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Abstract

Investigational studies were carried out to adsorb toxic brilliant green dye from
aqueous medium using palm fronds activated carbon. The effects of initial dye
concentration, contact time were studied for the adsorption of brilliant green in
batch mode. The adsorption kinetic has been described by first-order, pseudo-
second-order, Elovich’s and intra-particle diffusion models. It was observed that
the rate of dye adsorption follows pseudo-first-order model for the studied dye
concentration range. The adsorption reached equilibrium after 150 minutes of
contact. Adsorption isotherms were also used to fit the experimental data. It was
found that the adsorption of brilliant green on palm frond activated carbon follows
the Langmuir and Temkin adsorption isotherm models. The maximum adsorption
capacity was found to be 45.45 mg.g™'.
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1. Introduction

Among the several methods usually employed for wastewater treatment, the adsorption process
is usually considered a best treatment method. Adsorption with the suitable choice of adsorbent
offers an efficient as well as cheap water treatment process. In the recent years, the use of
activated carbon prepared from locally available agricultural wastes has emerged as an eco-
friendly adsorbent for wastewater treatment. Activated carbon (AC) is a type of carbonaceous
materials with some excellent properties such as large specific areas, nontoxicity, high porosity,
and the ability of their surface to contain different functional groups [1].

Activated carbons are usually produced by either physical and/or chemical activation method.
The chemical activation is more preferred as it needs lower activation temperature and gives
higher yield compared with the physical activation [2]. For alkaline chemical activation
potassium or sodium hydroxides are often used. Although sodium hydroxide (NaOH) is more
advantageous as it is cheaper, more environment-friendly and less corrosive than potassium
hydroxide, this makes it suitable over KOH for several industrial applications [3].

A great amount of synthetic dyes is being discharged into water effluents as a result of several
industrial processes. Dyes in water, even at very low concentration are highly unwanted. Dyes
in water prevent the appropriate entrance of sunlight; delay photosynthesis; hinder the growth
of aquatic biota and affect the solubility of gases within the water bodies and most severely
they can cause the production of poisonous carcinogenic products [4].

There are several types of synthetic dyes used in industry among which we are concerned in
the present work with brilliant green dye. It is an organic , cationic dye that belongs to the
family of tri-phenyl methane and which is widely used as biological stain, dermatological
agent, veterinary medicine, and an additive to poultry feed to inhibit propagation of mold,
intestinal parasites, and fungus [5]. Brilliant green dye has been reported to be toxic for
humans, it causes irritation to the gastrointestinal tract, nausea and vomiting, irritation to the
respiratory tract and irritation to skin [6].
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The removal of dyes from water effluents is thus an important issue and the use of an
appropriate treatment method must be considered. Several techniques are available for
treatment of wastewater such as adsorption, chemical coagulation, electro coagulation,
membrane separation, biological methods such as fungal and microbial decolourization [4].

In the present work, we investigate the possible use of palm fronds as a precursor material for
the preparation of activated carbon and the applicability of this activated carbon as adsorbent
for brilliant green dye removal from wastewater.

2. Experimental

Palm fronds were obtained from Agricultural Research Center (ARC) in Egypt. The fronds
were washed to remove any dirt and then oven dried overnight at 105°C. The fronds were then
heated (transferred to ash) in a muffle furnace for 4 hrs at 500°C. The activation process was
done using NaOH at an impregnation ratio of 1:1 (ash : NaOH). The activation steps used were
as previously reported by [7] with little modification. The resulting activated carbon was
assigned PFAC. The functional groups of PFAC were determined using Fourier
Transformation infrared technique by a Perkin-Elmer FT-IR 1650 spectrophotometer with
working range (200-4000 cm™).

Brilliant green dye (BG) was obtained from Sigma-Aldrich. Chemical formula:
C27H34N204S Mwt: 482.62. The structure of BG is illustrated in Fig. 1. An accurately
weighed quantity of the dye was dissolved in deionized water to prepare a stock solution (1000
mg/l). Experimental solutions of the desired concentrations were obtained by diluting the stock

solution with deionized water.
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Figurel. Molecular structure of Brilliant Green.

