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Abstract

The current work explores the treatment of dye wastewater using the combination of photocatalysis and ceramic
nanofiltration process. Commercial ceramic membrane and titanium dioxide (TiO2) photocatalyst were used in this
study to investigate the removal of Brilliant Green (BG) dye from the synthetic dye wastewater solution. The effect
of various operating parameters on dye decolorization and total organic carbon removal were investigated. The
operating parameters (pH, catalyst loading and time duration) were optimized using an experimental design model
namely Response Surface Methodology (RSM). The use of experimental design by RSM resulted in the improvement
of dye decolorization at optimum conditions. In addition to these operating parameters, the trend of initial dye
concentration and the influence of catalyst loading on permeate flux was also studied. Around 99% of decolorization
was obtained by the hybrid system at 500mg L− 1 of dye concentration, 1 g L− 1 of TiO2 dosage, pH of 4.2 and 90min.
The integrated system i.e. photocatalytic reactor with nanofiltration membrane has shown complete removal of BG
dye compared to individual systems. From the present study, it can be concluded that this integrated system is one of
the efficient methods for dye treatment.
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Introduction
Dyes have many applications in different industries on a
large scale. At present, many industries such as paper,
textile, food, cosmetic, pharmaceutical and leather consume
a huge amount of dyes. Among the aforementioned indus-
tries, the dye usage quantity of the textile industry is
approximately two-thirds of the total dyestuff available in
the market [1]. Similarly, a textile industry consumes the
bulk quantity of water for wet processing of textiles as well
as for dyeing the cloths. The dyes are visible and are un-
pleasant even if they are in very small quantity. Dye effluents
are more poisonous, mutagenic, and carcinogenic to several
microbiological and aquatic lives. About 70% of the dyes are
azo types which are mostly recalcitrant in nature and the

presence of azo dyes in wastewater leads to complications in
treatment through biological methods [2]. In most of the
textile industries azo dyes are utilized in a higher quantity
(60–70%) [3, 4]. Aromatic amines (AAs) are released as a re-
sult of the bacterial, systemic and dermal biotransformation
of azo dyes [5, 6]. The uninterrupted subjugation of skin to
AAs leads to the inhalation exposure on a greater level and
to the azo dye synthesis, where AAs are used as intermedi-
ates. The AA noxiousness confides in the amino group
metabolic activation that produces the hydroxylamine inter-
mediate which is familiar for protein and DNA mutilation.
The European Union has banned the utilization of 22 azo
dyes by the textile industries (Annex XVII of the REACH
regulation; No. 1907/2006). All the banned azo dye are
carcinogenic and releases AAs. The ordinance brought by
the Switzerland government opposes human contact with
azo dyes (SR 817.023.41) [7]. The banned 22 azo dyes were
divided into different categories. Out of this, 8 were assigned
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to class A1 or A2 and 14 were allocated to category I and
II [3, 7]. Bruschweiler et al. [3] worked on the removal of
noxious AAs from the azo dyes. According to the Euro-
pean Union’s Annex XVII of REACH, out of 896 azo dyes
only 426 are capable of producing the 22 controlled AAs
and the remaining dyes can be categorized as non-
regulated AAs. This study has taken the references from
the European Commission Regulation 552/2009/EC which
has banned the azo dyes containing AAs. With a max-
imum utility of 30mg kg− 1 textile, two AAs such as 4-
aminoazobenzene and o-anisidine were also prohibited
along with those of 22 AAs. In this research work, from
various textile industries of Switzerland, about 153 sam-
ples were collected and examined to identify 22 AAs. The
8 non-regulated noxious AAs were noticed from 17% of
random samples. Hence this study has observed a regula-
tory gap between the Swiss regulation and REACH regula-
tion, Annex XVII and hence this study suggests to fill this
gap in a systematic and consistent manner.
Currently various wastewater treatment methods are in

