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This study aimed to investigate the removal of methyl green (MG) dye from agqueous
solution on activated pomegranate peels and low-cost activated date kernels as an
effective adsorbent sourced from Irag. The two surfaces of the absorbent materials were
examined using a scanning electron microscope (FESEM) and the dose of the adsorbent
was determined. The process of adsorption of MG on the two surfaces was an
endothermic process, and the adsorption capacity increased with increasing doses of
adsorbents. Also, a number of adsorption isotherms were applied, such as (Langmuir,
Freundlich) for this study, where it was found The process of dye (MG) adsorption on

Keywords

Methyl Green (MG)
Activated Pomegranate Peels
(PPACT)

Activated Date Kernels (DPACT)
Adsorption
Thermal Equilibrium Study

the two surfaces follows the Langmuir model.

1. Introduction

Fast urbanization, moving utilization designs,
populace extension, and accelerated paces of
financial advancement have all added to expanded
water contamination in the biosphere, [1]. Water is
viewed as the best and focal substance in human
existence. Because of its significant applications in
different ventures, water is presented to a few
poisons and can thusly be tainted. As of late, water
contamination has turned into a significant danger
to water biology, and in this manner the extraction
of poisons from modern wastewater prior to
releasing into water streams is fundamental [2]

Colors, weighty metals, cyanide, harmful organics,
nitrogen, phosphorus, phenols, and suspended
particles are  unmistakable  reasons  for
contamination in regular water from private and
modern tasks, which are fit for changing the shade
of water [3] Adsorption innovation is viewed as a
powerful color expulsion strategy in which color
particles are joined to the outer layer of the
adsorbent materials. In this way, there is interest in
utilizing the reasonable and accessible color
evacuation materials to adsorb the colors [4] Where
these modest materials are found and accessible in
nature or may come from modern and agrarian
waste, it very well might be usable as adsorbent
materials that can be discarded in the wake of
involving them in adsorption since they are

cheap.A wide assortment of materials such
Actuated carbon [5] pomegranate peel [6,7] and
date pits [8,9] This study aimed to modify natural
materials at the lowest cost from agricultural waste,
pomegranate peels and date pits. To adsorb methyl
green (MG) dye contaminated with water.

2. Expermental

2.1 Adsorbate
properties

Methyl green (MG) dye

Wastewater was used as an adsorbate, with a
maximum wavelength (A max) of 618 nm, as seen
in Figure 1 [10]. The molecular formula is
C26H33N3CI2, and the chemical structure of
Methyl Green is depicted in Figure 2. [11], A stock
solution (100 mg/L) was created by dissolving 0.1 g
of methyl green dye in 1 L of distilled water,
followed by dilution to get the appropriate
concentration.

2.2 Preparing activated carbon (ACT) using
pomegranate peels (PP) and date pits (DP)

Pomegranate peels (PP) were washed, then placed
in the sun to dry for several days, then they were
placed in an electric oven at 150°C, then ground
finely, and then they were activated by adding
carbon from charcoal and acetic acid, stirring and
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leaving it for a period of time, then dried at a
temperature of 100 °C.To obtain the powder from
activated pomegranate peels (PPACT), which is
used in the experiment, as shown in the diagram
(1), it includes the step of preparing activated
carbon from the pomegranate peels. In the same
previous way, the activated date pits (DPACT) was
prepared, as shown in the diagram (2).

2.3 Description of adsorbents

The scanning electron microscope device ( FESEM
) model ( MIRA3 TESCAN ) is used to examine
the surface appearance of activated carbon
produced from Activated pomegranate peels (
PPACT ) and Activated date pits ( DPACT ) .
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Figure 1. UV-V absorption sﬁéctrum of the dye methyl
green (MG)
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Figure 2. Chemical structure of Methyl green dye (MG)
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Scheme 1. Includes the steps for preparing activated
carbon from pomegranate peels (PPACT)
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Scheme 2. Includes the steps for preparing activated
carbon from date pits (DPACT).

