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Abgtract. The present study aims to describe new low
cost activated carbons which were prepared from bean
ped (BP), acorn peel (AP) and Pistacia lentiscus (PL)
under microwave induced KOH chemical activation for
the removal of methylene blue dye from agueous
solutions. Activated carbons were characterized using,
thermogravimetric analysis, and scanning electron
microscopy. The adsorption properties were examined
considering several parameters including the effect of pH,
contact time, adsorbent dosage and initial concentration.
Activated carbons powders prepared from BP, AP and PL
can be used as an eco-efficient and low-cost adsorbent for
removing methylene blue dye from agueous solution by
adsorption process.

Keywords: activated carbon, agricultural wastes, adsorp-
tion, methylene blue, microwave.

1. Introduction

Weastewater effluents redleased from different
industries such as textile, paper, rubber, leather, plastics,
cosmetic, and printing contain severa classes of synthetic
dyestuffs[1].

Dyes are mainly used in the textile industry,
although substantial quantities are consumed for coloring
different materials, such as paper, leather, plastics,
petroleum products, and food [2].

Methylene blue is the most common dye used in
the dyeing of wood, cotton, and silk. It can cause eye
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injury to humans and animals. Its inhalation may lead to
breathing difficulties while mouth ingestion induces
burning, nausea, vomiting, sweating, and abundant cold
sweats [3]. The treatment of industrial waste containing
thistype of dyeis of agreat interest.

A wide variety of physical, chemical and biological
techniques have been developed and tested for the sake of
treatment of effluents loaded with dyes. These processes
include flocculation, precipitation, ion exchange,
membrane filtration, irradiation, and ozonation. However,
these methods are expensive and result in generation of
large quantities of formed derivatives[4].

Among the processes of treatment of the liquid
rgiections, adsorption remains a technique relatively used
and easy to implement. Adsorption is usually used to trest
wastewater due to the efficient elimination of organic mic-
ropollutants and owing to economic considerations[5, 6].

The objective of this work was to test the efficiency
of new activated carbons obtained from agricultural
wastes, namely bean peel, acorn peed and Pistacia
lentiscus under microwave induced KOH chemical
activation for removing of cationic dye which is
methylene blue from agueous solutions by adsorption
process.

2. Experimental

2.1. Preparation of Adsorbate

Methylene blue (MB), a basic dye having a
molecular structure as C16H18N3SCl (with a molecular
weight of 319.85g/moal, and | . 665 nm) was used in
this work. The stock dye solution was prepared by
dissolving accurately weighed dye in the deionized water
to the concentration of 100 mg/l and subsequently, the
experimental solutions of various initial concentrations
(Co) were prepared by diluting stock solution to the
desired concentrations.
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2.2. Preparation of Activated Carbons

Bean ped (BP), acorn ped (AP) and Pistacia
lentiscus (PL) were collected in the northeastern region of
Algeria. After collecting, these adsorbents were cut into
small pieces with a clean chisdl, then washed thoroughly
with distilled water to remove dirtiness, dried in sunlight,
and finally crushed and filtered at 250 pum.

Pistacia lentiscus was soaked in hexane to remove
resdua oils, then filtered and washed several times with
distilled water, dried in an oven at 353K for 12 h, and
cooled at a room temperature. After that, BP, AP and PL
were carbonized at 623, 923 and 853 K, respectively, for
1h in an oven. The chars produced were soaked in
potassium hydroxide solution with an impregnation
(char:KOH ratio was 1:1.75 % wiw) [7].

The activation step was carried out in glass tubes
placed in a microwave oven (Monowave Extra Anton
Paar MAS24 type; the frequency 2.45GHz). The
microwave power was adjusted at 800 W, the irradiation
time was sdlected as 7 min for each sample, and the
stirring speed was set at 600 rpm [8].

The activated products were then washed with
hydrochloric acid of 0.1M and deionized water until the
pH of the washing solution reached 7-8, then they were
filtered and dried in an oven at 333 K for about 12 h[9].

2.3. Characterization

The thermal decomposition of BP, AP and PL was
studied using thermal balance 2050 TGA v5.4 A from TA
Instruments. In order to visualize the morphology of the
activated carbons before and after the activation process,
we have used scanning electron microscopy (TESCAN

type).

3. Results and Discussion

3.1. Characterization of the Adsorbent

3.1.1. Thermogravimetric analyses

Thermal decomposition curves are illustrated
below in Fig. 1.

