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Decolorization of Reactive Blue 220 aqueous solution
using fungal synthesized Co3O4 nanoparticles
Riya Sidhikku Kandath Valappil, Ajuy Sundar Vijayanandan and
Raj Mohan Balakrishnan

ABSTRACT
In this work, the photocatalytic activity of the biosynthesized cobalt oxide (Co3O4) nanoparticle (NP) is
investigated using a textile dye Reactive Blue 220 (RB220) and decolorization % was monitored using
UV–Vis spectrophotometer. The photocatalytic activity has been observed maximum at alkaline pH of
9, NP dosage of 250 mg/L, and reaction time of 270 min. In the presence of UV light irradiation, a
maximum dye concentration of 10 mg/L was treated effectively using 150 mg/L NP, and 67%
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decolorization was achieved. Reaction kinetics has been analyzed, and the reaction followed the
pseudo kinetics model with an activation energy of 484 kJ mol1.
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INTRODUCTION
Energy demand, which had been outstripping supplies in the

quantities (Sharma et al. ). Synthetic dyes are used in tex-

last few years, has led to an enormous increase in price.

tile and paper industries due to the broad color spectrum

While it may be necessary to learn how to manage with

(Kushwaha et al. ). Textile industries generate deep-

much less energy, the highest priority should be given to devel-

colored efﬂuents containing carcinogenic dye materials, caus-

oping energy solutions that can provide plentiful energy in the

ing allergic dermatitis, skin irritation, and mutation in

decades to come. Thus, the need of the hour is to ﬁnd alterna-

humans, plants, and animals (Moon et al. ; Karthikeyan

tive sources of energy that are clean, cheap, and abundant,

et al. ). These compounds also avert the sunlight to enter

with minimal environmental impacts in energy extraction,

plants and animals in the water, thereby annihilating photo-

conversion, and energy consumption. Energy harvesting and

synthetically active radiation in the ecosystem (Saleh ).

storage have nowadays attracted tremendous research efforts

To provide a clean aquatic environment, photocatalytic

due to the rapid consumption of fossil fuels. While solar

degradation has been used to remove harmful recalcitrant

energy is abundant, it represents a tiny fraction of the

compounds by mineralization (Manimozhi et al. ).

world’s current energy mix. But this is changing rapidly and

Though methods to remove dye include coagulation,

is being driven by global action to improve energy access,

membrane separation, ﬂocculation, chemical oxidation,

and supply security, and to mitigate climate change (Faizal

photochemical degradation, anaerobic biological degra-

et al. ). Semiconductor nanoparticles (NPs) offer an attrac-

dation, and electrochemical oxidation have been employed,

tive choice for increasing the efﬁciency of energy harvesting.

they exhibit low removal efﬁciency, require stern operating

Conversion of light energy into chemical energy through

conditions, and high energy demand (Moon et al. ; Xu

photocatalysts is a way of utilizing light and the same has

et al. ). Due to the chemical stability of most of the dyes,

been used for the treatment of industrial wastewaters like tex-

advanced oxidation processes have been employed for the

tile, paper, etc., contain non-biodegradable dyes in trace

degradation of dyes into environmentally benign products,
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which is based on the formation of hydroxyl radicals in the sol-

the bacterial method and plant extracts in biological

ution for mineralization of dyes through the usage of NPs

methods of synthesis. Co3O4 NPs prepared from sunﬂower

(Kushwaha et al. ). For azo dyes, biological decolorization

extract have been used for the degradation of methyl

is not a quite useful technique (Saleh ). Peculiar optical

orange (Saeed et al. ). Co3O4 NPs synthesized from

properties and small size render semiconductor NPs as inter-

Punica granatum have been used to degrade Remazol Brilli-

esting candidates for applications in optoelectronics, catalysts,

ant Orange dye (Bibi et al. ). In the current study, the

and ﬂuorescence spectroscopy (Sharma et al. ). Metal

endophytic fungus was isolated from a native medicinal

oxides are impressive to detoxify organic pollutants

plant, Nothapodytes foetida and used for the ﬁrst time to

(Manimozhi et al. ), and metal oxide photocatalysis has

synthesize Co3O4 NPs. Further, for the ﬁrst time, the biologi-

the potential to transform organic dyes into CO2, H2O, and

cally synthesized Co3O4 NPs are being utilized for the

other non-toxic compounds (Saleh ). Also, photocatalysis

decolorization of RB220 dye. Hence, the current work can

in the presence of NPs offers a great solution for the elimin-

be considered as a novel work for engaging biologically syn-

ation of pollutants from the environment. The advantage of

thesized Co3O4 NPs in the decolorization of RB220.

