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1. Introduction

he rapid increase in the human

population, industrialization, and

urbanization has brought about a

drastic reduction in the quality of water

available in our environment [1]. As
dyes are the key elements in their everyday
manufacturing, the textile, paper, food, and
pharmaceutical sectors have been major
pollutants of ground and surface water
resources, generating a large amount of colored
effluents. It is reported that a medium-sized
textile industry utilizes about 1.6 million liters of
water daily for the production of about 8,000 Kg
of fabric [2]. Concerns concerning dye
contamination of wastewater have been raised
as a result of their obvious colors and
persistence in water bodies, and numerous
methods have been developed to remove these
dye molecules from wastewater prior to their
discharge into the environment, the methods
include physical, chemical and biological
methods [3-4]. Synthetic dyes react with other
chemicals to form non-degradable by-products
which possess several health hazards [5].
Organic materials such as dye fixing agents that
are formaldehyde-based, non-biodegradable
dyeing chemicals are highly carcinogenic and
mutagenic chemicals [6]. Rag et al. [7] revealed
that azo dyes are directly linked to bladder
cancer in people, splenic sarcomas, and
hepatocarcinoma, which is the principal cause of
chromosome aberration in mammalian cells, in
their experimental research on the animal
model. Malachite green, a prominent
carcinogenic material has been shown to cause
serious effects on the reproductive and immune
systems of humans [8]. Dyes tend to possess a

high thermal and photostability; hence, they
tend to persist in water if left untreated [9].
Adsorption as a method of purification for the
removal of dangerous organic and inorganic
components in wastewater is regarded as
efficient because of its simple operation,
effectiveness, and cost-efficiency [10-11]. Metal-
organic frameworks (MOFs) as porous materials
have attracted a lot of interest from researchers
in the search for more effective adsorbents [12].
The use of MOFs for dye adsorption suggests a
low-cost and effective alternative [13]. MOFs are
a new category of materials that are defined by
their porosity and have been explored over the
past 20 years [14]. These materials possess
unique properties such as high thermal stability,
large surface areas which is a major factor to be
considered in adsorption, variable pore sizes,
and changeable metal sites [15-16]. MOFs of
different sizes can be made in different ways
from a wide range of ligands and metal nodes
[17-18]. The effectiveness of MOFs for the
removal of dye molecules from coloured
wastewater has been identified over the past
few decades. A separate class of organic dye
molecules is stated to be adsorbable on the
surfaces of MOFs, regardless of their
chromophoric backbones [19].

2. Organic dyes' impact environment

Synthetic complex organic and inorganic dyes
are mainly made up of hazardous components,
which have poor health consequences [11].
Because of their high stability (thermal and
photostability), these dyes are resistant to
biodegradation, making them difficult to remove
using traditional methods [20]. Organic dyes in
our water bodies tend to sabotage hydrophytes'
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photosynthetic processes by obstructing
sunlight  penetration, causing  harmful
compounds to be synthesized [21]. Azo dyes
have been linked to multiple forms of cancer
cells in several organs, including the liver,
bladder, lungs, and spleen, as well as typical
abnormalities in model organisms [22]. Dyes
containing wastewater discharged as effluents
from textile industries induce corrosive traits,
decreased dissolved oxygen in water, introduce
their unpleasant spell and increase insoluble
materials in water. Colloids present in the
effluents when discharged into freshwater
bodies also bring about a change in their
turbidity [23]. Nitrates, nitrites, starch, and
sulfides present in these coloured effluents
bring about a change in the quantity of dissolved
oxygen [24]. The human eyes, skin, and
respiratory systems can be affected by acidic
dyes as well as initiate cancer cells in humans as
a result of their mutagenic nature. Basic dyes on
the other hand can cause an increase in heart
rate, vomiting, tissue necrosis, jaundice [25].
Textile industries utilize a variety of chemicals,
which cause changes in the pH of the water
system, harming aquatic species' lives [26].
Effluents from textile industries used in
irrigation also pose a threat to plant lives by
decreasing their chlorophyll content, plant
protein, and carbohydrates [27].