2.4 Adsorption Study

3017

To perform the adsorption process, multiple
weights were taken from the adsorbent surface to
determine the appropriate weight, which is: (0.01,
0.015, 0.02, 0.03) g These weights were placed in
four beakers, with each beaker having its own size
(50 ml) with the addition of ( 10 ml ) of dye
solution Methyl green (MG) with focus (50 mg/L)
then put it in a controlled shaking water bath at a
temperature of ( 298 K) and quickly ( rpm 120 ) for
an hour, then it was placed in a test tube, after
which it was placed in a centrifuge For a period of
(10 min) and at a speed of (5000 rpm), then (5 ml)
was taken and its absorbance was measured using
an ultraviolet-visible (UV/Vis) spectrometer at the
wavelength of the dye (MG) the amount of
adsorbed material was determined according For
the surface of active pomegranate peels ( PPACT )
and active date pits ( DPACT ) to the following
equation (1). [12].

Co —Ct
m

ge=( ) - Vsor (1)

In this context, gt denotes the quantity of adsorbed
material at time t (mg/g), whereas m signifies the
surface weight of the adsorbent material (g). Co:
initial concentration of the solution (mg/L). Ct:
concentration of the solution at time t (mg/L); V:
total volume of the adsorbent solution (L).

3. Results and Discussion

3.1 Field-emission Scanning electron microscope
(FESEM)

It was employed to analyse the pore structure of
activated carbon. The pores of activated carbon
function as active sites for adsorption. Scanning
electron microscope images of activated carbon
obtained from active pomegranate peels (PPACT)
and active date pits (DPACT) post-activation. The
picture is presented in Figure (3) at a magnification
of 10 um. It contains pores present in the activated
carbon for adsorption to occur. [13]

3.2 Effect of Adsorbent Weight

The effect of changing the weight of the adsorbent
on the adsorption process was studied, as shown in
Figure (4), by using a fixed concentration of (MG)
dye at different weights of the adsorbent surfaces
(active pomegranate peels (PPACT) and active date
pits (DPACT)). At a temperature of 298 K. It was
observed from Figure (4) that the adsorbed amount
of (MG) dye increases with the increase in weight
of the adsorbing surfaces of the two surfaces that
were studied. This is a result of the increase in the
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Figure 3. shows a FESEM image of the surface of (a) active pomegranate peels (PPACT) and (b) active date pits (
DPACT)

number of unoccupied and effective adsorption
sites for dye adsorption, so that its highest value is
at a weight of (0.03 g) at all surfaces, that is, they
reach a specific value that represents the amount of
adsorbed material at the saturation stage of the
amount of adsorbed material of the (MG) dye. [14].
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Figure 4. shows the effect of changing the weight of the
adsorbent surface (active pomegranate peels (PPACT)
and active date pits (DPACT)) on the adsorption of
(MG) dye at a temperature of (298) K
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3.3 Find The Percentage of Adsorption

The percentage of adsorption of MG dye from its
aqueous solution onto Biplane (PPACT, DPACT)
was determined at different temperatures (293, 298,
303,308)K. The following equation was used. [15].

A%=-2=C 4100 2)

0
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Where: A% represents the adsorption percentage,
Co denotes the starting concentration of the dye in
milligrammes per litre (mg/L), and Ct indicates the
concentration of the dye at time (t) in milligrammes
per litre (mg/L).

The adsorption percentage (A%) was graphed
against the contact time (t) between the dye
solution (MG) and the adsorbent surfaces (PPACT,
DPACT) at various temperatures (293, 298, 303,
308) K, as illustrated in Figure (5). The adsorption
rate rises with rising temperature, indicating that
the adsorption of the dye (MG) on all examined
surfaces is more effective at elevated temperatures.
This indicates that the nature of the adsorption
(endothermic) on the one hand, and on the other
hand, that the best is efficiency in the adsorption of
the dye. (MG) is the surface of (DPACT). [16].

3.4 Isotherms

3.4.1 Langmuir Model

Adsorption is a process characterized by
homogeneity, wherein a single layer of adsorbate is

formed on the surface of the absorbent plane. This
layer is brought about by the uniform energy

distribution, as illustrated in the subsequent
equation.
_ Qmax KLCe
T ="11Kk.C, ®

The linear form of the equation is expressed as
follow[17].

