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Abstract
Activated carbon is produced from Pistacia Atlantica shells by chemical
activation using Sodium Hydroxide acid. The properties of AC were
characterized by the scanning electron microscopy (SEM), nitrogen adsorption
isotherm and low angle XRD. The obtained mesoporous activated carbon has
a BET surface area of 2010 m2/g. The adsorption of methylene blue from
aqueous solution onto activated carbon prepared from PISTACIA shell has
been investigated under batch mode. The influence of major parameters
governing the efficiency of the process such as solution pH, Adsorbent dose,
initial concentration and contact time on the removal process was investigated.
The equilibrium time of 80 min was observed and maximum adsorption was
favoured at pH 3.5. The dye removal using 0.1 g of adsorbent was more than
90%. This dosage (0.1 g) was considered as the optimum dosage to remove
methylene blue from aqueous solutions. Langmuir and Freundlich models
were used to fit the experimental data.
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INTRODUCTION
There is a wide attention to the activated carbons with highly developed surface area to use
in the various industrial applications such as separation / purification of liquids and gases,
water treatment as supporting substrate of catalytic materials, super-capacitors, electrodes,
gas storage devices and etc., [1]. Activated carbons are usually prepared from the
carbonaceous raw materials by different activation reaction so that their quality and
characteristics depend on the physical and chemical properties of the starting materials and
employed activation method. Among many synthesis methods which need high temperature
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and difficult reaction condition the preparation of activated carbons from agricultural and
natural wastes is introduced as a facile, low cost and promising technique towards the new
environmental friendly technologies for the synthesis of the carbonaceous substrates with a
high surface area [2]. The obtained products are prone to the adsorption activity of toxic
materials from environment and as a result of this concept are nominated as the effective
and low cost adsorbents.
This method is driven via impregnating the initial materials using a chemical agent e.g.,
Phosphoric acid (H3PO4) [3], Zinc Chloride (ZnCl2) [4] and Potassium Hydroxide (KOH)
[5]. The initial raw materials can be pistachio-nut shell [2], grain sorghum [3], waste
(chipboard and plywood), scrap tyres, urban sewage, and straw [6], coconut shells [7],
pecan shell [8], Eucalyptus camaldulensis Dehn [9], pomegranate peel [10], bamboo
scaffolding [11], herb residues [12], Mango Peel [13], lotus stalk [14], grape seeds [15]. As
a matter of fact, there is no systematic study related to the preparation of these type
adsorbents from Pistacia Atlantica shell. In this study, we used the Pistacia Atlantica shell
as the starting material to prepare the activated carbon by sodium hydroxide acid as a
chemical driving agent.
Table 1: Summary of the BET (m2/g), pore volume (cm3/g), pore size (A)˚ and
surface aspect of the chemically prepared activated carbon by sodum hydroxide from
PISTACIA shells.
Adsorbent BET (m2/g)
2010

Pore volume
2.9077 nm

Pore size (˚ A)

Surface aspect

1.5 to 5 nm with an Heterogenous
average pore size
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Since activated carbon is very expensive and efficient, it makes adsorption process more
costly. As a result, low-cost and readily available alternative lignocellulosic materials are in
need, while methods of production are developed.
Biomass waste including corn cob, coconut shell, palm shell, apple pulp, chickpea husks,
grain sorghum, pistachio nut shell, olive stones and walnut shell, cherry stones, wild rose
seeds, rice bran, oil palm shell, rubber tree seed coat, cotton stalk, tea waste, sugarcane
bagasse and empty oil palm fruit bunches has been found to be suitable precursors owing to
their high-carbon and low-ash contents [12]. Chemical activation of activated carbon has
been reported as more advantageous over physical activation due to higher yields, more
surface area, and better development of porous structures in carbon [12].
There is a contraction in dimensions of the lignocellulosic precursor during the
carbonization process. This change in dimension is important in chemical activations, as the
reagent has to be incorporated into the interior of the particles where it inhibits the expected
contraction with increasing temperature which implies that the reagent may act as a
template for the creation of microporosity [15]. This analysis of the porosity development
allows for a comparison of methods of activation of each reagent.
Of the many reagents proposed for chemical activation, (Zinc Chloride, Phosphoric
acid, Aluminium Chloride, Magnesium Chloride, Potassium Hydroxide, Sodium
Hydroxide, etc.), the most commonly used (industrially) are ZnCl2, H3PO4, and
KOH. However, the effects of SODIUM HYDROXIDE on activation of
carbonaceous materials have been of particular interest. Also the effects of this
chemical on a single precursor have not been thoroughly investigated in the literature,
and the information published is limited, but activated carbon with high specific
surface area using SODIUM HYDROXIDE as activating agent has been reported.

