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Abstract—The adsorption of Methylene blue and Methyl orange by date pits carbon was carried out by varying param-
eters such as agitation time, pH and dye concentration. Equilibrium adsorption data followed both Langmuir and Fre-
undlich isotherms. Adsorption followed second-order rate kinetics. The adsorption capacity was found to be 434 and
455 mg of methyl orange and methylene blue, respectively, per g of the date pits carbon. Acidic pH is favorable for the
adsorption of methyl orange against a basic medium which is favorable for the adsorption of MB. An opposite result

was found for the methylene blue adsorption.
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INTRODUCTION

Environmental contamination is a major problem being faced
by society today. Industrial, agricultural and domestic wastes, due
to the rapid development in the technology, are discharged in the
several receivers. Generally, this discharge is directed to the near-
est water sources such as rivers, lakes and seas. While the rates of
development and waste production are not likely to diminish, efforts
to control and dispose of wastes are appropriately rising.

Wastewaters from textile industries represent a serious problem
all over the world. They contain different types of synthetic dyes
which are known to be a major source of environmental pollution
in terms of both the volume of dye discharged and the effluent
composition [1]. For the volume of wastewater containing processed
textile dyes it is annually estimated that 1-15% of the dye is lost in
the effluents during the dyeing process [2] steady increase. Among
7x105 tones and approximately 10.000 different types of dyes and
pigments are produced worldwide. Most of these dyes are toxic,
mutagenic and carcinogenic. Moreover, they are very stable to light,
temperature and microbial attack, making them recalcitrant com-
pounds. From an environmental point of view; the removal of syn-
thetic dyes is of great concern.

Many studies have been conducted on the toxicity of dyes and
their impact on the ecosystem [3], as well as the environmental
issues associated with the manufacture and subsequent usage of
dyes [4]. Biological treatment processes are reported to be efficient
in the removal of suspended solids and reduction of chemical oxy-
gen demand but are largely ineffective in removing color from waste
water [5]. Hence, investigations have been conducted on physico-
chemical methods of removing color from textile effluent. These
+-filtration [8], electro-chemical [9] and adsorption [5] tech-
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niques. The advantages and disadvantages of each technique have
been extensively reviewed [10]. Of these, adsorption has been found
to be an efficient and economic process to remove dyes, pigments
and other colorants and also to control the bio-chemical oxygen
demand [5,11].

Activated carbon (AC), inorganic oxides, natural adsorbents
(such as clays and clay minerals, cellulosic materials, chitin and chi-
tosan) have been extensively used as adsorbents [12-18].

Activated carbons (AC) are the most versatile and commonly
used adsorbents because of their extremely high surface areas, micro-
pore volumes [19] large adsorption capacities, fast adsorption kinet-
ics, and relative ease of regeneration [20].

Despite its prolific use in water and waste water industries, com-
mercial activated carbon (CAC) remains an expensive material.
This has led to a search for low-cost materials as alternative adsor-
bent materials [14]. In contemporary research, different agricul-
tural biomass-based raw materials like olive stones [21], date pits
[22,23], rice husk [24], and jute stick [25] have been investigated in
the last years as activated carbon.

The purpose of this work was to study the kinetics and the mech-
anism of adsorption of methylene blue (MB), and methyl orange
(MO) onto date pits activated carbon, prepared by chemical acti-
vation using ZnCl, as an activating agent, and to compare the ad-
sorption for the removal of the cationic and anionic dyes under
optimum experimental conditions. Thus, this investigation is study-
ing the adsorption parameters (pH, time and dye concentration) of
adsorption of MB and MO on date pits before and after activation.

