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ABSTRACT:

In this paper, we report the preparation of a new Fe;04/SSIP/GO composite film for the
purification of methylene blue dye from solution media. The preparation process of composite
film was carried out to improve the interaction between the inner part of the sunflower stalk
(SSIP) and surface matrix using magnetite/Graphene Oxide (Fe3O4/GO) minerals at weight ratios
(0.2/4/0.2:wiw/w). The characterizations of as-developed Fe;O04/SSIP/GO composite film was
successfully carried out by some advanced techniques such as FT-IR, SEM, and TGA analyses.
Adsorption kinetic studies were evaluated in three different aspects as a pseudo-first-order
model, pseudo-second-order model, and intraparticle diffusion-type model. Based on the R?
results, it was seen that the Pseudo-second order kinetic model (0.999) acted more harmoniously
than the pseudo-first-order (0.960) and intra-particle diffusion technique models (0.974). In the
light of these findings, it can be said that the prepared Fe;O4/SSIP/GO composite film used for
removal of methylene blue dye can be considered as a promising material
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INTRODUCTION

The sunflower plant, which is an annual and broad-leaved species, constitutes the majority of oil
resources worldwide(P. et al. 2009) (Vaithanomsat et al., 2009). Parallel to the increase in the world
population, the increase in the amount of oil consumption has resulted in a positive increase in sunflower
cultivation areas. After the sunflower plant is harvested, an extremely high significant amount of product
is produced as as the leaves, heads and stems of the sunflower plant (Follain et al. 2015). If sunflower
stalks are not well controlled, a way is followed by burning them. This method leads to environmental
pollution with severe consequences and misuse of the source material (Shi and Yang, 2012). However,
a high amount of pectin and cellulose is obtained by extracting sunflower stalks (SSP), and a different
alternative source is gained for the obtained pectin extraction, biofuel extraction, or cellulose-based
materials (Xu et al. 2020), a very large specific surface area, and a special structure compared to
lignocellulosic fiber materials (Sun et al., 2013). SSP can be considered an adsorbent source for the
removal of polluted wastes in wastewater due to its unique physicochemical structural
properties(Oguntimein 2015; Nas 2021) , easy degradability (Jalali and Aboulghazi 2013), and cost-
effectiveness (Knapik and Stopa 2018). The rapid increase in industrial activities in recent times has led
to the formation of wastes that leave serious negative traces on the environmental cycle and human
health. Pollutants released into the aquatic environment from different industries are the main serious
factors damaging the habitat. Toxic heavy metals, dyestuffs, drugs, organic acid products, phenolic
substances, and halogenated compounds are some of the pollutants that negatively pollute the
environment. Even in trace amounts, these products have very serious dangerous consequences for
humans and aquatic organisms. E. Pollutants have a great role in environmental pollution due to the use
of textiles, paper, cosmetics, printing, medicine, food, and leather (Tang et al. 2019) . Dyestuffs in
wastewater are very dangerous due to their high toxicity. In addition, since the dyes released into the
environment give an undesirable color to the water, they prevent the sunlight from being taken
sufficiently (Jiang et al. 2019). Before these waste materials are released into the environment, toxic
and reactive dyes must be purified using appropriate processes (Nas and Kaya 2020). The adsorption
process, membrane separation method, precipitation way, precipitation, ion exchange mechanism,
flocculation process, electrochemistry way, photoelectrochemistry method, advanced oxidation process
mechanisms (AOPs), and biological treatment method are among the most accepted methods to remove
unwanted dyestuffs from the environment (Parvin et al. 2019; Wekoye et al. 2020). Among these
treatment type methods, the adsorption method is the most preferred process approach due to its positive
features such as being economical, easy to apply, and environmentally friendly (Cheng et al. 2017; Nas
2019; Bingiil Regber et al. 2022). In general, waste biomass products, clay-containing minerals, and
activated carbon are used as a source of adsorbent material for dye removal in the adsorption process
(Liu et al. 2019; Bayat et al. 2022). This study, the composite film obtained from a mixture of SSIP,
Fe304, and GO was used as a vehicle for removing the MB dyestuff. The synthesized composite film
samples were characterized by SEM, TGA, and FT-IR analysis techniques, respectively. As a result, we
can say that it has been seen that it can be used effectively in the removal of pollutants such as methylene
blue by using composite film in a water solution environment.

