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Abstract

This study reports the adsorption of malachite green (MG) dye by Seeds of Dates (SD) from solution. Batch adsorption
of MG was conducted to evaluate the effect of initial pH, contact time, temperature, initial dye concentration, SD
adsorbent dose, and removal of the adsorbate MG dye from aqueous solution to understand the mechanism of
adsorption involved. Adsorption equilibrium reached rapidly with 96% MG removal in 120 min. Fit of the adsorption
experimental data was tested on the pseudo-first and pseudo-second-order kinetics mathematical equations, which was
noted to follow the pseudo-second-order kinetics better, with coefficient of correlation >0.992. The equilibrium process
was well described by the Freundlich isotherm model, with maximum adsorption capacity of 158.98 mg g *. The study
shows that SD has the potential of application as an efficient sorbent for the removal of MG from aqueous solutions.

Keywords: Adsorption, Malachite green, Seeds of dates, Kinetic, Thermodynamic

1 Introduction

Dyes have long been used in dyeing, paper and pulp, textiles, plastics, leather, cosmetics and food industries [1]. Colour
stuff discharged from these industries poses certain hazards and environmental problems. These colored compounds are
not only aesthetically displeasing but also inhibiting sunlight penetration into the water and affecting aquatic ecosystem
[2]. Dyes usually have complex aromatic molecular structures which make them more stable and difficult to
biodegrade. Furthermore, many dyes are toxic to some microorganisms and may cause direct destruction or inhibition
of their catalytic capabilities [3, 4]. With industrialization, the discharge of industrial wastewater has increased. At the
same time, there are environmental concerns, and there is the need to find cheap and efficient methods for the treatment
of industrial wastewater prior to disposal into natural waters [5-7]. Adsorption method can remove dyes steadily. In
recent years, considerable attention has been paid on various adsorbents, such as activated bituminous coal [8], vetiver
root activated carbon [9] activated carbon from oil palm wood [10], neem leaf powder [11], maize bran [12], crab shell
[13], lemon peel [14] and eggshell [15].

Malachite green is an organic compound that is used as a dyestuff and has emerged as a controversial agent in
aquaculture. Malachite green is traditionally used as a dye for materials such as silk, leather, and paper.

The objective of this work was to study the feasibility of using Seeds of Dates (SD) as an adsorbent for malachite green
removal from solutions. In doing so, the adsorption of malachite green on SD from aqueous solutions was evaluated in
batch experiments. The adsorption isotherms, kinetics and temperature effect were studies.

2 Experimental

2.1 Material and methods
2.1.1 Preparation of Seeds of Dates

Seeds of Dates (SD) were collected from local houses. To prevent decomposition, SD were washed in tap water, then
the SD were boiled in distilled water, finally the SD were dried at 105°C in a hot oven for 2h. The dried SD were
ground separately using a blender. The powdered materials were sieved to obtain particles with size (0.2 — 0.4 mm).
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2.1.2 Preparation of dye solution

Malachite green (MG) in commercial purity obtained from Fluka were used. A stock solution of 1000 mg L™ of the dye
was prepared by dissolving 1 g of dye in 1 L deionized water. The experimental solutions were obtained by diluting the
dye stock solution in accurate proportion to different initial concentrations.

2.2 Adsorption experiments

The adsorption of MG dye on the SD was studied by batch technique. A known weight of adsorbent (100 — 500 mg)
was equilibrated with 50 mL of dye solution of known concentration in a 150 mL Erlenmeyer flasks in a mechanical
shaker at 150 rpm for a known period of time (5 — 180 min). The effect of some parameters, such as pH, temperature,
dosage of SD, contact time and dye concentrations was studied. The initial pH values of the solutions were previously
adjusted with HCI (0.1 M) or NaOH (0.1 M) using METTLER TOLEDO MP230 pH Meter. At the end of adsorption
tests, the suspensions were centrifuged for 5 min at 2000 xg and the concentrations of residual dye were determined
using UV-Visible spectrophotometer (Shimadzu UV- 1601 Ultraviolet — Visible Spectroscopy) corresponding to Amax Of
dye 663.5 nm. Blank solution with no dye was used for each series of experiments. Dilutions were carried out when
measurement exceeded the linearity of the calibration curve. The results of these studies were used to obtain the
optimum conditions for maximum dye removal from aqueous solution.