3. Treatment methods for dyes containing
wastewater

Biological, physical, and chemical approaches
are the most common ways for removing
organic dyes from industrial effluents. Biological
processes can be carried out in both aerobic and
anaerobic environments, and they can be
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utilized to treat both home and industrial waste.
Physical processes usually involve suspended
rather than dissolved pollutants. Chemical
techniques, such as oxidizing organic dye
compounds using ozone or hydrogen peroxide
or employing an adsorption process, can also be
used to decolorize industrial effluents [28].
Presently, the development of potent,
economical, effective, and environment-friendly
methods of treatment for coloured wastewater
from textile and other organic dye using
industries is of great concern. These methods
could be physio-chemical (physical and
chemical), biochemical and at times a
combination of both methods is employed to
design an effective method for treatment of
these effluents. Physical and chemical methods
have proven to be highly cost-effective and eco-
friendly in recent times [29]. Physical
adsorption is generally considered to be the
most effective method for quick removal of
dissolved dyes in an effluent amongst those
methods as a result of its simple operation and
effectiveness [10]. In respect to these, activated
carbon is commonly known as the most efficient
adsorbent for the removal of dyes from coloured
industrial effluents. It possesses a large surface
area and high adsorption capacities [30].
Regardless of how well activated carbon works
as an adsorbent in the treatment of colored
wastewater, its use remains very expensive as
the adsorbent itself is highly expensive and also
has a high regeneration cost when used. As a
result of these facts, the quest for relatively
cheap alternatives for activated carbon has
attracted a growing interest [31]. Figure 1
shows various class of treatment options
available for dyes-contaminated wastewater.
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Figure 1. Schematic diagram of treatment methods for dyes containing wastewater [32]

3.1 Adsorption as a dye removal method

Adsorption can be described as a natural
phenomenon where constituents of a liquid or a
gas are adhered onto the surface of a solid
material. The process of adsorption can be
physical or chemical in nature. Itis a method that
is commonly employed in the treatment of
domestic and industrial wastewater. The
adherence of particles wastewater onto the
surface of adsorbents could be physical or
chemical in nature i.e. Physisorption and
chemisorption. Physisorption occurs when the
intermolecular attractive forces between the
adsorbent and adsorbate particles are greater
than those between the adsorbate particles
themselves. Therefore, physisorption is
synonymous to condensation, which involves
the emission of heat hence, exothermic in
nature. The transport of electrons between the
adsorbate and the adsorbent is typical of
chemisorption. Chemisorption occurs at
temperatures above the adsorbate's critical

temperature because it involves chemical
bonding between the adsorbate and the
adsorbent's surface. Chemical adsorption, like
other chemical processes, necessitates
activation energy. In addition, chemisorbed
species are more confined on the surface than
physisorption, and adsorbate molecule
movement at the surface is constrained.
Adsorption has a number of advantages,
including ease of design, cost-effectiveness,
safety, simplicity of operation, and resistance to
harmful compounds. It is noteworthy that the
cost characteristic of adsorption is concerning
the cost of the adsorbent employed in the
process [33-34]. The surface area of the
adsorbent is a major determinant of the extent
to which the adsorption process will proceed,
hence, tiny particles exhibiting high porosity are
essentially required for adsorption in industrial
applications. A schematic diagram of the
mechanism or adsorption process, where the
adsorbate particles are adhered to the surface of
the adsorbent is shown in Figure 2 [35].
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Figure 2. Mechanism ofAéda)rption process

Over the past decade, the adsorption technique
as a method for wastewater treatment has
become quite relevant as a result of its efficiency
in removing pollutants that are too stable for
biological methods of purification.

3.1.1 Adsorption isotherm models commonly
used in dyes removal

3.1.1.1 Freundlich adsorption isotherm model

The Freundlich model is an empirical
adsorption model that can be employed to
investigate the adsorption or equilibrium data
into heterogeneous surfaces. It is applicable to
mono- and multilayer sorption [36]. The
Freundlich isothermal model is an empirical
equation that describes the interactions
between adsorbate and adsorbent on a
heterogeneous surface with adsorbing particles
with varying adsorption affinities [37]. The
linear form of this model is expressed by the
following equation [38];

(1) Inge = InK¢ + = InC,

Where q. is the adsorptive capacity which is the
quantity of the material adsorbed per unit gram
of the adsorbent (mg/g), C. is the equilibrium
adsorbate concentration (mg/L); Kg the
Freundlich isotherm constant related to
adsorption capacity (indicating the quantity of
dye adsorbed onto the adsorbent) and n, the
Freundlich isotherm constant related to
adsorption intensity (which indicates the
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favorability of the adsorption process) can be
obtained from the intercept and slope of the plot
respectively [38]. Therefore, the plot of Inge
versus InCe will give a straight line of slope 1/n
and intercepts InKz