the process is that only NPs and dye are the two components

The photocatalytic potential of Co3O4 NP is being tested

added to the reaction mixture without the involvement of

using the dye RB220 at different time, pH, dye concentration

harsh chemicals and conditions (Saleh ). Thus, it is one

(mg/L), and NP concentration (mg/L). Meanwhile, the

of the novel ways to treat water pollution in a fast, economical,

decolorization efﬁciency of Co3O4 NP has been determined,

and eco-friendly manner.

and a mechanism and kinetics of the RB220 decolorization

Reactive Blue 220 (RB220) is vinyl sulfone azo dye

have been elucidated.

mainly used in textile industries and more than 50% of
cotton is dyed with reactive dyes only (Niebisch et al. ).
RB220 has been degraded in only two cases when nanomater-

EXPERIMENTAL

ials are used (Mahmoodi et al. ; Khanna & Shetty ).
Tricobalt tetroxide or cobalt oxide (Co3O4) NPs are one of the

Co3O4 NP synthesis

emerging and promising materials for efﬁcient degradation of
various efﬂuents. Most of the studies revolving around cobalt

The synthesis of cobalt oxide NPs using endophytic fungus,

oxide NPs for dye degradation were observed for the treat-

Aspergillus nidulans isolated from the plant Nothapodytes

ment of methylene blue (MB) dye (Farhadi et al. ;

foetida as the reducing agent, and cobalt (II) acetylacetonate

Bazgir & Farhadi ; Mathew & Shetty ; Nassar et al.

as precursor compound was reported by Vijayanandan &

; Vennela et al. ). Very few studies have been carried

Balakrishnan (). The scheme has been depicted in

out on the potential of cobalt oxide NPs for other dyes

Figure 1(a).

namely, rhodamine B (32% decolorization), and direct red
80 (78% decolorization) (Dhas et al. ), methyl orange,

Materials

and rhodamine B (Abbasi et al. ), eosine blue (Koli
et al. ), and methyl orange (Saeed et al. ). In this

To assess the decolorization by cobalt oxide NPs, and since

work, the efﬁciency of cobalt oxide NPs synthesized through

textile efﬂuent contains RB220 dye, RB220 (Indian Fine

endophytic fungus was utilized for the photocatalytic deco-

Chemicals Pvt Ltd, Bengaluru, India) solution has been

lorization of RB220 dye through the electron transfer process.

used in the present study. The structure of RB220 has been

Though biological methods for synthesizing NPs have

given in Figure 1(b). Stock solutions of the dye were formu-

already been explored in earlier studies, the involvement

lated by dissolving dyestuff powder in distilled water to a

of endophytic fungus for the synthesis of Co3O4 NPs has

concentration of 0.005% (w/v). Different concentration of

not been reported (Kumar et al. ; Shim et al. ;

the dye was prepared by taking appropriate volumes of the

Diallo et al. ; Bibi et al. ; Khalil et al. ; Saeed

stock solution, and the pH of the dye solution was adjusted

et al. ). Co3O4 NPs have been mainly synthesized by

to the desired value using 0.1 M NaOH or 0.1 M HCl.
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(a) Synthesis of cobalt oxide nanoparticles (Vijayanandan & Balakrishnan 2018), (b) structure of RB220 dye (Boduroǧ lu et al. 2014), and (c) experimental set-up for RB220
degradation.

Method for photocatalytic degradation of RB220

400 nm as regards to time. 20 mL of RB220 dye was taken
from the stock solution, and 3 mg of Co3O4 NP was added

Photocatalytic activity of Co3O4 NP was examined by the

to the dye solution. Since the natural pH of the dye solution

degradation of RB220 under UV light in the range of 315–

was
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equilibrium, the reaction mixture was stirred in the dark for

regular intervals using the dichromatic oxidation method,

30 min on a magnetic stirrer (KMS 450, Kadavil Electro

which involves standard titration procedure taking distilled

Mechanical Industries, Kerala, India) before exposing to

water as blank.

the UV light. Figure 1(c) shows the schematic of the experimental set-up which consists of an aluminum chamber

