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Abstract: In this study, malachite green (MG) has been successfully removed 
from an aqueous solution with the use of Eryngium caeruleum ash as an adsor-
bent. 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 results revealed that the optimal malachite green 
adsorption occurred at pH 7, 120 min of contact time, 0.01 g of adsorbent and 
100 mg L-1 of initial dye concentration. Furthermore, the adsorption results 
follow the Langmuir isotherm with a correlation coefficient R2 = 0.98 (qmax = 
= 476.19 mg g-1) and pseudo–second order kinetic (R2 = 0.97). Endothermic 
and spontaneous adsorption were implied by the positive ∆H°, ∆S° and 
negative ∆G°. Therefore, in order to remove MG from aqueous solutions, E. 
caeruleum ash can be exploited as a low-cost and environmentally friendly ads-
orbent. 

Keywords: adsorption; low-cost adsorbent; isotherm; kinetics; thermosdyn-
amics. 

INTRODUCTION 
Dyes are applied in many manufacturing sectors, which include food pro-

cessing, pharmaceuticals, textiles, plastic, rubber and paper.1 Furthermore, dyes 
are organic compounds and have high solubility in water, especially those clas-
sified as reactive, direct, acidic and basic, which makes it a problem to remove 
them with conventional methods. The existence of dyes in textile wastewater, in 
addition to harming the environment and water bodies, prevents the light penet-
ration into the water, which ultimately causes the photosynthetic rate to decline 
and the level of dissolved oxygen to drop, endangering the lives of the aquatic 
creatures.2,3 The malachite green dye is extensively used for several purposes in 
agriculture, health, food, textiles and other industries. 
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Due to its carcinogenicity, this dye is dangerous and poisonous for blue 
species, such as fish and mammals. The concentrations of malachite green inc-
rease with time and exposure to temperature and it also can cause many diseases, 
including cancer, respiratory poisoning, Chromosome breaks, gene mutations, 
etc. Therefore, it is necessary to remove and separate this colour before dischar-
ging dye wastewater into the water.4 Furthermore, various pollutants are included 
in dye wastewater, such as salts, adhesives, acids and additives, which are toxic, 
carcinogenic, teratogenic and xenobiotic.5,6 These features are responsible for the 
creation of allergic conjunctivitis, skin irritation, eye burns and occupational 
asthma in the human body.7,8 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. Various treatment technologies are 
employed in order to reach this goal. The adsorption process is also considered 
an effective and economical method due to its simplicity and accessibility.9,10 
Currently, the search to find the most effective technique, among many for dye 
removal, is active. The adsorption methods are frequently employed to remove 
specific types of contaminants from water, particularly those that are difficult to 
biodegrade. The surface adsorption cheap and easily accessible adsorbents have 
attracted the attention of many researchers and now they are looking for econom-
ical and effective methods, using synthetic and natural materials as adsorbents.11 
In this study, we used Eryngium caeruleum ash for removing the malachite green 
dye (MG) from aqueous solutions through the surface adsorption method. 

EXPERIMENTAL 
Materials 

Each of the chemical substances has been procured from Merck. HCl (36 %) and sodium 
hydroxide granules of 99.9 % purity were used (M) for pH adjustment, whereas sodium 
chloride was used to measure the ionic strength. Malachite green (MG) dye was dissolved in 
distilled water as well. 
Preparation of the MG dye solution 

The adsorbate for this study was MG, a common cationic dye. MG, known by the chem-
ical formula C23H26N2Cl, is one of the dye derivatives of aniline with a solid green appear-
ance. 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 HCl 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 h at 350 °C. The acquired ash was slightly ground and finally made into a fine powder 
and can be utilized as an adsorbent. 
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Adsorption studies  
In this case, the batch adsorption studies have been carried out for studying the removal 

of MG dye by utilizing E. caeruleum ash as the adsorbent. All the parameters were considered 
fixed, and only the parameter that should be optimized was changed. 25 mL of MG dye 
solution was prepared and the effects of parameters such as adsorbent dosage (0.01–0.07 g), 
solution pH (2–12), initial dye concentration (100–500 mg L-1), contact time (15–135 min) 
and the temperature (0–40 °C) were studied. The pH solutions were modified with the addit-
ion of 0.1 M HCl and NaOH solutions. The following formula has been used to compute the 
percentage removal and MG dye solution adsorption capacity:12   

 e 0 e( ) Vq C C
W

= −  (1) 

 0 e

0
Removal percentage 100 C C

C
−=  (2) 

in which C0 and Ce (mg L–1) are the liquid-phase of the dye concentrations at the initiation 
and equilibrium, accordingly. W / g is the mass of dry sorbent used and V / L is solution 
volume. 
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 equi-
librium describes the distribution of adsorbed molecules in solid and liquid phases. The ads-
orption isothermal models can be used for evaluating adsorption phenomena and predicting 
maximum adsorption capacity. Also, Freundlich, Langmuir and Temkin are the most applied:  

 L
L e

1
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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 (R2) values were 
calculated for various kinetic and isothermal models. 

