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Abstract: Equilibrium adsorption isotherm for the removal of basic
dye Methylene Blue (MB) from aqueous solution using olive stone (OS)
investigated. Equilibrium data were mathematically
modelled using the Langmuir, Freundlich, Dubinin-Radushkevich and
Temkin adsorption models to describe the equilibrium isotherms and
isotherm constants were determined. The results indicate the potential
use of the adsorbent to remove MB from the aqueous solution.
Maximum adsorption capacity of 2.6 mg.g? was reached at
equilibrium. The Temkin isotherm was found to better fit the
correlation coefficient of the experimental data (R?> 0.97). Pseudo-
first-order, pseudo-second-order, Elovich and intraparticle diffusion
models were used to study the kinetic data. The results showed that the
intraparticle diffusion model was the best one with R?=1 followed by
the pseudo-second-order kinetic model. Characteristics of adsorption
were determined as spontaneous for AG°<-3.4 kJ.mol? and
endothermic for AH® value of 2.8 kJ.mol*. The findings obtained
suggest that olive stones are a desirable candidate as low-cost

biomaterial for extracting simple dye MB from aqueous solutions.

|. Introduction

As understanding that the methylene blue can be
used in various fields, including coloring paper,
temporary hair coloring, dyeing cotton and wool
[1,2]. While wvast volumes of dye polluted
wastewater are emitted annually resulting in an
immediate danger to human safety and the
environment [3,4]. MB does not apply to the list of
the most harmful contaminants, but rapid exposure
in humans induces challenging respiration, increased
heart rate, nausea, vomiting, diarrhea, jaundice,
quadriplegia, and tissue necrosis[2,5]. The presence
of these colors in obtaining water bodies is
unwelcome, because they cut off sunlight and may
autotrophic organism photosynthetic activities[6].
The concern is that such colors are durable and non-
biodegradable [7]; dyes are engineered to retain
pigment on various surfaces and to withstand water,
soap and oxidizing agents[8]. The removal of dyes
from industrial effluents is thus a difficult problem

and refining dye-removal methods is important. The
poor performance, high cost and, in certain
situations, the development of toxic by-products
make certain physical and chemical solutions such as
filtration, coagulation, photocatalytic degradation
and advanced oxidation processes inefficient and
costly to operate[9]. Biosorption has been shown to
be an effective and inexpensive solution, especially
when using biowaste and agricultural by-products as
biosorption. The quest for low-cost and locally
accessible waste materials for dyes biosorption
continues and has been intensified extensively
[3,11,12,13,14]. Of this purpose, biomaterials may
be used for other products such as Cr(VI), Cd(ll),
Cr(ll1) AND Pb(Il) [15,16] as low cost sorbents.
Olive stone biomass, a by-product of the olive oil
industry, has also been used as an adsorbent for iron,
which has a great capacity for extracting metal ions
from effluent not just from the olive oil industry but
also from other polluted wastewater across a broad
spectrum of concentrations [17]. A further economic
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and environmental alternative is the use of raw olive
stones as biosorbents. This provides an incentive for
the olive processing industry to make good use of the
immense amounts of olive; Algeria's olive grown
region was about 188,923 ha in 2011. Total table
olive output in 2011 was estimated at 192,785 tons
[18,19], especially in Algeria's rural areas such as
Mila and TiziOuzou. Upon referring to its coloring
operations, the biomass upon-product of olive stone
has been shown to be effective for the biosorption of
Methylene Blue dyes[20], as well as for methylene
blue biosorption on olive stone[21].

Methylene blue (MB) was chosen as a simple dye
model to test the adsorption potential from olive
stone aqueous solutions, a green agro-waste and
without economic benefit. The main objective of this
study is to investigate the biosorption equilibrium
Kinetic ~ experimental data;  thermodynamic
parameters and the factors controlling of the olive
stone adsorption process on MB were calculated and
discussed in this present work.

I1. Materials and methods
11.1. Adsorbent preparation

Olive stones were used as natural help in this
analysis, and were collected from the Mila area. The
purification and washing process is focused on
several measures from the raw material, which
includes impurities on its outer surface that must be
eliminated by washing; thus, washing and drying are
indispensable; afterward, the dried material is milled
using a traditional and electrical grinder; after this
stage, it must be washed 4 times with purified water
each time with one-liter under agitation of 20min; we
also place it in a 24 hours drying oven at 105°C and
finalize the last sieving stage (0.315 mm) with the
powder form used in the current job.