existence and most of the researchers are working on ad-
vanced oxidation processes (AOPs). Few researchers have
been working on the integration of these AOPs with the
existing conventional treatment techniques. Till date, the
research on photocatalysis (PC) has been to explore the
photocatalytic based AOPs, which attain more attention
due to the mode in which they treated the dye wastewater.
Also few studies have reportedly been on the separation of
titanium dioxide (TiO2) or other photocatalysts reusability
by adopting coagulation and membrane separation [3, 4].
In the coagulation method, photocatalysts were floccu-
lated and settled down quickly, but the recovery of photo-
catalysts needs further treatment technique before it is
reused/recycled. Due to the drawbacks of the coagulation,
nanofiltration attracted as an emerging technique for the
recovery of valuable compounds. Membrane separation
not only involves the separation of suspended photocata-
lyst, but it also aids in the separation of dissolved organic
as well as suspended organic/particulate matter from the
effluent [8]. Therefore, membrane separation can be used
to resolve the drawback/challenges associated with the co-
agulation. Moreover, the combination of PC with nanofil-
tration (NF) facilitates the stability of the membrane
performance and mineralize various ranges of organic pol-
lutants that are responsible for membrane fouling [9].
Mozia [10] have investigated the breakdown of toxic or-

ganic compounds in the presence of photocatalytic mem-
brane reactor using immobilized TiO2 particles onto the
surface of polymeric membranes and their investigations
have shown that ultraviolet (UV) irradiation slightly dam-
aged the polymeric membranes. Some investigations ex-
plored that the damage of polymer membranes could be
due to the hydroxyl radical generation during UV irradi-
ation [11–15]. Ceramic membranes are found to be an

alternative to polymer membranes. It also possesses extra-
ordinary characteristics like physical, mechanical, lower
cleaning frequency, thermal stability, longer lifetime and
chemical resistance [9–11]. Studies on the coupling of two
technologies (ceramic membranes and AOPs) have shown
the unusual and distinctive opportunity for water treat-
ment. Enhanced filtration and the significant reduction in
fouling of membrane can be achieved by the combination
of ceramic membranes with various AOPs such as PC and
ozonation. Generally, conventional filtration or coagulation
cannot eliminate dissolved salts and organic compounds
from wastewaters. This problem has been resolved by com-
bining a few pre-treatment processes like PC, coagulation
and ozonation before the membrane filtration. Combining
the PC or ozonation with the membrane filtration shows
oxidation and segregation of organic pollutants [13, 14].
However, we found that no study so far has reported about
the proposed hybrid system (combination of PC and NF)
for Brilliant Green (BG) dye treatment.
As most of the water/wastewater treatment operations

involve in multivariables and optimizing them with the trad-
itional techniques would take more time and are unsubstan-
tial [16]. Hence, such issues could be overcome through the
novel experimental design models like Response Surface
Methodology (RSM). The RSM is one of the broadly used
mathematical methods for optimizing the operating parame-
ters. It has several advantages and it is being used in several
industries for the optimization of various experimental fac-
tors. It is flexible, efficient, reliable, energy and time-saving. In
the current study, RSM has been used for the optimization of
the operating factors such as catalyst loading, pH and time.
Experiments were performed with the optimized factors de-
veloped by the RSM and observed magnificent results.
The core idea of this research is to investigate the ability

of the proposed hybrid process for the treatment of BG
dye wastewater. The effect of TiO2 concentration on the
permeate flux and the effect of various operating condi-
tions on permeate flux and decolorization was evaluated.

Materials and methods
Materials
The catalyst TiO2 (Degussa P25) and BG dye were purchased
from M/s Sisco Research Laboratories Pvt. Ltd. Maharashtra,
India. NaOH and sulfuric acids (98%) were acquired from
M/s SD Fine Chemicals Ltd., Mumbai, India. Analytical
grade chemicals were used in this experimental work.