2.1 Analytical measurements

Concentrations of dyes were determined by finding out the absorbance at the characteristic
wavelength using a double beam UV/VIS spectrophotometer (SPECORD 250 plus, Analytik
Jena). A standard solution of the dye was taken and the absorbance was determined at different
wavelengths by scanning absorbance versus wavelength and the Amax corresponding to
maximum absorbance was found to be A= 638 nm. This wavelength was used for determining
the concentration of the dye solution during the adsorption experiments.

2.2 Adsorption experiments

Batch experiments were performed at different contact time (30, 45, 60, 90, 120,150 and 180
min.) and different initial concentrations of BG (25 to 125 mg/l). The experiments were
performed at room temperature. At the beginning of each experiment 25 ml of dye solution
was mixed with (0.04g) of PFAC. The tubes were shacked for the pre-determined contact time
and at the end of each experiment the adsorbent was separated from the solution by filtration.
And the adsorption capacity (q) was calculated as follows.
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q(mg/g) = (Cr- Ci) x V/IW (1)

where, Cr (mg/1) is the remaining concentration of dye in solution after adsorption, C; (mg/l) is
the initial dye concentration, V (L) is the volume of solution used in the experiment and W(g)
is the adsorbent weight.

3. Results and discussion
3.1. Adsorbent Characterization

The FTIR spectrum of PFAC is shown in figure 2. The spectrum shows five characteristic
bands at positions 3442.31 are assigned to O-H stretching mode of hydroxyl groups, the strong
bands at 1092.48 and1058.73 cm™! may be due to C-O group [8], 796.45 cm ' occurs probably
due to the aromatic C-H bond and that at 469.582 cm™' could be due to the C-C bending
vibrations of normal alkenes. Thus the FTIR results have confirmed the presence of functional
group that could offer potential adsorption sites [9]. A broad peak observed at 1629 cm™!, before
absorption, is assigned to the aromatic C—C ring stretch [10].
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Figure 2. FTIR for Palm frond activated carbon (PFAC).

3.2. Effect of contact time and dye concentration on adsorption

Equilibrium time is one of the most important parameters in the design of economical
wastewater treatment systems [11]. Figure 3 shows the variation of dye removal percentage in
response to contact time. It is observed that at low contact time the removal percentage is
usually small and then it starts to rapidly increase before reaching its equilibrium. The
adsorption of BG by PFAC reached 85% after 150 minutes and remained almost unchanged
thereafter. According to Mane and Babu (2011) at the start of contact time, there is a large
number of vacant surface sites available for adsorption, and after a lapse of time, the remaining
vacant surface sites are difficult to be occupied due to repulsive forces between the solute
molecules on the solid and bulk phases[12].

The effect of initial BG dye concentration on its removal percentage by PFAC is shown in
Figure 4. It is observed that the removal percentage decreased from 90.88 to 60.56% by
increasing the dye concentration from 25 to 125mg/1, respectively. The percent removal of dye
decreases with increase in initial concentration because of the fact that with increase in dye
concentration, there will be increased competition for the active adsorption sites [13].
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Figure 3. Effect of contact time on BG removal.
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Figure 4. Effect of BG concentration on its removal.

3.3. Adsorption kinetics and mechanism

In order to investigate the adsorption of brilliant green on the surface of palm fronds activated
carbon, different kinetic models are used to examine the controlling mechanism of adsorption
process. The pseudo-first-order kinetic model, pseudo-second-order kinetic model and
Elovich’s model were investigated to find the best fitted model for the experimental data.

The linear form of Lagergren’s first order rate equation [14] is as follows.

In(qe —qt)=Inge—Ki t 2)
where qe is the amount of dye adsorbed onto the adsorbent at equilibrium (mg/g), q: is the
amount of dye adsorbed onto the adsorbent at any time t (mg/g), and K; (min™') is the rate
constant of the pseudo-first-order adsorption which can be calculated from the slope of the
linear plot of In (qe — q¢) against t.