Kinetics

equipped with three UV lamps as an irradiation source (Philips TL-D 18 W, India). A 250 mL borosilicate glass beaker

The kinetics model of decolorization of dye is a pseudo-ﬁrst-

was used as the reactor, which was placed inside the

order rate equation represented by Equation (2)

closed aluminum chamber, and the reaction mixture was
magnetically stirred constantly at room temperature. The aliquots

of

the

sample

were

periodically

withdrawn,

dCt
¼ k1 C
dt

(2)

centrifuged at 5,000 rpm for 10 min before measuring the
absorbance for removing nanocatalysts, and the progress

where k1 is the ﬁrst-order rate constant, Ct is the concen-

of the reaction was tracked by measuring absorbance at

tration of the dye at t min, and t is the reactive time.
When t ¼ 0, Ct is equal to C0 and the Equation (2)

609 nm of clear supernatants using UV–Vis spectropho-

becomes Equation (3) as follows:

tometer (Shimadzu UV-1800, Labomed, USA).
Dye decolorization efﬁciency of Co3O4 NP was esti-

Ct ¼ C0 ek=t

mated using the following Equation (1):

Decolorization efficiency ¼


Ai  At
× 100%
Ai

(3)

(1)

where Ai is the initial absorbance of the dye, and At is the
absorbance of the dye at any time interval (Forootanfar
et al. ).
Effect of parameters and measurement of chemical
oxygen demand
The optimum time for dye decolorization was determined by
irradiating the samples with UV light and measuring their

Statistical analysis
Absorbance data obtained at two different pHs (7, 9), and
NP concentrations (150 mg/L and 250 mg/L) were analyzed
by one-way analysis of variance (ANOVA) test using a free
online calculator to determine the effect of pH and NP concentration (Tables 1 and 2). Signiﬁcance level (α) was set at
0.05, and the statistical signiﬁcance values (p-value) for
different pH and NP concentrations were determined and
compared. To ﬁnd out whether the means between two

absorbances at 609 nm for every 15 min up to 5 h. The pH
of the dye solution was adjusted to 7 by adding 0.1 M
NaOH and 0.1 M HCl, keeping both the concentration of

Table 1

|

Absorbance data at different pH for statistical analysis – one-way ANOVA

S.No.

pH 7

pH 9

1

0.079

0.052

2

0.077

0.053

the dye and NPs constant at 20 mg/L and 150 mg/L, respectively. The inﬂuence of dye concentration on photocatalytic
decolorization was investigated for a range between
10 mg/L and 50 mg/L for the optimum pH, contact time,
and concentration of the NP obtained from the previous

Table 2

experiments. The impact of NP concentration was explored
by adding 150 mg/L, 250 mg/L, 350 mg/L, 450 mg/L, and
550 mg/L concentrations of NPs to dye solution at optimized
pH, the concentration of dye, and contact time. The chemical
oxygen demand (COD) of the samples was determined at
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S.No.

150 mg/L

250 mg/L

1

0.075

0.066

2

0.076

0.07
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populations are statistically different, the ratio of variation

parameters. For this intent, the removal of RB220 was exam-

between the sample means and variation within samples

ined as a function of time (El-Gamal et al. ). From

was also estimated (F-value).

Figure 2(a), it is clear that the rate of decolorization
increases with time. As a greater number of NPs bind to
dye with a rise in contact time, there is a critical decrease

RESULTS AND DISCUSSIONS

in absorbance after 170 min of UV light irradiation, leading
to constancy in removal efﬁciency. Increase in treatment

Effect of time

span hints at more time access for the reaction of dye decolorization (Kale & Kane ). Further, it increases electron–

To establish an efﬁcient photocatalyst, insight about the

hole formation, preventing recombination, which leads to

equilibrium time is needed as it is one of the most essential

higher production of hydroxyl radicals (Sari et al. ).

