Journal of
the Serbian
Chemical Society

% 00011+ ml’v”@\' JSCS-mfo(@shd.org.rs « www.shd.org.rs/JSCS

ACCEPTED MANUSCRIPT

This is an early electronic version of an as-received manuscript that has been
accepted for publication in the Journal of the Serbian Chemical Society but has not
yet been subjected to the editing process and publishing procedure applied by the
JSCS Editorial Office.

Please cite this article as S. Azizi and H. Zavvar Mousavi, J. Serb. Chem. Soc.
(2024) https://doi.org/10.2298/JSC240415083A

This “raw” version of the manuscript is being provided to the authors and
readers for their technical service. It must be stressed that the manuscript still has
to be subjected to copyediting, typesetting, English grammar and syntax correc-
tions, professional editing and authors’ review of the galley proof before it is
published in its final form. Please note that during these publishing processes,
many errors may emerge which could affect the final content of the manuscript
and all legal disclaimers applied according to the policies of the Journal.



https://doi.org/10.2298/JSC240415083A




grolan Chep, ice/

R Journal of
; ' the Serbian
Chemical Society

JSCS-info(@shd.org.rs » www.shd.org.rs/JSCS
J. Serb. Chem. Soc.00(0) 1-18 (2024) Original scientific paper
JSCS-12890 Published DD MM, 2024

Malachite green removal by Eryngium caeruleum ash
SHAGHAYEGH AZ1ZI AND HASSAN ZAVVAR MOUSAVI*

Department of Analytical Chemistry, Faculty of Chemistry, University of Guilan, P.O. Box
41335-1914, Rasht, Iran.

(Received 15 April; revised 28 August; accepted 27 September 2024)

Abstract: In this study, malachite green has been successfully removed from an
aqueous solution with the use of Eryngium caeruleum ash as an adsorbent. The
influence of effective factors on the dye removal process, like contact time, the
initial concentration of dye, amount of adsorbent, temperature, and pH, has been
studied. The findings revealed that optimal malachite green adsorption occurred
at pH 7, 120 min of contact time, 0.01 g of adsorbent, and 100 mg L of initial
dye concentration. Furthermore, the adsorption results follow the Langmuir
isotherm with a correlation coefficient (R? = 0.98), (Omax = 476.19 mg g), and
pseudo-second order kinetic (R? = 0.97). Endothermic and spontaneous
adsorption were implied by the positive AH®, AS®, and negative AG®. Therefore,
to remove MG from aqueous solutions, Eryngium caeruleum ash can be
exploited as a low-cost and environmentally friendly adsorbent.

Keywords: adsorption; low-cost adsorbent; isotherm; Kinetics; thermodynamics.
INTRODUCTION

Dyes  are applied in many manufacturing sectors, which include food
processing, pharmaceuticals, textiles, plastic, rubber, and paper.! Furthermore,
dyes are organic compounds and have high solubility in water, especially those
classified as reactive, direct, acidic, and basic, which makes it a problem to remove
dyes with conventional methods. The existence of dyes in textile wastewater, in
addition to harming the environment and water bodies, prevents light penetration
into the water, which ultimately causes the photosynthetic rate to decline and the
level of dissolved oxygen to drop, jeopardizing the lives of the aquatic creatures.??
The malachite green dye is extensively used for several kinds of reasons in
agriculture, health, food, textiles, and other industries.

Due to its carcinogenicity, this dye is dangerous and poisonous for blue
species, such as fish and mammals. The concentrations of malachite green increase
with time and exposure to temperature and also cause many diseases, including
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cancer, respiratory poisoning, Chromosome breaks, gene mutations, etc.
Therefore, it is necessary to remove and separate this color before discharging dye
wastewater into the water.* Furthermore, various pollutants are included-in dye
wastewater, such as salts, adhesives, acids, and additives, which are toxic,
carcinogenic, teratogenic, and xenobiotic.>® These features are responsible for the
creation of allergic conjunctivitis, skin irritation, eye burns, and occupational
asthma in the human body.”® Dyes are a significant sort of harmful substances that
are easily recognized by the human eye. However, it is important to prevent the
discharge of dyes into water sources. VVarious treatment technologies are employed
for this goal. Adsorption holds a significant position among many techniques for
dye removal. Adsorption methods are frequently employed to remove specific
types of contaminants from water, particularly those that are difficult to biodegrade
The surface adsorption process is also considered an effective and economical
method due to its simplicity and accessibility.®*® Currently, the search to find
cheap and easily accessible adsorbents has attracted the attention of many
researchers, and now they are looking for economical and effective methods using
synthetic materials and natural as adsorbents.'* In this study, we attempt to utilize
Eryngium caeruleum ash for removing malachite green dye (MG) from aqueous
solutions through the surface adsorption method.