RESULTS AND DISCUSSION 

SEM adsorbent characterization 
Scanning electron microscope (SEM) images were used for the information 

on the morphology of the adsorbent. According to the images (Fig. 1), the Eryn-
gium caeruleum ash has porous surfaces and a porous structure which makes 
them the suitable sites for the MG dye adsorption. 

FT‑IR adsorbent study 
The FT-IR analysis was interpreted in order to investigate the functional 

groups included in the adsorbent. Fig. 2 reveals the FT-IR spectrum for the E. 
caeruleum ash. According to this analysis, the adsorption peaks within the spec-
tral range of 1464 to 2962 cm–1 correspond to various functional groups, namely, 
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–CH2– 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.14–16 

  
(a) (b) (c) 

Fig. 1. Eryngium caeruleum ash adsorbent SEM images: a) 1, b) 10 and c) 2 µm mgnification. 

 
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. Dil-
uted solutions of 0.1 M HCl and NaOH were added to 25 mL of MG dye solut-
ions, which had a concentration of 100 mg L–1, to optimize pH from 2–12. Then, 
0.01 g 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 concen-
trations of the dye at equilibrium had been measured by a UV/Vis spectrophoto-
meter (Perkin-Elmer, Junior model 35, U.S.) at 618 nm. The maximum MG dye 
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removal percentage (66.90 %) had been achieved at a pH of 7.0. Also, the zero 
point charge (pHzpc) value for E. 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.17 In fact, the adsorption cap-
acity of MG dye is minimal in acidic solutions. This phenomenon could be 
attributed to the positive charge of the adsorbents, which leads to the repulsion of 
the cationic dye MG as they share the same charge.18 According to Fig. 3a, at pH 
above 7, because of the existence of hydrogen bonds, the repulsive force between 
H+ and cationic dye molecules causes a decrease in adsorption at first and then 
reaches a constant value.19 

 

(a) (b) 
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 rem-

oval % is shown in Fig. 4. One key factor that significantly impacts the ads-
orption process and requires the examination in adsorption studies is the influ-
ence of the dosage of the adsorbent. In order to investigate this factor, MG dye 
solutions at 100 mg L–1 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 stirred 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 adsorb-

Fig. 4. Effect of adsorbent dosage on MG ads-
orption. 
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ent was considered to be 0.01 g because a higher adsorbent dosage can increase 
surface area.20 

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 pre-
pared at a 100 mg L–1 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 displays the influence of contact time on the MG adsorption. Initially, the 
curve slope is steeper, considering the accessibility of the 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 ads-
orbent surface are saturated with the pollutant and the adsorption system reaches 
equilibrium. As a result, the optimal contact time was 120 min with 74.12 % MG 
dye removal. 

Fig. 5. Effect of contact time on MG ads-
orption. 

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–1 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 mole-
cules. However, after the increase in dye concentration, a large number of ads-
orbed molecules competed to occupy the empty sites on the adsorbent and con-
sequently, the percentage of dye removal decreased.21 Therefore, the concen-
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tration of 100 ppm (74.17 removal %) was considered as the optimal concen-
tration. 

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

Effect of temperature  
The temperature is an essential parameter in determining the adsorbent cap-

acity for physical and chemical adsorption.22 In fact, temperature can provide 
useful information about thermodynamic parameters. In order to test the tempera-
ture factor, 100 mg L–1 of the MG solutions were prepared under conditions of 
pH 7 in a volume of 25 mL. Also, 0.01 g of adsorbent was added to flasks and 
the solutions were stirred for 120 min. According to Fig. 7, the studied tempera-
ture range was 0 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 dif-
fusion rate of MG dye molecules in the outer boundary layers and facilitate their 
penetration into the inner pores of the absorbent. Therefore, the optimal ads-
orption temperature is 40 °C. (313 K, removal 99.87 %). 

Fig. 7. Effect of temperature on MG ads-
orption. 

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–1) 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. 
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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.23 

Fig. 8. Effect of ionic strength on MG dye 
adsorption. 