Figure 2

|

Effect of parameters: (a) Decolorization efﬁciency of RB220 dye with respect to time. (b) Decolorization efﬁciency of Co3O4 nanoparticles with respect to pH (dye concentration ¼ 20 mg/L, nanoparticle dosage ¼ 150 mg/L). (c) Decolorization efﬁciency of nanoparticles with respect to Co3O4 nanoparticles’ concentration (dye concentration ¼
10 mg/L, pH ¼ 9). (d) Decolorization efﬁciency of nanoparticles with respect to dye concentration (Co3O4 concentration ¼ 150 mg/L, pH ¼ 9).
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Maximum decolorization was observed to be 62% at

(pH > 9), because the hydroxyl ions compete with dye

270 min (Figure 2(a)). This might be due to the unavailability

molecules in adsorption on the surface of NPs (Shamsipur

of active sites on NPs for adsorption of the dye or due to

& Rajabi ). Further increase in pH may augment the

inadequate NPs for the dye to get adsorbed (El-Gamal

electron–hole recombination rate, abating the photocata-

et al. ). Since the increase in decolorization efﬁciency

lytic activity (Mohamed et al. ).

is negligible after 270 min, the aforementioned is taken as
the optimum time to carry out further experiments. The

Effect of dye concentration

dye decolorization by Co3O4 NP was authenticated by a
decrease in absorbance and visually detected by a gradual

It is observed from Figure 2(c) that decolorization efﬁciency

decrease in the intensity of the color of the dye solution

diminishes with an escalation in dye concentration. The

(Deshmukh et al. ).

maximum removal of dye is 10 mg/L concentration with
150 mg/L concentration of NPs. The observed decrease in

Effect of pH

decolorization % with increasing dye concentration can be
due to the following reasons: (i) more dye molecules

The pH of the solution can have a great inﬂuence on the

interacted over the surface of the NPs as the initial concen-

adsorption of dyes on the NP surface and thus is a crucial

tration of dye increased, which reduced the generation of

factor in photocatalysis (Thu et al. ). The effect of the

hydroxyl ions at the surface of the NP as the active sites

pH of the dye on the decolorization efﬁciency has been

have been occupied by dye molecules; (ii) An increment

presented in Figure 2(b). PH regulates surface character-

in the light absorbed by the dye molecules may lead to a

istics, the charge of organic molecules, and the size of

decrease in the number of photons that reach the NP sur-

NPs, thereby altering the adsorption of dye molecules

face (Shamsipur & Rajabi ). The sites on the surface

on the surface of NPs (Azeez et al. ). From Figure 2(b),

of NPs have saturated with time, leading to competitive

it is evident that the decolorization efﬁciency progressed

adsorption of oxygen on the sites, thereby slowing

with the rise in pH and attained 74% at pH 9. The

down the generation of radicals. Another factor is conten-

removal efﬁciency was greater in the alkaline pH when

tion

compared to the acidic pH (Figure 2(b)). The electrostatic

molecules of water and RB220 molecules (Alshabanat &

interaction is higher between dye molecules, and the sur-

Al-Anazy ).

for

photogenerated

holes

between

adsorbed

face of NPs at pH 9, paving the way to the highest degree
of oxidation, causing enhancement in photocatalytic

Effect of Co3O4 NP dosage

decolorization of dye molecules (Alshabanat & Al-Anazy
). The isoelectric point (IEP) of cobalt oxide semicon-

As summarized in Figure 2(d), the decolorization of

ductors is relatively high at around 8 (Kittaka &

RB220 was found to rise with an increase in the NP con-

Morimoto ; Elhag et al. ). Thus, the surface of

centration up to 250 mg/L for a ﬁxed concentration of

NPs is positively charged in an acidic environment and

dye. The total active surface area and availability for bind-

negatively charged in alkaline solutions. At lower pH

ing increased with the enhancement in the NPs dosage.

below the IEP, H

þ

ions compete effectively with dye

Strengthening the NPs concentration ampliﬁed to a

cations, causing a reduction in decolorization efﬁciency.