EXPERIMENTAL
Materials

Each of the chemical substances has been procured from Merck (Darmstadt, Germany).
HCI (36 %) and sodium hydroxide granules of 99.9 % purity were used (M) for pH adjustment,
sodium chloride was used to measure the ionic strength, and malachite green (MG) dye was
also dissolved in distilled water.

Preparation of the MG dye solution

The adsorbate for this study was MG, a common cationic dye. Malachite green, known by
the chemical formula C23H26N,Cl, is one of the dye derivatives of aniline with a solid green
appearance. MG dye has been weighed and dissolved in distilled water to achieve a
concentration of 600 ppm. The pH had been modified to 2-12 through the addition of 0.1 M
HCI and NaOH solutions.

Preparation of the adsorbent

Initially, the Eryngium caeruleum was collected from mountainous regions and washed
utilizing distilled water to eliminate all contaminants. Subsequently, the plant had been dried
and subjected to gentle heat for crushing. Then that was placed in the oven to turn into ash after
6 hours at 350 °C. The acquired ash was slightly ground and finally made into a fine powder
and can be utilized as an adsorbent.

Adsorption studies

In this case, batch adsorption studies have been carried out for studying the removal of
MG dye by utilizing Eryngium caeruleum ash as the adsorbent. also all the parameters were
considered fixed, and only the parameter that should be optimized was changed. 25 mL of
malachite green dye solution was prepared and the effects of parameters such as adsorbent
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dosage (0.01-0.07 g), solution pH (2-12), initial dye concentration (100-500 mg L), contact
time (15-135 min) and the temperature (040 °C) were studied. The pH solutions were modified
with the addition of 0.1 M HCI and NaOH solutions. The following formula has been used to
compute the percentage removal and MG dye solution adsorption capacity:?

v
ge = (CO — Ce); (1)
Removal percentage = @ x 100 (2)

0
In which Co and C, (mg L) are the liquid-phase of dye concentrations at the initiation and
equilibrium, accordingly. W/ g is the mass of dry sorbent used, V / L is solution volume and the

variable q; represents the adsorption capacity of the adsorbents:
Adsorption isotherms

To investigate and enhance the adsorption system design and understand the adsorption
equilibrium, it is essential to study the adsorption isotherm. The adsorption isotherm at
equilibrium describes distribution of adsorbed molecules insolid and liquid phases. Adsorption
isothermal models can be used for evaluating adsorption phenomena and predicting maximum
adsorption capacity. Also, Freundlich, Langmuir, and Temkin are the most utilized adsorption
isotherm models. Equation 3 uses the value of the dimensionless separation factor (R.) to define
the favorability of the Langmuir isotherm maodel for equilibrium data.*®

R, ! )

- 1+kLXCe

where Cy is the MG dye maximum initial concentration.
Adsorption kinetics and mechanisms

For the determination of adsorption system and kinetics, different kinetic and adsorption
models like pseudo-first and second-order models, internal particle diffusion, and Elovich
Kinetic models have been studied. Also, different correlation coefficient (R%) values were
calculated for various kinetic and isothermal models.

RESULTS AND DISCUSSION
SEM adsorbent characterization
Scanning electron microscope (SEM) images utilized for information on the
morphology of the adsorbent. According to the images (Fig. 1), the Eryngium

caeruleum ash has porous surfaces and a porous structure wich makes them
suitable sites for the MG dye adsorption.
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View field: 41.5 ym _Date(midy): 072622 Date(midy): 072622

Fig 1. Eryngium caeruleum ash adsorbent SEM images: (a) 1 um, (b) 10 um, and (c) 2 pm.
FT -IR adsorbent study