Adsorption isotherms studies 
The efficiency of adsorbents used for the adsorption can be investigated 

using adsorption isotherms such as Freundlich, Langmuir and Temkin and it is 
also possible to determine the nature of the interaction between the adsorbent and 
the adsorbate material.24 

Langmuir adsorption isotherm 
The maximum adsorbent capacity was calculated using the Langmuir iso-

therm model and is shown as follows: 25 

 eqe

e L max max

1 CC
q K q q

= +  (4) 

where qe is the amount of adsorbate at equilibrium, qmax / mg g–1 is the maxi-
mum capacity of adsorbent, KL / L mg–1 is the Langmuir isotherm constant that 
refers to the adsorption rate and Ce / mg L–1 is the equilibrium adsorbate concen-
tration. Through the charting of Ce/qe versus Ce, qmax and KL values were 
obtained. The fundamental characteristics of a Langmuir isotherm could be def-
ined through a dimensionless parameter recognized as the separation factor RL, 
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 dia-
gram can also be seen in Fig. 9. Table I shows that the adsorption process follows 
the Langmuir isotherm (R2 = 0.98) with a qmax of 476.19 mg g–1. 

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. 
The following formula refers to the linear form of this model:26 

 e F e
1ln ln lnq K C
n

= +  (5) 
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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 
qmax / mg g-1 476.19 
KL 0.04 
RL 0.14 
R2 0.98 

Freundlich 
N 2.64 
KF / L mg-1 67.26 
R2 0.67 

Temkin 
B / J mol-1 122.39 
KT / L mg-1 0.28 
R2 0.61 

 

where qe is the adsorbed amount of dye at equilibrium, KF 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 the solution concentration 
and the 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 ln qe versus ln Ce plotted for MG 
adsorption on the adsorbent. The values of n and KF are computed using the 

Fig. 10. Freundlich Eryngium caeruleum ash 
plot for adsorption of MG. 

________________________________________________________________________________________________________________________

(CC) 2025 Serbian Chemical Society.

Available online at: http://www.shd.org.rs/JSCS



224 AZIZI and MOUSAVI 

 

slope and the intercept separately, which were (2.64) and (67.26 mg g–1) and also 
R2 = 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. 

Temkin adsorption isotherm 
Variations in adsorption energy and the adsorbent surface were evaluated 

utilizing the Temkin adsorption isotherm. The R2 value has been used as a crit-
erion for effectiveness and efficiency. The Temkin isothermal model is shown 
using the following linear formula:27 

 e T eln lnRT RTq K C
b b

= +  (6) 

where R, 8.314 J mol–1 K–1, is the universal constant of the gas and T / K 
represents temperature (absolute).24 The Temkin isotherm model of MG dye ads-
orption onto E. caeruleum ash is shown in Fig. 11 by charting qe versus ln Ce at a 
constant temperature. According to Table I, R2 for the Temkin isotherm model is 
0.61. The results show that the Langmuir isotherm is more accurate than other 
isotherms in describing the adsorption of MG dye on the adsorbent. 

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 kinetic model 

and can give information about the adsorption kinetics of pollutants.28 Pseudo- 
-first-order rate equations were typically used to describe the adsorbate perform-
ance from the tested dye solution. The linear model of this kinetic model is 
provided using the following equation: 29 
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 e t e 1ln( ) lnq q q k t− = −  (7) 
where qe / mg g–1 is the amount of dye adsorbate on the adsorbent surface at 
equilibrium, qt / mg g–1 is the amount of dye adsorbed at time t / min and 
k1 / min–1 is the rate constant. Fig. 12 shows the pseudo-first-order model of the 
adsorption of MG dye onto E. caeruleum ash by charting ln (qe–qt) versus 
contact time. According to Table II, k1 and qe were calculated and R2 for this 
kinetic model was 0.90. 

Fig. 12. Pseudo-first-order model of MG 
adsorption onto Eryngium caeruleum ash. 

TABLE II. Adsorption kinetic models of MG adsorption onto Eryngium caeruleum ash 
Adsorption kinetic model Constant MG dye 
Pseudo-first-order qe / mg g-1 641.55 

k1 / min-1 0.06 
R2 0.90 

Pseudo-second-order qe / mg g-1 243.90 
k1 / min-1 0.004 

R2 0.97 
Elovich kinetic 𝛼 / g mg-1 14.09 𝛽 / mg g-1 min-1 0.017 

R2 0.92 
Intraparticle-diffusion Kid / mg g-1min-1/2 15.47 

C / mg g-1 23.8 
R2 0.88 

Pseudo-second-order kinetic model 
The pseudo-second-order model is another model applied for analysing the 

adsorption kinetics. The linear equation for the model is as follows:30 

 2 e2 e

1
t

t t
q qk q

= +  (8) 

where k2 / g mg –1 min–1 is the constant rate and t / min is the contact time. Fig. 
13 shows the charting of t/qt versus contact time and according to Table II, R2 for 
this kinetic model obtained 0.97. The data indicate that the second-order kinetic 
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equation can provide a suitable description of the MG adsorption mechanism on 
the surface of the adsorbent. 

