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Abstract The irrefutable harmful components of
wastewater originating from the textile industry are dyes.
For this reason, it is accepted as an important
environmental and health problem. A large number of
natural adsorbents have been used for the efficient removal
of industry-sourced dyes. In this study, removability was
investigated of methylene blue (MB) and reactive black-5
(RB-5) which are used as dyestuffs in many industries by
using Citrus Peel (CP), which is an environmentally
friendly, economical, and easily accessible adsorbent with
high removal potential. For this purpose, the batch
adsorption method was applied to remove dyes from
industrial synthetic wastewater. The main parameters
affecting the adsorption process such as initial dye doses,
citrus peel amount, pH, and contact time were studied in
single, double, and triple combinations. Scanning Electron
Microscopy (SEM), and Fourier Transform Infrared
Spectroscopy (FTIR) were used to determine the
properties of the Citrus Peel surface before and after
adsorption. Citrus Peel was regenerated after loading with
dyestuffs and its reusability was investigated. The results
obtained show that the removal efficiency of raw Citrus
Peel is highly dependent on the dye types and reveals that
it can be an effective adsorbent to remove these dyes.
Keywords: Adsorption, Citrus Peel, Dyestuff, Color
removal

1. Introduction

Water is of vital importance among the sine qua non of
human beings. Pollution of water has a synergetic structure
that also affects other ecosystems. Therefore, it is
important to remove the wastewater generated after use in
a healthy and reliable (Dutta et al., 2021). The reasons such
as rapid population growth, excessive consumption, and
increase in energy and food needs in recent years constitute
environmental problems. What has been done to solve
these problems has accelerated industrialization. Industries
that include dyes with different properties in their
wastewater are the leading industrial organizations that
increase environmental pollution and play an important
role in the deterioration of the ecological balance (Chikri
et al., 2020; Rapo & Tonk, 2021). Methylene blue (MB)
and Reactive Black-5 (RB-5) are among the most
consumed and polluting dyestuffs in the paint industry

(Ben Mbarek et al., 2023; Danso-Boateng et al., 2023).
These dyestuffs originating from different industries such
as textile, cosmetics, leather, food, medicine, paint and
varnish, and pulp production are among the most important
sources of industrial pollutants (Table 1) (Ishak et al.,
2020; Yeow et al., 2020).

Table 1. Classification and chemical structure of dyestuffs
(Dutta et al., 2021).
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Dyes and dyestuffs are soluble and used as colorants,
especially in the textile industry (Benkhaya et al., 2020;
Donkadokula et al., 2020). In the structure of dyes and
dyestuffs, chromophore, autochrome and matrix design
can be realized (Slama et al., 2021; Umar et al., 2021).
Binding affinity groups can be listed as -NHX>, -OH, -
COOH, -CHO, -SOzH (Dutta et al., 2021; Rapd & Tonk,
2021). Some functional radicals such as -N=N-; =C=0;
=C=C=C=; >C=NH/-CH=N-; -NO/N-OH; -NO/=NO-OH;
and >C=S in the structural properties of dyes can be



advantageous in removal by adsorption (Berradi et al.,
2019). The main source of dye waste given to the
receiving environment is the textile (54%) and dye (21%)
industries, and many industries also contribute to waste
generation (Benkhaya et al., 2020). Wastewater containing
dyes is very dangerous in terms of pollution load
(biological/chemical oxygen demand, suspended solids
etc.) and is difficult to treat (Al-Tohamy et al., 2022).

Processes related to dyestuff treatment can be separated
into 3 basic classes: physical (adsorption, membrane
separation, reverse 0smosis, ion exchange, etc.), chemical
(catalytic reduction, coagulation/flocculation,
electrochemical and photochemical reduction, advanced
oxidation processes, etc.) and biological methods
(bacterial, algae, fungi, mycoremediation, enzyme
degradation, phytoremediation, etc.) (Choi & Lee, 2022;
Kishor et al., 2021). Most of these methods have various
limitations such as high investment and operating costs,
disposal of the formed sludge and inability to be applied to
small-scale industries. Therefore, low-cost designs are
required to remove dyestuffs from wastewater. In this
regard, the use of adsorbents, which are easily available
and can remove dyestuffs in wastewater, is a suitable
option. Adsorption is currently accepted as an effective
and economical method for dye removal from wastewater.
The adsorption process is a more advantageous process
than other methods due to its simple design, cheap, fast,
high efficiency, and eco-friendly.

