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ABSTRACT

Activated carbon from olive pit (ACop) was prepared by H,PO, and KOH activation followed by car-
bonization at 280°C. The ACop was characterized with physical techniques such as scanning electron
microscopy (SEM), X-ray diffraction, Fourier transform infrared spectroscopy, Brunauer-Emmett-Teller
(BET) surface area and pore size analyzer. The SEM images reveal porous nature of ACop; BET surface
area and total pore volume of ACop were 1,209 m*/g and 0.78 cm®/g, respectively. The adsorption capabil-
ity of ACop was tested for the removal of toluidine blue (TB) from aqueous solution in a batch type and
fixed bed column reactor at experimental conditions such as temperature, adsorbent dosage, time, pH
and initial dye concentrations. Batch studies show that the adsorption of TB on ACop proceeds through
pseudo-second-order kinetics and follow Temkin adsorption isotherm at optimal reaction conditions.
Fixed bed column studies revealed the industrial applicability of ACop for TB removal from industrial
effluent. Thus, ACop can be a suitable adsorbent for the removal of TB from aqueous medium.
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1. Introduction

Dyes have the complex chemical architecture with aro-
matic skeleton. On the basis of chemical structure, six classes
of dyes exist such as sulfur, azo, indigoid, anthraquinone,
triphenyl methane and phthalocyanine derivatives [1]. These
have been used in various industries, such as paper, textiles,
cosmetics, food, rubber, pulp and lather, to color their prod-
ucts [2]. Dyes were also used in paper printing, colored pho-
tography and as additives in petroleum products [3]. In fact,
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global productions of organic dyes are 450,000 t/year and
approximately 15% of these dyes lost in wastewater [4], so it
has become a permanent part of the industrial wastewater.
Due to complex structure, dyes have high stability and cannot
be removed easily from wastewater [5]. In textile industries
about 10%—60% losses of reactive dyes were recorded in waste-
water which was released to the environment [6]. The exis-
tence of these dyes not only cause the unwanted color of water
but also prevent the entrance of sun light into water which
stop photosynthesis in aqueous plants and so the growth of
aquaticbiota [4,6,7]. Furthermore, the toxicity of dyes includes
carcinogenicity, cytotoxicity, hepatotoxicity, microbial toxicity,
mutagenicity, neurotoxicity and photodynamic toxicity [8,9].
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Thus, it is quite important to remove these chemicals from
industrial wastewater before discharging to the environment.

Toluidine blue (TB) has been used in a number of industrial
processes such as the solar and photovoltaic cells [10], inks and
toners [11], recording materials [12], paints [13], electrorheolog-
ical materials [14], textiles [15], detergents [16], analytical diag-
nostics and security needs [17,18]. In these processes significant
amount of water being used, so TB gets part of the wastewater
in the environment. Different biological, chemical and physical
methods were used for the industrial wastewater treatment.
For example, chemical oxidation, electrochemical treatment,
liquid-liquid extraction [7], oxidation—ozonation, adsorption,
coagulation—flocculation, biological treatment and membrane
processes [2]. Among these, adsorption was the simple and
cost-effective method but generate solid waste. However, once
a dye adsorbed efficiently onto an adsorbent then it may be
easy to regenerate the dye and thus can be reused. Activated
carbon (AC) has been used as an adsorbent for the removal
of dyes, color and taste due to its better adsorption capacity.
Mostly, wastewater, vegetable oils and animal oils were treated
with AC to remove color, odor, taste and other undesired impu-
rities [19]. For, these applications AC was commonly prepared
from agricultural residues such as husk, nut shell, wood, peat,
saw dust, lignite, coal, bones, fruit pits, charcoal, waste of paper
mills and synthetic fibers. Thus, AC can be a useful material for
the removal of TB from aqueous solution.

In this study, the activated carbon from olive pits (ACops)
were prepared by chemical activation subsequently with
phosphoric acid (H,PO,) and potassium hydroxide (KOH)
followed by carbonization at 280°C. The prepared adsorbent
was characterized using physical techniques and utilized
for the removal of TB from aqueous medium under optimal
experimental conditions. The batch and fixed bed study of
the adsorbent suggest that ACop can be a significant adsor-
bent for the removal of TB from wastewater.