11.2. Adsorbate preparation

Methylene Blue (cationic dye), taken as a pattern of
toxins, is wused without proper purification.
Dissolving the proportions of the pigment in distilled
water strengthens the solutions. For distilled water,
solutions were formulated for dyes with a
concentration of CO = 10 mg/L. Successive dilutions
are performed to create curves of the absorbance
concentration = f (concentrations of methylene
blue). The chemical structure of MB is shown in
Fig.1.

N

N Cl
H.C\ S H/OH,
N S N
I I
CH, CH,

Figure 1. Chemical structure of methylene blue

11.3 Adsorption experiments

Briefly, the calculation of the adsorption potential
included the addition of an equal mass of olive stones
in a series of 25ml volume beakers in which MB
solutions were inserted (mixed concentration
between 1 and 10 mg / L). For a moment, for proper
solid-liquid isolation, the samples are put into a
centrifuge for 15 min, then the liquid phase is
spectrophotometrically evaluated at a wavelength of
664 nm.

11.4. Kinetic studies

Kinetic tests for dye biosorption were performed at
50 mL glass beaker with 25 mL of 10 mg.L* dye
concentration comprising 0.15 g of biosorbent at 298
K with stirring temperature. Samples were collected
at various time intervals (0-60 min), evaluated for
concentrations of unremoved pigment, as mentioned
above. At equilibrium, biosorption capacity, Qe
(mgg™), was determined using Eqg. (1):

(C-c, .
qe_ X ()

Where C; and Cs are the concentrations of original
and final dyes (mg.L?), and X is the concentration of
biosorbents in solution (g.L™?).

Among a variety of kinetic models, pseudo-first-
order [22], pseudo-second-order [23], Elovich
andintraparticle diffusion [24] models were chosen
to find an appropriate model for better representation
of Kinetic biosorption.

The linear form of the equation for the pseudo-first-
order can be represented as Eq. (2):

In(g, —q,)=Ing, — Kt @

Where ge and gt are the sums of the dye adsorbed by
biomass (mg.L?) at equilibrium and after period t,
and Kj is the pseudo-first-order constant (min>),
respectively.

The pseudo-second-order model can be written in
linear form as Eq(3):

.1 @A)
q. K,ai q.

Where ¢ and g: are biomasshiosorbed dye numbers
at equilibrium and period t (mg.g?), and K; is the
pseudo-second-order  constant  (g.mg™t.min),
respectively. The statistical method for the concept
of intraparticular diffusion may be called an Eq (4):

1

g = Kt2 +C @)
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Where Ki (mg.g*.min"2) and C represents constant
of intraparticle diffusion rate and intercept,
respectively.

The Elovich equation is a rate function based on the
widely stated in adsorption kinetic studies as the
following function Eq.(5) [25,26,27]:

d
% — acexp(- Ag,) ©)

Where o is the initial adsorption rate (mg.g.min?),
and P is the desorption constant (g.mg?) relevant to
the degree of the surface coverage and chemisorptive
activation capacity.

Equation (5) is simplified by assuming o § >>t and
applying boundary conditions g =0att=0, and g: =
g: at t =t becomes:

q, =%In(aﬂ)+%lnt (6)

11.5. Isotherm studies

Under the aforementioned conditions, equilibrium
tests were performed with various initial dye
concentrations (1-10 mg.L?), utilizing 0.15g of
biomass at 298 K for 60 min. The most commonly
known isothermic equations were used for the
models Langmuir, Freundlich, Temkin and
Doubinin-Radushkevich.

The Langmuir isotherm [28] claims a monolayer
adsorption of a substantial number of similar
locations onto a solid base. The Langmuir isotherm
model is expressed as mentioned in Eq (7)

_ 9.bC
“1+bC,

The linear form of Langmuir isotherm is presented
as:

1+ 1.1 1 ®)

d. 04, ba, C,

Where ge (mg.gl) is the adsorption capacity at
equilibrium for monolayer adsorption, C. is the
concentration of sorbate in equilibrium solution
(mg.L) and b (L.mg™) is the constant of Langmuir
related to free energy or net enthalpy.

The isotherm adsorption model of the Freundlich
[29], which allows for a heterogeneous multilayer
adsorption, is commonly used to explain the
isothermicbiosorption of the dyes. It is stated by
exponential Eq (9):

Qe (7)

1
qe = Kf Cen (9)

Freundlich isotherm linear form is defined by the
following equation:

Inqe:Ian+£InCe (10)
n

K is the Freundlich constant ((mg.g™)(L.mg%)'",
and n is the biosorption rate.