higher number and density of NPs, which in turn

Furthermore, a low pH associated with a positively

caused photons to be absorbed, and hence, gain in the

charged surface cannot provide the hydroxyl group,

adsorption of dye molecules would happen. The dosage

which is needed for hydroxyl radical formation. At

of NPs plays a key role in the efﬁciency of photocatalytic

higher pH above IEP, the surface of NP gets negatively

degradation of dyes. An increase in the NP concentration

charged, which enhances the adsorption of positively

increases the number of active sites, which are charge

charged dye cations. However, the decolorization of dye

carriers that engage in photoactivity leading to decoloriza-

molecules is hindered when the pH value is so high

tion and degradation of the dye (Saleh ). Further,
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there is more possibility of a catalyst for attacking chromophores in dye (Kale & Kane ). All of these cases
have led to enrichment in the efﬁciency of decolorization.
A further increase in the NP count beyond the optimum
dosage decreases the photo-decolorization by some
margin thanks to the overlapping of adsorption sites as
a result of overcrowding and owing to a collision with
ground state catalyst. The opacity of the suspensions
also increases with the hike in the concentration of NPs
which in turn accelerates the light scattering and resulted
in a reduction in the penetration depth of the photons,
and hence, only a lesser number of NPs were activated
(El-Gamal et al. ). Besides, higher catalyst concentration increases the turbidity of the solution, preventing
the path of irradiation to reach the sample (Mohamed
et al. ). Maximum decolorization of 67% has been
achieved at NP concentration of 250 mg/L. Thus, with
an increase in NP concentration, decolorization efﬁciency
also enhanced. However, this relation does not extend
linearly as it reached a saturation point leading to hindrance
for the entire decolorization of dye. The results prove that
even a smaller quantity of NPs is adequate for decolorization with fair results. In two cases only, NPs have been
used to decolorize RB220 dye (Mahmoodi et al. ;
Khanna & Shetty ). Mahmoodi et al.  used an

Figure 3

|

COD analysis of the reaction mixture with respect to time.

know the imprint of NPs on the COD value of dye solution
(Kale & Kane ). In Figure 3, as time proceeds, COD
reduces in the supernatant as more and more dye gets
accumulated over the NP surface (Nezamzadeh-Ejhieh &
Shams-Ghahfarokhi ). This has led to the inference of
NP resulting in the decolorization of dye, ultimately
decrease in the value of COD, attesting the degradation of
RB220 (Kale & Kane ).

immobilized TiO2 photocatalytic reactor with the addition
of an H2O2 concentration of 450 mg/L with RB220 con-

Mechanism of dye removal

centration 50 mg/L at pH 6 having irradiation time of
90 min, yet decolorization efﬁciency datum is unavailable.

Photocatalytic dye degradation banks on the transfer of

Ag@TiO2 core–shell NPs were used by Khanna & Shetty

electrons between donor and acceptor causing an elec-

(), as noble metal Ag is a core, and semiconductor

tron relay system (Nakkala et al. ). The decrease in

dioxide TiO2 is used as a shell. Decolorization efﬁciency

the absorbance is related to the electron relay effect

of RB220 dye was achieved to be 98.9%, when RB220 of

( Joshi et al. ). When cobalt oxide NPs are irradiated

50 mg/L and NP dosage of 1 g/L at pH 3 were irradiated

and bombarded against photons from the light source

for 240 min in UV light. Thus, a single type of NP in bea-

with energy (hυ) energy greater than or equal to its band-

kers has not been used for RB220 degradation, indicating

gap (3.4 eV) (Vijayanandan & Balakrishnan ), the

this current study is a prime one.

electrons get excited and move to the conduction band
from valence band, leaving out a hole in the valence

COD analysis

band. These electrons react with oxygen atoms to give
superoxide radical anion O
2 and holes which undergo

COD values provide information about the toxicity of

oxidation to react with water to give hydroxyl ions and

photocatalyzed solutions (Ertugay & Acar ), and since

eventually hydroxyl radicals. These reactions together

the absorbance values in spectrophotometry cannot be

subsequently yield highly oxidant species like hydroper-

related to the reduction of COD, it is indispensable to

oxyl radicals, thereby yielding peroxide. Thus, the
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Kinetics

azo group in the dye and produce lower molecular
weight compounds like formate, acetate, glyoxylate, and

Kinetics curve for the pseudo-ﬁrst-order reaction represent-

oxalate (Mahmoodi et al. ). Lastly, the intermediate

ing the reaction between NPs and dye was drawn. The

compounds have been further mineralized into CO 2

integrated rate law of the Equation (4) is

and H2O, leading to the decolorization of the dye (Norzaee et al. ). The blue color of the dye dimmed and

[A] ¼ [A]0 ekt

(4)

turned into colorless during the process (Fairuzi et al.
). This phenomenon is attributed to the Surface Plas-

The rate constant for the reaction obtained from the

mon Resonance effect (oscillation of charge density

slope (Figure 5(a)) is 0.0029 s1 and the coefﬁcient of deter-

propagating at the interface), in which excited surface

mination (R 2) is 0.823. Activation energy obtained from the

electrons react with dissolved molecules, producing

Arrhenius plot (Figure 5(b)) is equal to 484 kJ mol1, and

hydroxyl molecules (Selvam & Sivakumar ; Kumari

the pre-exponential factor is found to be 190.6.

et al. ). The above mechanism of degradation of the
dye RB220 has been depicted in Figure 4.