2. Materials and methods
2.1. Adsorbate

o-Toluidine blue (CAS number; 92-31-9, color index num-
ber 52040; C H, CIN,S, molecular weight; 305.83 g/mol and
A, = 630-635 nm, Sigma-Aldrich) was obtained from a local
chemical trader in Pakistan.

2.2. Preparation of adsorbent

Table 1 summarizes the conditions which involve in the
preparation of ACop. Briefly, the olive stones were washed,
dried and finely crushed. The crushed sample was soaked
in a 300 mL of H,PO, (50%) solution for 24 h. The acid acti-
vated sample was then treated with 500 mL of KOH (0.5 M)
solution. The sample was washed with distilled water until
neutralized pH and then carbonized at 280°C on a ramp of
0.5°C/min and maintained at peak temperature for 2 h under
nitrogen flow. The sample was cooled to room temperature,
crushed and stored in an air tight bottle.

2.3. Characterization

Morphology of the ACop was studied by scanning electron
microscopy (SEM, JSM 5910, Jeol, Japan). The X-ray diffraction

Table 1
Conditions for preparation of ACop

Precursor Olive pit
H,PO, (50 wt%), KOH (0.5 M)

Carbonization temperature (°C) 280

Chemical treatment

Before impregnation (w/g) 40
After impregnation (w/g) 29
After heat treatment (w/g) 14.6
Bulk density (g/L) 0.99
% loss (W/g) 63.5

(XRD) pattern was determined by X-ray diffractometer (JDX-
3532, Jeol, Japan) with an X-ray source of Cu Ka (I = 1.5418 A)
at voltage: 2040 kV, current: 2.5-30 mA and 20 = 10°-80°. The
Brunauer-Emmett-Teller (BET) surface area was ana-
lyzed by surface area and pore size analyzer (NOVA2200e,
Quantachrome, USA), under nitrogen flow. Fourier trans-
form infrared spectroscopy (FTIR) analysis was performed on
Shimadzu, IR Prestige 21, FTIR-8400S, employing diffuse reflec-
tance accessory [DRS-8000A]. The resolution of spectra was
4 em™ with 50 accumulations in the range of 4,000-500 cm™.

2.4. Batch study

Solutions of desired concentrations were prepared by
dissolving TB in deionized water. ACop and TB solutions
were loaded into flask and placed in a shaker at desired tem-
perature for specific duration. After experimental run, the
adsorption slurry was filtered. The adsorbate concentration
in the filtrate was measured by UV-1800 (UV-visible spectro-
photometer). The total dye adsorbed in percentage per gram
of adsorbent y was determined by Eq. (1), where x, is the ini-
tial concentration of TB solution and x, is the final concentra-
tion of TB solution while w is the adsorbent weight.

:(x,'_xf)

w

%100 1)

2.5. Fixed bed column study

In the fixed bed study, a column was packed with ACop.
The internal diameter of column was 1.5 cm and height of
packed material was 12 cm. The solution (20 mg/L) was
allowed to flow under gravity. The final concentration of the
solution was determined by UV spectrophotometer.

3. Results and discussion
3.1. Characterization

The SEM images presented in Fig. 1 show the surface
morphology of ACop with different magnifications. SEM
images reveal the presence of all types of pores on ACop.
The macropores are larger in size and considered as the part
of external surface of ACop while the measure of micropo-
res and mesopores are given in Table 2, which are responsi-
ble for better adsorption of TB on ACop. The pores having
width <2 nm are referred as micropores while pores having
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Fig. 1. SEM images of ACop with magnification of (a) 500, (b) 1,000, (c) 2,000%, and (d) 3,000x.

