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Abstract: The aim of this study is to envisage the possibility of
modelling the adsorption kinetics of methylene blue (MB) by
activated carbon using the Peleg’s model. Equation often used to
describe the sorption and absorption kinetics of water by the
material. The study of equilibrium adsorption was also envisaged in
this study and the isotherms of Langmuir and Freundlich were tested.
The activated carbon was prepared from almond shells bitter, fruit of
plants growing in parts of Algeria, especially in the Setif region.
Statistical analyses, have proved that the adsorption kinetics of MB
by activated carbon is perfectly (R2 = 0.9999) described by the Peleg
model. On another hand, the study showed that, compared to the
Langmuir model, Freundlich model is most appropriate to describe
the equilibrium adsorption.

l. Introduction

Activated carbon is commonly defined as a
carbonaceous material showing a well-developed
surface area and porous texture [1]. In various
forms, this product has been widely used as
adsorbent [2] and in catalysis [3, 4] or separation
processes [5]. Most of the activated carbons are
produced by a two-stages process, carbonization
followed by activation. The first step is to enrich
the carbon content and to create an initial porosity
and the second step is the activation process which
helps in enhancing the pore structure [6]. The
commonly used precursors to prepare the activated
carbon are of different types: bituminous coal,
wood, coconut shell, peat, petroleum, pitch, and
polymers. Despite its prolific use in adsorption
process, the biggest barrier (limiting factor) of its
application in the industry is the cost-prohibitive
adsorbent and  difficulties

regeneration [7].

Adsorption is a separation process by which
certain components of a fluid phase are attracted to

associated  with

the surface of a solid adsorbent and form
attachments via physical or chemical bonds, thus
removing the component from the fluid phase [8].
In general, adsorption processes may be classified
as physical or chemical depending on the nature of
the involved forces [8]. There are two important
physicochemical aspects for the evaluation of
adsorption processes as a unit operation: the
adsorption equilibrium and the adsorption kinetics
[9]. Equilibrium relationships between adsorbent
and adsorbate are described by adsorption
isotherms, usually by taking into account the ratio
between the quantity adsorbed and that remaining
in the solution at a fixed temperature at equilibrium.
Kinetic study is an important step in the
investigation of the adsorption process because it
depicts the uptake rate of adsorbate, and controls
the residual time of the whole adsorption process
[10]. Also, it is important to establish the most
appropriate correlation for the isotherms curves in
order to optimize the design of an adsorption
system [11]. For this reason, several models
areused for equilibrium adsorptionmodellingby
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activated carbon. Moreover, the most cited models
in the literature are Langmuir [12] and Freundlich
[13] equations. Concerning adsorption Kinetic,
several modelsare applied: pseudofirst-order [14],
pseudo-second order [15], Elovich [16], Diffusion
kinetic model [17].

The objective of this study is to investigate the
adsorption kinetic modelling by activated carbon
from bitter almonds, using the Pelegmodel [18].

Before, Peleg’s model is employed for
modelling the phenomenon of water sorption by
various foods: corn [19], chickpea [20], orange
[21], chicken [22], olive leaves [23]... , it was also
used to model dehydration by osmosis [24]. Only
one case was reported on the application of Peleg’s
model outside water exchange and concerns the
extraction of soluble matters such as polyphenols
[25, 26]. Knowing that this process is a physical
phenomenon, it seems it is possible to introduce the
Peleg’s equation to describe the adsorption kinetics
by activated carbon.

The activated carbon used in the present study
was prepared from the shells of bitter almonds, fruit
of a plant wild which grows in certain regions of
north Algeria, especially in Aith- Quertilene (Setif
region). By its considerable proportion in the fruit,
the shell is a very valuable linocellulosic material
deserving to be evaluated.

1. Material and methods

11.1. Material

The raw material used for the preparation of
activated carbon (AC) is the seeds shells of wild
bitter almonds (SBAS, hereafter). These are the
fruits (Fig.1) of a plant that grows wild in the
region of Aith-Ouartiléne (Setif region, Algeria).
HSBAS analyzed were collected in July 2013.

TR

Figurel. Some seeds of the analysed wild better
almonds.