TGA thermal curve that correspondsto BP (Fig. 1a),
comprises four stages of the mass loss process. The first
weight loss of 11.5% is due to the release of the adsorbed
water at 329K. Next, three other pesks follow: the
decomposition reaction with weight loss of about 28 % was
observed at 563 K, which corresponds to the hemice lulose
departure, also a weight loss of about 20 % is observed at
598 K, corresponding to the departure of the cdlulose,
while the last loss of about 14 % took place at 713K,
corresponding to the departure of thelignin [10, 11].
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TGA thermal curve that corresponds to AP
(Fig. 1b), contains four stages of the mass loss process.
The first stage extends from the beginning of the analysis
to 350K with weight loss of about 11 %. Three other
peaks follow at 558, 613 and 678 K, with corresponding
mass losses of 19, 13 and 8 % which indicates the thermal
decompositions of the cellulose, hemicellulose, and lignin,
respectively [12, 13].

TGA thermal curve that corresponds to PL is
shown in Fig. 1c. Three stages of mass loss were
observed. The first dtage of weight loss (2.42%) was
observed at 337 K, corresponding to the departure of the
physisorbed water. The second stage that had a mass loss
of 33% was observed at 551 K, corresponding to the
departure of the hemicellulose and cellulose. The last loss
of about 8% occurs at 663 K, corresponding to the
departure of the lignin.
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Fig. 1. TGA/DTG andysis of BP (a), AP (b) and PL (c)
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3.1.2. Scanning electron microscopy studies

In order to estimate the textual structure of
adsorbents, scanning electron microscope analysis has
been used before and after the activation process via
microwave assisted KOH activation.

It can be seen that the surface morphology of
activated carbon from BP (Fig. 3a) has developed uniform
surface, forming an orderly pore structure.

However, the surface morphology of activated
carbons from AP and PL was a gathering of fine particles,
which has no regular and fixed shape and size. The
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Fig. 2. SEM micrographs of chars:
BP (a), AP (b) and PLC (c)
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particles were of different dimensions and included a large
number of kinks on the external surface.

3.2. Adsorption Kinetics Studies

Kinetic experiments were carried out in
Erlenmeyer flasks including 100 ml aqueous solution of
methylene blue with a known number of different
adsorbents at ambient temperature. Solutions were sirred
at 250rpm during selected laps time. After that, the
solution was centrifuged in order to remove the adsorbent
dispersion and analyzed by UV spectrometry (Analytik
Jena (AG) spectrophotometer).
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Fig. 3. SEM micrographs of activated carbons:
BP (a), AP (b) and PL (c)
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The amount of dye adsorbed onto adsorbents at
time t, g (mg/g) was computed by the mentioned mass
balance relationship:

Q=G Cx- &

R% = (- C) %00 2
0
where @ is the adsorption capacity; R% is the adsorption
percentage; Co and C. are the initial and equilibrium
concentrations, mg/l; V is the volume of the solution, I;
misthe mass of adsorbent used, g.

Fig. 4 presents the kinetics adsorption obtained at
room temperature with the adsorbate initial concentration
of 10mg/l. The mass of activated carbons was 50 mg
within all experiments.
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Fig. 4. Kinetics adsorption MB
on BP(n),AP(e) and PL (A)

Fig. 4 shows the variation of the adsorbed MB
amount as a function of time on BP, AP, and PL. It can be
seen from Fig. 4 that the adsorption efficiency increases
with the contact time because a large number of vacant
surface sites are present for adsorption. Equilibrium is
reached for three adsorbents after 30 min. The maximum
adsorption percentage for activated carbons was 98.2 %
for BP, 86.2 % for APand 89.7 % for PL.
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Kinetic studies are important to estimate the
efficiency and mechanism of sorption process. Adsorption
kinetics defines the nature of adsorption interaction
dependence of the adsorbents with species[14].

Constants from two kinetic models, pseudo first-
order and pseudo second-order ones, were fit for
experimental data to examine the adsorption of MB by
activated carbons BR, APand PL.

The first one was the linear form of the pseudo
fird-order model of Lagergren [15, 16], generaly
expressed asfollows:

Ln(q. - q)=Ln(qg.) - kit ©)
where ge and ¢ are the amounts of MB adsorbed at
equilibrium and after time t, respectively. We noticed the
rate constant of adsorption as k;, min™.

The pseudo-second-order model [17]:

dat _

pra k,(ge- qt) 4

where k; is the equilibrium rate constant of the pseudo-
second-order, g-mg™-min™.