Adsorption isotherms

The amounts of adsorbed dye at equilibrium (ge) and the adsorption percentage of dye were calculated from the mass
balance equations 1 and 2 respectively, as follows:

_(C-CV

Qe W

1
Adsorption (%) = % x100 @

Where C; and C, (mg L™) are the initial and equilibrium concentrations of dye, respectively; g. (mg g?) is the
equilibrium dye concentration on adsorbent; V (L) is the volume of dye solution and W (g) is the mass of dry adsorbent
used.

2.3 Reproducibility and data analysis

Unless indicated otherwise, the data reported are the mean values of three separate experiments. The amount of dye
adsorbed per unit SD (mg g™*) was determined as shown in Eq. (1). Langmuir [16], Freundlich [17] and Langmuir-
Freundlich [18] models. were used for the evaluation of adsorption data.

Langmuir isotherm assumes monolayer adsorption, which is presented by the equation:

q. = Qe PC,
° (@+bC,)
where g, and gy are the equilibrium and maximum dye adsorption capacities (mg g™ sorbent), respectively;  C. the

equilibrium dye concentration (mg L™"); and b the Langmuir equilibrium constant (L mg ™).
Freundlich model is presented as:

©)
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where K¢ and n are the Freundlich constants characteristic of the system.
Langmuir-Freundlich modle is presented as:
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Where K is the saturation constant (mg L™), B is the cooperative binding constant.

In order to investigate adsorption processes of adsorption MG on SD composite, the data obtained from adsorption
kinetic experiments were simulated using two kinetic models. First; the pseudo-first-order rate equation of Lagergren
[19, 20] is presented as:

In(qe - qt) =In q. — klt (6)

where k; (min™?) is the pseudo-first-order reaction rate constant.

The pseudo-first-order considers the rate of occupation of adsorption sites to be proportional to the number of
unoccupied sites. A straight line of In(qe - g;) versus t indicates the application of pseudo-first-order kinetics model. In a
true pseudo-first-order process, In g. should be equal to the intercept of a plot of In(q. - q;) against t.

Second: the pseudo-second-order equation [21], another equation used for kinetics analysis, which is based on the
sorption equilibrium capacity, may be expressed in the following form:

t_ 1 +it (7
g k.00 g,

where k; is the pseudo-second-order rate equilibrium constant (g mg * min ™).

t
A plot of — against t should give a linear relationship for the applicability of the pseudo-second-order kinetics model.
t
All the model parameters were evaluated from a linear regression using the Sigma Plot (version 10.0, SPSS, USA)
software.
The average percentage error between the experimental and predicted values was calculated using:

N
Zizl(lep,i ~ean,i /qexp,i) y
N

Where e, and qca represent the experimental and calculated dye adsorption values, respectively, and N the number of
measurements.

(%) =

100 ®)

3 Results and discussion

3.1 Effect of initial pH

The initial pH of an aqueous solution is an important factor in dye adsorption, as it affects the surface charge of the
sorbent material and the degree of ionization of the dye molecule [22]. pH has been related with changes in the
structural stability and color intensity of the dye molecule [23]. The removal of MG dye by SD over a range of 2-12
was noted to increase with the increase in pH of the dye solution, appreciably up to pH 7.0 (Fig. 1). A further increase
in dye adsorption between pH 7.0 and 12.0 was insignificant. Since the optimum pH for dye adsorption by SD was
found to be 7.0, this pH was used for further studies. As the pH increases, the charge density of the dye solution
decreases, so that electrostatic repulsion between the positively charged dye molecule and the surface of the adsorbent
is lowered, which results in an increase in the adsorption of the dye. The minimum removal of dye was thus found at pH
2, which is probably due to the H* ions competing favorably with the cationic groups of the dye molecule for adsorption
sites on SD. Similar observations have been reported by other authors [22, 23]. The insignificant higher removal of the
dye, observed at pH between 7.0 and 12.0, was noted to be accompanied by a drop in the original pH of the dye solution
at adsorption equilibrium. This indicates a cationic exchange process between the dye molecule and the SD with the
release of protons (H"), as suggested in an earlier study [20, 24].
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Fig. 1: Effect of pH on adsorption of MG solution by SD (V =50 mL; Conc. =5mg L™ ; Temp. = 15°C; W = 100 mg; contact time 2 h.).