Nowadays, natural materials (agricultural/food wastes,
clay, pumice stone, zeolite, etc.) are preferred instead of
commercial adsorbent use in the adsorption method
(Kumar et al., 2022; Rathi & Kumar, 2021; Selvaraj et al.,
2021). Especially it is preferred to remove waste with the
waste these days. The most important reasons why
adsorbents obtained from wastes are preferred are that they
are easily available and low cost. Fruits have a great place
in the daily nutrition of people. The citrus group is a fruit
also grown in many countries and consumed worldwide
(Celebi et al., 2023). In this study, orange, tangerine, and
grapefruit peels mixed as citrus peels (CP) were evaluated
together. Within the scope of the study, batch experiments
were carried out based on the basic operating parameters
of adsorption. Singular (MB, RB-5) and multiple (MB and
RB-5 together) removals were investigated using CP at
different pH, time, and dose values. The surface structure
and functional groups and elemental distribution of CP are
given as the preliminary findings of the study.

2. Material and Methods

CP selected as adsorbent was obtained from orange,
tangerine, and grapefruit fruits are grown in the
Mediterranean region. Firstly, the orange, tangerine, and
grapefruit peels that generated the CP were weighed in
equal proportions. In order to remove dirt, dust, and
different contaminations that may be on the surface of
these peels, washing was done with distilled water at 20 °C

obtained from a pure water device Millipore Elix
Advantage brand. After the washing process, it was dried
in a Memmert oven at 100 °C for 24 hours. In the last step,
the dried CP material was ground into powder form. Model
dyes MB and RB-5 were provided by Sigma-Aldrich.
Typical properties and chemical structures of these dyes
are shown in Figure 1. A dye solution was prepared
separately in 1 L of distilled water by weighing 0.5 g of
MB and RB-5 in powder form. Amax Values were measured
with a Shimadzu UV-1200 brand UV/VIS spectrometer
and peaks were obtained at 663 nm for MB and 597 nm for
RB-5. The surface morphology and element distribution of
CP were examined by scanning electron microscopy
(SEM/EDX) (Hitachi-SU 1510). The functional groups of
the material were carried out with Perkin Elmer brand
Fourier Transform Infrared Spectroscopy (FTIR) device in
the range of 400-4000cm™. Adsorption studies were
carried out in batch mode. Erlenmeyer flasks with constant
dye concentration were processed in a ZHICHENG brand
shaker at a constant mixing speed of 150 rpm and a
constant temperature of 25 °C. 0.1 M NaOH/HCI solutions
were used to adjust the pH. pH, time, and CP doses are
tested at different values, and MB, RB-5 removal
efficiencies at equilibrium “R (%)” and adsorption
capacity of CP “qe (mg/g)” are calculated according to the
formulas below.

_ (CO_Ce)XV
9e = 1000 xm
Cy—C
R (%) =Mx100
Co

Where; R: MB, RB-5 yield (%), Co and Ce: Initial and final
concentrations (mg/L), m: CP dose (mg), V: solution
volume (mL).
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Figure 1. Description of MB and RB-5

3. Results and Discussion

The SEM and EDX distribution of CP are shown in Figure
2. Before batch adsorption experiments, the raw CP
surface resembles a confetti-like structure at 250x
magnification. The 1000x SEM images show that the
surface has a heterogeneous/amorphous microporous
structure. The surface element distribution of CP was
evaluated by EDX analysis (Figure 2). EDX data showed



that CP was composed of high percentages of C (53.09%)
and O (44.66%). Trace element N on the surface is 2.25%
by weight. The FTIR analysis to detect the functional
groups of the CP is shown in Figure 3 as typical spectrum
peaks. As seen in Figure 3, large peaks at 3288.76 cm*and
2920.08 cm™ indicate the presence of O-H (hydroxyl)
stretching. C-O-H band forms were observed at the peaks
of 1732.72 and 1608.10 cm™. (Aragaw & Alene, 2022;
Badawi et al., 2021). The peaks observed at 1367.12,

1234.86 and 1015.03 cm™* can be attributed to the C=0, C-
H and C-C stretching vibrations of the carboxylic groups
attached to the carboxylic acids (Al Ashik et al., 2023; Du
et al., 2023). Peaks of 814.99, 602.80, and 556.28 cm™ in
the fingerprint region show special vibrations such as O-
H, C=C and C-H bending and C-O, C-N, C-I and S=0
stretching in this region. According to the FTIR analysis,
these functional groups in the amorphous CP contribute to
the MB and RB-5 removal process.
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Figure 2. SEM images and EDX distribution of CP
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Figure 3. FT-IR spectrum distribution of CP adsorbent

4. Conclusions

The removal of MB and RB-5 from the synthetic solution
was evaluated in terms of morphological and functional
distribution with batch parameter-based experiments
using organic CP. SEM images of CP showed that the
surface was heterogeneous/amorphous, microporous.
According to EDX results, carbon (C) and oxygen (O)
were found intensely. Four main functional groups were
identified for CP: O-H, C—H, and C=C and C-O. It can
be said that CP is a suitable adsorbent for MB and RB-5
removal in water and can be widely applied in the future.
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