Figure 4

|

Mechanism of RB220 degradation by hydroxyl radicals.
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Kinetics of the study: (a) pseudo-ﬁrst-order decay curve, (b) Arrhenius plot of reaction.

Before the reaction, the solution was deep blue. But after the

the p-value (0.0667) is signiﬁcant, accepting the null hypoth-

reaction with NPs, the solution became pale blue due to the

esis, though F-value (13.50) cannot conﬁrm the same.

decolorization phenomenon.

PRACTICAL APPLICATION AND FUTURE RESEARCH
PERSPECTIVES

Statistical analysis
Tables 3 and 4 show ANOVA results, from which p-value
and F-value were deduced. The p-value (0.0019) for the sol-

Increase in the textile industries has led to an increase in

ution at different pH (7, 9) was lower than the signiﬁcance

the utilization of the dyes. Synthetic dyes cause pollution

level indicating that the mean absorbance values at different

if discharged directly into the environment without treating

pH were not equal, and hence, the null hypothesis was

the efﬂuent. Most of the dyes are resistant to biological and

rejected. F-value (530.81) was found to be greater than 1,

physical treatment methods. Co3O4 NPs can be used as an

which conﬁrms the rejection of the null hypothesis. How-

efﬁcient cure for a dye solution as they behave as a photo-

ever, for different NP concentrations (mg/L) (150, 250),

catalytic agent. The NPs can be used to treat wastewater
containing commercial RB220 discharged from cotton
industries. They can detoxify pollutants and reintroduce

Table 3

|

them into the nutrient cycle, thereby reducing the amount

ANOVA for absorbance at pH (7, 9)

of sludge formed. They can also be employed in leather
S.No.

pH

Mean

Std. dev.

Std. error

1

7

0.078

0.0014

0.001

dyes are used. RB220 is a textile dye, and photocatalysis by

2

9

0.0525

0.007

0.0005

NPs is a simple electron transfer process, using light energy

and furniture industries where a large number of synthetic

which can be converted into photocatalysts, which can be
used for degradation of dyes in wastewater. By scaling up
Table 4

|

S.No.

Nanoparticle concentration (mg/L)

ANOVA for absorbance at nanoparticle concentration (mg/L) (150, 250)

Mean

Std. dev.

Std. error

1

150

0.0755

0.0007

0.0005

2

250

0.068

0.0028

0.002
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CONCLUSION

and avoiding gradients. Thus, the process brings out the
way for ecological health and environmental bioremedia-

Decolorization of textile dye RB220 using biosynthesized

tion. It is a widely accepted choice for environmental

Co3O4 NPs has been evaluated in this current study. A maxi-

puriﬁcation. So, the scheme has the potential to be a feas-

mum dye concentration of 10 mg/L of RB220 was

ible solution for wastewater treatment. This work offers a

decolorized effectively using 150 mg/L concentration of

sustainable solution using a promising strategy to mollify

Co3O4 NPs. The photocatalytic activity of the NPs has

water

developing

also led to the degradation of the dye as indicated by the

countries, which experience dye efﬂuents, especially when

reduction in COD of the dye solution. The decolorization

the ﬁnancial budget is a constraint.

rate follows the pseudo-ﬁrst-order kinetics model. The deco-

pollution

problems

principally

for

However, there are some limitations, which need to

lorization efﬁciency for RB220 is found to be 67% which is

be rectiﬁed to establish a superior photocatalysis system.

signiﬁcant in the case of the biologically synthesized Co3O4

Biosynthesized Co3O4 NPs should be checked for photoca-

NPs without any further modiﬁcation and can be considered

talytic ability in other azo dyes, as there will not be an

as a simple solution without the involvement of sophisti-

efﬂuent that contains only RB220 dye. Practically, there

cated instruments, toxic chemicals, and conditions.

will be a mixture of dyes in the efﬂuent generated by textile
industries, and the impact of mixture on the efﬁciency of
NPs is unknown. So, the photocatalytic potential of
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