Table 2
Pore structure parameters of ACop

Activated carbon Olive pits
BET surface area (m?/g) 1,209
Total volume (cc/g) 0.78
Volume of micropores (cc/g) 0.48
Volume of mesopores (cc/g) 0.3

width from 2 to 50 nm are considered as mesopores accord-
ing to IUPAC nomenclature. In order to find the effect of
activation on surface area the olive pit without H,PO, and
KOH activation was directly subjected to carbonization
at 280°C. The surface area of 180 m?/g was observed sug-
gested that the activation before carbonization significantly
increases the surface area of ACop and thus can enhance the
efficiency of the adsorbent. Yakout et al. [20] prepared ACop
with activation of H,PO, at different concentrations such as
60, 70 and 80 wt% followed by carbonization at 500°C. The
observed surface areas were 257, 779 and 1,218 m?/g with 60,
70 and 80 wt% H.PO,, respectively. In the present study, with
50 wt% of H,PO, and 280°C carbonization surface area of
1,209 m?/g were achieved. This high surface area may be due
to the H,PO, activation followed by KOH (0.5 M) treatment.

Redondo et al. [21] synthesized ACop in alkali media KOH
followed by carbonization at 700°C. They observed the sur-
face area of 1,815 m?%g suggested that KOH significantly
enhances the surface area of ACop. Thus, we have achieved
comparatively large surface area at low carbonization tem-
perature because the acid activation produced channels on
the ACop surface whereas the subsequent KOH treatment
may functionalized the acid activated channels.

Fig. 2 shows the XRD pattern of ACop. No peaks were
observed which suggest the amorphous nature of the ACop.
Earlier study reports the similar XRD pattern with no distinc-
tive peak of AC [22].

Figs. 3 shows the FTIR spectra of ACop, treated with
H.PO, (50%) and ACop after TB adsorption. Broad peak at
3,420-3,444 cm™ indicates the presence of OH group and
water vapors. Further peaks at 2,921 and 2,855 cm™ and
1,450 cm™ show aliphatic C-H stretching in -C-H- and -
CH- deformation, respectively. Peaks at 885, 840 and 775 cm™
confirm the deformation of C-H in different substituted ben-
zene ring. The band at 1,700 cm™ refers to C=O stretching
vibration of carbonyl groups. In ACop, C-C vibrational band
at 1,600-1,580 cm™ was attributed to aromatic ring. As the
ACop was treated with H,PO,, so the peak at 1,190-1,200 cm™
indicates the presence of (P=0) to O-C stretching vibration
(P-O-C hydrogen bonded in aromatic) and also POOH.
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Fig. 2. XRD diffraction pattern of ACop.
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Fig. 3. FTIR spectra of ACop and ACop after TB adsorption.

The symmetrical vibration of P-O-P chain and ionized
linkage of P-O- was indicated at 1,100 cm™.

3.2. Effect of various parameters on percentage removal of TB

The initial pH value of the adsorbate solution is one of the
important parameter in adsorption of an ionic species such
as cationic TB. The changes in pH value affect the charged
density of both adsorbent and adsorbate. Fig. 4 shows the
removal of TB (%) at different pHs = 2.5-9.5 at initial dye
concentration of 20 mg/L, amount of ACop = 0.5 g, tempera-
ture =298 K, time = 30 min and stirring speed = 250 rpm. The
adsorption of TB increased with an increase in pH reached
maximum removal of 93 % at pH = 9.5. At acidic pH the low
adsorption may be due to the competitive accumulation of
protons (H') on the adsorbent surface as reported elsewhere
[23]. The increase in TB adsorption onto ACop at high pHs
was due to electrostatic interaction of oppositely charged
ACop and TB at high pH. The TB has two pK, values of 2.4
and 11.6 [24]. Above these values the TB exhibits cationic
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Fig. 4. Removal of TB with ACop as a function of pH.
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Fig. 5. Removal of TB as a function of amount of ACop.

charges while the ACop has anionic groups on the surface
due to acid treatment followed by KOH activation. Thus, at
high pH the cationic charged density of TB increases results
in high adsorption on the adsorbent surface. Alpat et al. [25],
Dogan and Alkan [26] obtained similar enhancement of cat-
ionic dyes with increasing pH. In this study, the TB removal
was carried at initial solution pH = 7.5 for further experi-
ments or otherwise specified.

