Chapter 11 )

Ionic Liquid Modified Activated Carbon b

for the Treatment of Textile Wastewater

Tanvir Arfin, Neelima Varshney, and Bhawana Singh

Contents

08 O N 1506 o1 o) P P . 258

11.2 Types of TeXtile. . ...connueeit e e . 260

11.3  Location of Textile Industries in India...............oooiiiiiiiiiiiiiiiii e 261

) A 15 o (e T T e ) U 261

115 Activated CarbOm. .. .....eeeeet ettt ettt e et e e 262
11.5.1 Granular Activated Carbomn............coviuiiiiiiiiiii i iieeaeaens 264
11.5.2 Powdered Activated Carbon.............cooviiiiiiiiiiiiieeeeeeans 264
11.5.3 Pelletized Activated Carbomn. .........uueeeeiiiii it eeeiiieeeaanns 265

11.6  Tonic LiqUids. . ..ueeneee it . 265
11.6.1 ILs” Behaviour Towards. ...........uuuuiiiiiiiiieeeee e eeiiiiieenns 268
11.6.2  TL-Based Materials.........cuuiiiiuiiiiiii i e eeaes 268
11.6.3  Adsorption MechaniSm...........o.oiiiiiiiiiiiii i i e eaaaes 269
11.6.4  CharaCteriZatiOn. ... .eeeeennttte et ettt e e ee e e et eaieeeeeannaaeaeen 270

11.7  Conclusion and Future Perspectives. . ........oouiieriiiiiiiiriiiiiieeiieeniieeaaneanns 271

S (S (5 1 T PPN 272

Abstract The dependency on water has increased three times more than the
increase in population. It has led to a rise in health problems and has limited the
development as well as the growth of the world in terms of agricultural and econ-
omy. It has become mandatory to treat the wastewater of textile industry and make
it pure in order to meet the demands of the people in the future. Various treatment
processes have also been applied to convert wastewater into a suitable form where
the linking of the innovative technology-oriented process with the conventional
process has proved to be appropriate. For the treatment of textile wastewater, the
application of ionic liquid modified activated carbon has yielded fruitful results,
showing good properties in terms of selectivity, stability and favourable adsorption
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capabilities in comparison with other materials. In the present book chapter, the
significant ionic liquid modified activated carbon along with their uses for wastewa-
ter treatment is described.

Keywords Textile - Wastewater - Ionic liquid - Textile industries - Dye

11.1 Introduction

Textile is a fabric or a type of cloth which is made of filament or yarn. Textile is a
flexible material consisting of a network of natural (wool, cotton, silk, etc.) and arti-
ficial (rayon, nylon, polyester, etc.) fibres. The word textile originates from the Latin
word Taxtilis and the French word Texere, which means ‘to weave,” and originally it
means woven fabric. Textile is formed by different processes like knitting,weaving,
crocheting, felting, tufting and knotting. Textile includes threads, ropes, cords,
braids, embroidery, net and laces. Thus textile includes threads, ropes, cords, braids,
embroidery, nets and laces. Basically fextile is any material made of interlacing
fibres, including carpeting and geotextiles. Textile production can be increased by
industrialization and using some advanced techniques nowadays (Schwartz 2008).

The maximum amount of wastewater effluents is generated from the textile
industry because of the application of water for various operations of wet process-
ing. The effluents of such industry include substances such as dyes, acids and so on
(Paul et al. 2012; Sharma et al. 2018). Hence, it has been observed that the textile
industry uses high quantity of water in comparison with other industries that release
even maximum pollutants as well. It is seen that the textile industry employs
approximately 200 L of water per kg of fabrication process, every day (Ding et al.
2010). As per the estimation made by the World Bank, the dyeing and finishing
work for fabrics are releasing about 17-20 % of effluents in terms of wastewater
(Kant 2012).

