International Journal httpi/dergipark.gov.triijent

\, of Environmental
Trends (IJENT)

-
-

International Journal of Environmental
Trends (IJENT)

2021; 5 (2),79-99

Turkish

ISSN: 2602-4160

JournalPark

ACADEMIC

Research Article

INVESTIGATION THE REMOVAL OF MALACHITE GREEN DYE FROM AQUEOQUS

SOLUTION BY USING SESAME SHELL

Hiidaverdi ARSLAN*!, Emre ALKAN?

2 Mersin Universitesi, Miihendislik Fakiiltesi, Cevre Miihendisligi Boliimii, Ciftlikkoy Kampiisii, Yenigehir, Mersin

(ORCID Number: 0000-0002-3053-6944)
e-mail: harslan@mersin.edu.tr

(ORCID Number: 0000-0001-5641-8252)

Abstract

In this study, the removal of Malachite Green (MG) dye from the aqueous solution
by the adsorption method onto Sesame Shell (SS) was investigated. The effects of
solution pH, the initial concentration of the dye, adsorbent amount and contact time
on the adsorption process were determined. The adsorption kinetic was modeled
using first order and pseudo second order kinetic models. Langmuir and Freundlich
isotherms were applied in this study. All of the experiments were carried at the
room temperature (25°C) and at solution volume of 30 mL. The optimum results
had been noticed at the following parameters pH 8, initial concentration of 20
mg/L, the adsorbent amount of 0.3 g and contact time was 40 minutes. The
adsorption of MG onto SS was found to be more suitable for the pseudo second
order kinetic model with correlation factor of R?=0.9998. The result was fitted with
Langmuir isotherm (R?=0.9997). The adsorbent capacity was determined to be
1.58 mg/g, the removal efficiency of MG onto SS was 93.45%. In this study, the
SS was used as an adsorbent for MG removal and based upon the obtained results
it is found to be an effective choice. On the other hand, it was concluded that the
calorific value of 4122 Cal/g determined for the contaminated adsorbent was an
attractive waste for incineration plants for the disposal of the contaminated
adsorbent.
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SULU COZELTIiDEN SUSAM KABUGU KULLANILARAK MALAKIT YESIiLi BOYASININ

GIDERIMININ ARASTIRILMASI

Ozet

Bu galismada, Susam Kabugu (SS) iizerine sulu ¢ozeltiden Malachite Green (MG)
boyasinin adsorpsiyon yontemi ile uzaklastirilmasi aragtirtlmistir. Boya ¢ozeltisinin
pH, baslangi¢ derisimi, adsorban miktar1 ve temas siiresinin adsorpsiyon iglemine
etkileri belirlenmistir. Adsorpsiyon kinetigi modelini belirlemek igin birinci ve
yalanc ikinci mertebeden kinetik modeller kullanilmigtir. Caligma igin Langmuir
ve Freundlich izoterm modelleri uygulanmigtir. Tim deneysel calismalar oda
sicakliginda (25°C) ve 30 mL ¢ozelti hacminde gergeklestirilmistir. Optimum
sonuglar; pH 8, baslangi¢ derisimi 20 mg/L, adsorban miktar1 0.3 g ve temas
stiresi 40 dakika olarak tespit edilmistir. MG'in SS {izerine adsorpsiyonunun,
korelasyon faktorii R?=0.9998 olan yalanci ikinci derece kinetik model i¢in daha

Anahtar Kelimeler
Adsorpsiyon,
Susam kabugu,
Malakit yesili,
Boya,

Adsorban, Tarimsal atik.
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uygun oldugu ve Langmuir izotermine (R°=0.9997) uygun oldugu tespit edilmistir.
Adsorban kapasitesi 1.58 mg/g olarak belirlenmis olup MG'nin SS iizerine giderim
verimi %93.45 olarak hesaplanmistir. Bu ¢alismada elde edilen sonuglara gore SS,
MG giderimi i¢in adsorban olarak kullanim igin etkili bir oldugu bulunmustur. Ote
yandan kirletilmis adsorban i¢in belirlenen 4122 Cal/g kalorifik degeri, kirlenen
adsorbanin nihai bertarafi icin yakma tesislerinde cazip yakit olabilecegi sonucuna
varilmistir.