11.2. Preparation of activated carbon

SBAS were washed with distilled water, dried,
ground in a laboratory mill and sieved to various
particle-size fractions using a conventional sieve
shaker. The activation of SBAS was performed
according to the procedure followed by Soleimaniet
al. (2008) [27] with some minor modifications.
SBAS were impregnated with phosphoric acid
solution in 1:1 weight ratio. This mixture was left in
a drying oven (MEMMERT, Beschickung -
Loading Modell 100 - 800) at 100 °C for 24h. The
activated material was washed with distilled water

to remove the free acid and the carbon was soaked
in 1% NaHCOg solution to remove any residual acid
[11, 28]. Then, it was washed with distilled water
until the pH of the activated carbon reached 6
value. Finally, activated carbon (SBAS carbon) was
oven-driedover- night at 100 °C.
11.3. Batchadsorption experiments

The batch adsorption experiments were
performed using shaker Jartest (JLT6-VELP).
11.3.1. Adsorption kinetic study

Kinetic study is important for investigation of
an adsorption process because it allows a best
comprehension of the whole adsorption [10]. In the
present work, 200 ml of MB solution (100 mg/L)
was contacted with a given weight of activated

carbon in glass bottles. Samples were shaken at
ambient temperature (26 °C). During the tests,
samples of the slurry were taken at time varied in
the range 0-300 min. Then, the carbon was then
separated from the liquid. From a curve plotted by
the variation of the MB solution concentration (0.0
— 0.1mM), the concentration (C; mg/L) of the
solution at any time was subsequently analyzed by
measuring theabsorbance at 665 nm using UV-
visible spectrophotometer (Jasco V-530, Japan),
and the amount of the adsorbed MB (qt, mg/g) by
the carbon is calculated according to the following
equation:

V(G -C) "

' W

Where C, is the MB concentration (mg/L) att =0,
V is the volume of the solution (L) and W is the
mass of the adsorbent (g).
11.3.2. Equilibrium studies

Batch adsorption studies were performed at 22
°C (room temperature) to obtain the equilibrium
isotherms. A series of 250 ml glass vessels were
employed. Each vessel was filled with 100 ml of
methylene blue (MB) solution of various
concentrations (0.10; 0.15; 0.20; 0.25 and 0.30
g/L). The equilibrium test study was performed
according to the following initial adsorption
conditions (preliminary determined by Taguchi
designs): pH 2.2 and dried carbon sample of 2
grams per vessel (@ of particles = 0.2-0.63 mm).
The solution was mixed at 150 rpm and equilibrated
for about 5 h. Subsequently, the carbon particles
were separated from the solution by filtration (with
Whatman No. 42 filter paper) [27] and clear
solutions were analyzed for the MB concentrations
by UV-visible spectrophotometer (Jasco V-530,
Japan) at a wavelength of 600 nm. The equilibrium
concentration (Ce, mg/L) is found experimentally
when adsorption reaches its equilibrium state.

The equilibrium concentration (ge, mMg/Q)
retained in the adsorbent phase was calculated by
the following equation:
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11.4. Modelling of adsorption Kinetics using
Peleg’sequation

It is important to establish the most appropriate
correlation for the isotherms curves in order to
optimize the design of an adsorption system [11].

Peleg [18] proposed the following two
parameters sorption equation for prediction
accuracy during water vapour adsorption of milk
powder and whole rice, and soaking of whole rice:

X=Xg=t— ©
K, +K,t

where Xo and X are the initial moisture content and
moisture content at time t expressed as dry basis
respectively, K is the Peleg rate constant, and K is
the Peleg capacity constant. In (3), “+” becomes
““+”” if the process is absorption or adsorption and
¢->* if the process is drying or desorption.

Peleg rate constant K; related to desorption rate
at the very beginning (t = to):

d_X = ii (4)
dt K.,

The Peleg capacity constant Ky is related to the
maximum reached moisture content. As t—oo, (5)
gives the relation between equilibrium moisture
content (Xe) and Kz:

X, = X, +— ©)
KZ
Linearization of (5) gives:
t
— =K, K, 1t 6
X . Xo 1 2 ( )

The plotting of (6) is a straight line, where the first
term of the second member is the intercept (K1) and
K3 is the slope.

11.4.1. Using Peleg’s equation in the adsorption
phenomena

Similarly, for salt gain the Peleg model can be also
written as:

t

0. —Q

Where q: is the MB quantity retained in the
adsorbent phase (mg/g) at time t, qo is the initial
MB quantityand C; is the Peleg rate constant, and
C; is the Peleg capacity constant.