The model Dubinin and Radushkevich(D-R) [30]
were chosen for calculating the apparent free
biosorption energy. Eq.(11) defines the linear shape
of the D-R isothermic equation:

Ing, =InQ,, —k,&° (11)

Where (e is the quantity of adsorbed dye on the
biomass (mg.g™), Qm is the maximum biosorption
power (mg.g?l); kg is the coefficient of activity
(mol2.J?) referring to the mean energy of
biosorption, and €& is the Polanyi potential,
determined through Eq. (12):

e=RT In(1+ ij (12)
C.
Where T (K) is the absolute temperature and R is the
gas constant (8.314 J.mol.K?1).

Using the activity coefficient, the mean biosorption
energy (kJ.mol), which is an indicator of the
process involved in biosorption, can be calculated
according to Eqg. (13):

Ezl

J2k,

The adsorption cycle is chemically regulated when
the E value is within the range from 8 to 16 kJ.mol*
and when E is < 8 kJ.mol* it defined by a physical
mechanic.

Finally, the experimental results were modeled by
Temkinisotherm [31] in order to explain some
indirect adsorbent/adsorbent interactions on the
isothermic dye biosorption. The model Temkin is
given by Eq. (14):

(13)

g. =Blna; +BInC, (14)
where
B= ﬁ (15)

b,
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Where ar (L.g%) the binding constant of equilibrium
compared to the maximal binding energy and br
(kJ.mol?) is the Temkin constant correlated with the
adsorption heat.

11.6. Thermodynamic studies

Biosorption of methylene blue was tested at various
temperatures (298, 303, 308, 313 and 318 K) to
examine the thermodynamic parameters such as the
normal shifts in Gibbs free energy (AG®), enthalpy
(AH®) and entropy (AS°). Biosorption free energy
change (J.mol?) can be determined by the Van't Hoff
equation [32] as Eq.(16):

AG’ =-RT InK, (16)

Where Kg(L.g0) is the coefficient of distribution and
is equivalent to ge/ Ce.

Free energy transition can be expressed at a constant
temperature as Eq.(17):

AG® = AH® —TAS® (17)
I11. Results and discussions

111.1. Adsorption Isotherm study

The adsorption isotherm plays an important role in
determining the maximum capacity andfor
identifying the type of adsorption. It is obtained by
the graphic representation of theadsorption capacity
ge as a function of the dye concentration Ce, the
adsorption isotherm of MB on the adsorbent OS is
presented in Fig. 2.

q, (mgfg)
v
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Figure 2. Adsorption isotherm for the removal of
MB onto OS

111.1.1. Langmuir isotherm

Fig.3 depicts the plot of 1/ge vs. 1/C.. The values of
Langmuir constants gm and b were computed from
the slope and intercept of the plot, and are given in
Table 1 along with correlation coefficient (R?). From
the data of this research work, the adsorption

capacity gqm was determined by linear Langmuir
equation to be 2.6 mg.g* of MB on OS, b of 1.6
L.mg?, the R? value of 0.9066 proving that the
Langmuir Isotherm model is less applicable for the
removal of MB on OS. The characteristic parameter
of Langmuir isotherm can be illustrated in terms of
dimensionless equilibrium parameter R, also
known as separation factor, defined by Weber and
Chakkravorti [33]:

R, = !
1+bC,

(18)

The R value indicates the type of isotherm as
follows

Value of R Type of isotherm
R.>1 Unfavourable
R.=1 Linear
O0<RL<1 Favourable
R.=0 irreversible

Where Cy is the initial concentration of the sorbate.
The value Rp offers an indication of the isotherm
type and the nature of the adsorption process. The
value of Rp is 0.05 demonstrates that the nature of
adsorption is favourable. The maximum monolayer
adsorption capacities of the Langmuir isotherm of
OS for the removal of MB was compared with other
adsorbents reported in the literature. It is clear from
Table.2 that OS's adsorption capacity was
comparable to the capacities previously reported.

1IC_ (Lim g}

Figure 3. Langmuir isotherm for the adsorption of
MB onto OS
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111.1.2 Freundlich isotherm

The plot of Ln ge vs Ln C, of the Freundlich equation
and from the resulting figure Kr can be evaluated
from the intercept of the plot as shown in Fig.4. The
correlation coefficients, R, = 0.9313, implies that the
experimental data fitted well to the Freundlich
model. From Table.1, the magnitudes of Ks and n
indicate easy adsorption of MB with strong
adsorptive capacity for the OS sorbent. The value of
n was 1.6 which suggests that the adsorption
occurred as a chemical process (n>1) [34].