EXPERIMENTAL

1. Materials and Methods
1-1. Material Preparation

Deate pits constitute approximately 10% of the total weight of dates
[26], making them the largest agricultural by-product in palm grow-
ing countries, including Tunisia. Raw material (date pits) used for
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preparation of activated carbon was procured locally, washed,
dried at 423 K, crushed to desired mesh size (0.5-1.0 mm). This
material was impregnated with concentrated solution of ZnCl, using
impregnation ratios ZnCl,/date pits of 2: 1 (w/w) followed by heat-
ing, under nitrogen atmosphere, for 2 hours, in a modified electric
furnace at 400 °C with constant heating of 10°/min. The activated
product was then cooled to room temperature and washed sev-
eral times with hot deionized water until the pH of the washing
solution reached 6-7. The final product was dried in an oven at
105°C for 24 h.

1-2. Characterization of Materials

Textural characterization of the activated carbon (AC) was car-
ried out by N, adsorption at 77 K using Autosorb I, supplied by
Quantachrome Corporation, USA. The BET (N,, 77 K) is the most
usual standard procedure used when characterizing an activated
carbon [27]. The morphology of raw material and activated car-
bons produced from date pits were examined using scanning elec-
tron microscopy (Philips Fei Quanta 200).

Surface functional groups were detected by Fourier transform
infrared (FT-IR) spectroscopy to identify the functional groups at
the surface of carbon materials. The infrared spectra were recorded
as KBr pellets using a Perkin-Elmer FT-IR (model 783) instrument.
KBr pellets were prepared by mixing 5wt% of absorbent with 95
wt% KBr and pressing.

Acidic functional groups were determined by Boehms method
of titration with basic solutions of different base strengths (NaH-
COs, Na,CO;, NaOH, C,H;ONa) [32,33]. This was achieved by
accurately weighing 1.00 g sample into four conical flasks with stop-
per. Samples were agitated for 16 h with 0.05 N solutions of differ-
ent base strengths. The amount of Na" ions remaining in the solution
was determined by adding an excess of standard HCl and back-
titration method. The basic groups’ contents of the oxidized sam-
ples was determined with 0.05 N HCI [33,34].

The point of zero charge (PZC) was determined using the batch
equilibrium method which proposed by Milongic et al. [31]. Accord-
ingly, the samples of AC (0.15 g) were shaken in PVC vials, for 48 h,
with 50 ml of 0.01 M KCl], at different pH values. Initial pH values
were obtained by adding a certain amount of KOH or HCl solu-
tion so as to keep the ionic strength constant. Experimental results
of the pHpy determination are presented as pH values of filtered
solutions equilibration (pHj,,) with the adsorbent as a function of
initial pH value (pH;;,). It can be seen that PZC is at pH=5.9 and
4.01 (pHy,, level, where common plateau is obtained) for raw date
pits and activated carbon, respectively.

1-3. Adsorption Study

All solutions were prepared and stocked in polyethylene flasks.
All sorption experiments were performed in 50 ml polyethylene
tubes. Stock solutions of MB and MO (1,000 mg-/ ) were prepared
and suitably diluted to the required initial concentrations. Adsorp-
tion experiments were at room temperature (around 25 °C) under
batch mode [32].

The time-dependent sorption of dye on raw date pits and acti-
vated carbon was carried out with 100 mg of the adsorbent and
50 ml of 1,000mg-I"" dye solution. The mixtures were stirred at
low speed (~100 rpm) for different time intervals (0.5-24 h). After
separating the turbidity by centrifugation and through the stan-

dard filter designed for a wide range of laboratory applications.
The final concentration of dye (C;) of MB or MO was obtained by
measuring O.D. at 663 nm and 465 nm, at pH=7 (4,,,) for MB
and MO, respectively, using a Perkin Elmer UV-visible spectro-
photometer (Model:680).

The pH-dependent experiments were carried out by adjusting
the initial pH (in the 2-12 range) of the dye solution (1,000 mg-I"")
using 0.1 M HCI or 0.1 M NaOH solutions. 100 mg of raw date
pits or activated carbon was weighed in polyethylene tubes and 25
ml of the stock solution with adjusted pH was added and stirred
for 6 h. Then, the pH was measured again; the mixtures were cen-
trifuged and supernatant dye concentrations were determined.