The linearized form of the pseudo-second-order model as given by [15] is

t/qr =1/k2qe* +1/qe t 3)
where K> (g mg'min™) is the rate constant of the pseudo-second-order adsorption, qe is the
amount of dye adsorbed on the adsorbent at equilibrium (mg/g), and q: is the amount of dye
adsorbed on the adsorbent at any time, t (mg/g). K> (gmg'min') can be calculated from the
slope and intercept of the plot of t/q; against t.

The Elovich’s equation [16] is expressed as

q: = (1/b) In (axb) + (1/b) In(t) 4)
where a and b are the constants for this model obtained from the slope and intercept of the
linear plot of qt versus In(t).



A. Ahmad and G. EIChaghaby

Water and Desalination Research Journal

Vol. 2, No. 1; 2018

Figures (5, 6 and 7) gives plots of Lagergren’s first order, pseudo-second-order and Elovich’s
models respectively. The parameters calculated from each model are listed in Table (1).
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Figure 5. Lagergren’s first order plots for the removal of Brilliant Green (BG) by PFAC.

tiq

9
8 ~*
7 Y /
; —
5 A
4 /
\ «
2
1
0 . : :
0 50 100 150
t (min)

200

Figure 6. pseudo-second-order plots for the removal of brilliant green (BG) by PFAC.
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Figure 7. Elovich’s plots for the removal of brilliant green (BG) by PFAC.
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Table 1. Kinetic parameters for the removal of Brilliant Green (BG) by PFAC.

Lagergen first order pseudo second order Elovich Intra-particle diffusion Qexp.
R K Qe R2 K2 Qe R2 a b R2 Kid C 20.0
0.986 | 0.0169 | 18.33 | 0.973 | 4.415 | 30.03 | 0.973 | 7.34x10% | 0.513 | 0.9695 | 1.571 | 0.76

The kinetic parameters and the determination coefficient (R2) from the three kinetic models’
equations are calculated and the results are shown in Table 1. The results showed that the
determination coefficient for the first-order kinetic equation is greater than the coefficients of
the two other models. Also the adsorption capacity calculated by the model is close to that
determined by experiment (qexp.). This indicates that adsorption of brilliant green dye onto the
PFAC is best represented with a pseudo-first-order kinetic model. Shirsath et al. [6] have
interpreted the pseudo-first order equation in terms of the kinetic process governed by the rate
of first-order reversible reaction, in which the rate of sorption process in independent of the
adsorbed amount present on the surface at a given time. These results suggested that a physical
adsorption might be involved in the adsorption process [17].

The adsorption of BG by PFAC was also studied from mechanism point. In this respect, the
Intraparticle diffusion model was applied to investigate whether the adsorption process was
controlled by diffusion in the adsorbent particles and consecutive diffusion in the bulk of the
solution [18].

The intra-particle diffusion equation [19] can be written as

q=Kigt"?+C (5)
where q; is the amount of dye adsorbed onto the adsorbent at time t (mg/g), C is the intercept,
and Kiq is the intra-particle diffusion rate constant (mg g-! min™).
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Figure 8. intra-particle diffusion plot for the removal of brilliant green (BG) by PFAC.

Figure (8) shows the plot of gt versus t? for the adsorption of BG onto PFAC with slope =
0.1571 mg g! min"! and an intercept = 0.76 corresponding to the intra-particle diffusion rate
constant (Kiq) and the thickness of the boundary layer (C), respectively. It can be seen that the
plot gives one straight line indicating that the adsorption mechanism follows the intraparticle
diffusion process. The value of C gives an idea about the thickness of boundary layer i.e. the
larger the intercept the greater is the boundary layer effect. The deviation of straight line from
the origin may be because of the difference in the rate of mass transfer in the initial and final
stages of adsorption[18].
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3.4. Adsorption equilibrium

The equilibrium modeling of brilliant green dye removal by PFAC was further assessed by
applying the Langmuir, Freundlich and Temkin models to the experimental data.