International Journal of Environmental Trends, 5 (2), 79-99. DOI: not now possible

! Corresponding Author Email: harslan@mersin.edu.tr

1. INTRODUCTION

Dyes are chemical compounds that can attach themselves to surfaces or fabrics to give color [1]. These
dyes are used in many industries, textiles, leather, cosmetics, paper, printing, plastics, pharmacy, food,
pisciculture, etc., in color products that produce large quantities of wastewater with high and organic
content. The development of the rapidly growing textile industry in the world in recent years has led to
an increase of textile wastewater. Only two thirds of the total wastewater containing dyestuffs is the
textile industry [2]. Various physical, biological, and chemical techniques may be employed for the
decolorization of dyes found in wastewater but, each method has technical and economic limitations
[3, 4, 5, 6]. Many physicochemical decolorization methods are not suitable because they are
expensive, have restricted usage areas, interfere with other wastewater components, or cause wastes
that require retreatment. The biologic treatment method is an alternative to the physicochemical
methods which is relatively inexpensive and may be preferred for decolorization [7, 8]. Textile
wastewater is discharged without sufficient purification, affecting the chemical structure of the
receiving water source, disrupts the aesthetic appearance, prevents the passage of sunlight into the
water environment, and therefore reduces photosynthetic action. All of these have negative effects on
the aquatic ecosystem [9, 10]. The Water Pollution Control Regulation in Turkey in Table 10, the
color parameter according to the discharge standard is 280- 260 (Pt-Co) [11]. Since approximately 10-
15% of the dyes used are discharged into the water environment, disposal of dyes is a serious global

issue [12]. Malachite green (MG) is a triphenylmethane cationic dye [13]. MG has been extensively
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used in the dyeing of leather, silk, paper, textile industries, bactericide, fungicide, and a parasiticide
[14, 15]. Despite its many uses, MG is highly toxic to aquatic fauna, flora and humans due to its
mutagenicity, carcinogenicity, and genotoxicity. Therefore, the removal of wastewater from MG dye
is very important [13-16]. There are many dye removal methods from wastewater. Some of these are
membrane filtration [17], adsorption [18], ozonation [19], oxidation [20], coagulation-flocculation
[21], and photodegradation [22] methods. A few of them are effective, although they involve the use
of concentrated chemicals that bioaccumulate or require expensive equipment for environmental
improvement [23]. Adsorption is the most preferred advanced treatment method due to its efficiency,
simplicity and insensitivity to the toxicity of pollutants [24]. Adsorption is a method of low cost,
environmentally friendly, high regeneration capacity and used in the efficient treatment of wastewater
[25]. Adsorption is the removal of particles that use the transfer of mass from the liquid phase to the
solid phase [26, 27]. Activated carbon is one of the most popular adsorbents due to its high adsorption
capacity. However, adsorbents are expensive and difficult to recycle. In this context, the use of natural
and low-cost adsorbents in adsorption, especially the use of agricultural wastes, is an effective and
economical method for cleaning dyes from textile wastewater [22]. Sesame, Sesamum indicum L. is an
agricultural production herb that provides seeds for confectionery, edible oil, tahini (paste), cake and
flour since ancient times [28, 29]. Sesame plant grows in tropical and temperate climates. The need for
water is low, it can give good yield at high temperatures and the grain quality is high [23]. Sesame
seeds contain 50-60% oil, 30-35% protein and 1.3% calcium and minerals in terms of their content
[30]. According to the Turkey Statistical Institute data of 2020 last two years (2019-2020) 16 893 tons
respectively 18 648 tons of sesame production it has been realized [31]. The seeds of the sesame plant
which can be used in many sectors such as the food and pharmaceutical industry are usually burned or
discarded after the interior is removed. As a result, the remaining sesame shell forms an agricultural
waste [32, 33]. In this study, the usability of SS, which is an agricultural waste, was investigated in the

wastewater treatment that contains MG dyestuff as an adsorbent.
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2. MATERIALS AND METHODS

2.1. Adsorbent Preparation

The SS supplied from Gaziantep province was kept at room temperature (25 °C). It was washed with
tap water first and then with pure water. After that, it was dried at scientific HERAEUS oven in 105
°C for 24 hours. The dried adsorbent was grinded with ISOLAB blender and 60 mesh sieves for later

use. It’s shown in Figure 1.