3.2 Effect of dosage of SD

Variation of adsorbent dose showed that although increasing of SD dose in aqueous solution can result to increased dye
removal. Fig. 2 shows the plot of % of MG dye adsorption against the weight of adsorbent in mg. From the figure, it is
observed that the percentage of adsorption is increases from 93.36 to 97.09% with increase in the adsorbent loading
from 100 to 500 mg. This can be attributed to an increase in surface area of the sorbent, which in turn increases the
binding sites. At higher SD dosage, there is a very fast adsorption on to the adsorbent surface that leads to improved
uptake of the dye. However, with increasing SD load, the quantity of dye adsorbed on to the unit weight of SD gets
reduced Fig. 2, thus causing a decrease in g, value with increasing SD loading. This may be due to complex interactions
of several factors including availability of solute, electrostatic interactions and interference between binding sites, etc.
The important factors being at high sorbent dosages the available dye molecules are insufficient to cover all the
exchangeable sites on the sorbent, usually resulting in low dye adsorption.
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Fig. 2: Effect of weight of adsorbent on adsorption of MG solution by SD (V =50 mL; Conc. =5 mg L™; pH = 7.0; Temp. = 15°C; contact time 2 h.).

3.3 Effect of temperature

The effect of temperature on the adsorption capacity of dye was studied at 15, 25, 35, 45, and 55°C and the results were
shown in Fig. 3. The results show that the adsorption capacity decreased from 2.25 to 1.90 mg g™ with temperature
increase from 15 to 55°C. The equilibrium adsorption of the dye decreased with increasing temperature suggesting that
adsorption of MG dye by SD was an exothermic process and the mechanism was mainly physical adsorption, dominant
at lower temperatures.
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Fig. 3: Effect of temperature on adsorption of GM solution by SD (V =50 mL; Conc. =5 mg L™; pH = 7.0; W = 100 mg; contact time 2 h.).

3.4 Adsorption isotherms modeling

In order to optimize the design of adsorption system to remove MG dye from aqueous solutions, it is important to
establish the most appropriate correlation for the equilibrium curves. The isotherms data were analyzed using three of
the most commonly used equilibrium models, Langmuir and Freundlich.

The generalized adsorption isotherm has been used in linear form. A plot of the equilibrium data in form of
IN[(Qmax/9e)—1] Versus In C. gives isotherm constants, K is the saturation constant (mg L™); P is the cooperative binding
constant; gmax 1S the maximum adsorption capacity of the adsorbent (mg g™). The adsorption isotherms for MG dye on
SD at different temperatures are presented in Fig. 4.
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Fig. 4: Adsorption isotherms for MG dye onto SD under different temperatures. (V =50 mL; Conc. =5 mg L™; pH = 7.0; W = 100 mg).

Figs. 5-7 show the plots of the linearized form. The Langmuir model is an ideal model for homogeneous monolayer
adsorption. The best-fit values of the model parameters estimated from Eqgs. (3-5) by linear regression analyses are
listed in Table 1. Also are shown the correlation coefficients (R?), which provide measure of model fitness.

A comparison of the experimental isotherms with the adsorption isotherm models showed that the Langmuir equation
represented the poorest fit of experimental data (R? = 0.9594) at 15°C as compared to the other isotherm equations. It
has been found that the best fitted isotherm equations at 15°C were Freundlich isotherm with R? = 0.9999. The n
parameter of the Freundlich equation (0.9141 < n < 0.9597) reveals adsorption sites with low energetically
heterogeneity of this natural adsorbent [25].

Both K and n reached their corresponding maximum values, at 15°C. This implies that binding capacity reaches the
highest value and the affinity between the sorbent and MG dye was also higher than other temperature values
investigated (Table 1). The constant b represents affinity between the sorbent and sorbate, both g« and b increases
from 61.31 to 158.98 mg g™ and from 0.0028 to 0.0061 L mg™ respectively with decreasing temperature from 55 to
15°C. The correlation coefficient of Freundlich isotherm equation (R® = 0.9999) is slightly higher than that obtained for
other equations at 15°C.
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Fig. 5: Langmuir adsorption isotherm for MG on SD at various temperatures.
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Fig. 6: Freundlich adsorption isotherm for MG on SD at various temperatures.
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Fig. 7: Langmuir-Freundlich adsorption isotherm for MG on SD at various temperatures.
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Table 1: The thermodynamic parameters for MG adsorption on (100 mg) SD at different temperatures.