3.1.1.2 Langmuir adsorption isotherm model

Langmuir [39] proposed the Langmuir
adsorption model, which describes sorption on
homogenous surfaces where micropollutants
have a high sorption affinity and form
monolayers with particular adsorbent sorption
sites [40]. The linear form of the Langmuir’s
isotherm model is expressed in equation (2);

Ce 1 Ce
(2) % Kiam ¥ am

Where gm the maximum value of adsorptive
capacity (mg/g), K;, is the Langmuir constant
(L/mg) which is related to the energy of
adsorption are obtained from the intercept and
slope of the plot respectively. The constants qm
and K, were calculated from the slope and
intercept of the linear plot of C./qe versus Ce [41].

3.1.1.3 Temkin adsorption isotherm model

Temkin [42] also proposed the Temkin
isotherm equation as an adsorption model,
which posits that adsorption is a multi-layer
process with uniform aggregation of binding
energies up to maximum binding energy [42].
On account of adsorbate-adsorbent interactions
in the adsorption process, it is assumed that the
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heat of adsorption of aggregation molecules of
adsorbate in the layer reduces linearly with
increase in surface coverage [43-44].
Furthermore, during the adsorption process, the
model overlooks the comparatively high and low
concentrations of the adsorbate in the liquid
phase [45]. The linear form of the Temkin
isotherm model is given in equation (3);

RT
(3) e = BInAp + [E] InC,

Where: Ar is the equilibrium binding constant
[L/g], br is the adsorption constant [J/mol K], R
is the universal gas constant (8.314 J/mol K), T

>

= 0. —
~ o

Ligands Metal ions

(linkers)
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is absolute temperature value [298 K], B is a
constant related to the heat of sorption [J/mol].

3.1.2 Metal-Organic frameworks

Metal-organic frameworks (MOFs) are high-
porosity coordination entities made up of
inorganic-organic hybrid components. They're a
new type of crystalline substance with strong
covalent connections that hold them together.
MOFs are made up of metal center atoms that
serve as connectors and organic ligands that
serve as linkers [46-47]. Figure 3 depicts the
fundamental structure of MOFs containing
ligands (linkers) and metal ions.

Figure 3. Basic structure of MOF

MOFs are known to possess a large pore
surface area, including micro-and mesopores,
pore shape, pore size, and the surface can be
designed in various ways to suit the desired
purpose [12,48]. These properties possess
several advantages in using MOFs as sorbents in
wastewater treatment for emerging
contaminants vis adsorption and catalysis [49].
MOFs can be produced using a variety of
techniques. Solvothermal synthesis, microwave-
assisted synthesis, electrochemical synthesis,
mechanochemical synthesis, and sonochemical
synthesis are the most prevalent. The
approaches differ in how they input energy into
the synthetic system, resulting in different
reaction durations, yield particle size, and shape
[50; 17]. As a result of the flexibility of their
structures, numerous classes of MOFs with
relatively high surface areas, tunable pore sizes,
internal surface properties that are adjustable,
make these compound make these compounds
better than porous carbons [51].

MOFs are good materials with prospects for
removal of dyes from coloured wastewater in

the future via adsorption as a result of their
relatively high porosity and specific interactions
between the adsorbate and adsorbent [52].
MOFs are three-dimensional (3D) in nature,
having a large surface area that can reach 10,000
mz/g, which is significantly larger than other
carbon-based materials [53].

Oveisi and colleagues [54] developed five MOFs
in 2018. These sorbents were named Materials
Institute Lavoisiers (MILs) where the metal
supply was tetra isopropyl orthotitanate, while
the linkers were 1,4-benzene dicarboxylate
(BDC) and 2-amino-1,4-benzene dicarboxylate
(NH2-BDC). The five materials include MIL-
125(Ti), NH2-MIL-125(Ti), MIL-X1 (BDC/NH:-
BDC molar ratio: 75/25), MIL-X2 (BDC/NH;-
BDC molar ratio: 50/50), MIL-X3 (BDC/NH;-
BDC molar ratio: 25/75). The efficiency of these
materials was subjected to examination by using
it for the adsorption of three dyes for each
material; Methylene blue, Basic red 46, and Basic
blue 41. The results obtained are presented in
Table 1.
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Table 1. Percentage (%) of dye removed by MILs

Adsorbent Dye adsorbed (%)
Basic red 46 Basic blue 41 Methylene Blue
MIL-125(Ti), 45 41 39
NH2-MIL-125(Ti) 99 93 97
MIL-X1 50 45 43
MIL-X2 75 80 89
MIL-X3 79 86 91