In the phenomenon of adsorption, the quantity (qg)
is null: no quantity of BM adsorbed at tg. Equation
7 can then be written:

=C,+C,t ()

A

t
—=C,+C,t

t

The Peleg rate constant C; is related to g:at

the very beginning, t = to:

dg 1
B S (8)

dt C;

The Peleg capacity constant C; is proportional
to the maximum reached .. As t—oo, (9) gives the
relation between ge and C:

1
qt,oo = qe =< (9)
CZ i
Regarding the modelling of adsorption kinetics
others models have been used: Pseudo-first-order;
Pseudo-second-order; Elovich and Diffusion model.

I11.5. Adsorption isotherm

11.5.1. Langmuir equation

The Langmuir adsorption describes the surface
as homogeneous assuming that the adsorption sites
have equal adsorbate affinity and that adsorption at
one site does not affect adsorption at an adjacent
site [29]. This model can be described by the
following form:

C 1 C

e

—& - 4 &
qe Qob QO
Where . is the amount of MB adsorbed at
equilibrium (mg/g), C. is the equilibrium
concentration (mg/l), Qo is the monolayer
adsorption capacity (mg/g) and b is the constant
related to the free adsorption energy (Langmuir
constant, I/mg). A plot of Ce/ge versus Ce gives a
straight line with the slope 1/Qo which corresponds
to complete coverage (mg/g) and the intercept is 1/

Qob.

(10)

11.5.2. Freundlich equation

The Freundlich isotherm describes the
equilibrium on heterogeneous surfaces and does not
assume monolayer capacity [29]. The Freundlich
equation is described as follow:

logqg, =logK; +%IogCe (12)

Where K;s is an indicative constant of the relative
adsorption capacity of the adsorbent (mg/g) and the
constant 1/n indicates the intensity of the
adsorption. These constants were calculated from
the slope and intercept of the Freundlich plots.

11.6. Data analysis

The fit between the experimental and predicted
data was determined using the correlation
coefficient (R?), hybrid fractional error function
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(HYBRID), marquart’s percentage standard
deviation (MPSD), average relative error (ARE)

[11] and the root mean square error (RMSE) [30]
as described below:

n _ 2
HYBRID = 20 y° (G, exp-a.,cal)’ |
n—piE 0., EXp

2
MPSD=100\/ L Z(Qe’eXp_q“C‘a'j (13)

n- pn—p qe,eXp
100 ¢ |q ,eXp—(q ,cal|
ARE = e e 14
P I | "

RMSE = % /z (q,,exp— g, calc)? (15)
i=1

Microsoft Excel 2007 was used to perform
statistical analysis.

I11. Results and discussion

111.1. Modelling of adsorption kinetic

Fig. 2 shows the chart of the BM amount
adsorbed by the AC at various time intervals of a
liquid phase which is characterized by an initial
concentration of 74.7 mg/l. As it can be seen, the
carbon adsorption capacity (qe) increases with time,
reaching at the end maximum value of 7.399 mg/g
of AC) after a contact time of 100 min
approximately. At this time, an equilibrium state,
during which ceases any transfer of matter between
AC and the liquid medium of immersion, is
established.

8 -
6 -
)
4
3 -
2 ]
1 ]
0 T T T )
0 100 200 300 400
t (min)

Figure 2. Adsorption kinetics of the MB by AC (at
26 °C).

Really, the curve of adsorption kinetic which is
obtained (Fig. 2) takes a similar form to that
obtained by Dadali et al. (2008) [31] describing the
water uptake kinetic of dried spinaches using
Peleg’ equation. Obviously, this similarity enables
us to envisage the possibility to introduce the Peleg
model to investigate the adsorption phenomena.

So, the line airized form (Fig. 3) is applied with the
aim of determining the constant characteristics
(C,and Cy) of the Peleg model.

50

v =0.1341x+ 02319
40 7 R==0.9999
S 30 -
= 20 4
10 +
0 T r T .
0 100 200 300 400

t (muin)

Figure 3. Modeling of the MB adsorption by AC
using Peleg’s equation.

The found values, together with corresponding
statistical parameters, are summarized in Table 1.

Table 1. Values of Peleg’s constants (C1and Cy)
and statistics parameters related to the MB
adsorption by AC.