The adsorption isotherms were obtained by batch equilibrium
technique. One hundred milligrams of raw date pits or activated
carbon was weighed in polyethylene tubes and then these were filled
with 25 ml of aqueous solutions of MO (pH~3.5) or MB (pH~9)
ranging in concentration from 0 to 1,000 mg-I". The mixtures were
stirred for 4 h at room temperature, centrifuged and the superna-
tant dye concentrations were determined.

The samples were filtered prior to analysis to minimize interfer-
ence of the carbon fines with the analysis. Each experiment was
duplicated under identical conditions. Blanks containing no dye
were used for each series of experiments as controls. The amount
of adsorption at equilibrium, g, (mg g "), was calculated by:

(Cy=C)xV

¢ w

where C, and C, (mg-I"') are the liquid-phase concentrations of
dye at initial and equilibrium, respectively. V is the volume of the
solution and w is the mass of dry adsorbent used (g).
1-4. Desorption Experiments

For the desorption study, 0.05 g of activated carbon was added
to 25 cm’ of dye solution (1,000 mg/L) and the mixture was stirred
at 4 hours. After mixing, the supernatant dyes solution was dis-
carded and the activated carbon alone was separated. The activated
carbon was washed gently with distilled water to remove the dye
present on its surface (unadsorbed dye). Then, the dye-adsorbed
activated carbon was added into 25 cm’ of distilled water. Distilled
water and activated carbon (saturated with dye) solution samples
were taken at specific time intervals (5, 10, 20, 30, 60.... 240 min).

The amount of dye desorbed from activated carbon, qt (mg/g),
was calculated at different values of time (5 to 240 min) by the rela-
tionship above.

RESULTS AND DISCUSSION

1. Characteristics of the Adsorbents
1-1. Textural and Surface Characterization

Fig. 1(a) shows the N, adsorption-desorption isotherms of the
raw date pits and the activated carbons prepared at the carboniza-
tion temperatures of 400 °C, where V,;, and P/P, are the amount
of N, adsorbed and relative pressure, respectively. According to the
IUPAC dlassification, these isotherms feature an intermediate be-
tween types I and II [27]. Interestingly; a slight hysteresis was ob-
served in the isotherm, which suggests the existence of mesopores
in the activated carbon, and as shown in N, adsorption-desorp-
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Fig. 1. (a) Adsorption/desorption isotherms of N, for raw date pits
and activated carbon. (b) Pore size distribution of activated
carbon.

tion isotherm of Fig. 1(a), the CA has a high adsorption uptake at
low relative pressure (P/P,), indicative of the existence of micropo-
res. The pore size distribution curve obtained using D-A method,
which is displayed in Fig. 1(b), shows two regions: (1) micropores
(<20 A); (2) mesopores (>20 A).

As shown in Table 1, a BET calculation gives the BET surface
area for the activated carbon equal to 1,380 m”/g, much greater than
the 25 m”.g " value obtained for its precursor (Raw date pits); and
the t-plot method gives the surface areas of micropores and exter-
nal large-sized pores equal to 1,100 and 280 m’/g, respectively. More-
over, the total pore volume is calculated to be 0.91 cm’/g according
to the amount adsorbed at a relative pressure P/P, of 0.99 and the
V.. Value of activated carbon was reported to be 0.49 cm™g ™" more
than 0.3 cm’-g ' reported in the literature [33].

Table 1. Physical and chemical characteristics of the adsorbent
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Fig. 2. FTIR of the date pits before and after activation.