In India, owing to the leading demands of cotton fabric and polyester, the
consumption of dyes and its stuff is very high, nearly 80% of 1,30,000 tonnes (Naik
et al. 2013). Such dyes lead to a severe hazardous impact on the photosynthetic
activity within the plants. It also affects the aquatic life in terms of less light penetra-
tion and consumption of oxygen (Javadian et al. 2014). It is fatal to various marine
organisms as it releases different metals and even chlorine which are dangerous.
The suspended substances may choke the gills of the fish which may lead to death.
It reduces the ability to make food and oxygen in the algae. The dyes are reported to
be severe for even the municipal treatment of wastewater (Naushad et al. 2016;
Sophia et al. 2019).

Currently, the heterocyclic and aromatic forms of dyes are applied in the indus-
try. The complex and certain structural dyes are leading to complication in the
degradation process in any form of matrix and wastewater (Ding et al. 2010). The
toxic substance released from the textile industry and mineralization of dyes has
become a challenging task and concern to overcome pollution (Arfin et al. 2019).
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Fig. 11.1 Treatment process of dyes in textile wastewater

With the more quantity of complex material possessing the maximum amount of
color, a high concentration of organic changes the features of dyes. With the pres-
ence of high BOD/COD, colours and salts, the wastewater dyes of cotton release
hazardous pollutants. The coloured water leads to the scarcity of light significant for
the growth and development of marine organism resulting in environmental imbal-
ance. Colour and toxic substances should not be present to lessen the cost of the
treatment process of river water for consumption purpose. Hence, various treatment
processes are formulated and implemented before discharging wastewater into the
water bodies in a precise manner which is given in Fig. 11.1.
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For the treatment of textile wastewater, different physico-chemical approaches
are used, namely, flocculation, chemical precipitation and ion-exchange method
(Algadami et al. 2016). But such approaches are unfavourable as they include
expensive costing and even generate secondary waste. In comparison with different
techniques, adsorption is the most applicable and even possesses less pollutant.
Currently, more interest is generated towards the study relative to absorbents with
low-cost materials, namely, tree bark, alum sludge and so on (Clave et al. 2004).
The most often applied are the activated carbon, kaolin and silicon polymers. Each
adsorbent signifies for selective adsorption of the dye particles. But among all, the
activated carbon is considered as the best material. The activated carbon (AC) can
remove COD up to 91.15%, and the chroma was reduced up to 92.17% within the
reactor meeting the target of the standard wastewater level, and it can even be used
again in the form of washing. Since the AC is selective to the adsorbed dye, it is
capable enough to remove water-soluble dyes, namely, azo dyes, reactive dyes and
basic dyes. But it is unable to absorb the insoluble dyes and the suspended solids
present in the dyes. Since the AC possesses high regeneration cost, it is not used
directly in original dyeing of textile. Therefore, it is used in low concentration. Ionic
liquids (ILs) gathered a lot of attention in the field of engineering and modern chem-
istry in the industrial application. Lemus et al. (2012) reported that structural char-
acteristics and chemical surface of AC can be modified to adsorb different structures
of IL. This property has viability for adsorption of IL according to thermodynamics.
Farooq et al. (2012) investigated about the adsorption of hydrophilic IL through AC
which stated that both thermodynamics and kinetics of IL adsorption were depen-
dent on AC adsorbent.

11.2 Types of Textile

Sources of textile material are mainly of four types:

e Animal (wool, silk)

* Plant (cotton, jute)

e Mineral (glass fibre, asbestos)
* Synthetic (polyester, nylon)

The first three types of sources are natural, and the fourth source made by the use
of petroleum, i.e. artificially. A textile’s better property or grade depends on several
factors, such as the type of raw material used for making yarn, smoothness of yarn
or fabrics, density, etc. (EI-Molla and Schneider 2006).
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11.3 Location of Textile Industries in India

In India, textile industry is another way to generate vast employment among people
both skilled and unskilled, which stands as the second largest industry after agricul-
ture. As per analysis, 2,500 weaving factories and 4,135 finishing factories of textile
were present in 2010.

