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Abstract:

This study aimed to investigate the adsorption behavior of malachite green (MG) dye on the surfaces
of the twigs of carob and eucalyptus plants in aqueous solutions. Carob and eucalyptus twigs were
collected from two trees in the city of Gharyan, Libya. Then, the kinetics and adsorption isotherms of
the adsorption of MG on both adsorbents were evaluated. The results showed that the surfaces of the
twigs of carob and eucalyptus plants adsorbed the dye with almost the same efficiency. The kinetic
experiments of the adsorption of MG on both adsorbents were well described by a pseudo-first- order
model. And the pseudo-second-order model, the kinetic Elovich model, and the intra-particle diffusion
model, where the values of the correlation coefficient (R?) indicated that the adsorption data agree well
with the four kinetic models. It has been found that the mechanism of MG adsorption process on carob
and eucalyptus follows a chemical adsorption process according to the parameters obtained in the
study. The experimental data were analyzed by the Langmuir, Freundlich, Timken, and Dubinin
Radushkevich adsorption isotherm models of adsorption. The characteristic parameters for each
isotherm and related coefficients of determination were determined. It was found that the adsorption of
dye on the surface of carob and eucalyptus is more consistent with the Freundlich model, which proves
the non-homogeneity of the surface of the twigs of the two plants. The value of the Tamkin constant By,
which represents the adsorption capacity, agreed closely with the adsorption capacity obtained
practically, and the energy of adsorption (E) obtained from D-R isotherm suggests chemical adsorption.
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1. Introduction

Textile, leather, paper, plastics, and cosmetics industries all utilize dyes in production processes,
leading to the production of a sizable volume of colored wastewater [1]. Each year, around 700,000
tons of dyestuff and 100,000 commercial dyes are produced, with 10% of the amount of those dyes
being released into wastewater from the textile and related industries. When these frequently effluents
are dumped into water or land, they cause toxicological and aesthetic harm [2, 3]. Malachite green (MG)
is one of the often employed industrial dyes in manufacturing sectors including textile, paper and food
processing. Triphenyl methane is the source of this cationic dye. At low pH, MG gains a positive charge
(pKa = 10.3) as the auxochrome group is protonated [4]. MG is primarily used to dye wool, silk, acrylic,
wood, and paper and leather. Additionally, it is employed in the fish farming business to treat bacterial,
fungal, and parasitic illnesses. It has a wide range of uses, but because it is poisonous, it has a severe
impact on both aquatic life and human health when it is present in water [5, 6]. It has teratogenic effects
on the neurological system and brain, as well as harm to the liver, spleen, kidney, and heart. It also
causes lesions to the skin, eyes, lungs, and bones. Generally speaking, the release of dyes into water
resources, even in small amounts, is aesthetically displeasing, inhibits light penetration, and alters the
gas solubility for photosynthesis and respiration activities [7, 8]. However, physical interaction with
several methods, including precipitation [9], flocculation [10], adsorption [11], ion exchange [12], and
membrane separation [13], can be used to remove dyes from water. Adsorption is said to be the most
straightforward and economical method [11]. At the moment, research is focused on the development
of inexpensive adsorbents for removal of chemicals. Natural, agricultural, and industrial by-product
wastes can be used as inexpensive adsorbents due to their widespread availability at low or no cost,
and due to their effective removal of dyes from aqueous solutions. A number of low-cost materials have
been used to remove dyes from aqueous solutions. These include: olive pomace [14, 15], corn cob [16],
neem sawdust [17], pulverized teak leaf [5], almond shells [11, 18], Brachychiton Populneus fruit shell
[19] rice husks [20]. Also, eucalyptus [21, 22], seeds and bark of carob [23, 24] have been used.

The goal of the current research was to investigate the adsorption behavior of malachite green (MG)
on the surfaces of the twigs of carob and eucalyptus plants in aqueous solutions.

2. Material and Methods

2.1 Chemicals:

The source of the MG was BDH (BDH Chemicals, Poole, UK). Double distilled water was used to
prepare all the solutions. A stock solution of malachite green was prepared by dissolving 0.1g of
malachite green in 1000 mL of water to obtain a solution of malachite green with a concentration of 100
ppm. The rest of standard solutions were prepared by dilution.
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2.2 Sampling and preparation for the adsorption process:

A sample was collected from the twigs of the carob plant and the twigs of the eucalyptus plant, from
two trees in the city of Gharyan, Libya. After collecting those twigs, they were washed well to remove
impurities, and then left to dry for 48 hours. After that, the samples were kept in a plastic bag.

