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Abstract Adsorption is an important method used in the removal of dyes from
the water system. The application of magnetic-based biocomposite as an adsor-
bent in the adsorption process to remove dyes from water is a possible technique
in wastewater purification. This chapter focuses on the production and application
of magnetic-based biocomposite in the removal of dyes from water. It was evident
that magnetic-based biocomposites are potential adsorbent for the removal of dyes
from water. However, there is scanty information available on the use of magnetic-
based biocomposites on a large scale, as most studies reported were on a laboratory
scale. Despite the promise of high efficiency exhibited by magnetic-based biocom-
posites towards dyes in water, there is a need to evaluate their economic viability and
prospects on a large-scale application.
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1 Introduction

Pollution of water resources by organic molecules such as dyes is a serious global
challenge. Many dyes are produced yearly, which end up in the environment during
or after use. Dyes have found application in several industries such as paper, leather,
textile, cosmetic, food and plastics [25]. Most dyes are toxic and carcinogenic [39],
which can cause havoc to health and, when they get into the environment, may cause
long-term adverse effect on plants, animals and human beings. About two-thirds of
over 100,000 commercially known dyes are consumed by textile industries, which
generate a large volume of coloured wastewater [74]. The colour produced by the
dyes in water is highly discernible and inadmissible due to its ability to prevent
reoxygenation in water. Furthermore, it disrupts microorganism activities in aquatic
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system because it inhibits the penetration of sunlight [79]. Most dyes have complex
chemical structures, soluble in aqueous systems and persistent when they get into
the environment. When in the environment, they are often exposed to environmental
factors that may degrade them to form intermediates that are more toxic than their
original forms. Therefore, it is crucial to understand the fate of these dyes when
they get into the environment. Moreover, the need to develop efficient techniques
for their complete removal in water cannot be overemphasized. Although some of
the dyes have been banned in many countries, they are still widely used in other
countries [49]. Among the numerous dyes known, the azo dye remains the largest
synthetic dyes class with a wide application [49]. It is aromatic, and because of the
possibility of reductive cleavage taking place at the azo linkages that may lead to the
formation of amines, azo dyes are considered toxic. The diazo dye groups are also
common and are toxic. An example of this is congo red dye which may be prepared
by coupling tetrazotized benzidine with two molecules of naphthionic acid. Previous
studies have reported dyes in surface and underground water system, as presented
in Table 1. When the dyes get into the water bodies, they cause an increase in the
levels of biochemical oxygen demand (BOD) and chemical oxygen demand (COD);
the main concern is in the non-biodegradability of some of the dyes [47].

Although dyes may be grouped as natural or synthetic, their classification may
also be based on colour, chemical structure, particle charge in solution and applica-
tion. Natural dyes are sourced from plant and animals; however, as scientific knowl-
edge advanced, the properties of natural dyes were improved by way of chemical
synthesis, which led to synthetic dyes. Over time, synthetic dyes have gradually
replaced their natural counterparts due to improved performance and aesthetics.
Synthetic dyes may be ionic or non-ionic, with examples such as direct, acid, vat,
basic, dispersed and reactive dyes. The reactive, direct, acid and basic dyes are

Table 1 Reported presence of dye in environmental water system

Source Dye type Country | References
Cristais river Disperse azo, disperse Blue 373, | Brazil [10]
disperse orange 37 and disperse
violet 93
Ribeirao das Cruzes river Basic red 51 Brazil [15]
River water Disperse dyes China [82]
Pearl river delta N-nitrosamines China [12]
Raw river water and drinking water | p-aminophenol Brazil [19]
treatment plant
Cristais river Disperse blue 373, disperse Brazil [18]
violet 93 and disperse orange 37
Ripoll river Textile dye Spain [14]
Archaeological sites Natural dyes China [34]
River water and sediment Azo dyes Japan [27]
Khniss and Hamdoun rivers Disperse dyes Tunisia | [40]
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mostly water-soluble [36], making it difficult to remove them from water [26]. They
persist in the environment; a recent investigation has shown that when azo dyes are
used, about 15-50% remain in water without binding to fabric, making azo dyes a
significant contributor of dye to the environment [31]. The presence of these dyes
in the environment is undesirable; therefore, it is important to remove them from
water systems before they get into the environment. Approaches reported as potential
methods of removal included oxidation, membrane separation, advanced oxidation,
electrochemical process, flocculation, ion exchange and adsorption.