In India, cotton industries are situated in Kanpur, Kolkata, Ahmadabad, Rajkot,
Indore, Surat, Vadodara, Nagpur, Mumbai, Solapur, Chennai, Coimbatore and
Madurai.

Silk industries are situated in Srinagar, Anantnag, Jammu, Murshidabad, Kolkata,
Gokak, Bengaluru, Mysore, Chennai, Coimbatore and Madurai.

Wool industries are situated in Srinagar, Amritsar, Ludhiana, Panipat, Kanpur,
Allahabad, Shahjanwan, Mirzapur, Jamnagar, Amalner, Jalgaon, and Bengaluru.

Jute industries are situated in Kanpur, Gorakhpur, Shahjanwan, Katihar, Rajgarh,
Darbhanga, Guntur, Vishakhapatnam and Cuttack (Sharma 1949).

11.4 Textile Wastewater

Water treatment is a major problem in the industries (Arfin and Rangari 2018; Arfin
et al. 2016). According to standard quality, purifying industrial wastewater must be
required before reuse for different purposes; we required some advanced techniques
for purification, and these techniques should be efficient and cheap. This treatment
required some additional cost for recycling as a product. It can be proved economi-
cally more feasible if it takes the low cost of intake water and low discharge cost.
Textile industries consume 200 L water per kg of fabrics on an average per day.
According to the observation of the World Bank, after finishing and dyeing pro-
cesses, textile industries produce 17-20 % industrial wastewater.

Textile industries utilize about 80 % of the total amount of the product of
1,30,000 tonnes of dye, in India, because of the high demand of polyester and cotton,
and globally these wastewater dyes show a negative impact on photosynthesis
process in plant and also on aquatic life due to less penetration power of sunlight.
Sometimes these wastewater dyes may be lethal for certain marine life due to the
presence of metal and harmful chemicals. And sometimes the particles which are
suspended in wastewater may cause blockage into the gills of fishes, and it may lead
to death. They also reduce the capability power of algae to make their food. This
type of contamination can be detected through municipal wastewater during treat-
ment, for example, ultraviolet decontamination.

Heterocyclic and aromatic dyes are utilized in industries at present. The complex
structure of the dye is generally creating difficulty in the process of degradation of
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Table 11.1 Textile industrial No. | Parameters | Standards
standards in water pollution pH 6.9
BOD 30 ppm
COD 250 ppm
TDS 2000 ppm

Sulphide 2 ppm
Chloride 500 ppm
Calcium 75 ppm

Magnesium | 50 ppm

dyes. The manufacturing, mineralization and toxicity of dyes in textile industries
are major challenges for the environment, so we can say that understanding waste-
water treatment from a textile is ecologically noteworthy (Holkar et al. 2016). The
textile industries’ standard parameters are given in Table 11.1. Wastewater charac-
terization of various textiles are given in Table 11.2 (Bisschops and Spanjers 2003).

11.5 Activated Carbon

Activated carbon (AC) is highly porous, complex and carbonaceous in structure and
absorptive; carbon atom contributes in its structural composition. Activated carbon
comprises pores which form a network of channels (Waghmare et al. 2015a, b;
Waghmare and Arfin 2015). These channels are created inside rigid disordered lay-
ers present between atoms of carbon. Pores network linked with the help of chemi-
cal bonds. Uneven stack arrangement creates pores due to crevices, perforation,
cleft, etc. created between layers of a carbon atom. The high porosity of activated
carbon provides about 500 m? of surface area per gram of activated carbon; this is
determined with the help of adsorption of nitrogen gas.
Various raw materials used in the manufacturing of activated carbon are:

e Coconut shell

¢ Hard and soft wood
e Peat

e Olive pits

e Lignite coal

e Bituminous coal

The mechanism used in the manufacturing of activated carbon is chemical acti-
vation or activation by steam which is at high temperature available from various
raw materials. Commercially available forms of this activated carbon are:

(a) Granular activated carbon
(b) Powder activated carbon
(c) Pelleted activated carbon
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Table 11.2 Values of wastewater characterization of different textiles

Parameters Processes | Wool Cotton Synthetic | Not Specified
COD Desizing |- 950-20000 |- 10000—12000
Scouring | 5000-90000 | 8000 -
Bleaching | — 288-13500 | — -
Dyeing 7920 1115-4585 | 620 -
Printing - - 1515
785-49170
BODs Desizing |- - - 200-5200
Scouring | 2270-60000 | 100-2900 500-2800 | -
Bleaching | 400 90-1700 — —
Dyeing 400-2000 970-1460 530 -
Printing |- - 590 600-1800
Colour (AMDI) Desizing | — 64-1900 - -
Scouring | 2000 694 — —
Bleaching | - 153 - -
Dyeing 2225 1450-4750 | 1750 -
Printing - - - 1450
Total solid Desizing |- - - 760042900
Scouring | 28900-49300 |- - -
Bleaching | 910 2300-14400 | — -
Dyeing - - - <50000
Printing |- - 150-250 |-
Total suspended solid Desizing | — 18-800 - 400-4000
Scouring | 1000-26200 | 184-17400 | 600-3300 |—
Bleaching | 900 130-25000 |- -
Dyeing - 120-190 140 -
Printing |- - - 125-9500
Total dissolved solids Desizing | — 530-6900 - -
Scouring | — - - -
Bleaching | - 4760-19500 |- -
Dyeing - - - 55
Printing - - - -
Carbon (DOC) Desizing | — 250-2750 - -
Scouring | 5800 - - -
Bleaching | - 320 - -
Dyeing - - - -
Printing - - - -
Total Kjeldahl nitrogen | Desizing | — 70 - —
Scouring | — - - -
Bleaching | - 40 - -
Dyeing - - - -
Printing | - - 164 30-1765

(continued)
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Table 11.2 (continued)

Parameters Processes | Wool Cotton Synthetic | Not Specified

NH,N- Desizing | — 9-19 - -
Scouring | 604 - - -
Bleaching | - 8-19 - N
Printing - - 129 20-370

Total P Desizing | — 4-10 - -
Bleaching | - 6-60 — —
Printing - - 21 -

PO, Scouring | 89.3 - — —

Sulphide Scouring | 0.2 - - -
Dyeing - 325-900 - -

Sulphate CI Bleaching | - - — 90-100
Dyeing - 175026500 | — 26000

Oil and grease Scouring |- 580-5000 - -

Cr> Scouring | — 5-0 - -

pH Desizing |- 8.8-9.2 - 6-8
Scouring | 7.6-10.4 7.2-13 8-10 -
Bleaching | 6 6.5-13.5 - -
Dyeing 4.6-5 9.2-10.1 11.7 -
Printing |- - - 5-8.5

Turbidity Desizing | — - - 930

Waste usage (fabric/kg) | Desizing |— - - 12.5-35
Scouring | 4-77.5 2.5-43 17-67 -
Bleaching | - 30-50 - -
Dyeing 40-150 38-143 38-143 -
Printing | 250-520 — - 20-300

11.5.1 Granular Activated Carbon

Due to the large particle size of granulated AC in comparison with that of powdered
AC, thus granulated AC’s external surface is small. In processes where adsorbate’s
diffusion is a primary requirement, granulated AC would be important. Thus, they
are preferred in case of adsorption of gases due to their high diffusion rate.

Various applications of GAC involve water treatment, separating components

and deodorization.