The calibration curve was set using MG solutions at concentrations of 1, 5, 10, 15 and 20 ppm. The
absorbance of all standard solutions was measured at 630 nm using a Vis spectrophotometer (6300
Spectrophotometer, Jenway, Staffordshire, UK). The relationship between absorbance and
concentration of a standard solution was plotted using Microsoft Excel 2010.

2.3 Determination of percentage removal of MG:
A triplicate sample of 1 gram of carob plant twigs and eucalyptus plant twigs was weighed and
transferred to clean and dry vials. A volume of 50 mL of MG solution (10 ppm; pH=6) was added to
each weight of the twigs of the carob plant and the twigs of the eucalyptus plant. These vials were
covered with caps and left at 30° C without shaking for some time. After 5, 10, 20, 30, 40, 50, and 60
minutes, a volume of 4 mL of the green malachite solution was withdrawn and the absorbance was
measured using distilled water as a reference solution. After determination of the remained MG
concentrations with the aid of the calibration curve, the removal percentage of MG was calculated by
equation (1).

Removal percentage =100 (Ci-Crem)/Ci Q)
Where Ci represents the initial MG concentration and Crem represents the remained MG concentration
after each adsorption experiment.

2.4 Kinetic Studies:

2.4.1 Pseudo-first order and pseudo-second order:

The adsorption kinetics were studied at a temperature of 30 °C, a concentration of 10 ppm, a pH of 6,
and a shaking speed of 50 rpm. Several solutions were prepared with the same concentration of 10
ppm in a volume of 50 mL and placed in vials containing 0.5 g of carob plant twigs or eucalyptus plant
twigs.

The solution was shaken and samples were drawn after each 5 min (5 - 60) minutes. Absorbance was
measured to determine the amount of remaining and adsorbed MG, and kinetic models were applied
to the data. The adsorption capacity of plant twigs at any time, q:, (mg/g) was calculated using equation
(2), while the equilibrium adsorption capacity of plant twigs, ge (mg/g), was calculated using equation
3

a=V(Co-Cy)/m (2)

ge=V(Co-Ce)/m 3)

Where Co represents the initial MG concentration, C: represents the remained MG concentration after t
time, Ce represents the remained MG concentration after equilibrium time, V represents MG solution
volume (L), and m represents the weight of the carob or eucalyptus sample (g).

The obtained data were used to investigate the adsorption kinetics. Two adsorption kinetic models,
pseudo-first order stated in equation (4) and pseudo-second-order given in equation (5), were used to
achieve this.

_ _ Kit
Log(ge — qt) = log(qe) — —~ (4)
k1 is the equilibrium rate constant of pseudo first-order adsorption (min) and ge and g: denote the
guantity of dye adsorbed (mg/ g) at equilibrium time and at any time, respectively. If the model fits the
experimental data, a linear relationship could be found by plotting log (ge-qt) versus (t), and the
constants ki and estimated ge could be found from the slope and intercept of the plot [25].

(%)

Where k2 (g mg* min?) is the pseudo-second-order adsorption equilibrium rate constant. If the model
fits the experimental data, a linear relationship could be found by plotting t/g: versus t. The slope and
intercept of the plot allow for the determination of the constants ge and kz, respectively [26].

2.4.2 Elovich Kinetic Model:
Roginsky and Zeldovich proposed an equation known as the Elovich model [2, 27]. It takes into account
the chemisorption kinetics and dye molecule diffusion as the rate-controlling step factor. This model

T 1 t
ac ka3 qe
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has been successfully applied to systems in which the adsorption surface is heterogeneous. The
Elovich kinetic model is expressed by the equation (6) [28].

qtz(%)lna[3+(%)lnt (6)

Where qtis the quantity of adsorbate adsorbed at time t (mg/g), a (mg mol/g min) is the initial adsorption
rate and 3 (g/ mg mol) is the Elovich coefficient related to the extent of surface coverage and activation
energy. a and 3 can be calculated from the intercept and slope of the plot of gt versus (In t) respectively

2.4.3 Intraparticle Diffusion Kinetic Model:
Equation 7 describes this model:

qe = kjgt/? +C ™
kia is the scattering constant (mg-g~* min'?), and C is the intercept of a straight line, while gt is the
amount of MG mass adsorbed per mass unit (mg/g) at time t. The mass absorbed (qt) vs. t2graph was
used to fit the data into a linear regression. The intra-particle diffusion constants (kia) were derived from
the slope, and the C values were calculated from interceptions with the vertical axis [2, 23].