The FT-IR analysis was interpreted to investigate the functional groups
included in the adsorbent. Fig. 2 reveals the FT-IR spectrum for the Eryngium
caeruleum ash. According to this analysis, the adsorption peaks within the spectral
range of 1464 cm™ to 2962 em* correspond to various functional groups, namely,
-CHa- bending, N-H stretching amine, C-O carboxylic acid stretching, Si-O-Si

stretching, O-H carboxylic acid, C-O-O peroxide stretching, C-S stretching, S-S
stretching, and C-H methyl stretching groups.#16
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Fig 2. The FT-IR spectrum for the Eryngium caeruleum ash.
Effect of solution pH

Several studies have shown that the initial solution pH can influence surface
charge, the solubility of the adsorbate, and the ionization degree in the adsorption
method, so the initial solution pH is one of the main environmental factors. Diluted
solutions of 0.1 M HCI and NaOH were added to 25 mL of MG dye solutions,
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which had a concentration of 100 mg L, to optimize pH from 2-12. Then, 0.01.¢
of the adsorbent has been added to the flasks and agitated for 60 min on a shaker
(at a constant 160 rpm shaking rate) at ambient temperature. The concentrations of
the dye at equilibrium had been measured with a UV/vis spectrophotomete
(Perkin-Elmer, Junior Model 35, U.S.) at 618 nm. The maximum MG dye removal
percentage (66.90 %) had been achieved at a pH of 7.0. Also the zero point charge
(pHzpc) value for Eryngium caeruleum ash was found to be 6.0 (Fig. 3b). This
result confirms that at a pH > pHzpc, the negative charge density on the MG dye
surface increases, leading to MG elimination.!” In fact, the adsorption capacity of
MG dye is minimal in acidic solutions. This phenomenon is attributable to the
positive charge of the adsorbents, which leads to the repulsion of the cationic dye
MG as they share the same charge.*® According to Fig. 3a, at pH above 7, since of
the existence of hydrogen bonds, the repulsive force between H* ions and cationic
dye molecules causes a decrease in adsorption at first and then reaches a constant
value.®
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Fig. 3. (a) Effect of initial pH on MG adsorption (b) Point of zero charge.

Effect of adsorbent dosage

The influence of changing the adsorbent dosage (0.005-0.07 g) on MG
removal % is shown in Fig. 4. One key factor that significantly impacts the
adsorption process and requires examination in adsorption studies is the influence
of the dosage of the adsorbent. In order to investigate this factor, MG dye solutions
at 100 mg L concentration were prepared in a volume of 25 mL under optimum
pH 7, and then different doses of adsorbent in the range of 0.005 to 0.07 g were
added to the dye solutions, and they were agitated for 120 min at ambient
temperature on a shaker (at a constant 160 rpm shaking rate). According to Fig. 4,
the highest percentage of MG dye removal can be seen in the dosage of 0.01 g of
adsorbent (74.12 %) since, in the graph after this point, the slope of the curve has
reached an almost constant value. Therefore, the optimum dosage of adsorbent was
considered to be 0.01 g because a higher adsorbent dosage can increase surface
area.?
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Fig. 4. Effect of adsorbent dosage on MG adsorption

Effect of contact time

The optimal contact time should give enough time for the dye to adsorb the
sites of the adsorbent surface so that the adsorption sites can adsorb the cationic
dye molecules. To investigate this effect, 25 mL solutions of MG dye were
prepared at a 100 mg L concentration (pH 7). Also, 0.01 g of adsorbent has been
added to the flasks, and they have been stirred in the contact time range of 15 to
135 min at ambient temperature on a shaker (at a constant 160 rpm shaking rate).
Fig. 5, indicates the influence of contact time on the MG adsorption. Initially, the
curve slope is steeper, considering the accessibility of unoccupied adsorbent sites.
However, the line's slope smooths after 120 min, and the MG dye removal
percentage remains constant. In other words, as time increases, the percentage of
MG removal increases, and after a while, it starts to rise with less intensity, and
then it reaches a constant value. After 120 min, the unoccupied sites on the
adsorbent surface are saturated with the pollutant, and the adsorption system

reachesequilibrium. As a result, the optimum contact time was 120 min with 74.12
% MG dye removal.
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Fig. 5. Effect of contact time on MG adsorption.
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Effect of initial concentration

Fig. 6 shows that variations in the initial dye concentration can influence the
percentage removal of the MG. To investigate this effect, 25 mL solutions of MG
dye were prepared at various concentrations (100-500 mg L at pH 7). Then, 0.01
g of adsorbent has been added to the solutions, and they have been stirred for 120
min at ambient temperature on a shaker (at a constant 160 rpm shaking rate).
According to Fig. 6, at low concentrations, fewer pollutants were present in the
solution, and more sites on the adsorbent surface were ready to accept dye
molecules. But after the increase in dye concentration, a large number of adsorbed
molecules competed to occupy the empty sites on the adsorbent, and consequently,
the percentage of dye removal decreased.? Therefore, the concentration of 100
ppm (74.17 removal %) was considered as the optimal concentration.

