypothesis of a competitive reaction of adsorption of H+ (that 
become predominant once at the start of plateau). 
 
Models of kinetic of adsorption of MB 

The experimental data has been fitted according to the three 
models of kinetics previously presented. The fitted lines are 
presented in Figures 5, 6 and 7. The value of parameters of 
each model, the absorbed amounts and regression 
coefficients are presented in Table 4. 

Figure 7 corresponds to intra-particle diffusion. 
Regression coefficient, R2, is around 0.6. This means a weak 
result considering the three initial concentrations of MB in 
aqueous phase. On the other hand, the values of adsorbed 
amount, qe, are lower than experimental data. For the pseudo 
first order model (Figure 5), the regression coefficient, R2, are 
0.98 (initial concentration of MB 50.8 mg/l), 0.97 (45.7 mg/l) 
and 0.98 (40.8 mg/l). However, the calculated values of qe are 
lower than experimental data. For that, neither intra-
particular diffusion model nor pseudo first order model could 
describe the adsorption of MB in the experimental 
conditions. 

Figure 6 corresponds to pseudo-second order model of the 
kinetics of adsorption of MB by the gross rock (sample S6 
(1)). The calculated qe and the regression coefficients, R2, for 
the three initial concentrations of MB (Table 4) shows values 
of R2 equal to 0.99 and calculated qe at equilibrium are 
similar to experimental data. Then the experiment can be 
fitted using a pseudo second-order model. 
 
Isotherms of adsorption 

Figure 8 shows the variation of adsorbed amount, Qads, at 
equilibrium versus equilibrium concentration. According to 
this Figure, the curve is an isotherm L type following Giles 
classification (Giles et al., 1960). This fact means the 
adsorption of MB processes could be monolayer. 

The application of models of Langmuir, Freundlich 
and Temkin to adsorption isotherms, through the equations 
(5), (6) and (7), respectively, is presented in the Figures 9, 10 
and 11. The values of parameters of each model are listed in 
Table 5. The analyses of isotherms can indicate that 
Langmuir model fits perfectly the processes of adsorption of 
MB. Indeed, the value of correlation coefficient for this model 
is close to unity (0.99) and the maximal along evaluated by 
the model of Langmuir is very close to one determined by 
experiments. 
 
Test of adsorption of 134Cs 

To finish the study on adsorption by natural material, marl 
with high concentration of organic matter, we have 
developed an experiment of adsorption of a radionuclide 
134Cs, by a rock (sample S1 (14)) similar to the other sample 
(S6 (1)). The sample S1 (14) was collected in Coupe d’Oued 
MA FATMA (Tarfaya). The clay proportion was 65 % (35 % of 
clay in S6 (1). Figure 12 shows the preliminary results. Thus, 
the adsorption ratio, R (%), is close to 100 % for 2g of mass 
of sample. Previous works have explained this experimental 
result by the role of organic matter integrated in the mineral 
part of sample (Khouya et al., 2004). 
 
CONCLUSIONS 
 
This work can be considered as a part of other wider work 
addressed to the study of natural materials to be used as 
confinement and stocker of radioactive wastes. This is the 
case of the study of schist rocks, marls with high 
concentrations of organic matter. The study of adsorption of 
Methylene Blue (MB) by a bituminous schist rock has the 
following conclusions. The analysis of granulometry shows 
the existence of a high proportion of limes in the adsorbent 
and a lower proportion of sand grains. On the contrary it is 
poor in clay fraction. The mineral structure is calcareous with 
quartz. The low levels of iron oxides may be due to 
perytisation phenomena occurred in a material riche in 
organic matter and kerogen. The adsorption ratio increases 
linear with adsorbent mass until a maximum value of 84 % 
with masses higher than 0.1 g. The kinetic study shows 
adsorption in three steps: the first is rapid (takes 15 min), the 
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second step is more slow than the first and take a time in the 
range from 15 to 100 min. Finally the system reaches the 
equilibrium of sorption. In the table, the adsorbed 
concentration of MB increases with initial concentration of 
MB in aqueous phase. The kinetics of adsorption is followed 
by Langmuir model. This means adsorption of MB on the 
absorbent S6 (1) is made as monolayer. It is possible to 
conclude that natural material collected in the outcrop 
located in the Tarfaya Boujdour zone must be deeply studied 
as confinement of wastes (organics, inorganics and 
radioactive wastes). Indeed, the first adsorption test of 134Cs 
by this raw material shows that the sorption rate of this 
radioactive element can reach 100% for 0.5g of this new 
adsorbent. 
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