According to the results, NH,-MIL-125(Ti)
performed better than the other materials.
Because the amino unit is present in its lattices,
it has the maximum electron density and zeta
potential among them. Several process
variables, including the adsorbent dose effect,
dye concentration change, solution pH change,
and adsorption process contact time were
investigated. The following deductions were
made: (a) The efficiency of the adsorption
process increased as the adsorbent dosage was
increased because it increased the number of
binding sites for the dyes, whereas it decreased
as the dye concentration was increased because
the number of dye molecules present in the

system was greater than the amount of binding
sites present for the adsorbents. (b) the process
attained equilibrium at in 30 min (c)
consequential adjustment of the pH of the
system had no effect on the process.

Nickel-based MOF (SCNU-Z1-Cl) with a surface
area of 1636 m?/g was employed as an
adsorbent by Deng et al. [55], in the adsorption
of methyl orange, acridine orange, congo red,
and methylene blue from water. This material
was found to have a high adsorption capacity
and more than 90% of the dyes were removed
within an hour of contact time (Table 2).

Table 2. Application of SCNU-Z1-Cl for adsorption of dyes

Dyes SCNU—Z}jCI Adsorption
Capacities Qo (mg/g)
Methyl Orange 285
Acridine Orange 180
Congo Red 582
Methylene Blue 262

Haque et al. [56] also synthesized MOF-235 and
applied this material for the removal of both
cationic (Methylene blue, MO) and anionic
(Methyl Orange, MO) dyes simultaneously. MOF-
235, [Fe3O(terephthalate);(DMF);] [FeCl], (DMF
denotes N, N-dimethylformamide), consists of
FesO clusters, which is non-toxic [57]. This
material has a positive charge of +1 per molecule
which is counter-balanced with [FeCl]. The
adsorption capacities of MOF-235 for MO and
MB were relatively higher than those observed
when these dyes were adsorbed onto activated
carbon. The quantity of dyes adsorbed to the
surface of the adsorbent slightly increased with
increased initial concentration, indicating that

the adsorption process is favored with high dye
concentration as observed in Table 3.
Furthermore, the pseudo-second-order kinetic
constants (K;) measured for MO adsorption onto
MOF-235 were much higher than those
observed for MO adsorption on activated
carbon. The kinetic constants for MB adsorption
on MOF-235 and activated carbon, on the other
hand, were nearly identical. The inclusion of the
Fe component in MOFs imparts a magnetic
property to the compound, which in turn
generates a magnetic field that facilitates the
separation of the material from the solution
following adsorption [58].




Journal of Chemical Reviews

2022, Volume 4, Issue 1

Table 3. Pseudo-second order kinetic rate constant (Kz) with adsorption capacities on MOF-235 and
activated carbon at varied Mo and MB initial concentrations

Pseudo-second-order Kinetics constants k
(gm/g/min)
20 mg/L 30 mg/L 40 mg/L
Adsorption
Adsorbents | Dyes k2 R? k2 R? k2 R? capacity Qo
(mg/g)

MOF-235 MO | 7.67x10* | 0.999 | 8.79x10* | 0.998 9.10 x 10* 0.998 477

MB | 9.58x10° | 0.995 | 1.67 x10* | 0.993 2.18 x 10* 0,998 187

Aé’;‘gﬁd MO | 1.95x10% | 0.994 | 2.17x10* | 0987 | 2.34x10* | 0.981 11.2

MB | 9.71x10° | 0.997 | 1.14x10* | 0.979 1.48 x 10* 0.972 26

Zhang et al. [59] effectively synthesized a
magnetic MOF (Fe304/MIL-53(Al)) and used it to
remove Congo red (CR) and methylene blue
(MB) from synthetic wastewater. The material
was synthesized via the solvothermal method
and characterized with a scanning electron
microscope (SEM), transmission electron
microscope (TEM), X-ray diffraction (XRD), and
Fourier transform infrared spectrophotometer
(FTIR). Fe304/MIL-53(Al) was reported to have
a maximum adsorption capacity of 234.4 mg/g
for CR adsorption and 70.8 mg/g for MB
adsorption, which is quite superior when
compared to other adsorbents reported. It
should be noted that activated carbon possesses
an adsorption capacity of 99.9 mg/g for CR [60]
and 47.62 mg/g for MB [31]. The adsorption of
CR was fitted with the Langmuir adsorption
isotherm model, indicating mono-layer coverage
of the adsorbent by the dye molecules, while MB
fitted well with the Freundlich isotherm model,
indicating Multilayer coverage of the material.

greatly influenced by pH, ionic strength of the
solutions, and the adsorbent load. The major
advantage of this particular material is that it
can be regenerated for future use by easily
introducing an external magnetic field to remove
the material from the adsorbed dyes as a result
of its magnetic nature.