1-2. Functional Groups

Fig. 2 shows the FT-IR spectra for the activated carbon and the
raw date pits. The FTIR spectra of the raw date pits and the AC
show strong broad overlapping band located at 3,420 cm™' which
is ascribed to O-H stretching vibration in hydroxyl groups of glu-
cose [34]. Two bands observed at 2,923 and 2,855 cm ™ are assigned
to asymmetric C-H and symmetric C-H bands, respectively, present
in alkyl groups such as methyl and methylene groups [34]. Stretch-
ing absorption band at 1,700 cm™ is assigned to carbonyl C=0O pres-
ent in esters, aldehydes, ketone and carboxyl groups [35]. The bands
at 1,250 and 825 cm ™' may be connected with esters such as CH;-
CO-0- as well as with cyclic C-O-C groups conjugated with car-
bon-carbon doubles C=C-O-C in olefinic or aromatic structures
which represent the major components in the lignocellulosic mate-
rial, e.g. -O-CHj in ethers [36]. The band at 1,158 cm ™" was assigned
to presence of cellulose C-O-C [41]. One later band at 610 cm™" is
ascribed to v O-H in OH groups, this low region than the expected
where it seems non-free and involved in hydrogen bonds [38,39].
The presence of the bands between 903 and 825 cm ™ in raw date
pits spectra is attributed to the vibration of aromatic substitution
[41].

The surface chemistry of activated carbons essentially depends
on their heteroatom content, mainly on their surface oxygen com-
plex content. They determine the charge of the surface, its hydro-
phobicity; and the electronic density of the graphene layers. Fig. 3
shows that activated carbon from date pits showed amphoteric
behavior, with a surface acidity of 5.9 mmol/g and a surface basic-
ity 0.72 mmol/g. When a solid such as a carbon material is immersed
in an aqueous solution, it develops a surface charge that comes from
the dissociation of surface groups or the adsorption of ions from
solution [41]. This surface charge will depend on the solution pH
and the surface characteristics of the carbon. A negative charge results

Adsorbent Seer (Mg Spee (M’g") Vi (em’g")  Vu(em’g"')  pHpe  Acidity (mmol/g)  Basicity (mmol/g)
Raw date pits 25 - 0.07 0 59 25 1.82
Activated carbon 1380 1100 0.91 0.49 4.01 59 0.72

February, 2015
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Fig. 3. Histogram summarizing the surface acidity of natural date
pits before and after activation.

from the dissociation of surface oxygen complexes of acid charac-
ter such as carboxyl and phenolic groups (carboxylic, anhydrides,

lactones and phenols) [42]. Therefore, these surface acid sites are
of Brensted type. The origin of the positive surface charge is more
uncertain, but it can be due to surface oxygen complexes of basic
character like pyrones or chromenes [43] or to the existence of elec-
tron-rich regions within the graphene layers acting as Lewis basic
centers, which accept protons from the aqueous solution.
1-3. Scanning Electron Microscopy

Fig. 4(a) and Fig. 4(b) show that the surface of natural date pits
was quite dense without any pores except for some occasional cracks.
This would account for its poor or negligible BET surface area. In
the micrograph of the activated carbon prepared at 400 °C (Fig.
4(c) and 4(d)), a small pores, transitional pores and large pores with
different shapes were clearly identified, which account for the higher
BET surface area and micropore volume.
2. Adsorption Process of MO and MB Molecules on Activated
Carbon: Equilibrium
2-1. Effect of pH on MO and MB Adsorption

The effect of solution pH on dye removal from solution was stud-
ied under identical conditions for the two dyes chosen for this study:.
The data are presented in Fig. 5, which indicate that the adsorp-
tion behavior of each of the reactive dyes was different, from pH 2

Fig. 4. SEM of activated carbon from natural pits (a), (b) and date pits at 400 °C (c), (d).

Korean J. Chem. Eng.(Vol. 32, No. 2)
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Fig. 5. Effect of pH on the adsorption of methylene blue and methyl
orange onto date pits activated carbon (Temperature 25 °C,
contact time=300 min, initial dyes concentrations=1,000 mg/
I, DPAC dosage=0.1 g/50 ml (dyes).

to pH 12. The removal of methyl orange decreased, when the pH
was increased from 2 to 12, with the percentage removal then re-
maining almost constant up to pH=8). A large decrease in adsorp-
tion capacity for this dye was observed under basic conditions.
Similar adsorption behavior with variation in solution pH has been
reported in the literature [44]. The removal of the methylene blue
increased, with the increasing of the pH.