To investigate the effect of ACop loading on the adsorp-
tion of TB, a series of experiments were carried out with dif-
ferent amount of ACop ranging from 0.5 to 3.5 g while values
of other variables were constant; dye concentration (20 mg/L),
stirring speed =250 rpm, pH = 7.5 and contact time = 30 min,
as shown in Fig. 5. The percentage removal increased with
an increase in ACop dose. This trend was attributed to the
ACop surface area and accessibility of more absorption sites,
afterward the surface area was proportional to the adsorbent
mass in the solution [7].

Fig. 6 shows the adsorption of TB onto ACop as a func-
tion of initial dye concentration and time at experimental
conditions temperature = 298 K, pH = 7.5, shaking speed
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Fig. 6. Adsorption of TB onto ACop at different concentrations.

= 250 rpm and amount of ACop = 0.5 g. Adsorption of TB
increased as the time progressed until equilibrium reached
at time = 5 min. Moreover, the system achieved equilibrium
by further increase in time this may be due to the defined
mass transfer of TB molecule from the bulk solution to the
outer surface of ACop [27,28]. The percentage removal
decreased with increased in concentration of TB. The per-
centage removal always decreases with increase in initial dye
concentration because the high amount of initial dye concen-
tration contains large number of dye molecules and thus the
given adsorbent surface occupy with the dye. And thus the
amount of dye molecules adsorbed per gram of the ACop
was increased with an increase in initial dye concentration.

3.3. Thermodynamic parameters

Fig. 7 shows the effect of temperature on the removal of
TB on ACop. The percentage removal of TB decreased from
93% to 49%. This decrease was attributed to the weakening
of the interaction of active sites of ACop with TB. The ther-
modynamic parameters reflect the exothermic adsorption of
TB onto ACop, as measured from AG®°, AH® and AS°®, using
Egs. (2) and (3):

AG® = -RTIn(K.) @)

AG® —-AH° AS°
Ink, =~ = +
RT RT R

®)

The negative value of AG®=-10.88 ] suggests that adsorp-
tion process was spontaneous, the AH® = -10.98 J confirms
that the adsorption was exothermic, while AS°® =-3.06 x 10~
indicates that the adsorption of TB on ACop was favorable
adsorption process [25].

3.4. Adsorption kinetics

To measure the kinetics of TB adsorption on ACop, the
pseudo-first-order and pseudo-second-order kinetics Eqs. (4)
and (5) were applied to experimental data:
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Fig. 7. TB adsorption onto ACop at different temperature.
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where g, is the equilibrium amount of TB and g, is the
amount of TB adsorbed at equilibrium and at any time, ¢ is
time, while k, and k, are the rate constant for pseudo—first-
order and pseudo-second-order kinetics, respectively. The
pseudo-first-order regression showed poor fitting (Fig. 8(a))
while the pseudo-second-order equation has better fitting
(Fig. 8(b)) with correlation coefficient value (R* = 0.9973)
suggest that the TB adsorption onto ACop follow pseudo-
second-order kinetics [29].

To determine the rate limiting step in a batch type adsorp-
tion process, Weber and Morris [30,31] model was applied to
data:

g, =kt +C (6)

where g, is the adsorbed amount of TB in mg/g, k, is the diffu-
sion coefficient value in mg/(g min'?) and ¢ is the time in min.
According to Eq. (6), the curve of g, vs. t*3should be straight
passing over the origin, if the intraparticle diffusion is the
rate limiting step, but in Fig. 9 the plot is typically divided
into the region with initial smooth curve complied by a linear
plot which reveal that diffusion via pores is not a rate limit-
ing step but boundary control layer was also required in the
adsorption process.

The most important part of the study was to elucidate the
adsorption isotherm for TB adsorption on ACop. The com-
mon isotherms for adsorption such as Langmuir, Freundlich
and Temkin were investigated for TB adsorption on ACop
[32-34]. According to the Langmuir adsorption kinetic,
adsorption occur at specific homogenous sites on the adsor-
bent that are all energetically equivalent.