2. EXPERIMENTAL METHODS
2.1. Treatment of Adsorbents
2.1.1. Pistacia nut shells were initially washed with de-ionised water, sun dried, and
grinded mechanically using a grinding machine, then screened through a sieve to get
geometrical size of ≤1.5 mm, which by the use of a beaker was kept into an oven at 110∘C
for a period of 24 hours, removed and cooled in a dessicator containing CaCl2 (drying
agent) for 30 min. The lignocellulosic material was removed from the dessicator and a 1:1
mass reagent ratio was applied, mixed and dried for 24 hours at 110∘C
2.2. Carbon. Carbonization and activation were accomplished in a single step by carrying
out thermal decomposition of the raw material (Pistacia nut shells) impregnated with
Sodium Hydroxide as activating agent in an inert atmosphere or in the absence of oxygen in
a carbolite furnace at 500∘C for 1 hour as resident time. After activation, the furnace was
allowed to cool to room temperature. The pyrolysed carbons were leached with 1% HCl
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(v/v) for 2-3 hours and washed several times with distilled water until a neutral pH was
achieved. Later the carbon paste was dried in an oven at 110∘C for at least 24 hours before
application.
2.3.Chemical Reagents. Laboratory grade methylene blue (MB), a cationic dye having
molecular formula of C16H18N3SCl supplied in powder form by Merck, was used without
further purification for the preparation of synthetic aqueous solution.

3. Preparation of Solutions
3.1. Methylene Blue Solution. All the experiments were conducted with artificial wastewater
stock solution prepared by dissolving analytical grade of methylene blue in distilled water.
The chemical formula of methylene blue is shown in Figure 1. A stock solution of
methylene blue of concentration (1200mg/L) was prepared by dissolving (0.5000
±0.0001)g of methylene blue in a 1000 ml volumetric flask, agitated by using a magnetic
stirrer for a period of time and completed with distilled water up to the mark. This solution
was again stirred with a magnetic stirrer for two hours to obtain homogeneity. Solutions of
various concentrations were obtained by dilution.

Fig 1. Methylene blue

.

.
a. Contact time study material for raw
material

b. Removal of methylene blue with
dosage of adsorbant
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d. % removal of methylene blue for
different concentration.

Fig 2: The Batch Adsorption Study

FIG 2: 3.2. The Batch Adsorption Study. The batch experiments of the adsorption
studies were conducted at room temperature (25∘C) in a 250 ml screw-cap conical
flask. For each run, 0.1–0.5 g of the adsorbent dosage was weighed and placed in the
flask containing 30 ml solution of methylene blue of a desired concentration (ranging
from 50 to 300 ppm), pH between 2 and 8. The suspension was stirred for interval of
time between 10–240 min, using a magnetic agitator and stirrer at a controllable
speed. After agitation, the suspensions were filtered using Whattman no. 1 filter
paper. The concentration of the filtrate was determined by using a UV- visible
spectrophotometer. The absorbance was measured at the maximum absorption
wavelength of 668 nm. The quantity adsorbed by a unit mass of an adsorbent at
equilibrium (𝑄𝑒) and the adsorption percentage (%𝑅) at an instant were calculated
using the relations (1), respectively,
Q𝑒 = 𝐶𝑜 – 𝐶𝑡/m V
%𝑅 = 𝐶𝑜 − 𝐶𝑡 /𝐶𝑜 100, (1)
where 𝐶𝑒 is the concentration of adsorbate at equilibrium; 𝐶𝑡 is the concentration of
adsorbate at time 𝑡; 𝐶𝑜 is the initial concentration; 𝑚 is the mass of the adsorbent; 𝑉
is the volume of the adsorbate.
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3. RESULTS AND DISCUSSION
3.1 SEM with EDAX images of the prepared activated carbon by chemical treatment on
the crushed PA shells as a natural waste is shown in Fig. 3.1. It can be clearly observed that
the texture surface of the product is cylindrical is resulted from evaporating the NAOH
molecules and leaving the spaces on the surface of compound. The sharp peak at 2θ of 1º in
low angle XRD pattern (shown in Fig. 3.2) demonstrated the formation of the activated
carbon without any impurities.