11.5.2 Powdered Activated Carbon

The composition of PAC involves crushed particles of carbon. Of this 95-100 %
will pass through a mesh sieve of a particular designation. GAC is retained on mesh
sieve of size 0.297mm. ASTM classified PAC as a particle with size of 0.177mm. In
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Table 11.3 Various sources of activated carbon with applications in pollutant removal

Source of
S. No. | activated carbon | Activated with Pollutants removed | References
1. Sugarcane ZnCl, Basic dye Fabon et al. (2013)
bagasse

2. Bituminous coal | Phosphoric acid Remazol dye Teng et al. (1998)

3. Rice husk Microwave activated | Dibenzothiophenes Kumagai et al. (2009)

4. Coconut husk Microwave activated | Cyanosine Gupta et al. (2010)

5. Nutshell Microwave-assisted | Alkali metal Foo and Hameed
KOH activation compounds (2011)

6. Lemongrass Microwave-assisted | Methylene blue Singh and Tesheing
activation (2014)

7. Sawdust Steam pressure Direct dye Malik (2004)

8. Coal Microwaved Methylene blue and | Xiao et al. (2015)

iodine
9. Cocoa shells Microwave activated | Dyes Kadirvelu et al.
(2003)

10. Grape peel Microwave- Methylene blue Ma et al. (2018)
supported activation

11. Cassava peel Microwave activated | Dye Rajeshwarisivaraj

et al. (2001)

dedicated vessel, PAC is not used. PAC is directly added to process units; these units
include clarifiers, gravity filters, mix basins, etc. (Li et al. 2014).

11.5.3 Pelletized Activated Carbon

Pellets are AC compacted into shaped cylinders and have a wide assortment of
employments removing contaminants such as mercury. GC C-40 is an example of
virgin activated carbon. It is derived from the types of bituminous coal and converts
into pelletized form. It shows high surface area and activity.

The source of activated carbon and its application are listed in Table 11.3.

11.6 Ionic Liquids

ITonic liquids (ILs) are ionic species made up of an inorganic anion and organic
cation having a melting point less than 100 °C. Figure 11.2 shows the list of few
cations and anions of ILs. The constituent of IL varies independently possessing
linear alkyl chain and moieties to be functionalized as highly branched, cyclic and
aromatic one. It also has a large amount of structure variability. The low melting
point of IL is because of the large size of anion and cation and least symmetry
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Fig. 11.2 Classic ionic modules of ILs

(Naushad et al. 2012). IL is emerging as a new class of synthesized mixture. It pos-
sesses various distinctive physical and chemical properties. Traditional solvents
which lead to various environmental damages like ozone depletion, photochemical
smog, global warming, etc. are replaced by environment-friendly IL. They are uti-
lized in diverse spheres of industries, synthesizing units which utilize it as a solvent;
used as a separating unit at the pilot level of lab work, it assisted in developing vari-
ous materials which are useful in removing various pollutants that are otherwise
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Fig. 11.3 Sketch diagram of ILs and its uses

hard to be removed by conventional methods. To cope up with the increasing
demand of IL, it is requisite to study its properties in detail so that IL. with desirable
properties and composition could be developed further to assist in further industrial
processes and material development. Along with desirable properties like electro-
chemical, ecological, spectrometric, etc., it is necessary for IL to be non-toxic and
environmentally friendly when produced at a large scale (Rogers and Seddon 2003).

As the important objective of the current book chapter is related to the research
on IL-AC system, the focus is put on the analysis of interaction among the IL and
AC. The thermodynamic study of IL adsorption on AC processing various nature,
texture of pores generates information about their application in treatment of
aqueous effluents with IL. The anion and cation attains the spectrum of IL. The
adsorption emphasises the relation between the physical and chemical nature and
the adsorption capacity.

Paul Walden reported about the physical characterization of ethylammonium
nitrate for the synthesis of first IL in 1914 (Sugden and Wilkins 1929). It could not
gather the interest of the research due to various drawbacks. But in the recent year,
it is attracted to the field of IL and considered as significant one. After two decades
the first patent on IL was published (Graenacher 1934). In the main patent, content
was regarding organic salt possessing the ability to solve a problem related to cel-
lulose and change in reactivity. This published patent could not even gather the
interest in the scientific fields.