The Langmuir equation can be linearly written as:

C 1 C
e )
Do Tmaxl T
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Fig. 9. Plot for the intraparticle diffusion of TB adsorption on
ACop.

where ¢, is the total adsorbed amount of TB per unit mass
of ACop at equilibrium, C, is the final concentration of TB
in a solution at equilibrium, g__ is the maximum adsorp-
tion at monolayer capacity on ACop and b is the adsorption

constant. The favorability of adsorption mechanism is shown
by dimensionless equilibrium parameter as follows:

R o=t ®)
(1+0C,)

where C, is the initial concentration of TB in solution. The
value of R, shows isotherm types, either (0 <R, <1) favorable,
(R, > 1) unfavorable, (R, = 1) linear or (R, = 0) which is irre-
versible. In this study, the R, value was observe less than one
and greater than zero and confirmed that the adsorption of
TB is favorable on ACop.

The Freundlich equation was employed to examine the
experimental data for the explanation of heterogeneity of the
system, the equation is as follows:

Ing, =InK; + llnCB )
n

where K, is Freundlich constant associated with adsorption
process such as adsorption capacity and intensity, respec-
tively. Accordingly, the adsorption data were also subjected
to Temkin adsorption isotherm, the linear form of this equa-
tion can be written as:

g, =kInA + KInC, (10)
where k is Temkin binding energy isotherm constant, while
A is Temkin isotherm constant. On the basis of R? value,
the Langmuir model provide a fit at R* = 0.92 (Fig. 10(a)),
smaller than the regression values for Freundlich at R*> = 0.95
(Fig. 10(b)) and Temkin showed best fit at R*=0.99 (Fig. 10(c))
adsorption isotherms, respectively. These data confirms the
monolayer adsorption followed by multilayers formations.

3.5. Fixed bed column study

In the fixed bed column study, it was observed that the
maximum amount of dye was charged to column. In the
recent study, the effect of inlet flow rate, height of bed, ini-
tial concentration was not investigated. Although the column
study gives a clue that AC prepared from olive pit can be
used efficiently for the removal of TB from textile industries
effluent.

3.6. Fractal analysis

The equation is given as:

Ing, = constant — 1ln(lmCﬁ) (11)
n

s (]

where D is the fractal dimension, C, is the TB concentration

at equilibrium, g, is the adsorption capacity at equilibrium.
Frenkel-Halsey-Hill plot was constructed for the adsorp-

tion of TB on the surface of ACop as presented in Fig. 10(d).

12)
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Fig. 10. Adsorption isotherms (a) Langmuir, (b) Freundlich, (c) Temkin curves of TB on ACop; and (d) fractal analysis of ACop.

The value of fractal dimension fall as 2.93 while the regres-
sion value is R?= 0.999. The value of fractal dimension (2.93)
gives the description about the heterogeneity of the surface,
structural and geometric properties of the surface and porous
nature [35]. The value of fractal dimension > 3 represents
irregular, rough and porous structure of AC while the value
of fractal dimension near to 2, suggests the regular, smooth
and nonporous surface of AC [20]. In the present study, D
value is near to 3 which mean that the surface of ACop is very
rough, irregular and porous in nature.

4. Conclusion

The ACop with surface area 1,209 m?/g and total pore vol-
ume 0.78 cm®/g was utilized for the eradication of TB from
aqueous medium. The fractal analysis revealed that the sur-
face of ACop was porous. The maximum adsorption of TB on
ACop was 83% at optimal conditions pH = 7.5, concentration
of TB =20 mg/L, dose of adsorbent=3.5 g/L, time =5 min and
temperature = 298 K. The adsorption of TB on ACop fol-
lowed pseudo-second-order kinetics with regression value
of (R*=0.99) and proceeds with Temkin adsorption isotherm
(R*=0.99). Fixed bed column studies show that ACop was a
potent adsorbent material for TB adsorption from the aque-
ous medium.
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