The adsorption mechanism for the dyes adsorption is electro-
static interaction; the removal capacity of the MO is at a maximum
within the range pH 2-4. In this pH range the surface of activated
carbon was positively charged (pH,,.=4.1) and MO was negatively
charged (pKa of dye 4.4-5.5). The protonated groups of activated
carbon are mainly carboxylic group (-CO-OH,), phenolic (-OH,).
The deprotonated groups of the methyl orange dye were probably
the sulfonate groups (-SO3). At solution pH<4, the removal capac-
ity of MO was expected to decrease, as the adsorbent was positively
charged and dye molecules were either neutral or partially posi-
tively charged. At this acidic pH, the sulfonate groups of the dyes
were almost protonated (-SO;H, ie., neutral). Furthermore, the pro-
tonation of nitrogen atoms especially those not involved in aro-
matic systems, is also probable. The large reduction in dye adsorption
at highly basic conditions can be attributed to electrostatic repul-
sion between the negatively charged activated carbon and the depro-
tonated dye molecules. For the methylene blue (MB) the removal
capacity of the dye is at a maximum at basic medium. In this pH
range the surface of activated carbon is negatively charged and MB
was positively charged (-S*). The deprotonated groups of activated
carbon are mainly carboxylic group (-CO-O"), phenolic (-O7). At
solution pH>4, the removal capacity of MB was expected to in-

Hydrogen Bonding

H.C

N,
H.C” : \

Fig. 6. Mechanism of adsorption.

crease, as the adsorbent was negatively charged and dye molecules
were positively charged. The constant adsorption capacity of acti-
vated carbon for dyes over the pH>9 was an indication that the
electrostatic mechanism was not the only mechanism for dye ad-
sorption in this system. Activated carbon can also interact with dye
molecules via hydrogen bonding and hydrophobic-hydrophobic
mechanisms [44].

The probable mechanism of adsorption is given in Fig, 6.
2-2. Effect of Agitation Time on Adsorption Dyes

The effect of contact time on the amount of dyes adsorbed was
investigated at the optimum initial concentration of dye, and the
data are presented in Table 2. As can be seen from Fig. 7 the extent
of removal (in terms of q,) of MB and MO by activated carbon
and raw date pits was found to increase with time, at some point
in time, reach a maximum value beyond which no more was re-
moved from solution. At this point, the amount of the dye desorb-
ing from the adsorbent is in a state of dynamic equilibrium with
the amount of the dye being adsorbed onto the adsorbent. The time
required to attain this state of equilibrium is termed the equilib-
rium time, and the amount of dye adsorbed at the equilibrium

Table 2. Kinetic parameters for the adsorption of MB and MO onto natural date pits before and after activation at 25 °C

First-order kinetic model

Second-order kinetic model

Qeexp
Samples Dye (mg-g™) k(g h™") Qe (mggh) R Aq% Lk (gh''mg") qua (mgg") R® Aq%
Raw date pits MB 45 0.49 2.6 0.51 94.22 0.142 45.5 0.999 1.11
MO 27 0.373 1.26 0.52 95.33 0.386 27.17 0999 0.62
Activated carbon MB 403 0.748 200.5 0.993 50.24 0.003 416.5 0999 334
MO 301 0.739 73 0.87 78.74 0.006 312.5 0999 3.82

February, 2015
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Fig. 7. Effect of time for the adsorption of methylene blue and methyl
orange on date pits before and after activation.

time reflects the maximum adsorption capacity of the adsorbent
under those operating conditions. The contact time necessary for
MB and MO dyes with initial concentrations of 500 mg "' to reach
equilibrium is 1 h for raw date pits. However, both for MB and MO
dyes with initial concentrations (500 mg "), longer equilibrium
time of 10 h are needed using activated carbon as absorbent.