Hurley and Wier synthesized chloroaluminate with IL to generate interest for
electrochemistry in comparison with organic and inorganic chemistry in 1948.
However, this publication did not generate any noteworthy interest in the scientific
community (Hurley and Wier 1951).

In the current scenario, the industrial and commercial application is very aston-
ishing in terms of variety and quantity that arises from industry and academics
which is shown in Fig. 11.3.
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11.6.1 ILs’ Behaviour Towards

ILs are categorized as the green solvents where some of the IL possess thermal and
chemical stability and even highly soluble in water. IL. may be risky for the environ-
ment because of its toxic effects and biodegradable nature. Its synthesis and applica-
tion in the industry may lead to the formation of waste stream with large amount of
ILs in the effluents (Petkovic et al. 2011). Such effluents can also be problematic
due to the demand of suitable solution. Hence, to decrease the pollutants of ILs, the
efficient strategy is required to remove ILs from aqueous streams.

11.6.2 IL-Based Materials

The IL-based materials bring forward the two types of advanced material mainly
based on IL and AC known as supported IL. and AC. But according to the applica-
tion aspect, the use of IL possesses various limitations in mass transfer ratio owing
to various physical features, namely, viscosity and high density. And such negative
features have led to the innovation of a novel advanced material based on the con-
cept of IL combined with solid support. The combination of IL with solid support is
appreciable and favourable to further application. The IL-AC and its application in
dye are listed in Table 11.4.

Poole and Poole (2010) have suggested that IL has been proved to be a favour-
able green solvent applied for chemical processes in reducing the waste in the sol-
vent form by decreasing the dangerous vapours, and it has also been regarded as an
eco-friendly material. Welon (1999) have also reported that they possess the prop-
erty of high solvation. They hold negligible vapour pressure and reduce contamina-
tion from the environment by the process of evaporation and are regarded as

Table 11.4 Various IL-AC with applications in dye removal

S. No. | IL-AC Pollutants removed References

1. MimGO sponge DR 80 Zambare et al. (2017)

2. Tonic liquid—crafted Methyl orange Xing et al. (2016)
zeolite

3. PDVB-IL Orange 11 Gao et al. (2013)

4. IL@Fe304 Reactive black 5 Poursaberi and Hassanisadi

(2013)

5. SAILBO Malachite green Elhamifar et al. (2016)

6. Mt-BMIM Anionic dye Belbel et al. (2018)

7. ILNS Congo red and reactive Lawal et al. (2017)

blue

8. Fe,O;—cellulose—ionic Congo red Beyki et al. (2016)
liquid

9. TCPIL/CuFe,0,/BNONS | Methylene blue Arumugam et al. (2018)
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significant predictable organic solvents. Leclercq and Schmitzer (2009) suggested
that it is an effective replacement for predictable organic surfactants due to its speci-
ficity, yielding and high rate.

Lawal and Moodley (2015, 2016) reported about the amaranth dye removal by
using the montmorillonite modified with the IL. The material modified is a mixture
of macroporous and mesoporous substance generally hydrophobic possessing large
pore for trapping the contaminants. The removal percentage reached the maximum
of more than 90 % at 2 pH. The Langmuir isotherm best described the adsorption
behaviour with a capacity of 263.2 mg/g and the kinetic was described by pseudo-
second order. At different concentration, the column experiment employing the
Thomas model observed adsorption capacities to be 393.64, 580.89 and 603.60
mg/g. The outcome made it clear that ionic liquid modified montmorillonite served
to be the best option for the adsorption technique of the dye from the wastewater of
the textile industry.