Figure 1. Preparation of Adsorbent

2.2. Dye Preparation

The cationic MG dye prepared 1000 ppm stock solution from SIGMA-ALDRICH. The MG dye has a
chemical formula of C3H2sCLN, (Figure 2) and its molecular weight is 346.9 g/mol. In experiments,
0.1 M NaOH and 0.1 M HCI were used to adjust the pH. The study was carried out on the values
obtained by determining the highest adsorbing capacity of the dyestuff in the aqueous solution of

Sesame Shell.

CI- | |

@
ASYSh
\
Figure 2. Chemical Formula of MG dye
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2.3. Adsorbent Characterization

In adsorption experiments, ISOLAB precision scales were used for weighing; STUART BIOLAB
SSL1 to mix solutions at 150 rpm, ISOLAB-WATERPROOF IP57 pH meter was used to determine
the acid-base degree. In determining the color change in the experiments, UV spectrophotometer
(HACK DR-3900) with a wavelength of 617 nm was used. The s synthesis composites before and
after MG adsorption were recorded using Fourier Transform Infrared Spectroscopy (FTIR) [34, 35].
Scanning Electron Microscope (SEM) was used in the morphological investigation of composite

structures [34].
2.4. Adsorption Experiments

In experiments, pH (2, 4, 6, 8, 10), initial concentration of dye (5, 10, 15, 20, 25 mg/L), adsorbent
guantity (0.1, 0.3, 0.6, 0.9, 1.2 g) and time (5, 10, 20, 40, 80 min) were optimized. In all of the
experiments, 30 mL solution was used. The solutions were placed in 100 mL flasks in case of
overflow during shaking. Samples were then taken from each flask and centrifuged (HETTICH
MICRO 22R) at 6000 rpm for 5 minutes. After centrifugation, samples were taken from the rinse
phase at the top of each sample. After the experiment, adsorbent capacity (g.) (mg/g) and efficiency

(%) were calculated using Equation 1 and Equation 2 [36].

e = et Equation 1

m

Efficiency = (Ci;—'CS)x 100 Equation 2
I

In the equations, C; is the initial concentration (mg/L) of the MG dye; C; is the MG final concentration

(mg/L); V solution volume (L); m indicates the adsorbent mass (g).
2.5. Adsorption Isotherms

In the adsorption process, Langmuir and Freundlich isotherms are commonly used to describe the

relationship between adsorbent and adsorbent. Langmuir isotherm indicates monolayer adsorption and
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homogeneous regions in the adsorbent (Equation 3) [2]. Freundlich isotherm defines multi-layer and

heterogeneous systems (Equation 4) [35].

Ce 1 a .
% T (K—i) Ce Equation 3
Log(qe) = log(Ky) + (%) log(Ce) Equation 4

In the equations, C. is the concentration of adsorbate at the equilibrium (mg/L). K, and a_ are
Langmuir isotherm constant related to the affinity of the binding sites and energy of adsorption
(L/mg). gm is monolayer adsorption capacity (mg/g). K: is the Freundlich adsorption capacity

parameter (mg/g) (L/mg). 1/n is the intensity parameter.
2.6. Adsorption Kinetics

Adsorption Kinetics are used to express the behavior of the reaction that occurs during adsorption
experiments. In this study, pseudo first order (Equation 5) and pseudo second order (Equation 6)

kinetic models were applied [37].

Log(qe — q;) = Logq, — —>-t Equation 5

i
2.303

t 1 1 .
—=—4+—t Equation 6
. K292 qe q

g.: the amount of dye adsorbed at equilibrium (mg/g)

,. amount of dye adsorbed at any time (mg/g)

=2

K: rate constant of adsorption (the pseudo first order) (1/min)

K.,: rate constant of adsorption (the pseudo second order) (g/mg.h)
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3. CONCLUSION AND DISCUSSION

3.1 Characterization of Adsorbent

In the study, SEM image and FTIR were used to examine the functional group analysis of the SS used

as an adsorbent.