Varieties of methods reported for the removal of dyes from water are known to rely
on chemical, physical or biological techniques [8] in their operations. The chemical
technique has the advantage of being effective at both high and low concentration of
dye, however, it leads to the production of unwanted chemical deposition of sludge
as secondary pollutants, which require additional cost for removal and sometimes
may be far more problematic than the dye to be removed. Apart from this, the
process requires a large number of chemical reagents and energy consumption [65,
84]. The biological technique is simple and requires the use of microorganisms to
decolourize the dye contaminated water system; however, the process needs to be
under specific conditions such as controlled process pH, temperature and nutrition,
which may make it complex and expensive to start up or maintain [46]. Adsorption
and membrane separation are typical examples of the physical techniques used [56].
Since the use of a membrane is limited with poor reusability, adsorption is a better
process in terms of physical technique. Most dyes are resistant to degradation due to
their complex chemical structure. Therefore, adsorption remains outstanding among
the methods developed over time for removing dyes in the water system. Apart from
being efficient, adsorption is cheap, reliable and can be easily set up. The use of
adsorption is sustainable, and environmentally friendly. Since the adsorbents used
can be regenerated and reused as appropriate, adsorption is considered a viable option
for removing dyes from water.

Generally, an adsorbent is considered suitable for removing dyes from water
system when its effective surface area for the sorption process is large with high
adsorption capacity, excellent regeneration capacity and outstanding performance at
awide pH range. Several adsorbents have been reported in time past to remove dyes in
the water system, as shown in Table 2. Despite the high adsorption capacities exhib-
ited by some of these adsorbents, they still suffer from certain limitations that border
on effective regeneration for long-term use and separation from the water system
after the sorption process. Recent studies have shown that the use of magnetic-based
biocomposite can help circumvent these limitations. In line with this, this chapter
focuses on the use of magnetic-based biocomposites to remove dyes in solution.

2 Adsorption as a Process for Dye Removal

Adsorption as a process in dye removal from solution may be described as the
decolourization of water contaminated with dye by attachment of dye molecules
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Table 2 Selected adsorbents previously reported for the removal of named dyes in solution

Adsorbent Dye type Adsorption capacity (mg g~!') | References
Mesoporous zeolite Crystal violet 1217 [9]
Montmorillonite/graphene | Crystal violet 746 [48]
oxide composite

Montmorillonite/graphene | Methylene blue | 641 [76]
oxide composite

Kaolin-based mesoporous | Methylene blue | 653 [33]
silica

Mesoporous zeolite Methylene blue | 548 [9]
Cellulose/clay composite Methylene blue | 277 [63]
hydrogel

Smectite rich natural clays | Basic yellow 28 | 77 [11]
Chitosan sponge Rose Bengal 602 [61]
Chitosan/surfactant Orange G 1452 [80]
composite

Chitosan/polyvinyl Methyl orange 153 [24]
alcohol/zeolite

Polyurethane/chitosan foam | Food red 17 267 [16]

to a solid surface by chemical or physical interaction [44]. The solid surface is
known as adsorbent, while the dye adsorbed from solution is known as adsorbate. If
the interaction between the adsorbate and the adsorbent is physical, the adsorption
process is referred to as physisorption. In contrast, when the interaction forces are
due to chemical bonding, it is referred to as chemisorption [73]. The removal of
adsorbate from the surface of the adsorbent is known as desorption which is the
reverse of adsorption. In the case of physisorption, the interaction forces are weak,
such as Van der-Waals forces. The process is easily reversed in physisorption resulting
in desorption due to the weak forces of interaction, but desorption is difficult in the
case of chemisorption.

