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Abstract

Cleaning water before draining is necessary because of its harmful effects on aquatic ecosystems. Adsorption is
an economically feasible and easy process that provides a good solution to remove toxic dyes from water. An
adsorbent which can be used in dye adsorption have some features such as high adsorption, binding energy, and
negative interaction energy. Carbon materials, metal-organic frameworks (MOFs), silica, and titania are among
the most used adsorbent for dye adsorption in the literature. Nowadays, 2D materials have a popularity. The study
aims to point out the importance of boron nitride nanosheets (BNNSs) in dye adsorption.
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1. Introduction

Itis clear that water pollution originates from excess urbanization and industrialization. So, it has formed a crucial
problem throughout the world. Sources of this contamination caused chemicals and synthetic dyes among the other
pollutants due to their high solubility in water. Synthetic dyes mix as textile wastes to the water. It is obvious that
these dyes are carcinogenic, hazardous for human beings and aquatic ecosystem. Besides that, these dyes are
responsible for decrease in water quality. It can be preffered several methods for dye removal from water. They
are photocatalysis, adsorption, chemical oxidation, ion exchange, membrane separation, and biological
degradation. However, these methods require complex, long-time processes and high energy usage. However,
adsorption covers easy and conventional steps. Besides that, to recover adsorbents and use them several times
render adsorption economically feasible (Liu et al., 2022).

Textile dyes are organic substances. There are two types of textile dyes concerning their water solubility. They are
soluble and insoluble dyes. Soluble dyes can be acid (anionic), basic(cationic), reactive, or direct. While insoluble
dyes are examined in four topics which are sulfur, disperse, vat, and pigments (Sharma et al., 2021).

In this research, it aimed to review water-soluble dyes. Because the adsorption studies majorly carried out in a
water environment. Anionic dyes are applied to hydrophilic materials like wool, cotton, and nylon at a 2-6 pH
range. Most of the synthetic dyes utilized in the textile industry are anionic. These dyes are classified in several
ways concerning their functional groups. For example, Acid Red 27 belongs to the azo dye class. On the other
hand, Cationic dyes are synthesized from organic bases. They can ionize in a water environment and form cations.
Auramine O, Malachite Green, Nile Blue, and Rhodamine B are among the cationic dyes class. Reactive dyes
accepted as anionic dyes formed covalent bonds to the materials like wool, and cotton. Reactive Red 3 and Reactive
Blue 19 are among to reactive dyes class. Direct dyes are applied to the fabric like rayon, linen, and silk at nearly
80-90°C temperature ranges. They are the cheapest ones compared to the other types of textile dyes. Direct Blue
1 is one of them as an azo dye (Sharma et al., 2021).

Adsorbents used in dye adsorption are expected to have several properties such as high surface area, uptake
capacity, recyclability, selectivity and, easy obtainable. Besides that, the surface features of an adsorbent are
crucial to achieving good adsorption performance for dyes. Adsorbents can be natural or synthetic based. The most
studied synthetic materials in literature are Carbon Nanotubes (CNTS), graphene oxide, metal-organic frameworks
(MOFs), and covalent-organic frameworks (COFs). Natural materials are mesoporous silica, clays, chitosan, and
porous carbon (Lan et al., 2021). Adsorption of dyes using natural-based low-cost adsorbents has been an important
research area. However, they are in microparticle form. So, they have a small surface area. To achieve good
adsorption conditions, it needs to carry out the adsorption process for a long time. For industrial processes, natural-
based adsorbents are regarded as not feasible (Tan et al., 2015).
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Nanomaterials are composed of particles whose 1-100 nm. They have excellent properties like low-weight, highly
active sites. And, in dye adsorption, a small amount of nanomaterial can be adequate (Tan et al., 2015). Nowadays,
several studies have been carried out for dye adsorption in water by using nanomaterials. For example, Wang et
al. (2021) synthesized a novel spherical montmorillonite-supported nanocomposite which was composed of COF
with sulfhydryl groups and gold nanoparticles. The researchers recorded that the catalytic activity of this catalyst
did not alter after the 20™ cycle for methylene blue adsorption (Wang et al., 2021). Yang et al. (2018) investigated
the effect of a nanocomposite that included ZIF-67 on methyl orange degradation. They caught a 738 mg/g
adsorption capacity after a 7 h adsorption experiment with only 5 mg adsorbent (Yang et al., 2018). Fard et al.
(2018) researched direct blue 71 adsorptions from an aqueous solution by using Multi-Walled Carbon Nanotube.
They obtained 96% removal efficiency under the conditions which were 0.6 g/L adsorbent concentration, and 90
min adsorption time in an acidic dye solution (Fard et al., 2018). Fraga et al. (2020) studied the effect of a nano-
scale adsorbent which included graphene oxide on reactive drimaren red adsorption. At room temperature, they
reached 220 mg/g as the maximum adsorption value. They also carried out phytotoxicity measurements for the
adsorbent (Fraga et al., 2020).