80
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40 -
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20

0
0 100 200 300 400 500 600
Initial dye concentration, mg L

Fig. 6. Effect of initial dye concentration on MG adsorption

Effect of temperature

Temperature is an essential parameter in determining the adsorbent capacity
for physical and chemical adsorption.? In fact, temperature can provide useful
information about thermodynamic parameters. In order to test the temperature
factor, 100 mg L of the MG solutions were prepared under conditions of pH 7 in
avolume of 25 mL. Also, 0.01 g of adsorbent was added to flasks, and the solutions
were agitated for 120 min. According to Fig. 7, the studied temperature range was
0 °C up to 40 °C. The results show that as the temperature increases, the viscosity
of the MG dye solution decreases, which can lead to a higher diffusion rate of MG
dye molecules in the outer boundary layers and facilitate their penetration into the
inner pores of the absorbent. Therefore, the optimal adsorption temperature is 40
°C. (313K, 99.87 removal %).
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Fig. 7. Effect of temperature on MG adsorption

Effect of ionic strength

In addition to dyes, textile wastewater contains various types of ions, and these
ions can be effective in removing dyes through surface adsorption. In order to
study this parameter, 25 mL of MG dye solutions at pH 7 (concentration of 100
mg L) were prepared, then 0.01 g of adsorbent was added to solutions. Then 2
mL of NaCl with concentrations of 0.1, 0.3, 0.6, and 1 M was added to each of
these prepared solutions, and they were agitated for 120 min at ambient
temperature on a shaker (at a constant 160 rpm shaking rate). According to Fig. 8,
as the sodium chloride concentration increases, the percentage of MG dye removed
decreases, and this is‘due to the competition between sodium ions and contaminant

molecules to occupy all accessible sites.?
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Fig. 8. Effect of ionic strength on MG dye adsorption.

Adsorption isotherms studies

The efficiency of adsorbents used for adsorption can be investigated using
adsorption isotherms including Freundlich, Langmuir and Temkin isotherms and

it is also possible to determine the nature of the interaction between the adsorbent
and the adsorbate material.?*
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Langmuir adsorption isotherm

The maximum adsorbent capacity was calculated using the Langmuir
isotherm model and is shown as follows: %
Ce _ 1 Ceq
q_e B K1Lqmax + @ (4)
Where qe is the amount of adsorbate at equilibrium, gmax / mg g is the
maximum capacity of adsorbent, K. / L mg? is the Langmuir isotherm constant
that refers to the adsorption rate and Ce / mg L* is the equilibrium adsorbate
concentration. Through the charting of Ce/qe versus Ce, gmax and K. values were
obtained. The fundamental characteristics of a Langmuir isotherm could be defined
through a dimensionless parameter recognized as the separation factor Ri, which
value was found to be 0.14. The RL <1 means that the adsorption of MG is
favourable in this investigated study. The Langmuir adsorption isotherm diagram
can also be seen in Fig. 9. Table | shows that the adsorption process follows the
Langmuir isotherm (R? = 0.98) with a gmax 0f 476.19 mg g .
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Fig. 9. Langmuir Eryngium caeruleum ash plot for adsorption of MG.

TABLE I Equilibrium isotherm modeling of MG adsorption onto Eryngium caeruleum ash.