3.1.1. Scanning Electron Microscope Review

In the study, SEM examination was carried out to see the changes in the surface morphology of the SS
used as an adsorbent before the adsorption process and after the adsorption process took place, that is,

after the dyestuff in the aqueous solution was adsorbed by the SS. The SEM image taken before the

adsorption process is given in Figure 3 and the SEM image after the procedure is given in Figure 4.

Figure 3. SS surface before Figure 4. SS surface after

adsorption process (250X) adsorption process (500X)

When the results of SEM analysis are examined, the pores that can be seen in Figure 3 before the
adsorption and the indented-protruding heights on their surface; As can be seen easily in Figure 4, it is

seen that the surface is covered by the dyestuff after the adsorption process.

3.1.2. Fourier Transform Infrared Spectroscopy Analysis

FTIR device used in the study; It is a device used to determine the characterizations of organic or
inorganic substances. Absorption peaks occur depending on the frequency that occurs as a result of the
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vibrations of the functional groups that make up the substance. Each substance has its own spectrum
[38]. In other words, if the examined item has formed a bond with any other substance, the peak
values that occur depending on the spectrum due to the vibration spectrum of the new bond will

change. FTIR analysis of raw (undyed) and dyed version of SS is shown in Figure 5.

| raw

dyed

Figure 5. Raw and dyed FTIR analysis of SS

The adsorption values corresponding to each frequency region are different. These values may give
different peaks according to different bond structures. As seen in Figure 5, when the FTIR analysis of
SS in raw and dyed form is examined and compared, it shows that new bond structures are established
during the adsorption of 1318 cm™, 1416 cm™ and 1585 cm™ values shown in red areas. The first peak
of 1318 cm™ refers to the C-N bond, peak to 1416 cm™ refers to the C-H bond and a peak of 1585 cm™

refers to the N-H bond.
3.2. Adsorption Optimization
3.2.1 pH Optimization

In the adsorption process where SS is used as an adsorbent; 30 mL aqueous solutions with
concentrations of 100 mg/L was determined at pH 2, 6, 4, 5, 8 and 10 in order to determine the
optimum working pH of the SS in aqueous solution containing dye is set to be. In the study where all

other parameters were kept constant, 0.3 g of adsorbent was added to each flask. The samples taken
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into the shaker were mixed for 24 h and then centrifuged at 6000 rpm for 5 min and measuring were
made on the spectrophotometer. The values found as a result of the measurements are given in Figure

6.

10

/ == MG

q (mg/g)
o N M OO
+

Figure 6. The effect of pH on SS (Ci: 100 mg/L, T: 25 °C, W: 0.3 g, t: 24 h)

As can be seen in Figure 6, as a result of the study carried out in order to determine the optimum
working pH of the SS by keeping the other parameters constant, it was determined that the SS reached
the highest adsorption capacity at pH 8. For this reason, the pH of the solution was preferred as 8 in
the subsequent optimization studies. The pH of the aqueous solution containing dye used in the study
was found to be 5, but as can be seen in the graph given in Figure 6, the highest adsorption capacity

for SS was achieved with 8.048 mg/g at pH 8.

3.2.2. Initial Dyestuff Concentration Optimization

In order to allow the SS to adsorption the dyestuff in the aqueous solution at the highest adsorption
capacity, 30 ml of aqueous solutions with concentrations of 5, 10, 15, 20, 25 mg/L have been studied.
In the study in which all other parameters were kept constant, after centrifugation at 6000 rpm for 5
min at the end of 24 h, the spectrophotometer measuring was made. The results of the readings are

given in Figure 7 below.
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Figure 7. Effect of initial dyestuff concentration on SS (pH 8, W: 0.3 g, t: 24 h)

As can be seen in the graphic in Figure 7, when the effect of the initial dyestuff concentration on the
SS is kept, other parameters are fixed, it is determined that the SS reaches the highest adsorption
capacity (1.514 mg/g) at 20 mg/L initial dyestuff concentration. As can be seen in the graphic, it was
determined that the adsorption capacity of SS was balanced after the initial concentration of 20 mg/L,
that is, the absorbent reached saturation. For this reason, the optimum initial dyestuff concentration

was preferred as 20 mg/L in next studies.
3.2.3. Optimization of Adsorbent Quantity

In order to find the adsorption capacity depending on the amount of SS used as an adsorbent under the
initial concentration and to determine the removal efficiency depending on the adsorbent quantity of
the dyestuff in the aqueous solution, 0.1, 0.3, 0.6, 0.9 and 1.2 g of adsorbent were added. Then, the
samples taken on the shaker were mixed and then centrifuged at 6000 rpm for 5 min and the samples
taken from each were measure on the spectrophotometer. The values found for each sample taken are

given in Figure 8 and Figure 9 below.