We separated variables in Eq. (4) and then
integrated for the boundary conditions ¢ = 0 to ¢; = gcand
t=0tot =t yieldsto the expression that we can rearrange
to the following linear formula:

t 1 t
— L

—= 5
4 k& q ©

The slope and the intercept allow us to establish ge
and ko, respectively.

Kinetic model parameters together with R
correlation coefficients are presented in Table 1.

The pseudo-second-order model gives a better fit.
The correlation coefficients of the pseudo-second-order
kinetics have higher values than those of the pseudo-first-
order. Moreover, the value of g, obtained with pseudo-
second-order model is in a good agreement with the
experimental value of Qe ep. Therefore, the adsorption of
MB onto activated carbons BP, AP and PL follows
second-order reaction kinetics.

The results propose that the adsorption of MB takes
the path of the pseudo-second-order kinetics, showing that
the rate-determining step of the adsorption process can be
chemical adsorption or chemisorption [18].

Table 1
Pseudo-fir s order and pseudo-second-or der kinetics
parameter sof BP, AP, and PL
Pseudo-first-order Pseudo-second-order
Adsorbent — T
ky, min™® O cale, MYY/Y Geop: MY/Y R ke, gmg™-min™ Oe e MY/Y R

BP 0.1598 17.34 19.64 0.90 0.0141 21.69 0.98
AP 0.1288 16.33 17.24 0.98 0.0078 20.70 0.98
PL 0.1051 17.15 17.94 0.96 0.0047 22.72 0.98
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3.3. Adsorption Isotherms

The adsorption isotherms of MB on activated
carbons BP, AR, and PL have assessed the exact identical
experimental setup as with kinetic experiments. In each
experiment, samples of 50 mg of BP, AP, and PL were
equilibrated for 30 min at 298 K with 100 ml of the dye
aqueous solution of initial concentrations between 5 and
30 mg/l.

The adsorption isotherms of MB on adsorbents are
plotted in Fig. 5. We noted that they have a generally similar
appearance, indicating that when the initial concentration of
the MB increases, the adsorbed amount increasesto amost a
plateau indicating the saturation of al the dites on the
adsorbents surface. The isotherms have been dassified
according to the classification of Gileset al. [19].
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Fig. 5. Isotherms of MB on BP (n), AP (e) and PL (A)

3.3.1. Langmuir isotherm model

The Langmuir model [20] presumes that an
adsorption may happen at specific homogeneous sites on
the adsorbent and is used successfully in many monolayer
adsorption processes[21].

The Langmuir equation has the following form

C 1 C

e —_— 4 e (6)
0 o0 d,
where g, is the theoretical maximum monolayer adsorption
capacity, mg-g’"; bisthe Langmuir constant, [-mg™.
Langmuir isotherm can be expressed with respect
to a dimensionless separation factor R, which is
expressed as.
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1
R = Trbe (7

where Cy isthe maximum initial MB concentration, mg/l.
The value of R_ points to the shape of Langmuir

isotherm to be either unfavorable (R_ > 1), linear (R_ = 1),

irreversible (R_=0), or favorable (0< R_<1).

3.3.2. Freundlich isotherm model

Freundlich isotherm is settled on the assumption of
a heterogeneous surface with a non-uniform heat
distribution of the sorption on the surface[22, 23].

The Freundlich model is expressed asfollows:

q, = K.C." (®)
where Ke (mggh(-mgh)*™) and n are Freundlich
constants related to the multilayer adsorption capacity and
the surface heterogeneity, respectively. If (n<1) the
adsorption is unfavorable, (n = 1) the adsorption is
homogeneous and (n > 1) the adsorption is favorable.

All of the correlation coefficients and the constants
calculated from both models arelisted in Table 2.

We can natice from Table 2 that the corrdation
factor R? is close to the unity for both models, however
with a better fit of the experimental data[21].

It can be seen that the values of Freundlich constant
n are over 2, which indicates that BP, AP, and PA are
good adsorbents for MB.

The value of R between 0-1 proves that the
adsorption of the MB on BPA, APA and PLA is
favorable.

3.4. Effect of pH

pH of MB solution has been detected to be one of
the most important factors affecting sorption process
because of its influence on surface charge of adsorbent
and solubility of MB [24, 25].