It is crucial to determine the amount of adsorbate an adsorbent can accumulate,
which helps understand its adsorption capacity, which may be calculated from adsorp-
tion isotherm. Since dyes are not easily broken down, they can be removed from
the solution via adsorption. The adsorbent should have a short removal time, high
uptake kinetic and good surface character for removal [6]. The adsorption capacity
is the mass of adsorbate (dye) adsorbed per unit mass of adsorbent (magnetic-based
biocomposite). Lots of isotherm models have been developed to describe the adsorp-
tion process; such isotherm models include Langmuir, Freundlich, Temkin, Hill,
etc.

The Langmuir isotherm model is a model that assumes that the molecules adsorbed
on the surface of the adsorbent form a monolayer, and each adsorbate on the surface of
the adsorbent has the same adsorption activation energy; the model can be expressed
as [59].
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where C, (mg L™!) is the equilibrium amount of adsorbate, g, (mg g~') is the
amount of adsorbate removed at equilibrium, Q,, (mg g ') is the maximum monolayer
coverage capacity and K; (L mg~") represents the Langmuir isotherm constant. To
better understand the Langmuir isotherm model, it is important to determine the value
of Ry, which is an essential feature of the Langmuir isotherm that can be expressed
as:
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It has been reported that when R; > 1, the sorption process is unfavourable, when
R, =1, the sorption is considered linear when 0 < R; < 1, the process is favourable,
and when R; = 0, the process is taken to be irreversible [2, 3].

The Hill model is different from Langmuir; unlike the Langmuir model, which
assumes that each adsorption site on the adsorbent can only accept one mole, the Hill
model was developed on the fact that each adsorption site can accept n molecules of
the adsorbate, which can be expressed as [6]

0= nM,,
T

Q is the equilibrium adsorption capacity (mg g~!), n represents the number of
molecules connected at each adsorption site, Cy, is the adsorbate concentration at
half-saturation (mg g~') and where N, represents the number of occupied adsorption
sites.

Adsorption studies have also been subjected to the Freundlich isotherm model,
which may be expressed as:

3)

g = K;C; “4)

where the equilibrium concentration of the adsorbate is represented as C, (mg L"),
K; (mg g~ 1) represents the Freundlich isotherm constant, g, (mg g~!) is the amount
of the adsorbate adsorbed at equilibrium on the adsorbent and the adsorption intensity
is represented as n. The Freundlich model is a multilayer sorption which describes
the sorption process on a heterogeneous surface as an exponential distribution of
active sites and their energies. It is also important to check the effect of certain
parameters on the sorption capacity of an absorbent; such parameters include the
effect of temperature, pH, adsorbate concentration, adsorbent particles and adsorbent
dose. Despite the several adsorbents known, the use of magnetic-based biocomposites
in removing dye from solution remains outstanding because of the ease of separation
after the adsorption of dye by the simple application of magnet [71].
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Different types of adsorption kinetic and diffusion models have been proposed,
among which pseudo-first-order, pseudo-second-order, intra-particle diffusion and
Elovich models are common. The pseudo-first-order model may be represented as:

log(g. — g;) = log g, — (5)

K,
2.303 !
where g, (mg g~!) is the equilibrium amount of dye ions, ¢, (mg g~!) represents
the dye ions adsorbed at a specific time, k; (min~!) stands for the rate constant for
pseudo-first-order adsorption and ¢ is the time (min). From this expression, k; and
¢. can be determined from the plot of log (¢.—q;) against t.

The pseudo-second-order model may be described as:

r_ 1 +1t ©6)
4 kq?  qe

where ¢, (mg g~!) is the equilibrium amount of dye ion, ¢, (mg g~!) is the amount of
dye ion adsorbed at a specific time, and k, (g mg~! min~!) represents the rate constant
for the pseudo-second-order model. The value of g, and k, may be determined from
the various plots as described in Table 3.