Peleg constants

Cy (min.g.mgY) 0.232
Cz (g.mg?) 0.134
e, calc (MQ/Q) 7.457
Statistics parameters
R2 0.9999
HYBRID 3.316
ARE 3.827
RMSE 0.114
MPSD 7.927

The good adequacy of the model tested is supported
by the high value of the determination coefficient
(R?), as well as low values of the four other applied
statistics. This result is confirmed by the Fig. 4
illustrating experimental results and predicted by
the model curves since the two curves stacked
almost perfectly.

8 -
6 ] f
— 5 1
;j 4 - ——Experimental
= —s—Peleg
B3]
2 .
1
0 T T \ 1
0 100 200 300 400
t (min)

Figure 4. Comparison of experimental and
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predicted BM adsorption kinetics by AC according
to Peleg’s model.

This concordance is also established by the good

correlation (R2 = 0.9717) between the experimental

data (giexp) and those calculated (drcalc) by the

model (Fig.5).

y=0,950x+0,396

R*=0971

qtcale. (mg/g)

(=

0 2 4 6 8
qtexp. (mg/g)

A

Figure 5. Correlation between the experimentally
obtained values of MB adsorbed amount vs.
calculated concentrations using Peleg’s model.

On the other hand, the adsorption capacity (qecalc =

7,457 mg/g) evaluated through (Eq.9) agrees well
with that obtained in experiments (deexp = 7,399
mg/g). This is another confirmation of the aptitude
Peleg model to describe the BM adsorption process
by the activated carbon.

As one had to expect it, the Peleg constants
values (Ciand C,) obtained in this work are
different with those communicated by various
authors (Table 2).

These observed differences can be indeed imputed
to: 1) the great difference of mechanisms taking
place during absorption and adsorption and 2) the
nature of the studied material. In all cases, constant
C, is inversely proportional to the dye fixing what is

in concordance with literature data [32].

Table 2. Comparison between Peleg’s constants of MB adsorption by AC and those of water absorption.

C1(h.%1) | C2 (%7Y) T(°C) | R? Matter Reference
MB adsorption 386.67 134260 26 0.9999 | - our study
Water absorption 11900 7400 20 0.990 Pasta [45]
17100 7510 30 0.995 Chickpea [20]
13.353 3671 25 0.990 cowpea (GC) [46]
188.165 3536.7 25 0.990 Bambara groundnuts | [46]
1.414 16384.723 | 30 0.9963 | Shiitake mushroom [47]
240.191 57427.64 20 - Chilean papaya [48]
0.02465 0.00702 20 0.9973 | Chickpea [33]
(Cicer arietinum L.)
0.017225 0.00699 30 0.9928 | Chickpea [33]
(Cicer arietinum L.)
Solid-Liquid extraction | 2770 309000 26 0.994 Soybeans [25]
of total polyphenols

According to Table 2, the adsorption speed of the
dye molecules are greater than that of the water
absorption by certain foods, with a factor ranging
from 29 (case of Cowpea (GC)) to 22447 (case of
chickpeas). As previously underlined, the high
observed difference in the Ci yaJyes Can be
attributed to the difference in the mechanisms
staked: the adsorption concerns the interface
phenomena, where as the absorption integrates
mass transfer into the whole volume of the product.

On the other hand, the adsorption speed (Ci)
found in this work is 7 times lower than that of the
solid-liquid extraction of total polyphenols from
soya [25].

Concerning the constant C, the value is higher

than those of the literature.The adsorption capacity
found in this work is higher than those related to the
water absorption by various foods with a factor
ranging from about 2.3 (Chilean Papaya) to 38
(Bambara groundnuts); it is moreover 2.3 times
lawer than the extraction capacity of the phenolic
compounds by ethanol.

It should be noted that the Peleg parameters
(Ciand C,) are affected by the experimental
conditions, more particularly the treatment
temperature. Several authors [20, 32, 34, 35, 36]
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revealed that these parameters decrease as the
temperature increases. The parameter C,also

depends on the matter nature, the structure of its
tissue and its chemical composition [32, 37].
Nevertheless, other authors [35, 38] indicate that
C,can change if the structure or other properties are

affected by the treatment temperature.
1V.2. Adsorption isotherm

The adsorption isotherm shows how the

adsorption molecules are distributed between the
liquid phase and the solid phase when adsorption
reaches equilibrium.
It is well-known that the modelling of adsorptions
isotherms is the first objective to be reached in any
scientific investigation since it is used as rational
mathematical tool for moving from the
experimental laboratory to the design of wide
prototype.