Isotherm Eryngium caeruleum ash
Langmuir
Gmax (MY g ) 476.19
Ko 0.04
RL 0.14
R? 0.98
Freundlich
N 2.64
Ke (L mg?) 67.26
R? 0.67
Temkin
B (J mol?) 122.39
Kr (L mg?) 0.28

R? 0.61
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Freundlich adsorption isotherm

In the Freundlich isotherm model, adsorption can occur on the heterogeneous
surface of the adsorbent with a non-uniform distribution of heat. following
Formula refers to the linear form of this model: 2

Inq, = InKg +%lnCe (5)

Where ge is the adsorbed amount of dye at equilibrium, Kr and 1/n are the
Frendulich constants and Ce is the equilibrium concentration. The values of 1/n
express the non-linearity of the relationship between solution concentration and
adsorption. When the value of n is less than one and n is greater than one, chemical
adsorption and physical adsorption are implied, respectively. And also, if n =1,
adsorption is linear. Fig. 10 shows Inge versus InCe plotted for MG adsorption on
the adsorbent. The values of n and Kr are computed by utilizing the slope and the
intercept separately, which were (2.64) and (67.26 mg g ™), and also R? = 0.67 was
obtained, which did not seem appropriate. As a result, since the value of n >1 the
adsorption has been carried out as a.chemical process.

7 y = 0.3775x+4.2087
R*=0.6754

- 6.5 & ¢
w 6 /
[ 1]
£ 55
s &y °
5 45

4 T T

2.5 3.5 45 5.5 6.5

Ln (C.,/mgL?Y)
Fig. 10. Freundlich Eryngium caeruleum ash plot for adsorption of MG.

Temkin adsorption isotherm

Variations in adsorption energy and the adsorbent surface were evaluated
utilizing the Temkin adsorption isotherm. The R? value has been used as a criterion
for effectiveness and efficiency. The Temkin isothermal model is shown using the
following linear formula: %

ge = ~-In(Kr) +=-In(C) (6)

Where R/ 8.314 J mol! K is the universal constant of the gas and T/ K
represents temperature (absolute). 2* The Temkin isotherm model of MG dye
adsorption onto Eryngium caeruleum ash is shown in Fig. 11 by charting ge versus
InCe at a constant temperature. According to Table 1, R? for the Temkin isotherm
model is 0.61. The results show that the Langmuir isotherm are more accurate than
other isotherms in describing the adsorption of MG dye on the adsorbent.
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Fig. 11. Temkin Eryngium caeruleum ash plot for adsorption of MG.

Adsorption Kinetic study

To provide information about the factors that impact reaction speed, it is
necessary to carry out kinetic evaluations. In this study, various kinetic models
have been used for the analysis of the data to investigate the mechanisms of MG
dye adsorption on the adsorbent, including Elovich, intra-particle, pseudo-first
order, and pseudo-second order.
Pseudo-first-order kinetic model

In surface adsorption studies, the pseudo-first-order is an old kenetic model
and can give information about the adsorption kinetics of pollutants.?® Pseudo-
first-order rate equations were typically used to describe adsorbate performance
from the tested dye solution. The linear model of this kinetic model is provided
using the following equation: 2°

In(qe — qr) = In(qe) — kat (7)

Where ge / mg g ! is the amount of dye adsorbate on the adsorbent surface at

equilibrium, gt/ mg g is the amount of dye adsorbed at time t/ min, and ki / min-

! is the rate constant. Fig. 12 shows the Pseudo-first-order model of the adsorption

of MG dye onto Eryngium caeruleum ash by charting In (ge-qt) versus contact time.

According to Table 11, ki and ge were calculated and R? for this kinetic model
obtained 0.90.

6 -
B y =-0.0608x+6.4639
i R2=0.9087
g3
=2
¥ 14
Ea
S
2 1 ¢ o
3

0 20 40 60 80 100 120 140 160

Time, min
Fig. 12. Pseudo-first-order model of MG adsorption onto Eryngium caeruleum ash
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TABLE II. Adsorption kinetic models of MG adsorption onto Eryngium caeruleum ash.

Adsorption kinetic models Constant MG dye
ge/mg g* 641.55
Pseudo-first-order ki / min? 0.06
R? 0.90
ge/mg g? 243.90
Pseudo-Second -order ki / min? 0.004
R? 0.97
algmg? 14.09
Elovich kinetic 41 mg gt mint 0.017
R? 0.92
Kia/ mg g'min? 15.47
Intraparticl — diffusion C/mgg* 23.8
R? 0.88

Pseudo-second-order kinetic Model

The pseudo-second-order model is another model utilized for analyzing
adsorption kinetics. The linear equation for the model is as follows: *°
t 1 t
P Ay ®)
where k2 / g mg * min is the constant rate and t / min is the contact time. Fig.
13 shows the charting of t / gt versus contact time, and according to Table I, R?
for this kinetic model obtained 0.97. The data indicate that the second-order kinetic
equation can provide a suitable description of the MG adsorption mechanism on
the surface of the adsorbent.