MATERYAL VE METOT

Chemicals
FeCls.6H20, FeCl2.4H:0, sodium hydroxide compound, ethanol, graphite material, and methylene
blue were used from Sigma Aldrich Chemical Company. In this trial study, the inner part of the
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sunflower stalk, which is used as a precursor material for dye removal, was obtained from the province
of Igdir in Turkey.

Preparation of FezO4

0.2 g FeCls and 0.08 g FeCl2 were mixed in 36 mL deionized water at 50 °C for 15 minutes. Then,
NaOH solution (0.1 M) prepared to the reaction medium was added dropwise until the black color
disappeared (pH=9), and the solution mixture was stirred vigorously for 1 hour at room temperature.
The final product was separated by a supermagnet material by thorough washing with deionized water
and ethanol and allowed to dry for 2 hours in an oven at 60 °C (Wei et al. 2012).

Preparation of graphene oxide

Graphene oxide synthesis was prepared with reference to the Hummers process (Benzait et al.
2021). The oxidation was carried out by adding sulfuric acid (360 mL) and phosphoric acid (40 mL) to
the graphite flake (3 g) materials, respectively. After stirring for 30 minutes, potassium permanganate
(18 g) was added to the medium and stirred for a day so that the oxidation process was efficient. Then
500 ml of water and 10 ml of hydrogen peroxide were added to this mixture. The final mixture was
allowed to cool in an ice bath. Then the mixture was washed with copious amounts of HCI solution (1
M) and distilled water and left to dry in an oven at 70 °C for 12 hours.

Preparation of FesO4/ SSIP /GO composites film

Before mixing, the FesO4, SSIP, and GO samples were dried at 105 °C for 2 hours. The products
were then cooled to room temperature in a desiccator. After mixing the FesO4/ SSIP/GO composite film
at weight ratios (0.2/4/0.2:w/w/w), they were combined in a single screw extrusion apparatus. Composite
film was made at a temperature range of 140-170 °C and a screw speed of 15 rpm.

Characterization of prepared composite films

Fourier transforms infrared (FTIR) spectrum measurements of the materials prepared with SSIP,
GO, and Fe304/SSIP/GO, a Perkin Elmer Spectrum brand device was used by taking the wavelength
range of 2500-400 as reference. Thermogravimetric measurements and differential thermal analyzes
(TG/DTA) of the prepared samples were performed by taking the 25-800 "C temperature range as a
reference, taking into account the 15¢/min heating rate and nitrogen atmosphere. The morphological
structures of the targeted products were analyzed using a scanning electron microscope (SEM) device.
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Figure 1. FTIR spectrum of Fe;0., GO, SSIP and Fe304/ SSIP/GO
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Figure 2. SEM pattern of Fes04/ SSIP/GO

Adsorption test process of methylene blue
Adsorption test analyses are performed by setting up a three-necked laboratory-type glass balloon