Fig 3.1 SEM with EDAX images
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Fig 3.2 XRD pattern

4.1. The Characteristics of Activated Carbon Obtained from pistacia Shells
Table1 summarises the characteristics of activated carbon prepared from Pistacia shells. It
can be seen that the nature of the prepared activated carbon consisting mainly of mesopores
which are very favourable for adsorption of large molecules like methylene blue with an
average recommended, significant surface are between 500–1500m2/g, reported by Chand
and Bansal [13] in his book, that widely used activated carbon adsorbents has specific
surface area on the order 500 to 1500 m2/g and pore volume on the order of 0.20 to 0.60
cm3/g.

4.2. Adsorption Contact Time Test
Methylene blue adsorption on activated carbon prepared from Pistacia shells increases with
increasing agitation time as shown in Figure 2. The removal rate was slow within the first
50 min then increases rapidly and gradually diminished to attain equilibrium within 80 min
beyond which there was no significant increase in the removal rate. It is thought that the
first step leads to surface adsorption and the second step leads to intra-particle transport
from bulk fluid to the external surface of the porous adsorbent [14]. This trend agrees with
the report of other investigators [15]. The stages of absorption of methylene blue on
activated carbon might be controlled by the diffusion process from bulk to the surface or the
heterogeneous nature of the adsorbent.

4.3. Effect of Carbon Dose
In order to study the effect of adsorbent dosage on the adsorption of methylene blue, a
series of adsorption experiments were carried out with different adsorption dosages varying
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from 0.1 to 0.5 g at initial concentration of 100 ppm. Methylene blue by activated carbon
from Pistacia nut shells was found to decrease by increasing the adsorbent dose. This may
be allocated to the fact that as the amount in grams of adsorbent is increased the total
surface area available for the adsorption of methylene blue reduces as a result of
overlapping or aggregation of adsorption sites [16]. Furthermore, maximum quantity
adsorbed= 87.37mg/g, was reached by 0.1 g activated carbon prepared from agricultural
waste.

4.4. Effect of pH Experiments
To study the effect of pH on methylene blue (MB) adsorption, 0.1 g of activated carbon was
added to solutions containing 300 ppm of methylene blue ions. The initial pH values were
adjusted from 2–8 using 0.1MHCl and 0.1MNaOH. After the suspensions were shaken for
180 min, equilibrium time, at room temperature, they were filtered using Whattman no. 1
filter paper and analyzed for residual methylene blue concentration.
Figure 2 shows higher adsorption of methylene blue at low pH = 3.5 which is due to
increased protonation by neutralisation of the negative charges at the surface of adsorbent.
But for pH<3.5, the number of negatively charged adsorbent sites decreased and the number
of positively charged surface sites increased, which did not favour the adsorption of
positively charged dye cations due to electrostatic repulsion. In addition, lower adsorption
of methylene blue at acidic pH might be due to the presence of excess H+ ions competing
with dye cations for the available adsorption sites. For pH values higher than 7, the amount
of dye removal started to increase, and in this case, may be in alkaline solutions, methylene
blue might have stepwise, demethylated to other common dyes [17].This indicated that the
adsorption capacity of activated carbon prepared from cola nut shells was pH dependent.

5. ADSORPTION ISOTHERMS
5.1. Adsorption Isotherm Models. An adsorption isotherm is the relationship between the
adsorbate in the liquid phase and the adsorbate adsorbed on the surface of the adsorbent at
equilibrium at constant temperature. In order to successfully represent the dynamic
adsorptive behavior of any substances from the fluid to the solid phase, it is important to
have a satisfactory description of the equilibrium state between the two phases composing
the adsorption system. The Langmuir and Freundlich isotherms are the two most wellknown isotherms which have been used to describe the equilibrium of adsorption systems.