The variation of the adsorbed dye quantity (qe)
according to the equilibrium concentration (Ce) is
shown in Fig. 6.

12

0 .
¢ —&—Experimental

8 —e—Freundlich

—k— Langnir

qe (mg/g)
(=3}

2
1

0w . ‘
0 0,2 0.4 0.6 038
Ce (mg/L)
Figure 6. Equilibrium adsorption isotherm of MB
by AC (at 26 °C).

It follows that the equilibrium adsorption amount
(ge) increases with the increase of dye concentration
(Ce). This finding is consistent with bibliographic
data: BM adsorption by bentonite [9], adsorption of
the 4-chlorophenol by the activated carbon prepared
starting from rattan sawdust [39, 40]), adsorption of
copper by the coal of the hazel nut shell [10],
adsorption of copper by coal of the almond shell
[11], adsorption of the basic dyes (methylene blue,
basic 22, yellow red basic 21) by the activated
carbon [8], and absorption of the basic dyes (basic
blue 3, basic red 22, basic yellow 11) by kudzu
[41].

On the other hand, several models are cited in
the literature to describe the experimental data
related to adsorption isotherms. The Langmuir
model and Freundlich model are the most
frequently used [40].

The studied Isotherms constants are calculated,
each one from the linear equation form of the
corresponding model, and are presented in table 3.
On this table, the values of the determination
coefficient (R?) like those of the various estimated
errors are also shown (HYBRID, ARE and MPSD).

Table 3. Langmuir and Freundlich isotherm
constants for MB dye by activated carbon at 26°C.

Langmuir Freundlich

Constants Qo b Kt N
(mg/g) (L/mg) (mg/9)

-3.146 -1.012 124.882 0.114

R? 0.802 0.898
HYBRID 21.488 162.317
ARE 11.861 38.638
MPSD 16.937 58.837

From Table 3, the determination coefficient values
(R?), as well as (unfortunately) other statistical
cheracteristics are highest for Freundlich model. At
the same time, the negative constants of the
Langmuir model imply the inadequacy of this one
for the description of the experimental data [42].
Thus it becomes clear that the Freundlich model fit
correctly experimental data. It must be recalled that
this last, which is of empirical nature, can be
employed to describe heterogeneous adsorption,
while the Langmuir model suggests that the
molecules adsorption is done on a homogeneous
surface into full-course without interaction between
the adsorbed molecules [40]. However, generally
most of authors [8, 10, 11, 39, 40, 43] observed
that: 1) equilibrium adsorption isotherm is of type Il
and that 2) with this type, the Langmuir model is
associated. But no theory postulates on automaticity
between the type and the model. Moreover,
Demirbas et al. (2009) [10] found for the same type
I, an almost identical adequacy between the
models of Langmuir (R? = 0.999) and Freundlich
(R? = 0.915). Lastly, our results (concerning the
isotherm type and the model type) are in conformity
with those communicated by Estevinho et al.
(2006) [44] worked on the adsorption of
pentachlorophenol by the sweet almond hull in a
rough state (without any treatment of neither
activation nor carbonization).

This adequacy is proved by the good correlation
between e exp and de calc (Fig. 7).
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qecale. (mg/g)
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Figure 7. Correlation between the experimentally
obtained values of MB adsorbed amount vs.
calculated concentrations using Freundlich model.

1V. Conclusion

In this study, the obtained results show clearly
that the preparation of an activated carbon from
bitter almond shells is possible.

In addition, the adsorption Kkinetics of the
methylene blue is correctly described by Peleg's
model. This one, to our knowledge is never
introduced earlier for analysis of the adsorption
processes.

On other hand, the experimental data reveal that
the adsorption capacity of the obtained activated
carbon is satisfactory since it is comparable with
that of the traditional activated carbon resulting
from other types of biomaterials. Moreover, the
study proves that, compared with Langmuir model,
Freundlich model describes best the adsorption
isotherm.

Consequently, the bitter almonds can arouse an
interest near the various industrial sectors which
will contribute to the safeguard of the biodiversity.
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