The sorption may be further described using the intra-particle diffusion model, as
expressed:

g = kiat™> + C (7

where the kg4 is the diffusion constant (mg g~! min'/?) while C (mg g~!) represents
a constant that shows the layer thickness. The parameters can be determined from
the plot of g; against /2. C is the value of the intercept, which is related to the
boundary layer thickness. The larger the intercept value from the plot, the greater
the boundary effect will be [28]. The data generated from the sorption process can
also be subjected to the Elovich model, which can be linearized as:

1 1
g = EIn(aﬂ) + Elnt (8)

Table 3 Forms of pseudo-second-order expression from which ¢, and k» may be determined
Type |Form Graph plot | Parameters

t_ 1 1 t _ 1 g _ Sop? ., _ 1
1 q @ + fTe[ quVS.l Ge = Slope * Ky = Intercept> ** — Intercept

L (1 \1, 1 1 1 _ 1. _ Intercept® . p 1
2 q — kq%)l + qe qr Vs'l Ge = Intercept * Ky = Slope ’ R= Slope

1 _ Kag?  Kag? 1 1 _ —Slope . _ Intercept® , o, __
3 1T g e 7VS'171 9e = Tatercept® “*2 = ~Slope R = Slope

2 2

q _ 2 Kagiq a __ —Intercept , _ Slope? . 5 _

4 T = Kag, q: A VS.q; de = ~Siope > Ky = Tntercept * R = Intercept
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where « is the rate (mg g~! min~'), and B is the magnitude of coverage (g mg™")
that are determined from the intercept and slope of the plot of g; vs Int.

3 Preparation of Magnetic-Based Biocomposite

Preparation of magnetic-based biocomposite may be achieved using several methods
which cover chemical vapour deposition, co-precipitation, solvothermal, microwave-
assisted, hydrothermal, photolysis, sonochemical, sol—gel, laser pyrolysis, annealing,
microemulsion, electrodeposition and thermal deposition [17, 32, 43, 45, 50, 67, 68,
70]. Several starting materials as feedstock have been reported in the synthesis of
magnetic-based biocomposites; some of this includes biomass such as agricultural
products and wastes containing lignin, cellulose and hemicellulose with polyphe-
nolic functional groups which bind with dye via different mechanisms. Recently, the
biomasses are converted to carbon nanoparticles with the inclusion of magnetic metal
oxide to impose magnetic properties on the composite. Biocomposites produced this
way have improved particle size and shape distribution, crystallinity, structure, pore
size, surface area and stability. A large number of magnetic nanomaterials have
been prepared and used in the removal of dyes from wastewater [54]; some of these
include the use of metallic nanomaterials (nano-Fe,O,4, nano-MnFe; Oy, nano-ZnO,
nano-TiO,, etc.), carbonaceous nanomaterials (graphene, carbon nanotubes, etc.) and
bionanomaterials (nanochitosan, nanocellulose, etc.).

A study by Wang et al. [62] reported the preparation of a magnetic composite
adsorbent using graphene multi-walled carbon nanotube for the removal of methylene
blue from solution. The composite exhibited an adsorption capacity of 65.79 mg g~!
with good regeneration capacity. Another study [13] made use of f-Cyclodextrin and
carbon in the preparation of a magnetic composite to remove methylene blue from
the solution. The magnetic properties exhibited by the biocomposites may be deter-
mined by applying an external magnetic field to them. The orientation of magnetic
moment displayed by the biocomposites helps identify the magnetism they possess,
which may be ferromagnetism, diamagnetism, ferrimagnetism, ferromagnetism or
anti-ferromagnetism [5]. The magnetism exhibited by magnetic biocomposites can
be attributed to their high surface-area-to-volume ratio [57]. The property varies with
the size and shape of the composite. The specific magnetic property displayed by a
biocomposite is mainly determined by its composition, which depends on the pres-
ence or absence of unpaired valence electrons located on the metal atoms or ions
found in the composite [83]. Magnetic metal oxide biocomposites have shown high
adsorption capacity towards dye contaminated water. They were earlier prepared
by co-precipitation, and have been found to be environmentally friendly and cost-
effective [4]. Their particle size, porous structure and outstanding magnetic properties
make their recovery by magnetic separation technology after adsorption or regener-
ation easy. This ease of recovery gives the use of magnetic-based biocomposite an
advantage over powder adsorbents in the removal of dyes from wastewater.
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4 Magnetic-Based Biocomposite as Dye Adsorbent