2.5 Adsorption Isotherms:

To obtain the adsorption isotherm, different concentrations of MG solutions (2, 3, 5, 7.5, 10, 12.5, 15,
20) ppm of MG were prepared, and 50 ml of solutions of these concentrations were added to vials
containing a fixed weight of carob and eucalyptus twigs (0.5 g), at a pH of 6. Then, the vials were placed
in an orbital shaker at a speed of 50 rpm and a temperature of 30°C.

All solutions were left for 80 minutes, and then the absorbance of each solution was recorded. Based
on the absorbance values, the concentration of the remained and the adsorbed MG was calculated,
and the isotherm models were applied to the data.

2.5.1 Langmuir isotherm
This model assumes that there will be equal amounts of surface heat absorption and monolayer
formation. The linearization form is shown in equation (8).

Ce = () Cet — (8)

de dmax KL dmax

Where KL is a constant referring to the energy of adsorption (L/mg), and gmax is the maximum Langmuir
constant associated with adsorption capacity (mg/g). By calculating the slope of the linear plot of Ce/ge
vS. Ce, it is possible to determine gmax and Kc from Eq. (8).

2.5.2 Freundlich isotherm
The depiction of the surface energy is accomplished using the equation given by equation (9)

logq. =logK; + nllog Ce 9)

Kr (mg/g) is a constant relating to the sorbent’s ability for adsorption, and n is the adsorption intensity.
Based on the value of n, poor, moderate, and good characteristics of adsorption identified for n =1, n
=1-2, and n = 2-10, respectively [31].

2.5.3 Temkin isotherm
The Temkin isotherm model’s linearized form is expressed as in equation (10)

de = B InK; + B{InC, (20)
Kt is the equilibrium binding constant (L/g) corresponding to the maximum binding energy, Bt = (RT/b)
is Temkin constant (J/kJ), b is the heat of adsorption (kJ/mol), R is the universal gas constant (8.314
J/mol K), and T is the absolute temperature (K) [32].

2.5.4 Dubinin-Radushkevich Isotherms

The linear form of the Dubinin-Radushkevich (D-R) adsorption isotherm was used to fit the data. This
model is typically used (equation (11)) to describe the adsorption mechanism with a Gaussian energy
distribution on a heterogeneous surface.

Ing, =Inqs — B2 (11)

Where ge is the quantity of adsorbate in the adsorbent at equilibrium (mg g?), gsis the theoretical
isotherm saturation capacity (mg g?), B (mol? /J2) is the activity coefficient helpful in determining the
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mean sorption energy E (kJ/mol) and € is the Polanyi potential. € and E are expressed by equations
(12) and (13) respectively

1

e =RTIn(1+=) (13)

Where R is the gas constant (8.314 J/mol K) and T is the temperature (K). And gs and B can respectively
be calculated from the intercept and the slope of the plot of In ge vs €2 [5, 33].

3. Results and Discussion:

In each adsorption experiment, the remained MG concentration was calculated using the regression
equation expressed in equation (14), which was obtained by using standard MG solutions (2—20 ppm)
at pH =6. This equation’s coefficient of determination (R?) was 0.9924, indicating high linearity. As a
result, this equation was statistically valid for calculating the remaining MG concentration.

A= 0.1558 C+0.1308 (14)
Where A is the absorbance of each MG solution, and C is MG concentration in ppm.

3.1 Efficiency of carob and Eucalyptus tree twigs in removing MG from aqueous solutions:
As shown in Figure (1), both adsorbents adsorbed MG from aqueous solutions with comparable
efficiency. It was also noted that MG adsorption increased with time. After 5 minutes, the percentage
of MG adsorption on the twigs of the carob and eucalyptus trees was 23.7% and 22.8%, respectively,
and the percentage of adsorption more than doubled after 60 minutes, reaching 50.33% on the carob
twigs and 49.05% on the eucalyptus twigs.

50
45
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% Removal

30

25

20
0 10 20 30 40 50 60

Time (min)
Figure (1): Percentage of MG adsorption on carob twigs (A) and eucalyptus twigs (B).

3.2 Adsorption kinetics:

The equilibrium time for MG adsorption on carob twigs was 70 minutes and 60 minutes on eucalyptus
twigs.

The results obtained from the kinetic studies were used in the application of pseudo first-order and
pseudo second-order kinetic models for the adsorption of MG on the surface of carob and eucalyptus
twigs (Figure 2 (a, b, ¢ and d)), and the kinetic parameters obtained are given in Table 1.

As sown in Table 1, the pseudo first-order and pseudo second-order kinetics were both good in fitting
the experimental data for both adsorbents. However, the value of R2for the pseudo second-order model
was higher for both adsorbents, indicating that the adsorption process of the dye on the surface of the
carob and eucalyptus plants both follows the pseudo second-order kinetic model.