Lawal and Moodley (2016) performed the adsorption studies for determining the
efficiency of IL modified by kaolin. Kaolin modified with IL was put on character-
ization where adsorption studies were carried out by making use of column and
batch processes to remove acid red and phenanthrene. The column models showed
that it fitted well for Thomas and Yoon-Nelson isotherm, and the value of R? was
near to the unit level for both the solutes. The Freundlich and Langmuir isotherms
were responsible for describing phenanthrene adsorption showing the capacity of
263 mg/g along with the n—=n interactions to be mean sorption. Hence, ILs are
applied as a modifier of the adsorption to remove acid red and phenanthrene.

Yan et al. (2015) investigated the use of activated carbon modified with IL for
removing methylene blue. The functional group content of the AC surface altered
due to modification technique. The absorbance of AC and MAC was used to evalu-
ate the modification. The adsorption process was described by adsorption kinetic
models and fitted well with pseudo-second order.

11.6.3 Adsorption Mechanism

Figure 11.4 clarifies about the adsorption mechanism of DR80 on the surface of
mimGO sponge. When we go through the structure of DRSO, it is basically a dye
with a large number of azo linkages along with many anionic sulfonic acid ions and
an aromatic ring. The mimGO sponge is hierarchical possessing cationic imidazo-
lium ionic liquid having amide linkages along with hydroxyl functionalities. The
presence of n—x interaction among the phenyl ring available in DR80 and mimGO
surface also illustrates the adsorption process. Since the hydrogen bond and the n—x
interaction are formed in the unmodified GO, there is the unavailability of electro-
static interaction in between the sulfonic acid group of DR80 and nitrogen group of
mimGO. Such absence infers that there are low absorption rate and low adsorption
capacity as well.
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Fig. 11.4 Adsorption mechanism of DR80 on the mimGO sponge. (Reprinted with permission
from (Zambare et al. 2017) ©ACS)
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11.6.4 Characterization

The scanning electron microscopy (SEM) was performed to exhibit the size of par-
ticle and morphology of the surface of SAILBO as shown in Fig. 11.5. Figure 11.5
(a) shows the order of particle in uniform worm-like morphology, and Fig. 11.5 (b)
demonstrates about the diverse morphology to compare it with the availability of
SAILBO. The result made it clear that adsorption of MG molecule can be either
with or without the SAILBO.

The single nanosheet within the composite is shown in Fig. 11.6 (a) and (b). The
image of high-resolution transmission electron microscopy (HRTEM) showed that
BNONS has sheets which are multilayered with the outer diameter in between
20 nm and 2.5 nm. But it is observed that the HRTEM image is not specific as there
is a large electron concentration, and ILs interrupt during the focusing process on
the microscope. It is later found that the diameter of the sheet increases between
20 nm and 50 nm just after the modification of IL. It states that there is IL coating
on the BNONS surfaces.
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Fig. 11.5 SEM image SAILBO (a) before and (b) after the adsorption of MG. (Reprinted with
permission from (Elhamifar et al. 2016) ©Elsevier)

20 nm

Fig. 11.6 HRTEM images of TCPIL/CuFe,O,/BNONS nanomaterial at (a) 20 nm and (b) 10 nm.
(Reprinted with permission from (Arumugam et al. 2018) ©Elsevier)

11.7 Conclusion and Future Perspectives

The population increase and unstable rise in the industrialization are giving a seri-
ous threat to the safe drinking water on a worldwide level (Arfin and Rafiuddin
2009, 2011; Arfin and Yadav 2012; Arfin et al. 2011, 2012). Therefore, to avoid the
scarcity of water, wastewaters from the textile industry can be used as an alternative,
but they require proper treatment and purification before using for different
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purposes which can be a challenging task. Various methods are used for such treat-
ment where innovative technology-oriented process along with conventional pro-
cess has proved to be the best option. For wastewater treatment, such ionic liquid
modified activated carbon is adopted and shows favourable results in the adsorption
of dyes and micropollutant.

It has been found that the water industries are advancing the development tech-
niques and providing a cost-efficient system to develop the source of wastewater
treatment. Therefore, such advancement in large scale ionic liquid modified acti-
vated carbon have proved the way for successful use.
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