The adsorption capacity at equilibrium increases from 45 and
27 mg-g ', respectively for MB and MO for the raw date pits as ad-
sorbent to 300 and 400 mg-g ' for the activated carbon as adsor-
bent. It is evident that the activated carbon prepared from date pits
is efficient to adsorb MB and MO dyes from aqueous solution, the
process attaining equilibrium gradually. This is because activated
carbon is composed of porous structure with large internal sur-
face area (1,380 m*-g ).

In batch type adsorption systems, a monolayer of adsorbate is
normally formed on the surface of adsorbent [45] and the rate of
removal of adsorbate species from aqueous solution is controlled
primarily by the rate of transport of the adsorbate species form the
exterior/outer sites to the interior sites of the adsorbent particles
[46,47].

Kinetic modeling not only allows estimation of sorption rates
but also leads to suitable rate expressions characteristic of possible
reaction mechanisms. In this respect, two kinetics, the pseudo-first-
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Fig. 8. Pseudo-first order kinetic plot for the adsorption of methyl
orange and methylene blue on natural date pits before and
after activation.

order (Eq. (1)) and pseudo-second-order equation (Eq. (2)) [48],
were tested.

The pseudo first-order equation is given by Lagergren and Svenska
[19]:

In(q.—q)=In gkt (n

where q, and g, are the amounts of MB or MO adsorbed (mg-g )
at equilibrium and at time t (min), respectively, and k, the rate con-
stant adsorption (h™"). Values of k; were calculated from the plots
of In(q,—q,) versus t (Fig. 8). Although the correlation coefficient
values are higher than 0.51 for activated carbon, the experimental
q. values do not agree with the calculated ones, obtained from the
linear plots (Table 2). This shows that the adsorption of MB and MO
onto activated carbon and raw date pits is not a first-order kinetic.

On the other hand, a pseudo second-order equation based on
equilibrium adsorption [54] is expressed as:

iL,: @

U kg U
where k, (g/mg-h™") is the rate constant of second-order adsorp-
tion. If second-order kinetics is applicable, the plot of t/q versus t
should show a linear relationship. There is no need to know any
parameter beforehand and g, and k, can be determined from the
slope and intercept of the plot. Also, this procedure is more likely
to predict the behavior over the whole range of adsorption. The
linear plots of t/q versus t (Fig. 9) show a good agreement between
experimental and calculated adsorption capacity values Aq (%) (Table
2). The correlation coefficients for the second-order kinetic model
are greater than 0.99, indicating the applicability of this kinetic equa-
tion and the second-order nature of the adsorption process of MB
and MO on activated carbon and raw date pits.

It is found (Table 2) that the adsorption of methylene blue and
methyl orange on activated carbon and raw date pits can be best
described by the second-order kinetic model. Similar phenome-
non processes have been observed in the adsorption of direct dyes
on activated carbon prepared from sawdust [51] and adsorption of
Congo red dye on activated carbon from coir pith [52].

BRaw date pits: MO
0.9 & oRaw datepits: MB

A Activated carbon: MB
@ Activated carbon: MO

t/Qt

0 4 8 12 16 20 24
Time(h)

Fig. 9. Pseudo-second order kinetic plot for the adsorption of MO
and MB on natural date pits before and after activation.
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2-3. Adsorption Isotherms

The adsorption isotherm indicates how the adsorption mole-
cules distribute between the liquid phase and the solid phase when
the adsorption process reaches an equilibrium state. The analysis
of the isotherm data by fitting them to different isotherm models
is an important step to find the suitable model that can be used
for design purpose [53].