Parameters Temperature (°C).
15 25 35 45 35

Langmuir
Qmax (Mg gt). 158.98 143.88 102.71 73.15 61.31
b(L mg!'). 0.0061 0.0053 0.0040 0.0030 0.0028
R 0.9594 0.9792 0.9862 0.9984 0.9847
Freundlich _ _ _
n. 0.9597 0.9588 0.9434 0.9251 09141
Kr(mgL1tngliptmy, 0.4189 0.4084 0.3805 0.3464 0.3231
RZ. ' 0.9999 0.9998 0.9998 0.9996 0.9996
Generalized isotherm _ _ _
B. 2.608 2.568 2436 231 2.249
K (mgL?). . -108  -1.091 -1.113 -1.145 -1.168
R2. 0.9997 0.9997 0.9995 0.9991 0.9987

3.4 Thermodynamic parameters of adsorption

The adsorption isotherm data obtained at different temperatures were used to calculate potentially important
thermodynamic properties, such as changes in the standard Gibbs free energy (G°), standard enthalpy (H®) and standard
entropy (S°). The Langmuir constant, b (L mg™), was used to calculate the change in the standard Gibbs free energy (G°)
according to the following equation:

AG° =-RT Inb ©)

where R is the gas constant (8.314 J/mol K) and T the absolute temperature (K). The changes in the standard enthalpy
and entropy were obtained from the plot of In b vs. 1/T; the equations are as follows:

AG°® =AH° -TAS® (10)

From table 2 its clear that AG® values of 14070.10, 14380.05, 14109.21, 13838.25 and 13922.71 J mol™ were obtained
at 15, 25, 35, 45 and 55°C, respectively. The AH® and AS° values obtained from the plot of In b vs 1/T (R? = 0.9639)
were -0.001989 J mol™ and -48.8454 J deg™ mol™, respectively, Fig. 8. The negative enthalpy value indicates that the
MG adsorption process is exothermic, as the process usually favored by an decrease in temperature as this will activate
the adsorption sites. The negative entropy value indicates the decreasing randomness at the solid/liquid interface during
the adsorption process [26].

Table 2: The thermodynamic parameters for MG adsorption on (100 mg) SD at different temperatures.

T b Inb AGT AH® (Jmoth) AS®

(K) (L mg") (I mol!) (J deg! molt)
288 2.8055%1073 -5.8762 14070.10 -0.001989 -48.8545
298 3.0152x107 -5.8041 14380.05 -48.2552
308 4.0466>107 -5.5099 14109.21 -45.8091
318 5.3315x107 -5.2341 13838.25 -43.5165

1055 13922.71 -42.4473

N

328 6.0632x107 -
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Fig. 8: Van't Hoff plot for the adsorption of MG dye onto SD at various temperatures.

3.5 Adsorption kinetics studies

Kinetics of dye adsorption governs the rate that determines the residence time and it is one of the important
characteristics defining the efficiency of an adsorbent. The kinetic profiles of dye adsorption onto the SD composite
were inspecting in this section.

3.5.1 Effect of contact time

It can be observed from Fig. 9 that the process was found to be very rapid initially, and a large fraction of the total
amount of dye was removed within a few minutes. Also, it is clear that the percentage dye adsorption increased with
time and, at some point in time, reached a constant value where no more dye was removed from the solution. At this
point, the amount of dye being adsorbed onto the adsorbent was in a state of dynamic equilibrium with the amount of
dye desorbed from the adsorbent. The time required to attain this state of equilibrium was termed the equilibrium time
and the amount of dye adsorbed at the equilibrium time reflected the maximum dye adsorption capacity of the adsorbent
under these particular conditions [27]. The results showed that the equilibrium states were attained at 180 min for the
different studied dye concentrations.
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Fig. 9: Effect of time on adsorption of MG solution by SD (V =50 mL; Conc. =5 mg L™; pH = 7.0; Temp. = 15°C; W = 500 mg).