The influence of pH on the MB adsorption was
studied for the different adsorbents. For this purpose,
100 ml of 10 mg/l solution contaminated with MB and the
optimum dose of the adsorbent were introduced. Each
solution was stirred for a time corresponding to the
equilibrium time of the dye, and the value of pH was
varied. The acidic and basic pH values obtained were
justified by the addition of 1M HCI to acidify and 1M
NaOH to basify.

Table2
Langmuir and Freundlich isother m parametersfor M B adsor ption
Adsorbent Langmuir Freundlich
Om MY-g " b, I'mg™ R R Ke, mgg™-(-mgH)™ n R
BP 45.45 1.83 0.93 0.051 16.726 3.215 0.73
AP 17.54 4.38 0.90 0.022 10.175 2.932 0.89
PL 19.60 2.68 0.92 0.035 10.633 2.702 0.86
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Fig. 6 shows the variation of MB removal on BP,
AP, and PL at variousinitial pH of the solution.
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Fig. 6. Influence of pH on the adsorption yield
on BP(n),AP(e) and PL (A)

The behavior of MB dye adsorption on three
activated carbons was studied over a wide range of pH
(2-12). It can be seen from Fig. 6 that the maximum
guantity of MB removal for three adsorbents was at pH 9;
after that we can notice a decrease in the adsorbed
capacity of the MB between pH 10 and 12. This behavior
may be due to the fact that the surface of the adsorbents at
pH <9 is negatively charged, which promotes the
adsorption of the methylene blue cationic dye. On the
other hand, for pH values above 9, the surface of the
adsorbents is positively charged and therefore capable of
repelling the dye cations.

As the pH value decreases, the number of
negatively charged sites also diminishes and the number
of positively charged sitesincreases[26].

4. Conclusions

In this work, we have demonstrated that activated
carbons prepared from agricultural wastes of bean ped,
acorn peel and Pistacia lentiscus under microwave
induced KOH chemical activation are good adsorbents for
the removal of methylene blue from aqueous solutions.
Equilibrium is reached for al activated carbons BP, AP,
PL after 30min. The eimination ratios of these
compounds were ranged from 86.2 to 98.2 % for all new
activated carbons BP, AP, and PL. The experimental
adsorption data of Langmuir and Freundlich isotherm
model have proven that the adsorption of MB on BP, AP
and PL isfavorable.

The calculated kinetic parameters of activated
carbons BP, AP and PL from the pseudo first-order and
pseudo second-order plots indicate that the pseudo-
second-order model shows a better fit.

Ibtissem Kahoul et al.

The attractive features of activated carbons via
microwave assisted KOH can reduce the time and save
energy for activated carbons preparation. Moreover, the
activated carbons BP, AP, and PL are environment
friendly, effective and of alow cost.
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BUJAJIEHHSI METUJIEHOBOT'O CHHBOT'O
AJICOPBIIEIO HA AKTUBOBAHOMY BYT'L/LII
OJIEP’KAHOT O 3 CL/IbCBKOTOCHOJIAPCHKHAX
BUIXO/IB ITIJI JI€I0 AKTUBOBAHOT' O
MIKPOXBWJISIMHA KOH

Anomauyin. /[is eudaiennss 6apeHUKa MemuieH08020 Cu-
Hb02O 3 BOOHUX PO3UUHIE OOCTIONCEHO HOBE HeOopo2e AKMUBOBAHE
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gyeinis, ooepxcane 3 aywnunns 6ooie (JIB), oconyos (JDK) ma
macmuxoozo oepesa (JIM) nio dicto akmueo8ano2o MikpoXeunsimu
KOH. TIlposedeno ananiz odepoicanux 3paskié 3 GUKOPUCMAHHAM
MmepmozpagimempuidHo20 ananizy ma CKAHylouoi eleKmpoHHOL
MIKpockonii. Aocopbuyiiini  enacmueocmi  @yaneyio GuUHaueHi 3
ypaxyeannsm eniusy pH, uacy xonmaxmy, kinbkocmi aocopbenma
ma ioeo noyamxosoi kouyenmpayii. Iloxazamo modcnugicmo
surxopucmants JIB, JDK ma JIM sx exonociunux egpekmusnux ma
Heoopocux aocopbenmis Osi BUOANLEHHS] MEMULEHO8020 CUHbO2O
6ap6HUKA 3 BOOHO20 PO3UUHY.

Knwuosi cnosa. axmueosane 8yeinia, CilbCbKo2oC-
nooapcuKi 8i0x00U, a0copoOyist, MEMuiLeHOBUL CUHILL, MIKDOXGUII.