Figure 4. Freundlich isotherm model for the
adsorption of MB onto OS

111.1.3. Dubinin-Radushkevich isotherm

The plot of Ln ge vs €2 is shown in Fig.5. Table.1
shows the constant obtained for D — R isotherms.
The mean adsorption energy E provides details on
the chemical and physical nature of adsorption [35].
It was found to be 3244.4 kJ.mol*, which confirms
that the adsorption reaction is chemical.

T T T T T T T T T
o0 5.0x10° 1.0x10" 152107 2.0x107 2.5x10"

F
Figure 5. Dubinin-Radushkevich isotherm model
for the adsorption of MB onto OS

111.1.4 Temkin isotherm

The plot of ge vs. Ln Ce is illustrated in Fig.6. The
isotherm constants were determined from the slope
and intercept. The linear plot for Temkin adsorption
isotherm fits quite well with correlation coefficient
R? of 0.97. Thus, the adsorption of MB on OS is a
chemisorption process [36]. The positive value of
constant br shows that the adsorption process is
endothermic [37].

T T T T T T T T T T
20 -1 156 14 12 0 05 05 D4 DI 00

:

Figure 6.Temkin isotherm for the adsorption of MB
onto OS

Copyright © 2021, Algerian Journal of Environmental Science and Technology, All rights reserved

2125



K. Batouche et al

Table 1. Equilibrium model parameters for adsorption of MB onto OS adsorbent

Isotherm model Parameter Parameter Value
Langmuir gm(mg.gt) 2.6

b (L.mg?) 1.6

R, 0.05

R? 0.9066
Freundlich n 1.6

K¢ ((mg.g*)(L.mg™)*") 1.7

R? 0,9313
Temkin ar (L.gh) 17.4

B 0.5

br(kJ.mol™Y) 4493.6

R? 0.9720
Dubinin-Radushkevich Qr(mg.g?) 1.7

k4 (mol?.kJ?) 4,710

E (k3.mol?) 3244.4

R? 0.9509

Table 2.Comparison of OS with other sorbents for the removal of MB

Adsorbent Adsorption capacity pH C References
am(mg.g™)

Wheat shells 16.56 2-4 100-400 mg/l  [5]
Neem (Azadirachtaindica) leaf powder 3.67 2-10 2-10 g/l [38]
Spent coffee grounds 18.73 5 0-250 mg/I [39]
Naturel zeolite 19.94 7.5 30-250 mg/I [40]
Glass wool 2.24 8.3 0-100 mg/I [41]
Clay 6.3 7 0-1 mg/l [42]
Calcined raw kaolin 7.59 4-10 0-0.5 mg/I [43]
Living biomass 1.17 4-10 0-50 mg/I [44]
Wheat straw 2.23 8 1.4-14 mg/l [45]
Chrome sludge 0.51 3.5-9 5-40 mg/I [46]
Fly ash 1.10 5 0-1 mmol/Il [47]
Egg shell and agg shell membrane 0.80 - 1-10 mg/I [48]
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acid-bound iron oxide magnetic nanoparticles 0.199 9 0.5-8 mg/I [49]

Olive stone 2.6 3-10 3-10 mg/I This work

I11. 2. Adsorption kinetics

The biosorption of MB dye onto OS as a function of 184
contact time is shown in Fig.7. Biosorption studies
were carried out for 60 min. It was observed that the
amount of MB dye increased with time and the
equilibrium were established in 15min. The initial 1ol
fast uptake is probably due to the high initial MB
concentration and empty dye binding sites on OS.
Whereas the rate of biosorption decreases due to the LER
saturation of dye binding sites.

q (ma/g)
T

;

. d Figure 8. Pseudo-first-order kinetic for MB
. adsorption onto OS

. 111.2.2. Pseudo-second-order

The slope and intercept of plot of t/q; vs t were used

*4 . to calculate the second-order rate constant K
‘ (Fig.9). The values of equilibrium rate constant (K2)
are presented in Table.3. The correlation coefficient
o ' of the examined data was found very high (R?
- >0.999). This shows that the model can be applied
for the entire adsorption process and confirms that

the sorption of direct MB on OS follows the pseudo-
Figure 7. Effect of contact time on second-order kinetic model.

adsorption of MB onto OS

111.2.1. Pseudo-first-order

The plot of Ln (qe-q) vs. tis illustrated in Fig.8. The
Ln (ge —0¢) values were correlated linearly with t.
Kl's plot value was calculated from plot slope
(Table.3). For certain cases, Lagergren's first-order
model does not fit well with the entire contact time
range and is generally applicable over the initial
stage of the adsorption processes [50].
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Figure 9. Pseudo-second-order kinetic for MB
adsorption onto OS