Fig. 10 and Fig. 11 typically show the adsorption isotherms of
MB and MO dyes at 25°C on the activated carbon and her pre-
cursor (date pits). Adsorption isotherm is basically important to
describe how dyes interact with adsorbents, and is critical in opti-
mizing the use of adsorbents.

Adsorption isotherm study is carried out on two well-known
isotherms, Langmuir and Freundlich. The Langmuir isotherm as-
sumes monolayer adsorption onto a surface containing a finite num-
ber of adsorption sites of uniform strategies of adsorption with no

transmigration of adsorbate in the plane of surface [45]. Whereas,
the Freundlich isotherm model assumes heterogeneous surface
energies, in which the energy term in the Langmuir equation var-
ies as a function of the surface coverage [45]. The applicability of
the isotherm equation is compared by judging the correlation co-
efficients, R”.

Langmuir isotherm

The linear form of Langmuir’s isotherm model is given by the
following equation:

C_1 1

v as ()

where C, is the equilibrium concentration of the adsorbate (MB/
MO) (mg/l), q, the amount of adsorbate adsorbed per unit mass
of adsorbate (mg-g "), and Q, and b are Langmuir constants related
to adsorption capacity and rate of adsorption, respectively. When
C./q, was plotted against C,, straight line with slope 1/Q, was ob-
tained, indicating that the adsorption of MB on activated carbon
follows the Langmuir isotherm. The Langmuir constants ‘b’ and
‘Qq were calculated from this isotherm and their values are given
in Table 3.

Conformation of the experimental data into the Langmuir iso-
therm model indicates the homogeneous nature of raw date pits
and activated carbon surfaces, ie., each dye molecule/adsorbent
adsorption has equal adsorption activation energy. The results also
demonstrate the formation of monolayer coverage of dye mole-
cule at the outer surface of raw date pits and activated carbon. Simi-
lar observation was reported by the adsorption of acid orange 10
dye onto activated carbons prepared from agricultural waste bagasse
[54] and by the adsorption of direct dyes on activated carbon pre-
pared from sawdust [51] and adsorption of Congo red dye on acti-
vated carbon from coir pith [52].

The essential characteristics of the Langmuir isotherm can be
expressed in terms of a dimensionless equilibrium parameter (R;)
[58], which is defined by:

1
R = 1+bC,

where b is the Langmuir constant and C, the highest dye concen-
tration (mg-I""). The value of R, indicates the type of the isotherm
to be either unfavorable (R;>1), linear (R;=1), favorable (0<R;<1)
or irreversible (R;=0). Values of RL ranged between 0.002 and 0.01
(0<R;<1). These values ¢ onfirm that the raw date pits and acti-
vated carbon are favorable for adsorption of MB and MO dye under
conditions used in this study:.

Table 3. Isotherms parameters obtained by Langmuir and Freundlich models for removal of MB and MO by activated carbon and raw date

pits
Constants Langmuir Constants Freundlich

Adsorbent P 2

b (L/mg) Q. (mg/g) R, R 1/n K: R
Raw date pits MO 0.267 46 0.010 0.99 0.32 11.76 0.94
MB 0.73 42.5 0.002 0.99 0.25 12.4 0.92
Activated carbon MO 0.092 434 0.017 0.99 0.39 60.5 0.90
BM 0.203 455 0.009 0.99 0.36 110 0.91
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Table 4. Comparison of maximum adsorption capacity (Q,,) of MB and MO onto activated carbons