One of the major advantages of using magnetic-based biocomposites is the short
treatment time. A large volume of dye contaminated water can be cleaned within
a short time, and process recovery is superb. Since synthetic magnetic materials
may be expensive, attention has shifted towards the use of bio-based materials in
order to obtain low-cost magnetic material, which has led to the preparation of
magnetic-based biocomposite. A previous study [42] revealed xanthan gum grafted
poly (acrylic acid)-based Fe; O4 hydrogel nanocomposite as a suitable material for the
sorption of methyl violet with an adsorption capacity of 642 mg g~!. A reported study
[41] further showed the synthesis and application of gum Ghatti-based iron oxide
hydrogel nanocomposite as remediation means for methylene blue contaminated
water; the biocomposite exhibited a maximum adsorption capacity of 671.14 mg g~!.
Recently, the preparation of magnetic hydrogel biocomposite via free radical poly-
merization method for the sorption of methylene blue was reported [38]. The hydrogel
biocomposite exhibited a high maximum adsorption capacity (1109.55 mg g~!) in
an adsorption process that may be described spontaneous and endothermic in nature.
A study [37] revealed the synthesis of magnetic composite based on saponite clays
with magnetite (2—7 wt%) content; characterization of the composite showed a more
developed mesoporosity and microporosity when compared to saponite clay with a
capacity to remove malachite green, congo red and indigo carmine from solution.
In order to reduce the production cost of magnetic-based biocomposite, it is prefer-
able to use waste materials as feedstock. Industrial and agricultural waste materials
could be used. They can be used as a low-cost adsorbent; however, the introduction
of magnetic properties helps in improving the performance of the resulting biocom-
posite. The agricultural waste may include leaves, fruits peels, seeds and fibres.
This may also include waste materials like sawdust, stem bark and wood shavings
which may serve as cheap sources of lignin, cellulose and hemicellulose required
for the biocomposite preparation. An example of this is the preparation of magnet-
ically modified spent coffee ground for the sorption of safranin O, amido black
10B, crystal violet, bismarck brown Y, congo red, acridine orange and malachite
green [50]. Organic dyes have also been removed from the solution using ferrofluid-
modified peanut husks with encouraging adsorption capacity in a process that may
be described by Langmuir isotherm [51]. Biodegradable magnetic-based adsorbent
has also been prepared mainly from glutamic acid and chitosan [75]; the resulting
glutamic acid-modified chitosan magnetic biocomposite microspheres were used for
the removal of methylene blue, light yellow and crystal violet from solution with
an adsorption capacity which was as high as 375.4 mg g~'. The impressive adsorp-
tion capacity exhibited by the glutamic acid-modified chitosan magnetic biocom-
posite was attributed to its high surface area. The dyes were further desorbed from
the composite, which was regenerated using simple regenerating agents (HCI and
NaOH). Novel magnetic carbon-iron oxide nanocomposite was reported [58] for the
removal of crystal violet dye from solution; the sorption capacity was determined
to be 113.31 mg g~ 1 at an optimal condition in a process that obeys Langmuir
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isotherm. Recently, a safe and cost-effective method was developed for the treat-
ment of dye contaminated water system [53]. It involved the synthesis of magnetic
nanocomposite-based polyacrylic acid cross-linked with magnetic 3D cross-linkers
and carboxylated cellulose, as described in Fig. 1. During the synthesis, acrylic func-
tionalized Fe;O4 particles were covalently linked to the polymer chains to introduce
the magnetic properties; the inclusion of highly dispersed carboxylated cellulose
nanocrystals reduced the gel-like properties of the nanocomposite. The composite
was found efficient towards the removal of cationic dyes from water with a maximum
adsorption capacity of 332 mg g~!. Different magnetic-based composites previously
reported in the past and their adsorption capacities are presented in Table 4.

The use of gum xanthan-grafted-polyacrylic acid and Fe;O4 magnetic nanopar-
ticles based nanocomposite hydrogel have also been documented for the removal
of methyl violet from aqueous solution [41]. The proposed mechanism for the
synthesis is as shown in Fig. 2. The synthesized Fe;O, magnetic nanoparticles
based nanocomposite hydrogel exhibited a 99% removal of methyl violet from
solution with an adsorption capacity of 642 mg g~!, which may be described by
a pseudo-second-order kinetics model. Similarly, a study [60] recently reported a
new hydrogel nanocomposite based on chitosan-grafted-polyacrylic acid/oxidized
electrospun carbon nanofibres; an illustration of the preparation steps is shown in
Fig. 3. The hydrogel composite exhibited a high adsorption capacity of 1095 mg g~!
towards methylene blue and good regeneration capacity with promising potentials
as a prospective low-cost adsorbent for treating wastewater.