Today, 2D materials have gained attention because of their several properties like high anisotropy, flexible
mechanically, and transparent optically. Most Studied 2D materials for dye adsorption were WS, (Khataee et al.,
2018), MoS, (Massey et al., 2016), and Nb,CTx Mxene (Yan et al., 2021). As 2D material, Boron Nitride
Nanosheets (BNNSs) possess a skeletal composition of nitrogen and boron (Yadav & Dindorkar, 2022). BNNSs
has regarded as crucial materials as adsorbents due to their properties which are high oxidation resistance, thermal
conductivity, polarity, and specific area. Besides that, they can stay inert against the majority of chemicals.
However, in literature, the adsorption studies against dyes within the water with BNNSs are scarce (Bangari et al.,
2022). This study aimed to enlighten the adsorption potential of BNNSs on the water-soluble cationic and anionic
textile dyes.

2. Definition, Synthesis, Properties and Applications of BNNSs

Boron nitride (BN) is a crystalline material that formed in several morphologies such as rhombohedral boron
nitride (r-BN), hexagonal boron nitride (h-BN), wurtzite boron nitride (w-BN), and cubic boron nitride (c-BN).
BNNSs are one of the shape types of BN. Today, hexagonal boron nitride (h-BN) is a crucial material for scientists
(Revabhai et al., 2022).

The synthesis of h-BN can be synthesized by using two routes. They are low-temperature growth and high-
temperature growth. Solvothermal synthesis is a subtopic of low-temperature growth. It can carry out an autoclave
with a mixture composed of boron, nitrogen precursors, and a liquid solvent under 500 °C temperatures. On the
other hand, atmospheric pressure high-temperature synthesis is a subtopic of high-temperature growth. This
process can be conducted in a horizontal tube under a nitrogen gas atmosphere at high temperatures (up to 1800
°C temperatures) with metal solvents such as Ni-Cr. Maestre et al. (2021) expressed that important select accurate
temperature and solvent to obtain large h-BN crystals (Maestre et al., 2021).

H-BN has outstanding properties such as high thermal conductivity, stability under several chemical and thermal
conditions, high electrical insulation, low density, huge surface area, and high corrosion resistance (Revabhai et
al., 2022; Wang et al., 2019). Because of its properties, h-BN has been extensively researched in hydrogen storage,
CO2 capture, water purification, and desulfurization (Xiong et al., 2020).

H-BNNSs (2D) formed via exfoliation of bulk h-BN (3D). The aim of size changing of the material from 3D to
2D is to obtain uniform dispersion. However, it has known that the exfoliation of bulk h-BN is more complicated
than the exfoliation of graphite. Several methods can be used for exfoliation. These are electrochemical peeling,
high-shear mixing, chemical exfoliation, liquid phase exfoliation, molten hydroxide etching, ball milling, and
shock chilling. Wang et al. (2019) synthesized H-BNNSs from h-BN by using hydrothermal exfoliation at 180 °C
with a high exfoliation yield (55 %) (Wang et al., 2019).