setup. Methylene blue stock solutions were prepared using the specified amount of distilled water as
solvent. Experimental run analyzes were performed at room temperature at a stirring speed of 400 rpm
(pH 9) at initial concentration conditions of 5 x 10° M methylene blue. The effect of the prepared
composite films on the dye removal was tested in a time interval of 1440 minutes and at 400 rpm. It was
done using NaOH solution (0,1 M) and HCI solution (0,1 M) to adjust the pH of the methylene blue
solution. 3 mL sample was taken from the solution to interpret each adsorption assay. These samples
were centrifuged at 5000 rpm (Cary 1E UV-Vis spectrophotometer) for 5 minutes. Adsorption data were
instantaneously followed and determined using Equation (1) to test the amount of methylene blue
absorbed on the composite film surface as shown below.
gt = (C"m;ce) x V 1)
where gt is the initial amount of the adsorbent dyestuff type, Co is the amount of the initial MB
concentration value used, Ct is the amount of the MB concentration value at any point, m is the mass of
the supporting material type used and V is the volume of the solution used in the process. (Demirbas et
al. 2002).
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Figure 3. TGA curve of Fe304/ SSIP/GO
BULGULAR VE TARTISMA
Investigation of the morphological and chemical structure of the composite film

The FT-IR spectrum of Fe3O4, GO, SSIP, and Fe304/SSIP/GO composite film particles is imaged
in Figure 1. The band peak at 1588 cm™~ ! in the FTIR spectrum of SSIP indicates the C—O stretch
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vibration peaks of aromatic carbonyl groups C=0, and C=C groups in the raw spectrum. Band peak
values close to 1425 cm™ ! represent the CH2 asymmetric deformation state and the variation due to
aromatic C—C stretching. The peak band values observed between 1390 and 1011 cm™ represent the
peaks associated with carboxylic acids, alcohols, esters, and phenolic compounds in lignin (O-H
bending, C-O stretching). In the structure of cellulose and hemicellulose, a peak state of C-O-C
stretching appeared at 1050 cm™ (Podder & Majumder, 2015). Peak band status was observed between
900 and 600 cm* due to antisymmetric out-of-plane aromatic ring stretching (Baysal et al., 2018). SEM
device was used to define the surface morphology of the targeted materials. The variation in the
morphology of the doped iron oxide compound, GO, and crude SSIP were explained using SEM images
of samples at different nanoscales in Figure 2. TGA analysis results are given regarding the samples'
thermal degradation and mass losses. TGA results were used with the Perkin Elmer Pyres model
analyzer. The FesO4/SSIP/GO composite film was analyzed at 0-500 °C. As indicated in Figure 3, all
TGA analysis results were performed in a nitrogen gas environment and at a heating rate of 10 °C/min.
Fe304/SSIP/GO composite film was synthesized using weight ratios (0.2/4/0.2:w/w/w) forming a
homogeneous mixture. According to the TG/DTA curves of the Fe304/SSIP/GP composite film, it is
seen that a two-step reaction interaction occurs. The composite film is resistant to temperatures up to
482 degrees, and it was noticed that if it was above this degree, it lost its strength at a high rate and its
structure deteriorated. Therefore, a high rate of mass loss was observed.
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Figure 4. (a) Effect adsorption of pH to MB removal (b) Effect adsorption of initial dye concentration to MB removal (c)
Effect adsorption of temperature to MB removal

Effect of diferent pH on adsorption kinetics

The variation of the adsorption kinetics of the dye solution at different pH ranges is given in Figure
4(a). As the pH increased, the amount of adsorption increased. Generally, there are both negatively and
positively charged functional groups on the surface of the composite film used in adsorption kinetic
studies (Nandi et al. 2009). The effect of removing methylene blue (MB) from the water solution with
the composite film was tested in the pH range of 5-9. The hydrophobic functional groups on the
composite film surface interact with MB (Ghaedi et al. 2015). The datas obtained from this result show
the presence of very strong electrostatic forces between the positively charged MB and the negative
density composite film when the pH value of the solution increases (Li et al. 2010; Caliml et al. 2019;
Demirbas et al. 2019).

Effect of dye concentration on adsorption results
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Determination of the adsorption effect on MB dye concentration was tested by preparing samples
of different concentrations of 0.5.10°-2.5.10° M. Experimental analyses in the presence of a contact
time of 1440 minutes, pH 7, and a temperature of 25 °C. Increasing the MB dye concentration from
0,5.10° M t0 2,5.10° M resulted in a negative synergistic resulting in a decrease in adsorption efficiency
from 90% to 75%. The density of the pore areas available on the composite film is sufficient to adsorb
a certain of dyestuff in concentration. The increase in dyestuff concentration above this value is not
sufficient for adsorbing. In this case, it causes a slight decrease in the MB removal (Figure 4(b)).