Adsorbent Dye Q, (mg-g" Reference
Activated carbon from Phragmites australis MO 238.10 [59]
Multiwalled carbon nanotubes MO 52.86 [60]
Activated carbon from lignin MO 300 [61]
Chitosan MO 34.83 [62]
Layered double hydroxides MO 285 [63]
Activated carbon from date pits at 400 °C MO 434 This study
Activated carbon from wood MB 200 [64]
Activated carbon from coffee waste MB 188.7 [65]
Activated carbon from apricot stones MB 2213 [66]
Activated carbon from date pits at 400 °C MB 455 This study
Activated carbon from date pits MB 244 [22]
Remazol dyes 173
Freundlich isotherm S00 4555
The well-known logarithmic form of the Freundlich model is 450 433
given by the following equation: 400
350
1 = 300
logq,=logK,+ (H)logCe ,:é <o B 0adsorbed
. I 1 < 200 aQdesorbed
where q, is the amount adsorbed at equilibrium (mg-g ), C, the
equilibrium concentration of the adsorbate and Ky and n are Fre- 150
undlich constants, n giving an indication of how favorable the ad- 10 43.3(10%) 47(10.5%)
sorption process, and K; is the adsorption capacity of the adsor- 0 | ]
bent. K can be defined as the adsorption or distribution coeffi- ! Methyl orange Methylene bleue

cient and represents the quantity of dye adsorbed onto activated
carbon adsorbent for a unit equilibrium concentration. The slope
1/n ranging between 0 and 1 is a measure of adsorption intensity
or surface heterogeneity, becoming more heterogeneous as its value
gets closer to zero [56]. A value for 1/n below unity indicates a nor-
mal Langmuir isotherm, while 1/n above unity is indicative of coop-
erative adsorption [57]. The plot of logq. versus logC, gives straight
lines with slope ‘1/1). The Freundlich constants (K and n) were
calculated and recorded in Table 3.

A comparison is made between the isotherms plotted in Fig. 10
and Fig. 11, which show the experimental data points and the the-
oretical isotherms plotted on the same graph. As seen from Table
3, the Langmuir model yields a somewhat better fit both for MB
and MO, for raw date and the activated carbon, than the Freun-
dlich model. As also illustrated in Table 3, the value of 1/n is rang-
ing between 0 and 1 for MB and MO, which indicates favorable
adsorption [58]. Table 3 lists the comparison of maximum mono-
layer adsorption capacity of MB and MO dyes on raw date pits and
date pits activated carbon.

The data shows that the activated carbon studied in this work
has very large adsorption capacity. The value of the maximum ad-
sorption capacities, Qo=455 and 434 mg-g "' for MB and Mo, respec-
tively. The removal of dye by different adsorbents has been stud-
ied in recent years and some of these reports provide Q values. Al-
though these values were obtained under different ranges of con-
ditions, they can be a useful criterion of the adsorbent capacity.
The Q value obtained in this study is greater than those of reported
for Chitosan (34.83 mg/g for MO) [62], Activated Carbon from

Fig. 12. Comparison between the amount adsorbed and desorbed.

Phragmites australis (238.10 mg/g for MO) [59], layered double
hydroxides (285 mg/g for MO) [63], Activated carbon from date
pits (244 mg/g for MB) [67] and activated carbon from lignin (300
mg/g for MO) [61] (Table 4).

Fig. 12 shows the comparison between the amount adsorbed
and desorbed for methylene blue and methyl orange. According to
the desorption study, we noted for the two types of dyes (methy-
lene blue and methyl orange) that the desorbed amount is about
10% after 6 h of desorption.

CONCLUSION

The present study revealed the feasibility of date pits as an effi-
cient raw precursor for the preparation of activated carbon. Chemi-
cal chloride zinc activation showed good development of pore struc-
tures, with the surface area, micropore surface area and total pore
volume of 1,380 m*/g, 1,110 m”/g and 0.91 cm’/g, respectively. Acti-
vated carbon prepared from date pits exhibited amphoteric behav-
ior; indicating its suitability for removal of both anionic (methylene
blue) and cationic dyes (methyl orange). Adsorption behavior is
described by a monolayer Langmuir type isotherm. Kinetic data
follows a pseudo-second-order kinetic model. The maximum ad-
sorption capacities are Q,=455 and 434 mg-g "' for MB and Mo,
respectively, which are comparable with the values for commer-
cial activated carbon reported in earlier studies.
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