3. Performance of BNNSs on Adsorption of Cationic and Anionic Dyes

Singla et al. (2015) tested their BNNSs in the adsorption of an anionic (methyl orange) and a cationic dye (brilliant
green). They synthesized BNNSs by using a nitrogen atmosphere at 900 °C. 0.9 nm for average thickness and 0.3
nm for lattice interplaner distance of the nanosheets found utilizing high-resolution transmission electron
microscopy (HRTEM). For both dyes, the researchers found that an increase in initial dye concentration caused a
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decrease in removal efficiency. This situation occurred due to decreasing adsorption sites of the adsorbent. Because
methyl orange, as an anionic dye, has a negative charge, a decrease in pH enables increasing removal efficiency.
So, the optimum pH was found as 4. However, for positively charged brilliant green, the optimum pH reached 6.
Especially for a brilliant green, 1 min adsorption was enough to achieve maximum adsorption (Singla et al., 2015).

Wang et al. (2018) designed a few layers BNNSs through direct-exfoliation of h-BN. The researchers defined their
synthesis method as inexpensive and green to synthesize BNNSs. Because the researchers studied not using at
high temperatures, vacuum, sonication or harmful solvents. Yield of exfoliation founded as 15%. Average
thickness of BNNSs obtained as nearly 1.5 nm using Atomic force microscopy (AFM) characterization. For
adsorption tests, the researchers tested the nanosheets in Rhodamine B as a cationic dye removal. The tests carried
out with an 5 mg adsorbent, and 10 mg per litre initial dye concentration. After 10 min, the adsorbent reached
adsorption equilibrium (30 mg/g) (Wang et al., 2018).

Wang et al. (2020) obtained BNNSs by calcination boron acid and urea under nitrogen atmosphere. They studied
methylene blue as a cationic dye. They reused the adsorbents after washing them with ethanol and calcination in
air at 400 °C. They found that, for methylene blue, the nanosheets exhibited nearly 100% removal efficiency after
just 20 min. Reusability tests showed that adsorption capacity decreased the adsorbent used again from 100% to
70%. And this value remained unchanged during up to three cycle (Wang et al., 2020).

Ikram et al. (2020) collected h-BNNSs by using sonication. After that, they loaded Nickel with different ratios
(2.5-10%) on them via hydrothermal method. Catalytic activity tests showed that the synthesized adsorbent had
10% nickel reached 99% methylene blue degradation in 1 min in the presence of NaBH4 (Ikram et al., 2020).

Kumar et al. (2022) synthesized interesting adsorbent included h-BNNSs removing methylene blue as a cationic
dye and acid orange as an anionic dye in the water. They created hexagonal boron nitride-based magnetic aerogel.
Because the adsorbent had zero surface charge and several functional groups, it performed good adsorption against
the specific dyes. The adsorbent showed 415 for methylene blue and 286 mg/g for acid orange adsorption capacity
(Kumar et al., 2022).

4. Conclusion

Synthetic or textile dyes are carcinogenic, and hazardous for humans and aquatic ecosystems. Compared to the
other methods, adsorption comes to the forefront thanks to its easy feasibility. For dye adsorption, several materials
can be applied. They are CNTs, graphene oxide, MOFs, COFs, mesoporous silica, and porous carbon. Because of
SO many unique properties, nanomaterials have gained attention for the adsorption processes. One of the eminent
properties, it is enough to use a small amount of nano adsorbent in dye adsorption. H-BN is a prominent member
of BNs. H-BNNSs (2D) synthesize via exfoliation of bulk h-BN (3D). Since it can be hard to synthesize H-BNNSs
with high yield, there are low-amount of studies in the literature about dye degradation using these materials. In
this review, several studies which were about anionic and cationic dyes removal with h-BNNSs presented. So, this
material has the advantage of cleaning a dye solution within a few minutes. It was noticed that the researchers
have studied developing a hybrid form of the h-BNNSs with other materials, and new synthesis methods of h-
BNNSs against climate change. And, it seemed the research gathered mainly in methylene blue degradation for h-
BNNSs adsorbents among water-soluble textile dyes.

Nowadays, researchers have started to synthesize h-BNNSs as solvent-free. Less solvent used in nanomaterial
synthesis has gained importance for the environment. Also, it has been recently popular to create magnetic h-
BNNSs with magnetic metals to increase their adsorption capability and collect the adsorbent in simple way from
an aqueous medium.
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