Effect of temperature parameter on adsorption Kinetics

In Figure 4(c), the adsorption kinetic change was tested under constant conditions determined at
different temperatures. It has been observed that the temperature function is quite effective in the
removal of MB dye adsorption on the composite film. Experimental studies were performed at 25, 38,
45, and 55 °C using pH 9 and 20x107® M initial methylene blue concentration constant conditions. It
was determined that the best efficiency adsorption amount was obtained at 55 °C. This situation can be
explained as follows. As the temperature increases, the adsorption value equivalent to the diffusion rate
of the molecules on the composite film increases due to the increase in the kinetic energies of the
molecules. The pores of the composite film increase in volume depending on the temperature increase.
This creates a positive synergistic effect on the adsorption value of MB removal (Dahri et al. 2015). In
addition, an image is shown in a lab-tested working example of MB dye removal with composite film (
Figure 5) (Sen et al. 2018).

pH:7
Temperature:30°C
Time: 1440 min.

Adsorption kinetics

Adsorption kinetics were tested using the following formulas of pseudo-first-order, pseudo-
second-order, and intra-particle diffusion model. Based on the R? results, it was seen that the Pseudo-
second order kinetic model (0.999) acted more harmoniously than the pseudo-first-order (0.660) and
intra-particle diffusion model (0.974)

|n(C]e'C]t) = |HQe'kit (2)

t_ 1,1

qt ka2 + e t )
qe = kinttiz + C (4)

Where; the t, ge, g, k2 and kint (Mg (g min™2)? is time (min.), first amount of MB, last amount of
MB, and the constant ratios, respectively (Ho and McKay 1999; Demirbas et al. 2014) .
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Tablo 1. Isotherm models used for testing adsorption kinetics

Isotherm Model Model Equation Parameters Degisken sabitler
Freundlich 1 R2=0.996 Kr:Freundlich isotherm constant
log(qe) = logKF + n logCe n:Adsorption intensity
Langmuir Ce _ 1 + Ce R2=0,948 Kv:Langmuir isotherm cons.
ge K,(qmax.) gmax. gmax.:maximum adsoprtion capacity
Temkin R?=0.964 b:Temkin isotherm cons.

RT
=7 (InKT + InCe) Kr:Temkin isotherm binding cons.

Langmuir, Freundlich, and Temkin adsorption isotherm models were tested to investigate
adsorption isotherms. The isotherm parameters of the adsorption are detailed in Table 1. Based on the
R? results, it was found to be more compatible than the Freundlich (0.996), Langmuir (0.948), and
Temkin (0.964) isotherm models.

CONCLUSION

Composite film consisting of Fes04/SSIP/GO was successfully prepared and applied to investigate
the methylene blue removal efficiency. The kinetic parameters (temperature, initial concentration of
methylene blue, and pH) of the adsorption between the FesO4/SSIP/GO composite film and methylene
blue were analyzed. Experimental datas showed that increasing methylene blue concentration has a
positive synergistic effect on adsorption efficiency. In addition, it was determined that the adsorption
increased when the pH values of the prepared dye solution increased from 5 to 9. Adsorption Kinetic
studies were carried out at temperatures, contact times, and pH conditions, which determined the
adsorption mechanism and isotherm model. As a result of the calculations, it was determined that there
IS a positive relationship consistent with the adsorption kinetic datas of MB on the FesO4/SSIP/GO
composite film surface, Freundlich isotherm (R? =0.996) and the pseudo-second-order kinetic process
model (R? =0.999). In this study, we can say that Fe3s04/SSIP/GO composite film can be preferred as an
effective adsorbent for dye removal.
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