0O O
NH,
H;N *N H, ﬁ)‘l\o)k(
H,N NH, —
NH;
Fe,0,@Si-NH,

HO. OH
TEMPO

M3D-PAA-CCN

Fig. 1 Schematic illustration of the synthesis of M3D-PAA-CCN nanocomposite [53]. PAA
= Polyacrylic acid, CNC = Carboxylated cellulose nanocrystals, CCN = carboxylated cellu-
lose nanocrystals, M3D-PAA-CCN = Magnetic 3D-polyacrylic acid-carboxylated cellulose
nanocrystals
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Fig. 2 Proposed mechanism for the synthesis of Fe304 magnetic nanoparticles based nanocom-
posite hydrogel [41]

Gx-cl-PAA/Fe;0, nanocomposite hydrogel
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Fig. 3 Illustration for the preparation of hydrogel nanocomposite [60]
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5 Factors Affecting the Efficiency of Magnetic-Based
Biocomposites for the Adsorption of Dye

5.1 Physicochemical Properties of Magnetic-Based
Biocomposite as Dye Adsorbent

The physicochemical properties exhibited by magnetic-based biocomposite plays a
key role in their efficiency. In this regard, the types of functional groups on the surface
of the biocomposite determines the kind of interaction that will be involved in the
adsorption process. The type of functional group expressed by the biocomposite is
also determined by the composition of the composite; some of this may have groups
such as amine, carboxyl, ester, hydroxyl and so on. The presence of heteroatoms in the
functional groups contributes to nonbonding electrons that may promote the interac-
tion required to remove the dyes from the solution. However, these functional groups
may be modified in order to improve the efficiency of magnetic-based biocomposite
towards the dyes. The surface and porosity of magnetic-based biocomposite play
an important role in sorption capacity expressed towards dyes. The larger the active
surface area available for adsorption, the better the efficiency expressed towards the
dyes. The distribution of pore in the structure of magnetic-based biocomposite is
also important as they can trap dye molecules during the sorption process. The more
and better distributed the pores are, the better the sorption process for dye removal.
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The hydrophilicity of biocomposite is essential. The better the hydrophilic prop-
erty, the better they interact with dye in solution for removal. Magnetic-based biocom-
posite with polar functional groups exhibits better hydrophilicity, thus better wetta-
bility which reduces the repulsive forces between the surface of the biocomposite
and the dye molecules in solution. The nature of dye in solution has a vital role to
play in the adsorption process. The molecular size, functional groups and molecular
structure of the dyes play important role as well during such interaction. The charge
on the surface of the dyes when ionized in solution is important as this determines
the kind of interaction that will promote its removal from solution; while some dyes
are neutral, some are cationic or anionic.

6 Effect of Operating Parameters on the Sorption of Dyes
by Magnetic-Based Biocomposite

Several operation parameters are known to affect the performance of magnetic-based
biocomposite towards removing dyes in solution. These parameters include initial
dye concentration, temperature, contact time, solution pH and adsorbent dosage.

Efficiency exhibited by magnetic-based biocomposite depends on the interaction
between the initial concentrations of dye in solution and the available sorption site
on the surface of magnetic-based biocomposite. Previous studies have shown that the
adsorption capacity of magnetic-based biocomposite increases as the initial concen-
tration of dye in the solution increase [54]. It has become apparent that the high
initial dye concentration promotes high mass transfer driving force for the sorption
process [22].

The rate of a chemical reaction can be greatly influenced by temperature; therefore,
temperature plays a significant role in understanding whether the sorption process is
exothermic or endothermic. The adsorption process is considered to be endothermic
if the adsorption capacity increases with an increase in temperature [55]. For the
endothermic process, the interaction between the surface of magnetic-based biocom-
posite and the dyes becomes stronger with an increase in mobility of the dyes as
temperature increases. However, if the adsorption capacity increases with a decrease
in temperature, the process is considered to be exothermic. Therefore, temperature
is a vital contributing factor in understanding the sorption process.