A similar magnetic Metal-organic Framework
was also prepared by Liu et al. [61]. In their
study, Fes04/MIL-88A  composite  was
synthesized and its adsorption behavior for
bromophenol blue (BPB) in aqueous media was
examined. It was observed that this material
exhibited a maximum adsorption capacity of
about 167.2 mg/g for the removal of BPB, which
was relatively higher than that of activated
charcoal for the same dye as reported by Igbal
and Ashiq [62]. It also maintained over 90% dye
removal even after five cycles of being
regenerated.

Table 4 shows a few MOFs prepared with their

Both dyes also followed the pseudo-second- corresponding adsorption capacities for
order kinetic model. The sorption process was  different types of dyes.
Table 4. Comparison of different types of MOFs with their adsorption capacities for different dyes
MOF Dyes Treated Sur{;aﬁz(jé?rea Ca’ggz(i)t:/p(t:\?g/g) Reference
SCNU-Z; Methylene Blue 960.00 455.60 Yuetal., 2019
Crystal Violet 847.40
Rhodamine B 751.8
Ni-BDC MOF Methylene Blue - 73.48 Ahsan et al., 2020
Ni-BDC MOF@GO « 222.80
Ni-MOF@CNT « 181.96
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ZIF-8@CSIPVA-ENF(2) | Malachite Green Pearlﬁaegé"ace 1000.00 Mahmoodi et al., 2020
Zr-MOF(bpy) Rhodamine B 2141.88 918.90 Cui etal., 2019
Fe3o“@sborfu'o'66' Rhodamine B 1044.00 183.00 Hu et al., 2016
Ce(ll)-doped UiO-67 Rhodamine B 1911.90 401.20 Yang et al., 2020
TisC,TxMXene Methylene Blue 9.00 140.00 Jun et al., 2020
SCNU-ZI-CI Methyl orange 1636.00 285.00 Wei et al., 2018
POM@UiO-66 Malachite green 227 190.00 Zeng et al., 2018
ABim-Zn-MOF Chicago sky blue 1.40 144.26 Sherino et al., 2020
CoOF Acid red 18 199.00 44.26 Trukawka et al., 2019
SmBTC Rose Bengal 5.90 380.00 Leeetal., 2019
In-TATAB Acid chrome blue k 623 343.00 Liu et al., 2020

4. Dye uptake by metal-organic frameworks and
the factors that influence it

Starting dye concentration, solution pH,
contact time, temperature, surface area,
adsorbent particle size, speed of agitation,
adsorbent/dye ratio, presence of interfering

ions, and adsorbent dosage are all known to
affect the uptake of dyes by MOFS (Figure 4).
Some of these elements are explored farther
down. These characteristics require special care
and thought in order for the material to work
optimally.

Surface area

Solution
temperature

- Factors affecting
. dyes uptake by Contact time
Solution pH MOEs
\ /
p
At:’sorbent Speed of Initial dye
| dosage aggitation concentration

Figure 4. Factors affecting dye uptake by MOFs

4.1 Adsorbate pH

According to Li et al. [63], the pH of the
adsorbate has a considerable impact on the
adsorption capabilities of adsorbents in taking
up dyes, implying that the pH of the solution has

a direct impact on dye adsorption effectiveness.
The electrostatic charges on the surface of the
ionized dye molecules are affected by the pH of
the solution, which impacts the rate at which the
dye molecules adhere to the surface of the
materials [3]. Cationic dyes adsorb better in
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solutions with a pH higher than the pH at point
of zero charge (pH > pHPZC). The adsorbent's
surface is predominantly negatively charged in
this state. Also, because the surface of the
adsorbent is mainly positively charged, a pH
lower than the pH at point of zero charge (pH
pHPZC) will favor anionic dye adsorption [64-
65]. The pH at the point of zero charge refers to
the pH at which the adsorbent's surface has no
charge at all (electrically neutral). Depending on
the pH of the adsorbate, functional groups on the
adsorbent's surface may have a positive or
negative charge state [66]. Haque et al. [56],
employed MOF-235 to remove methyl orange
(anionic) and methylene blue from water. The
negative charge density of the adsorbent rose as
the pH of the solution increased, indicating that
it has a higher methylene blue adsorption
capability at higher pH. When methyl orange
was removed at low pH, the opposite tendency
was found (pH of 4). In the adsorption of
Rhodamine B and Methylene blue, MOF MIL-68
(Al) was used. The optimal pH for maximal
adsorption of these dyes was found to be 6.50
and 7.96, respectively [67].