Ce 1

Ce
de AmaxKL

(4)

dmax
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Figure 5. shows the percentage of adsorption of the MG dye at different temperatures to the surfaces (a) (PPACT) and
(b) (DPACT)

Where :- ki Langmuir constant (L/mg), Qmax:
Maximum amount of adsorbent (mg/g), ge: amount
of adsorbed substance at equilibrium (mg/g), Ce:
concentration of adsorbent at equilibrium (mg/L)
The linear Langmuir equation (4) was applied to
experimental data for the adsorption of (MG) dye
on two surfaces (PPACT) and (DPACT) at different
temperatures (293, 298, 303,308)K, where the
Langmuir constants were calculated through the
slope and intercept of the straight line. The result is
from plotting (Ce /ge) versus (Ce) as in Figure (6),
and the constants of the Langmuir model are listed
in Table (2).

3.4.2 Frendlich Model

It is one of the old and well-known relationships
that is used to describe the adsorption process. This
model applies to adsorption processes on
heterogeneous surfaces and is used to describe
multi-layer adsorption, not just single-layer
adsorption. It is also based on heterogeneous
adsorption systems. As shown in the following
equation [18]

Ge=kr C/" (5)
The linear form of the equation is expressed as
follows:

Inqe = lnk; +~-InC, (6)

Where: kf represents the Freundlich constant,
indicating adsorption capacity (mg/g); n denotes the
measure of adsorption intensity; ge signifies the
guantity of adsorbed material at equilibrium
(mg/g); Ce refers to the concentration of the
adsorbent at equilibrium (mg/L).The linear

3019

Freundlich  equation (6) was applied to
experimental data for the adsorption of (MG) dye
on two surfaces (PPACT) and (DPACT) at different
temperatures (293, 298, 303,308) K, where the
Freundlich constants were calculated through the
slope and intercept of the straight line. The result is
a plot of (Inge) versus (InCe) as in Figure (7), and
model constants are included in Freundlich
Table(1). It has been shown that the adsorption of
(MG) dye to two surfaces (PPACT, DPACT) is
more suitable for the Langmuir isotherm model.
[19].

4. Conclusion

In conclusion, the study confirms the increased
effectiveness of activated pomegranate peel and
activated date kernel sorbents as the cationic methyl
green (MG) dye was removed from agueous
solutions. It became clear that as the weight of the
adsorbed surface of the two surfaces (PPACT,
DPACT) increases, the adsorbed amount of (MG)
dye increases, and from studying the effect of
temperature on the adsorption of (MG) dye to the
two surfaces (PPACT, DPACT), the amount of
adsorbed dye increases with the increase in
temperature, and this indicates that The process of
adsorption of (MG) dye is of the endothermic type.
It was noted from the percentage of adsorption that
the highest percentage of adsorption of (MG) dye is
on the (DPACT) surface, where it is the most
efficient, then it is followed by the (PPACT)
surface. It was found that the adsorption of (MG)
dye to two surfaces (PPACT, DPACT) is more
suitable for the Langmuir isotherm model. Low
cost surfaces were obtained to improve aquatic
environment treatment techniques.
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Figure 6. represents the Langmuir isotherm for the adsorption of a dye (MG) on two surfaces (a) (PPACT) and (b)
(DPACT) at different temperatures
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Figure 7. represents the Freundlich isotherms for the adsorption of (MG) dye on two surfaces (a) (PPACT) and (b)
(DPACT) at different temperatures.

Table 1. Langmuir and Freundlich constants for adsorption of MG dye on the two surfaces (PPACT, DPACT) at
different temperatures

Langmuir | Freundlich
T(K Surface
) PPACT DPACT PPACT DPACT
kL max kL max ks ks
R? L/mg) r?1g/g R® L/mg r%g/g R? mg/g n R? mg/g "
293 0.995 | 0.166 | 6.973 | 0.997 | 0.255 | 8.554 0.99 48.676 | 1.892 | 0.989 | 52.883 | 1.794
4 1 5 7 9 3 ' 6 8 5 9 3
298 0.994 | 0.200 | 7.639 0.997 0.359 | 9.523 | 0.986 | 39.757 | 2.190 | 0.982 | 36.013 | 2.361
3 4 4 ' 9 8 2 5 5 2 7 8
303 0.995 | 0.230 | 8.103 | 0.992 | 0.269 | 8.481 0.988 35.484 | 2.409 | 0.973 | 30.978 | 2.725
9 5 7 6 7 7 ' 6 0 8 7 5
308 0.996 | 0.256 | 8.503 | 0.995 | 0.346 | 9.276 | 0.988 | 32.769 | 2.602 | 0.979 | 27.088 | 3.191
7 7 4 6 6 4 6 5 1 5 2 8
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