111.2.3. Elovich

The Plot of ¢ vs. Ln tis shown in Fig.10, the constant
B was calculated from the slope of the straight line
and the constant a was calculated from the intercept.
The Elovich equation did not match the experimental
data very well. The table.3 includes information on
the parameters obtained by this kinetic model as well
as the correlation coefficients (average R? = 0.9150).

q,img.g'

[qu
Figure 10. Elovich model plot for the adsorption of
MB onto OS

111.2.4. Intra-particle diffusion

The intraparticle diffusion rate constants values are
illustrated in Table.3. Fig.11 revealed that the plot of
gt vs. ti, was multi-linear, indicating that more than
one step is involved in the adsorption process [51]. It
is observed that there are three linear portions, which
elucidate the adsorption stages: external mass

transfer at initial period followed by intraparticle
diffusion of MB on OS; adsorption on the interior
sites. In the initial phase, from the slope of the graph
it is clear, that bulk diffusion becomes the
ratecontrolling step. The diffusion of MB
ionsthrough the solution to the external surface of the
sorbent happens here. In the second phase, gradual
sorption stage, diffusion of the solute into mesopores
occurs. The rate of removal of solute from the bulk
depends on the size of the sorbate molecule, the
concentration of the sorbate, diffusion coefficient of
sorbate in the bulk of the solution and the pore size
distribution of the sorbent [52]. The third portion of
the plot suggests biosorption into the micropores of
the sorbent.

The diffusion coefficient, D;, for the intraparticle
transport of MB into the adsorbent particles has been
calculated by Eq.19 [53]

~0.3r?

t

1/2

Where t, , is the time of half adsorption (s), r is the
adsorbent particle radius (cm), and D; is the diffusion
coefficient in cm?.s. In the current study, D; is
found to be in the range of 10°%m?s™. The
diffusivity coefficient for all chemisorption systems
should be 10° to 10%cm?s™. The value of the
coefficient of pore diffusion D; of MB is given in
Table.3 and the present study follows the
chemisorption systembut it is not the only limiting
step of the phenomenon because the linear plots do
not pass through the origine.

D.

(19)

[ ]
Figure 11. Intraparticle diffusion model for MB
adsorption onto OS
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Table 3. Kinetic parameters for the removal of MB

A

Kinetic models Parameter Parameter Value
Pseudo-first-order q.(mg.g?) 0.2
K;(mint) 0.04
R? 0.57
Pseudo-second-order q.(mg.g™h) 15
K,(g.mg™.min™) 1.4
R? 0.9993
Elovich q. = 1/p (mg/g) 0.9
o (mg / g.min) 2.3
B (9/mg) 11
R? 0.9150
K;;(mg.gt.mint?) 0.1
Intra-particle diffusion C;(mg.gh) 1.04
R? 0.9435
Ki»(mg.gt.min?) 0.03
C,(mg.gh) 1.3
R2 0.8737
K;3(mg.gt.min"?) -0.1
C5 (mg.g?) 2.1
R2 1
D; (cm?.s?) 7.3.101°

IVV. Thermodynamic study

The values of AH® and AS®° were calculated from the
slope and intercept of plot between In Kq versus 1/T
for initial MB concentration of 10 mg/l as shown in
Fig.12. The calculated values of AH®, AS°® and AG®
are listed in Table.4. The AH® value obtained is 2.8
in kJ/mol. The positive sign indicates that the
process is endothermic in nature [54,55,56]. This
behavior might be due to the increase of diffusion
rate of adsorbate across the external boundary layer
and internal pores of adsorbents [57,58]. AS® value
obtained is positive 21 J/mol.K suggesting that
during adsorption at the solid—liquid interface, the
degree of freedom increased [58]. Besides, the
positive value indicates the randomness at solid—
liquid interface reflecting the affinity of adsorbate
towards the adsorbent [59, 60]. The negative value
of AG°® indicates that the adsorption process is
spontaneous.

Figure 12. Plot of Ln Kg vs. 1/T for estimation of
thermodynamic parameters
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Table 4. Thermodynamic parameters values for the adsorption of MB onto OS

Temperature °K AG° (kJ/mol) AH° (kJ/mol) AS° (J/mol.k)
298 -3.4 2.8 21
303 -3.5
308 -3.6
313 -3.7
318 -3.8
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