The maximum adsorption capacity (gmax) was calculated and the theoretical values calculated using this
model at equilibrium were close to those experimentally determined values. We could therefore adopt

123 | The North African Journal of Scientific Publishing (NAJSP)



the hypothesis of chemisorption resulting from an electron exchange between the dye cations and the
functional groups of the adsorbents [34].

Several previous studies on the adsorption of MG on (Walnut Shells, activated carbon derived from oil
palm empty fruit bunches, modified and unmodified local agriculture waste) [35-37] also showed that
this phenomenon obeyed the pseudo-second-order. Adsorption rate constant (Kz) for carob were
(0.0279 g.mg t.min™%) smaller than adsorption rate constant for eucalyptus (0.0882 g.mg=t.min™),
reflecting that the adsorption of MG on the eucalyptus twigs occurs faster than on the surface of the
carob twigs.

Table (1): coefficient of determination (R?) and constants of kinetic models for the adsorption of MG
onto carob and eucalyptus.

Constant Carob Eucalyptus
ge experimental (mg/qg) 0.5874 0.5338
Pseudo first order
ge calculated (mg/g) 0.7166 0.5418
K1 (min) 0.0446 0.0533
R2 0.955 0.972
Pseudo second order
ge calculated (mg/g) 0.8953 0.6596
ko (g-mg_l min_l) 0.0279 0.0882
R? 0.996 0.991
Elovich
a (mg/g min) 0.051705 0.08303
B (g/mg) 5.374 6.854
R? 0.981 0.986
Intra particle diffusion 0.04162
C (mg /9) -0.06114 0.06543
Kid (mg/g min2) 0.07879 0.994
R2 0.996

The Elovich model was tested for the adsorption of MG on both adsorbents by plotting gt against In (t)
as shown in Figure 2 (e,f); the model constants (8 and a), as well as R? are presented in Table 1.

The values of R2for the adsorption process of MG on carob and eucalyptus twigs were 0.981 and 0.986
respectively. These values of R? indicated that the adsorption data fitted well to the Elovich kinetic
model. Values of a were small, while those for B were large for both adsorbents and 3 values were
greater than a for the two adsorbent materials, thus desorption is greater than adsorption at a
temperature of 30 °C. as shown in table 1 [27].

For the intraparticle diffusion mode, Figure 2 (g, h) depicts the plots of g: against t¥2 values for the
adsorption of MG on the surface on both adsorbents. The figure shows the strong positive linear
relationship between q: and t'2 values, with close R? for the adsorption on the surfaces of both
adsorbents; 0.996 for carob and 0.994 for eucalyptus (Table 1). This implied that the adsorption process
followed the intraparticle diffusion model. However, none of the plots passed through the origin. If the
linear portion of the intraparticle diffusion kinetic plot does not pass through the origin, then some extent
of boundary layer control is involved, and that intraparticle diffusion is not the single rate controlling step
[38]. The Kid value for the adsorption of MG on carob twigs was greater than the Kis value for the
adsorption of MG on the eucalyptus twigs. Therefore, the speed of diffusion of dye molecules on carob
twigs is greater than the speed of diffusion on eucalyptus twigs. The values of kis and C are shown in
Table 1.
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Figure 2: Pseudo first-order (a) and pseudo second order (b) for MG adsorption onto Eucalyptus
Pseudo first-order (c) and pseudo second order (d) for MG adsorption onto carob twigs, The

Elovich model plots for uptake of MG onto carob (e) and Eucalyptus (f) twigs, and Intraparticle
diffusion model plots for uptake of MG onto carob (g) and Eucalyptus (h) twigs.

3.3 Adsorption isotherm:

Adsorption isotherms (Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich (D-R) models) were
used in the present study. The results are presented in Table (2) which shows the modelled isotherms.

As shown in table (2), the values of the correlation coefficient (R?) resulting from applying the
Langmuir model were small, thus the adsorption of the dye on the surface of carob and eucalyptus
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twigs does not agree with the Langmuir model. Therefore, the constants related to the Langmuir
model were not calculated.

Table 2: Parameters for plotting Langmuir, Freundlich, Temkin and Dubinin-Radushkevich adsorption
isotherms of MG onto carob and eucalyptus twigs.