The effect of contact time helps in ascertaining the optimum time required for
the dyes to completely occupy the active site for adsorption at the surface of the
magnetic-based biocomposite. It may also relate to the time it takes to remove the dye
in solution completely. Studies have shown that adsorption capacity and percentage
removal improves with time [1-3]. The process is known to increase until equilibrium
is attained; at equilibrium, it becomes steady; however, if allowed for long, desorption
of dye from the surface of the biocomposite may set in.

Due to the vital impact of pH value on the ionization degree of functional groups,
pH is considered to play an important role in understanding the mechanism and
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efficiency of adsorption. In most cases, a change in pH value brings about a change
in the charges on the surface of magnetic-based biocomposite. The change in charges
helps to develop the most suitable conditions for the sorption of dye from solution.
A study has shown that the removal efficiency of anionic dyes increase at low pH
value while the reverse is the case for cationic dyes [52]. The percentage of removal
increases as the adsorbent dose increase while the adsorption capacity reduces. The
observation has been related to the fact that as adsorbent dose increases, more active
sites become available on the surface of the adsorbent for sorption with the dyes
in solution; however, the reduction in adsorption capacity may be attributed to a
decrease in the mass transfer of the dye ions from solution to the surface of the
adsorbent [7].

7 Desorption

Apart from outstanding performance exhibited by magnetic-based biocomposites, it
is much more important that it should have a high regeneration capacity. Therefore,
the ability to reuse a biocomposite for a long time before being discarded is vital.
The desorption process facilitates the recovery of the dyes in a form that can be
re-concentrated and used again. The desorption process further helps to minimize
waste generated as the dye adsorbed is recovered without being thrown into the
environment. The fact that the dyes may be recovered in a form that can be reused
minimizes the process cost. The desorption mode may also aid the understanding of
the adsorption process. The desorption process may be achieved using methods that
include an acid, organic solvent, base, thermal and mechanical treatments. Some of
the acids used include H,SO,4, HCI, HNO3 and H3PO,, while base may be NaOH
and liquid NH3. The typical organic solvent used may include methanol, acetonitrile,
hexane and ethanol.

In most cases, a weak solution of the acid or base is used or a solution of a
mixture of acid and organic solvent, depending on the polarity of the adsorbed dye.
This may involve agitating the dye-saturated magnetic-based biocomposite with the
appropriate solvent to desorb the dye under specified operating conditions. Most
desorption or regeneration methods may have shortcomings that can be circum-
vented; moreover, most studies were conducted at laboratory levels which suggest
the need for more studies to be conducted on desorption at a large-scale level.

8 Challenges and Economic Perspective

The economic viability of an adsorbent is essential in its consideration for prac-
tical application. However, there is scanty information on the cost evaluation of
most reported magnetic-based biocomposites in the literature. Most studies reported
laboratory-based experimental studies and not cost implications or large-scale
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studies. One major challenge with the practical industrial application of magnetic-
based biocomposite is that information on large-scale application is limited, making
it difficult to make a detailed comparison with conventional or known adsorbents
currently found in the market or in use on a large scale for the removal of dyes in solu-
tion. In most cases where low-cost is used to refer to magnetic-based biocomposite,
it only meant the initial cost of production at a small scale. However, there is a need
to consider and include local availability, transportation, desorption, pretreatment,
regeneration cycle and running cost in order to better estimate the actual production
cost of magnetic-based biocomposites.

9 Conclusion

This chapter considers the role magnetic-based biocomposite plays in the removal
of dyes from solution. It evaluated the preparation, characteristics and application of
magnetic-based biocomposite as adsorbents for dye removal in solution. It became
evident that magnetic-based biocomposites are potential adsorbents for the removal
of dyes in water. However, little information is available on the evaluation and applica-
tion on a large scale, as most reports have been on laboratory-scale studies. Therefore,
there is a need to conduct more studies on the large-scale application of magnetic-
based biocomposite as an adsorbent for the removal of dyes in water as well as its
economic viability.
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