5.2. The Langmuir Adsorption Isotherm. The Langmuir isotherm takes an assumption
that adsorption occurs at specific homogeneous sites within the adsorbent. The equation is
as follows: 𝑄𝑒 = 𝑄𝑚𝐾𝐶𝑒/1+𝐾𝐶𝑒, (2) where 𝑄𝑒 (mg of adsorbate per g of adsorbent) is the

Preparation of Activated Carbon with High Surface Area from Pistacia Atlantica Shell

371

adsorption density at the equilibrium solute concentration 𝐶𝑒.𝐶𝑒 is the equilibrium
concentration of adsorbate in solution(mg/L).𝑄𝑚(mg) of solute adsorbed per 𝑔 of
adsorbent) is the maximum adsorption capacity corresponding to complete monolayer
coverage.
𝐾 is the Langmuir constant related to energy of the adsorption (𝐿 of adsorbate per mg of
adsorbent). The previous equation can be rearranged to the following linear form:
𝐶𝑒/𝑄𝑒=1/𝑄𝑚𝐾+𝐶𝑒𝑄𝑚. (3)
The linear form can be used for linearization of experimental data by plotting
𝐶𝑒/𝑄𝑒against𝐶𝑒. The Langmuir constants𝑄𝑚and𝐾can be evaluated from the slope and
intercept of the linear equation.

Table 2: The Freundlich adsorption Isotherm and Langmuir Adsorption Isotherm
experimental report
Equation

R²

Langmuir

y=0.0957*x +0.017

R2=0.999

Qₒ=10.45 mg
1/Qₒ=0.0957

Freundlich

y= 0.104*x +0.93

R2=0.948

N=9.615 kf=8.511

4.1 a. The Freundlich adsorption Isotherm
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4.2 b Langmuir Adsorption Isotherm

5.3. The Freundlich adsorption Isotherm. The Freundlich isotherm is an empirical
equation employed to describe the heterogeneous system (16). The equation is given below:
Qe = 𝐾𝑓𝐶𝑒1/𝑛, (6) where 𝑄𝑒 is the quantity of solute adsorbed at equilibrium (adsorption
density: mg of adsorbate per g of adsorbent).𝐶𝑒 is the concentration of adsorbate at
equilibrium, where 𝐾𝑓 and1/𝑛 are empirical constants dependent on the nature of sorbent
and sorbate and the temperature. Both of these values (𝐾𝑓 and1/𝑛) are important in
selecting an adsorbent as a separating medium, in which 𝐾𝑓 (mg/g) is the over-all
adsorption capacity (𝑄𝑒 at 𝐶𝑒=1mg/L or log 𝐶𝑒 =0)and1/𝑛 is the heterogeneity factor.

The heterogeneity factor 1/𝑛 indicates the strength of bond energy between sorbate and
sorbent. This equation is conveniently used in linear form by taking the logarithmic of both
sides as
ln 𝑄𝑒 = ln𝐾𝑓+ln(7). A plot of ln 𝑄𝑒 against ln 𝐶𝑒 yielding a straight line
indicates the confirmation of the Freundlich isotherm for adsorption. The constants can be
determined from the slope and the intercept. From Figure 4, the adsorption isotherm of
methylene blue shows that the data both fitted Langmuir and Freundlich isotherms but fitted
better in Langmuir isotherm equation by comparing the𝑅2values of Langmuir and
Freundlich isotherm as shown in Table2.

This implies that a monolayer sorption proceeds over a surface containing a finite number
of adsorption sites and uniform strategies of adsorption with no transmigration of adsorbate
in the plane of surface. In the literature, several authors reported the difficulties of
comparing adsorption intensities, due to lack of consistencies in data. 1/𝑛, which is a
measure of surface heterogeneity, is also a measure of adsorption intensities. Adsorption on
the surface becomes more heterogeneous as1/𝑛 values get closer to zero. From Table 2,1/𝑛
< 1shows normal adsorption [18].
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6. CONCLUSION
This study confirmed that the activated carbon prepared from a low-cost agricultural waste
(Pistacia nut shells) could effectively remove methylene blue from an aqueous solution with
the optimal pH for favourable adsorption of methylene blue equal to 3.5. The adsorbent
dosage had an effect on the adsorption process of methylene blue. The adsorption
equilibrium was reached in 80 min with the isothermal data fitted well in Langmuir model
and Freundlich model indicating a chemisorption adsorption.
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