Methodology
PC combined with ceramic NF system is shown in Fig. 1.
The system consists of 10 L feed tank outfitted with a 250
W UV light (365 nm maximum emission), low-pressure
mercury vapor lamp (maximum emission at 365 nm). This
UV lamp has a double jacket around for the continuous
water circulation during the experiment. It was mounted
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at the centre from the top side of the feed tank. Stainless
steel (SS-316) was used in making the Photocatalytic re-
actor. Similar to the UV lamp, the feed tank also has a
double jacket for the continuous supply of water to up-
hold the reactor temperature. The feed was pumped into
the filtration membrane using 0.63 kW centrifugal pump.
The treated water was collected from the permeate for

the analysis and the remaining water was sent back to
the feed tank through retentate. This continuous circula-
tion has helped in maintaining the TiO2 particles in sus-
pended form. The commercial ceramic membrane
module “Ceram INSIDE” was procured from M/s TAMI
Industries. TiO2 active layer was used to coat the com-
mercial ceramic membrane modules. In this experimen-
tal setup, the two individual systems (PC and ceramic
NF) were fixed at two different points and connected
using connectors (Fig. 1). Photocatalytic activity takes
place only in the feed tank. Though the ceramic mem-
brane was coated with TiO2, there is no chance of light
passage on to the membrane surface as it was thor-
oughly covered. Hence no photocatalytic activity took
place on the surface of the ceramic membrane. Table 1
explains the technical specifications of the investigational
modules utilized in this research work. To retain the ap-
propriate flow rates and pressures in the system, pres-
sure gauges, control valves and rotameters were kept at
certain points. The removal of dye and organic pollutant
in the integrated system enhances on sending the per-
meate and retentate back to the feed tank. The stock so-
lution was prepared for 5 L at 500 mg L− 1 of dye

concentration in a container. After thorough mixing, the
solution was transferred into the feed tank. High pres-
sures (400 kPa) were used in pumping the dye solution
through the ceramic membrane. The solution present in
the feed tank was pumped into the NF system by
employing 0.63 kW centrifugal pumps. By regulating the
control valves, the required pressure and flow rate to the
vent of the membrane were retained. To control the in-
let pressure an elude line was also utilized in addition to
the control valve.

PC
Individual experiments were performed by employing
PC at optimum operating conditions of catalyst loading
1 g L− 1, pH 4.2 and time 90 min.

Fig. 1 Experimental layout of the integrated system

Table 1 Technical parameters of the experimental module

Parameter Semi pilot installation

Configuration Tubular

Membrane material Zirconium oxide (ZrO2)

Effective surface area, m2 0.3

Membrane pore size, nm 2

Number of Channels 3

Internal channel diameter, mm 3.5

External membrane diameter, mm 10

Membrane length, mm 600
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NF
Individual experiments were performed by employing
NF at optimum operating conditions of catalyst loading
1 g L− 1, pH 4.2 and time 90 min.

Combined system
Experiments were performed by integrating PC and NF
at optimum operating conditions of catalyst loading 1 g
L− 1, pH 4.2 and time 90min.
The percentage rejection of dye by the NF unit was

determined by using below equation.

Dye rejection %ð Þ ¼ Cr−Cp

Cr
�100 ð1Þ

where, Cr = concentration of dye (g m− 3) in retentate
and Cp = concentration of dye (g m− 3) in permeate.

Analytical method
The UV-Vis Spectrophotometer 300 model supplied by
M/s Thermo Scientifics, England was used to check the
UV absorbance. And it is known that the maximum ab-
sorbance of BG dye is 623 nm [17]. The standard cali-
bration chart prepared for BG dye was used further to
determine the concentration of dye. The total organic
carbon (TOC) present in the feed, as well as the perme-
ate, was analyzed using TOC analyzer (TOC lCPN
analyzer, Shimadzu, Japan).

Optimization of operating parameters
The RSM is one of the best experimental design models
that describe the appraisal of various operating variables’
interactivity with the response variables. Hence, it is the
combination of several mathematical and statistical
methods to enhance the efficiency of operation.
In this work, the Central Composite Design (CCD)

technique was employed to enhance the BG dye
decolorization by optimizing the initial operating param-
eters. CCD, 23 full factorial design was used to optimize
the operating parameters (Catalyst loading, pH and time)
influencing the dye decolorization [18]. The factors, their
ranges and the response are mentioned in Table 2.
Design-Expert software of version 7.0.0 was used to de-
sign the model.