3.5.2 Effect of initial dye concentration

Adsorption of MG dye onto SD was measured at the equilibrium time for six different initial concentrations at sorbent
dosage of 500 mg of dye solution. The effect of initial dye concentration on the equilibrium adsorption capacity and
percentage adsorption are shown in Fig. 10. From the figure, it is evident that the percentage of adsorption of dye



International Journal of Basic and Applied Sciences 35

adsorbed at equilibrium increases from 95 to 98% for an increase in initial dye concentration from 5 to 30 mg L™
Where a higher initial dye concentration provides an important driving force to overcome all resistances of the dye
between the aqueous and solid phases, thus increasing the rate of adsorption that by its rule increase the adsorption
capacity for sorbent [28]. On the other hand, the percentage adsorption shows a decreasing trend as the initial
concentration of the dye is increased. At lower concentrations, all sorbate ions present in the adsorption medium could
interact with the binding sites, hence higher percentage adorption results. At higher concentrations, because of the
saturation of the adsorption sites, the percentage adsorption of the MG dye by SD shows a decreasing trend [28]. These
results accord well with the findings of other investigators [29, 30] .

3.6 Kinetics of adsorption process

The principle behind the adsorption kinetics involves the search for a best model that well represents the experimental
data. Several kinetic models are available to understand the behavior of the adsorbent. In the present investigation, the
adsorption data were analyzed using two simplest kinetic models, the pseudo-first order and pseudo-second order
kinetic models Figs. 10-12.
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Fig. 10: Effect of initial concentration on adsorption of MG solution by SD (V =50 mL; pH = 7.0; Temp. = 15°C; W = 500 mg).
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Fig. 11: Pseudo-first order plots for different initial dye concentrations removal using SD (V = 50 mL; pH = 7.0; Temp. = 15°C; W = 500 mg).
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Fig. 12: Pseudo-second order plots for different initial dye concentrations removal using SD (V = 50 mL; pH = 7.0; Temp. = 15°C; W = 500 mg).

The rate constant of adsorption is determined. The value of g. determined experimentally Qeexp), Calculated Qegcary.
correlation coefficient together with the adsorption rates k; and k; are shown in Table 3. The correlation coefficients for
the first order kinetic model were determined and compared with that of second order kinetic model. It is seen that the
correlation coefficient of first order kinetic are lower than in the case of second order kinetic model (Table 3). This
shows that kinetics of MG dye adsorption by SD are better described by pseudo-second order kinetic model rather than
pseudo-first order. The linearity of the plot also shows the applicability of the pseudo-second order kinetic model,
which has average regression coefficient of R? 0.9926. Also, Qe(cary USiNg pseudo-second order kinetic model is in par
with Qeexp) Which has been obtained experimentally and the average percentage error between the experimental and
predicted values was calculated.

Table 3: Rate constants for kinetic models at various initial concentrations.

Initial Oe(exp) Pseudo-first order rate constants Pseudo-second order rate constants
concentrat  (mg/g)  k, (min?) Ole(cal) R? £ (%) ks Ole(cal) R? £ (%)
ion (mg/L) (mg/g) (9/mg  (mg/g)

min)
5 2.3932 0.01617 2.2629 0.9892 5.4450 0.3664 2.3781 0.9915 0.6303
10 4.8364 0.01436 4.4716 0.9760 7.5418 0.1836 4.8063 0.9931 0.6225
15 7.4045 0.0114 6.4532 0.9259 12.8472 0.1209 7.3589 0.9929 0.6161
20 9.7727 0.01682 9.2994 0.9668 4.8426 0.0912 9.7122 0.9930 0.6194
25 12.3409 0.01310 11.1733 0.9561 9.4608 0.0728 12.2650 0.9940 0.6147
30 14.9591 0.01323 13.5766 0.9182 9.2421 0.0597 14.8668 0.9914 0.6171

4  Conclusions

The present study suggests that SD can be effectively used as a cost effective adsorbent for removal of MG from water
and wastewater, in general. Batch adsorption studies show that removal is dependent upon process parameters like pH,
temperature, dosage of SD, concentration of dye and contact time. Adsorption followed pseudo-second-order kinetics
equation. The experimental equilibrium adsorption data obtained from batch studies at optimized conditions fit well to
Freundlich adsorption isotherm equation. The values of n have been found to be ~ 1 which suggest favorable adsorption.
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