0.8 -

y =0.0041x+0.1504
R*=0.9703

(¢ /q) /(g min / mg)
© o o o
H U N

© o o
BN W

o

0 25 50 75 100 125 150

Time, min

Fig. 13. Pseudo-second-order model of MG adsorption onto Eryngium caeruleum ash

Elovich kinetic Model
Elovich is a kinetic equation that has been used to evaluate boron adsorption.
This model has the following linear formula:
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qe =5In(ap) +5In(t) )

Where o is the chemisorption rate at zero coverage and /4 is associated with
both chemical adsorption activation energy and the extent of surface coverage .
Fig. 14 shows the Elovich model of MG dye adsorption onto Eryngium caeruleum
ash by charting gt versus In (t). According to Table I, R? for the Elovich kinetic
model obtained 0.92, which shows that this kinetic model has a suitable correlation
coefficient.

250
y = 57.248x - 84.052

200 - R>=0.929
- )2
&0 150 v
20
& o

50

0 T
25 3 35 4 4.5 5 55
In (£)/ min

Fig. 14. Elovich kinetic model of MG adsorption onto Eryngium caeruleum ash

Intraparticle diffusion kinetic Model

Fig. 15 shows the intraparticle diffusion model of MG dye adsorption onto
Eryngium caeruleum ash by charting gt versus t%°. This is a kinetic model based
on diffusion, which has the following equation:

qt = kid tO'S +C (10)
Where Kid/ mg g * min"/2 the constant rate, gt/ mg g is the fraction adsorbate
uptake at time and C / mg g ! is the intercept that gives information about the

thickness of the boundary layers surrounding the adsorbent. According to Table II,
R for this kinetic model obtained 0.88.

250
y = 15.472x+23.866
~ 200 R2=0.8821 *
oL ’ ’
u‘
g 150
E
100
50 1 T T T T T E
2 4 6 8 10 12 14
£ %3/ min

Fig. 15. Intraparticle diffusion model of MG adsorption onto Eryngium caeruleum ash.
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Thermodynamic study

In this study, thermodynamic equations were used to investigate the effect of
temperature on the adsorption of MG on the adsorbent surface. In fact, to increase
the efficiency of the adsorption process, thermodynamic studies were performed.
Thermodynamic parameters can be obtained using the following formulas:

InKy=""—22 (12)

Where T / K is is the absolute solution temperature, Ka is the equilibrium
constant and R / 8.314 J mol! K is the universal constant of the gas. The
spontaneity or non-spontaneity of the adsorption. system is inferred from the
amount of Gibbs free energy. According to Table Ill, by increasing the temperature
in the range of 273-303 K, it was found that the values of AG° decreased from -
0.978 to -019.798 (kJ mol™?). Therefore, at higher temperatures, the adsorption of
the MG dye is spontaneous and more favorable.?® According to the intercept and
slope of the plot in Fig. 16, the parameters of the thermodynamic process, namely
AH° and AS° were computed, and the positive value for AH° indicates an
endothermic adsorption process. Considering that AS > 0, the affinity of the
adsorbent for MG dye decreased, and it was found that the randomness of the solid
/ solution interface increased during adsorption.

TABLE Ill. Thermodynamic study of MG adsorption onto Eryngium caeruleum ash.

T/K Kg AG/kImolt AH/kImol?! AS/Jmol?K? R?
273 1538718291 -0.978136222

283 5.207006369 -3.882234294

293 28.2106599 -8.135515677 136.02 497.817 0.9661
303 . 669.7222222 -16.39171195

313 2014.166667 -19.79805951

8 =
7 y =-16361x+59.877
6 R2=0.9661
~ 5 -
; 4
3
2 4
1
0 J : : B 4
0.00 0.0032 0.0034 0.0036 0.0038

ri/k1
Fig. 16. Thermodynamic study of MG dye adsorption onto Eryngium caeruleum ash
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Comparison of the various adsorbents to remove MG dye

Table IV shows various adsorbents used for MG dye removal, and it-was
concluded that the Eryngium caeruleum ash adsorbent has been able to allocate the
maximum adsorption capacity compared to other adsorbents, which indicates that
this adsorbent is suitable to remove MG dye from an aqueous solution.