4.2 Initial concentration of dye

Because it impacts the mass transfer of the dye
molecules to adsorbent's surface, the initial
concentration of the dye adsorbate is a crucial
parameter to consider [68]. The concentration of
the adsorbate and the number of adsorption
sites on the adsorbent's surface determine the
adsorbent's maximal adsorption capacity. The
rate of adsorption is said to rise with an increase
in the initial concentration of the adsorbate
because the binding sites on the adsorbent
surface get saturated with time [69]. The
influence of initial dye concentration on the
adsorption process was examined using Uio-66
MOF for the removal of methylene blue.
Methylene blue uptake was found to decrease
with higher beginning concentrations and
rapidly  increase @ with  lower initial
concentrations. The amount of dye adsorbed
was reported to be reduced as a result of
repulsion between dye molecules when the
surface saturation of the material increased [70].

4.3 Adsorbent dosage

Journal of Chemical Reviews

The dosage of adsorbents in adsorption
processes has been shown in literature to alter
the adsorption process. In general, increasing
the adsorbent dosage results in the elimination
of a large number of dye molecules. This is
because as the number of adsorbent binding
sites available grows, so does the amount of dye
molecules bound to them [71-72]. For the
elimination of methyl red, Fe;0.@MIL-100(Fe)
was utilized, and the effect of adsorbent dose
was also examined. According to the study,
increasing the adsorbent dosage increases the
percentage of dyes eliminated. This was made
possible by the quantity of binding sites on the
adsorbents, which resulted in a relative increase
in the adsorbent's surface area [73].

4.4 Presence of interfering ions

When external cations and anions are present
in the system with the targeted adsorbate
(dyes), the MOFs' ability to remove the dyes
molecule drastically reduces as these ions
compete with the dyes for accessible adsorbent
binding sites [74]. Negative anions compete with
the anionic dyes of interest while cationic ions
when present, cationic dye removal is hindered.
According to Wong et al. [75], the material's
adsorption capacity is reduced due to screening
effects on the adsorbent caused by alteration in
the electrical double layer caused by an increase
in the ionic strength of the solution. It's worth
noting that, as seen in the MOFs adsorption of
methylene blue, larger ionic concentrations may
boost the rate of dye adsorption onto the surface
of MOFs. The presence of Ca?* as an interfering
ion increased the rate of acid blue adsorption by
MOFs [76]. It is recommended that multiple
ionic concentrations be tested while treating
dye-contaminated wastewater with MOFs.

4.5 Speed of agitation

The speed of agitation also has a significant
impact on the adsorption process as it controls
the level of dye molecule diffusion in the solution
and prevents formation of an exterior boundary
layer. Under high agitation speed, the thickness
of the external layer is considerably reduced,
which reduces the dye molecule's barrier to
transfer to the MOFs' surface and so increases
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the adsorption rate [77]. They also evaluated the
adsorption of Remazol deep black RGB (RDB) by
MIL-101 MOF, as well as the effect of agitation
speed and discovered that increasing the
agitation speed improved the RDB adsorption
rate, which remained constant at 400rpm. Due
to the fact that dye molecule mass transfer is
largely the rate-determining step, this makes the
speed of agitation to bring about a significant
effect on dyes adsorption by MOFs [78].

5. Conclusions

MOFs are characterized by their high
adaptability, low cost of manufacture, and high
efficiency, making them a viable alternative to
the more expensive commercial activated
carbon. Although extensive research into the
different applications of MOFs is currently
ongoing, more focus on the use of MOFs as
adsorbents for the removal of cationic, anionic,
and non-ionic dyes (Emerging Contaminants). is
needed. However, while producing novel MOFs
to be employed as dye sorbents, the ligand and
metal salts to be used in the synthesis of the
material must be considered. MOFs are expected
to have considerable potential for the treatment
of dye-contaminated wastewater due to their
improved adsorption capabilities, stability, and
comparatively low cost of regeneration.
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