94

< 9

g N / \ —MG
2 T~

§ 90 T T T T T T 1

g 0 0,2 0,4 0,6 0,8 1 1,2 1,4

o

Adsorbent quantity(g)
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Figure 8. The effect of adsorbent amount on MG removal efficiency (T: 25 °C, V: 30 ml)

Y
5
» 2 \
R \
£
o 2 —4—MG
1 ——
0
0 0,2 0,4 0,6 0,8 1 1,2 1,4
Adsorbent quantity(g)

Figure 9. Effect of adsorbent quantity on MG (T: 25 °C, V: 30 mL)

When we look at Figure 8, the effect of different adsorbent quantity on the adsorption capacity was
examined and as can be seen in the chart given in Figure 10, the highest adsorption capacity was
reached in the quantity of 0.1 g adsorbent put into solution. As seen in the graph, it is seen that the
adsorption capacity decreases due to the increasing quantity of adsorbent in the solution. As a result of
the researches, it was found that as the amount of adsorbent in the agueous solution increases, the

guantity of dye that can adsorb in the solution per unit adsorbent decreases.

As it can be seen in the graph given in Figure 9, the effect of different adsorbent quantity on the
removal efficiency of the dyestuff in the aqueous solution was examined and it was found that the
highest removal was found as 0.3 g with the 93.45% removal rate. For this reason, 0.3 g was preferred

as the optimum adsorbent quantity in the study.

3.2.4 Time Optimization

In order to determine the optimum time during which the adsorption capacity reaches equilibrium;
other parameters are kept constant, pH 8; Solutions of 100 mL, 5, 10, 15 and 20 mg/L concentration
were prepared. The solutions with 1 g of adsorbent were added to the shaker at the same time and the
samples were taken at 5, 10, 20, 40, and 80 minutes from each solution. After centrifuged at 6000 rpm
for 5 min and measure on the spectrophotometer. The values found for the samples taken at the times

determined for each solution are given in Figure 10 below.
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Figure 10. Effect of contact time on SS (pH 8, W: 1 g, V: 100 mL, T: 25 °C)

As can be seen in the graphic given in Figure 10, adsorption capacity has reached the balance by
saturation after 40 minutes. Therefore, 40 minutes are preferred as the optimum contact time. As a
result of our studies in samples with concentrations of 5, 10, and 15 mg/L, which we applied except
for the optimum starting concentration of 20 mg/L, as shown in the graph given in Figure 10, although
different concentrations were used, the optimum contact time did not change and the balance was

reached in the same time.

3.3 Adsorption Isotherms

Langmuir and Freundlich Isotherm models for SS used as an adsorbent with MG dyestuff in aqueous
solutions were investigated. The Langmuir Isotherm was created by drawing the change graph of C./q,
calculated against the balance against C, (Figure 11). The Freundlich Isotherm model was created in
the change graph of the logg. calculated in the state of equilibrium against the logC, (Figure 12). The
isotherm coefficients calculated using the isotherm charts given in Figure 11 and Figure 12 are given

in Table 1.
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Figure 11. Langmuir Isotherm chart
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Figure 12. Freundlich Isotherm chart

Table 1. Langmuir and Freundlich Isotherm constants

Isotherm Constants

Langmuir Isotherm

K.=-7.07714
a_=-4.47771
R*= 0.9997

Freundlich Isotherm

Ke=1.9435
n= - 8.38926
R%=0.9949
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When Figure 11 and Figure 12 are examined, the number of regression of the Langmuir Isotherm

model (R?*=0.9997) is higher than the number of regression of the Freundlich Isotherm model

(R?=0.9949). Therefore, the Langmuir Isotherm model was considered as the best isotherm model.