TABLE IV. Comparison of the various adsorbents to remove MG dye.
Adsorption capacity,

Adsorbent mg g pH Ref.

Almond gum 17241 7 34

Sulfuric acid-treated coffee husk (ACH) 264.82 6.8 35

Activated carbon from apricot stone (ASM) 88.5 10 36

Elaeagnus Stone Activated Carbon (EAC) 432.90 7 37

Nano Chitosan from Shrimp Shells (STP) 317.73 6 38

Carbonised pomegranate peel (CPP) 31.45 6 24

Carica papaya wood 52.63 10 39

Activated carbon from pistachio shell (PisAC) 76.92 7 40
Eryngium caeruleum ash 476.19 7 this study

CONCLUSIONS

Recently, researchers have been interested in finding cost-effective adsorbents
for wastewater treatment. - The structural and morphological characteristics of
Eryngium caeruleum ash were investigated using FT-IR and SEM. Various
experimental parameters like Initial concentration of the dye, equilibrium contact
time, temperature, dosage of the adsorbent and pH of dye solution were
investigated. The optimum efficiency for MG removal using Eryngium caeruleum
ash was observed at pH 7, dosage of 0.01 g, contact time of 120 min, initial MG
concentration of 100 ppm, and temperature of 40 °C. The adsorption process of
MG dye onto the adsorbent was fitted with the pseudo-second-order kinetics model
and the Langmuir isotherm model, and the gmax has been attained at 476.19 mg g -
! The adsorption procedure, supported due to the negative AG® and positive AH®
values, was identified as spontaneous, chemisorptive, and endothermic. According
to this study, Eryngium caeruleum ash, in addition to being low-cost, easy to
access, easy to prepare, and preventing the spread of pollution in the environment,
is also environmentally friendly. Therefore, this adsorbent can remove malachite
green dye from aqueous solutions.

Acknowledgements: Thanks to the Chemistry Department of Guilan University for
providing laboratory facilities.
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HU3BOJ

YKITABABE MAJTAXUT-3EJIEHE BOJE IMEITEJIOM Eryngium caeruleum

SHAGHAYEGH AZIZI, HASSAN ZAVVAR MOUSAVI

Department of analytical Chemistry, Faculty of Chemistry, University of Guilan, P.O. Box 41335-1914,
Rasht, Iran

Manaxut 3enena doja je ycmeumrHo ykiowmeHa U3 BOLEHOT pacTBOpa ymorpedom Ierena
Eryngium caeruleum xao apcopbenta. UcnuTuBaH je yTulaj epekTUBHUX (hakTopa Ha MpOLeC
ykilawama 00je, ka0 WITO Cy BpPeMe KOHTaKTa, [OYeTHa KOHUEHTpauuja Ooje, KOMMYMHA
apcopdeHca, Temneparypa U pH. [JobujeHu pe3ynratd MoKasyjy Aa Cy ONTHMAaJIHU YCJIOBU 3a
aficopNnuyjy manaxur 3eneHe doje: pH=7, BpeMe koHTakTa 120 MHUHYyTa, KOMMYMHA afcopdeHca
0,01 g, mouerHa xoHueHrpauuja Soje 100 mg mL: Takohe, pesynaratd cy y cxiamy ca
JlaHrmyupoBom usotrepmom (RZ = 0.98), (gmar = 476,19 mg ¢!), ¥ KMHETHKOM TICEYLO-IPyror
pena (R? = 0.97). EHIOTEpMHA U CIIOHTaHA afCOPIIMja CY UMIUTHIIMPAHe MO3UTUBHUM AH®, AS®
BPEAHOCTUMA, Kao U HeraTUBHUM AG®. JlodujeHM pesynTaTé yKasyjy [a 3a yKIamame MalaxuT
seneHe doje M3 BOJEHUX pAaCcTBOpPa MOXKE Ha Ce IPUMEHU jedTHH U eKOJIOIIKH IPUXBAT/BUB
azcopbenc neneo Eryngium caeruleum.

(ITpumrseno 15. anpuia; peBugupano 28. asrycra; npuxsaheHo 27. centembpa 2024.)
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