Isotherms constants Carob Eucalyptus
Lagmuir R2 0.626 0.439
'(‘[5234?,2 0.0282 0.0276
Freundlich N 0.7267 0.7874
2 0.942 0.936
R
Bt (J/mol 0.6721 0.5421
Temkin K¢ (L/g) 0.303814 0.298055
R2 0.784 0.81
0o (Mg/g) 0.89048 0.73558
D-R B (mol? ki-?) 0.000005 0.000005
E (Jmol1)? 316.228 316.228
R? 0.797 0.772

Also, for the adsorption of MG on carob and eucalyptus twigs, the results presented in Table (2) show
that Freundlich isotherm gave a good fit to the experimental equilibrium adsorption data than that of
Langmuir, Dubinin-Radushkevich, and Temkin isotherm models according to the values of R2.
Moreover, values of n, which give an idea about the adsorption intensity, were calculated for carob
and eucalyptus; the n values showed that the adsorption was chemisorption and a multilayer
adsorption on a heterogeneous surface [34].

Values of n were less than 1 for MG adsorption on carob twigs and eucalyptus twigs, 0.7267 and
0.7874 respectively, therefore the values of 1/n are greater than 1 implying that the adsorbent surface
is not homogeneous. The reason is due to the difference in active site adsorption and the difference
in active site energies. The Kr values, which give information about the adsorption capacity, were
similar for the adsorption of the dye on the surfaces of carob and eucalyptus. Therefore, the
adsorption capacity of the surfaces of carob and eucalyptus are similar [39-41]. This result agrees
with many previous studies when (eucalyptus sawdust, eucalyptus Camdulensis, Biochar and Carob
(Ceratonia siliqua)) have been used as adsorbent surfaces for some dyes, as the experimental data
fit the Freundlich model [22,24,42].

When the Tamkin model was applied, the value of the correlation coefficient (R?) for the adsorption
of MG on the surface of eucalyptus twigs was 0.810, which was greater than the value of R? (0.784)
for the adsorption of MG on the surface of carob twigs. Therefore, the adsorption of the dye on the
eucalyptus twigs surface fits the Tamkin model better than its adsorption on the surface of the carob
twigs. The values of the constant By, which is related to the adsorption capacity, agree with the values
of the adsorption capacity obtained practically, Also, the value of the constant B: for MG adsorption
on the surface of carob twigs was slightly higher than on the surface of eucalyptus twigs. Thus, the
surface of the carob adsorbed MG a little more than the eucalyptus. Also, the values of K:, which
represents the energy of interaction between the dye and the surface of the adsorbent material, were
very close for the adsorption of the dye on the surface of the carob and eucalyptus twigs.

The adsorption results were analysed according to the linear D-R isotherm, which is considered more
comprehensive than the Langmuir and Freundlich method on the heterogeneous surface, as the
energy equation (Eqg (12)) gives an idea of the adsorption mechanism [43]. The energy values
resulting from the adsorption of the dye on the surface of the carob and eucalyptus were equal
(316.228 kj/mol). This value is considered large and indicates that the adsorption mechanism
depends on ion exchange followed by complexation with chemical adsorption [44,45]. Furthermore,
the R?value for adsorption of MG on the surface of carob twigs (0.797) is slightly higher than the R?
value for adsorption of MG on the surface of eucalyptus twigs (0.772). Therefore, the adsorption of
the dye on the carob surface fits the DR model slightly better than its adsorption on the surface of the
eucalyptus.
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Briefly, by comparison, the order of the isotherm best fits experimental data for carob twigs is:
Freundlich > Dubinin-Radushkevich > Timken > Langmuir

And the order of the isotherm best fits experimental data for eucalyptus twigs is: Freundlich > Timken>
Dubinin-Radushkevich > Langmuir

4. Conclusion:

This study showed the possibility of using the twigs of the carob and ecalyptus plants to adsorb
malachite green dye from aqueous solutions, especially at low concentrations. This indicates the
possibility of using the twigs of the carob plant and the ecalyptus plant to reduce the concentrations
of many dyes in aqueous solutions. The results showed that the twigs of the carob and ecalyptus
plants absorbed the MG dye with almost the same efficiency, as the equilibrium time for the MG dye
on the surface of the eucalyptus twigs was 60 minutes and on the surface of the carob twigs was 70
minutes.

Comparison of kinetic models applied to MG adsorption on carob and eucalyptus twigs to pseudo
first- and second-order models, Elovich models, and intraparticle diffusion kinetics was evaluated.
The experimental data agree well with the four models and were in the following order on the surface
of carob twigs:

Pseudo second order = Intra particle diffusion> Elovich> Pseudo first order.

and were in the following order on the surface of eucalyptus twigs:

Intra particle diffusion>Pseudo second order>Elovich >first- order model.

The results for adsorption isotherms according to the linear equations of Langmuir, Freundlich,
Tamkin, and D-R revealed that the dye adsorption process was more consistent with the Freundlich
model, which indicates that adsorption occurs in several layers on the surface of the twigs of the two
plants.
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