3.4. Adsorption Kinetics

In this study, the pseudo-first-order kinetic model and pseudo-second-order kinetic model calculations

were made to determine the adsorption kinetics. Time (min) graph was drawn against log (g.-qy) to

find the pseudo-first-order kinetic finding in order to find the change of adsorption capacity change

rate over time (Figure 13). In order to calculate the rate of change of adsorption capacity over time, t

graph was drawn against t/q; was plotted to find pseudo-second-order kinetics (Figure 14). The

coefficients calculated for the pseudo-second-order kinetic model are given in Table 2.

0,4
| ‘YA
0! 2 S
( 20 / 40 60 80 100
- 04 // —+—5mg/L
o
;9 -0,8 // —m—10 mg/L
a0
& 12 15 mg/L
\ / 20 mg/L
-1,6 \F
-2
t (min)
Figure 13. Pseudo-first-order kinetic model (MG-SS)
250
200
y =2,3864x + 2,8849
- 150 ®5mg/L
(=2
= W10 mg/L
100
y = 1,0957x + 1,3401 15 mg/L
=0,7253x + 0,9726 X20 mg/L
50
y =0,5366x + 0,3188
0
0 20 40 . 60 80 100
t (min)
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Figure 14. Pseudo Second order kinetic model (MG-SS)

Table 2. Coefficients calculated for pseudo second order kinetic model

Concentration de (Myg/g) de (My/g) k, g/mg.dk R’
(mg/L) (experimental)

(calculated)
5 0.41 0.4190 1.9740 0.9994
10 0.875 0.9126 0.8958 0.9993
15 1.338 1.3787 0.5408 0.999
20 1.842 1.8635 0.9031 0.9998

Considering the R? (regression) numbers given in Table 2, it is seen that the pseudo-second-order

kinetic model is suitable for use in the adsorption of MG onto the SS.

4. Previous Studies

In this part, the comparison of this study with low-cost adsorbents previously is shown in Table 3.

Table 3. Comparison of other adsorbents

Adsorbent Isotherm Max capacity (mg/g) Kinetic Model Referans
Coffee husk Sips 263 Pseudo second-order [39]
Eleagnus stone Langmuir 432.9 Pseudo second-order [40]
Mango seed kerne Langmuir 22.8 - [41]
Pisum sativum L. Freundlich 14.49 Pseudo second-order [42]
Centaurea solstitialis ~ Temkin 122.5 Pseudo second-order [26]
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Walnut shell Langmuir 90.8 Pseudo second-order [43]

Sesame shell Langmuir 1.58 Pseudo second-order In this study

5. Energy Potential of Adsorbent

In the study on the usability of sesame stem as an energy source, its chemical properties were
determined as 4.16% ash, 77.11% volatile matter, 14.54% fixed carbon, 4.19% moisture, and 4152
Cal/g [44]. In this study, the average value of 3618 Cal/g was found in the thermal value determination
made without using sesame husk as an adsorbent. As it is known, efficient use of natural resources is
important today. In this context, zero waste generation is extremely important in terms of sustainable
environmental policy. It is aimed to use the waste adsorbent generated at the end of the study as a fuel
in terms of sustainable environment. The thermal energy value of this adsorbent is measured. In the
process performed on the calorimeter device, the thermal energy value of the adsorbent is selected as:

4122 Callg.

This result; shows that waste adsorbent can be used as fuel.

4. CONCLUSION

As a result of the study, it was found that the adsorption capacity of sesame peel used as adsorbent was
Omax=1.58 mg/g, the adsorption fit the Langmuir isotherm model and the adsorption kinetics fit the
pseudo second order kinetic model. The malachite green dye in the solution was removed from the
water in 93.45% yield. According to the data obtained as a result of the study, it has been determined
that SS can be used as an adsorbent with very high removal efficiency in the removal of MG dyestuff
in aqueous solution. The disposal of the adsorbent with sustainable environmental mentality should
also be taken into consideration and the calorific value of the adsorbent used in this context was

examined and the calorific value of 4122 Cal/g revealed that it can be used in incineration plants.
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