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:31 

 1 1ln( ) lntq tαβ
β β

= +  (9) 

where α is the chemisorption rate at zero coverage and β 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 E. caeruleum ash by chart-
ing qt versus ln t. According to Table II, R2 for the Elovich kinetic model is 0.92, 
which shows that this kinetic model has a suitable correlation coefficient. 

Fig. 14. Elovich kinetic model of MG ads-
orption onto Eryngium caeruleum ash. 

Intraparticle-diffusion kinetic model 
Fig. 15 shows the intraparticle diffusion model of MG dye adsorption onto 

E. caeruleum ash by charting qt versus t0.5. This is a kinetic model based on 
diffusion, which has the following equation:32  

 0.5
idtq k t C= +  (10) 
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where Kid / mg g–1 min–1/2 the constant rate, qt / mg g–1 is the fraction adsorbate 
uptake at time and C / mg g–1 is the intercept that gives information about the 
thickness of the boundary layers surrounding the adsorbent. According to Table 
II, R2 for this kinetic model is 0.88. 

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

Thermodynamic study 
In this study, the 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 for-
mulas:33 

 o
dlnG RT KΔ = −  (11) 

 
o o

dln S HK
R RT

Δ Δ= −  (12) 

where T / K is is the absolute solution temperature and Kd is the equilibrium 
constant. The spontaneity or non-spontaneity of the adsorption system is inferred 
from the change in Gibbs energy. According to Table III, by increasing the 
temperature in the range of 273–303 K, it was found that the values of ∆G° 
decreased from –0.978 to –0.198 kJ mol–1. Therefore, at higher temperatures, the 
adsorption of the MG dye is spontaneous and more favourable.23 According to 
the intercept and slope of the plot in Fig. 16, the parameters of the thermodyn-
amic process, namely ∆H° and ∆S° were calculated and the positive value for 
∆H° indicates an endothermic adsorption process. Considering that ∆S° > 0, the 

TABLE III. Thermodynamic study of MG adsorption onto Eryngium caeruleum ash 
T / K Kd ∆G° / kJ mol-1 ∆H° / kJ mol-1 ∆S° / J mol-1 K-1 R2 
273 1.538718291 –0.978136222 136.02 497.817 0.9661 
283 5.207006369 –3.882234294 
293 28.2106599 –8.135515677 
303 669.7222222 –16.39171195 
313 2014.166667 –19.79805951 
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affinity of the adsorbent for MG dye decreased and it was found that the random-
ness of the solid / solution interface increased during adsorption. 

Fig. 16. Thermodynamic study of MG dye ads-
orption onto Eryngium caeruleum ash. 

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 E. caeruleum ash adsorbent has been able to allocate the maxi-
mum 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 

Adsorbent Adsorption capacity 
mg g-1 pH Ref. 

Almond gum 172.41 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 
Nanochitosan 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 expe-
rimental parameters like initial concentration of the dye, equilibrium contact 
time, temperature, dosage of the adsorbent and pH of dye solution, were inves-
tigated. The optimum efficiency for MG removal using E. caeruleum ash was 
observed at pH 7, dosage of 0.01 g, contact time of 120 min, initial MG concen-
tration 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 
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the Langmuir isotherm model and the qmax has been attained at 476.19 mg g–1. 
The adsorption procedure, supported due to the negative ∆G° and positive ∆H° 
values, was identified as spontaneous, chemisorptive and endothermic. According 
to this study, E. 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. 

Acknowledgment. Thanks to the Chemistry Department of Guilan University for providing 
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И З В О Д  

УКЛАЊАЊЕ МАЛАХИТ-ЗЕЛЕНЕ БОЈЕ ПЕПЕЛОМ Еryngium caeruleum 

SHAGHAYEGH AZIZI и HASSAN ZAVVAR MOUSAVI 

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

Малахит зелена боја је успешно уклоњена из воденог раствора употребом пепела 
Еryngium caeruleum као адсорбента. Испитиван је утицај ефективних фактора на процес 
уклањања боје, као што су време контакта, почетна концентрација боје, количина адсор-
бенса, температура и pH. Добијени резултати показују да су оптимални услови за адсорп-
цију малахит зелене боје: pH 7, време контакта 120 min, количина адсорбенса 0,01 g, 
почетна концентрација боје 100 mg mL-1. Такође, резултати су у складу са Лангмуировом 
изотермом (R2 = 0,98), (qmax = 476,19 mg g-1), и кинетиком псеудо-другог реда (R2 = 0,97). 
Ендотермна и спонтана адсорпција су имплициране позитивним ∆H° и ∆S° вредностима, 
као и негативним ∆G°. Добијени резултати указују да за уклањање малахит зелене боје из 
водених раствора може да се примени јефтин и еколошки прихватљив адсорбенс пепео Е. 
caeruleum. 

(Примљено 15. априла, ревидирано 28. августа, прихваћено 27. септембра 2024) 
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