The Langmuir isotherm is based on the assumption that there is a finite number of binding sites
which are homogeneously distributed over the adsorbent surface. The equation of Langmuir
isotherm [20] is represented as below.

Ce/qe = 1/bL qo + Ce/qo (6)

where C. (mg/L) and qe (mg/g) are the liquid phase concentration and solid phase concentration
of adsorbate at equilibrium, respectively, and qo (mg/g) and b (L/mg) are the Langmuir
isotherm constants.

The Freundlich isotherm model is an exponential equation that applies to adsorption on
heterogencous surfaces with interaction between adsorbed molecules and is not restricted to
the formation of a mono layer. The Freundlich model [21] is given as

Log(q) = log(Kp+ 1/n log(Ce) (7

where K¢ (mg/g(L/g)1/n) is the Freundlich constant related to the bonding energy, and n is the
heterogeneity factor. n is a measure of the deviation from linearity of the adsorption. It indicates
the degree of non-linearity between solution concentration and adsorption.

The Temkin isotherm assumes that a decrease in the adsorption heat is linear and that the
adsorption is characterized by a uniform distribution of binding energies. The Temkin linear
form of isotherm is given by equation [22]:

ge = at + be In(Ce) ®)
where br and a; represent isotherm constant related to the adsorption capacity of the adsorbent.

Figures (9,10 and 11) gives plots of the Langmuir, Freundlich and Temkin models,
respectively. The parameters calculated from each model are listed in table (2).
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Figure 9. Langmuir plots for the removal of Brilliant Green (BG) by PFAC.
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Figure 10. Freundlich plots for the removal of Brilliant Green (BG) by PFAC.

45

40

35 /

30
i Pt
20

15 /

10

\

0 1 2 3 4 5
In(C)

Figure 11. Temkin plots for the removal of Brilliant Green (BG) by PFAC.

Table 2. Isotherm parameters for removal of Brilliant Green (BG) by PFAC.

Langmuir model Freundlich model Temkin isotherm
Rz b qm Rz I/n Kr Rz at bt
0.9951 | 0.126 | 45.45 | 0.9715 | 0.39 | 8.87 | 0.9974 | 4.032 | 8.774

The correlation coefficients for the Langmuir, Freundlich and Temkin models as shown in
Table (2 ) are all greater than (0.95). The adsorption equilibrium study indicated that the data
of the adsorption of brilliant green onto PFAC best fitted the Temkin and Langmuir adsorption
models (R2 > 0.99).

In Table (2), the Langmuir maximum capacity (qm), was obtained as 45.45 mg.g”! and
Langmuir constant, br, which indicated sorption energy, was found to be 0.126 L.mg™'. The
value of 1/n less than 1 in the Freundlich model indicate the favorable nature of adsorption of
BG on PFAC under the studied conditions [23].

The suitability of the Temkin model for fitting the data of BG adsorption onto PFAC suggests
adsorbent-adsorbate interactions which causes a decrease in the heat of adsorption of all the
molecules in the layer to decrease linearly with coverage, and that the adsorption is
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characterized by a uniform distribution of the binding energies up to some maximum binding
energy [24]. Also, the good fitting of adsorption data with Langmuir equation, indicates that
surface energies of PFAC were uniform. Langmuir model assumes uniform energies of
adsorption onto the surface of adsorbent with no transmigration of adsorbate in the plane of the
surface, and the adsorbed molecules have no interaction [25].

4. Conclusion

Activated carbon prepared from palm frond may be used as a less expensive adsorbent for the
removal of brilliant green dye. The adsorption has been investigated with respect to contact
time and initial dye concentration. The percentage removal attained equilibrium after 150
minutes and decreased by increasing the initial dye concentrations from 25 to 125mg/l.
Adsorption kinetic followed the pseudo-first-order kinetics. The equilibrium data are analyzed
using Langmuir, Freundlich and Tempkin isotherm equations. The results showed that the
experimental data were best described by Langmuir and Temkin models.
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