Results and discussion
Effect of catalyst loading
The impact of TiO2 photocatalyst on the breakdown of
BG dye has been studied in this process.
Different loadings over the range of 0.2–1.2 g L− 1 of

TiO2 catalyst were used to study the degradation perform-
ance of TiO2 in the hybrid system (PC coupled with NF).
500mg L− 1 of concentrated dye wastewater was used to
carry out the degradation studies at room temperature.
From the obtained results, it was found that the degrad-

ation of BG dye has been increased with increase in the con-
centration of catalyst. This could be due to the generation of
hydroxyl radical. The generation of hydroxyl radicals in-
creases with an increase in catalyst dosage. About 99% of
BG dye was decolorized with the loading of 1 g L− 1 of TiO2

over 90min of operation. On increasing the catalyst dosage,
the total active surface area escalates, that eventually tends
to availability of additional active sites [19]. The other reason
could be, on increasing the catalyst dosage, the collision fre-
quency between the catalyst and dye increases. Few re-
searchers did similar work and observed good results at
higher catalyst dosage but the dye decolorization has de-
creased beyond 1 g L− 1 catalyst loading. Concurrently, the
increase in catalyst dosage may lead to an increase in turbid-
ity. At higher turbidity, the passage of UV light into the solu-
tion diminishes and ultimately decreases the photoactivity
[20, 21]. The effect of catalyst loading on decolorization and
percentage removal of dye is shown in Fig. 2.

Effect of initial pH
The experiments were carried out with 500mg L− 1 of BG
dye, 1 g L− 1 TiO2 catalyst by varying the pH from 2 to 6
for 90min. The effect of pH on dye and organic pollutant
removal was studied with the integrated system as shown
in Fig. 3.
The required quantity of diluted NaOH and H2SO4 were

used to adjust the pH of feed. The obtained results showed
that the decolorization of BG dye at pH 2, 4 and 6 was 54,
99 and 84% respectively. From the results it is concluded
that the pH 4 is optimum to achieve efficient decolorization
of BG dye in aqueous media. It was disclosed that the BG
dye can endure in two ionic forms in water [22].
The BG dye (see supplemental information for its struc-

ture) is protonated at acidic pH to form a stable and colored
form of a dye. Diversely, the BG dye gets deprotonated at al-
kaline pH to form a colorless leuco form, which is less stable
[23]. Hence, in acidic medium, the oxidation of BG dye was
effective. And the other reason is BG dye is a cationic dye
and the pH of the solution decides its color intensity. From
the previous work on Cibacron Brilliant Yellow 3G-P dye, it
was observed that the degradation efficiency has been de-
clined when the solution has become more acidic or more
alkaline. Because of its amphoteric nature, the surface of the
TiO2 catalyst is negatively charged and leads to electrostatic

Table 2 CCD matrix

Factor Range Response (R1)

Catalyst loading (A) 0.7–1.2 g L− 1 % BG dye decolorization

pH (B) 2–6

Time (C) 80–100min
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repulsion between the catalyst and the positively charged
BG dye. This is one of the factors for BG degradation in the
acidic medium [24].

Effect of initial dye concentration
PC coupled with NF was performed to study its perform-
ance for decolorizing BG dye by varying the initial dye con-
centration over the range of 250 to 1000mg L− 1. The

observations from the experimental results are; as the con-
centration of BG dye in the stock solution increases, the
decolorization of dye decreased. Figure 4 depicts dye
decolorization at different initial BG dye concentrations.
For efficient photocatalytic activity, free hydroxyl radicals
are required. The generated hydroxyl radicals should be
used immediately as their life span is very short. From the
obtained results, when the initial dye concentration of the

Fig. 3 a Effect of initial pH of dye solution for removal of BG dye [Dye concentration = 500mg L− 1, Catalyst loading = 1 g L− 1]. b Percentage
decolorization of BG dye in the hybrid system [Dye concentration = 500mg L− 1]

Fig. 2 a Effect of catalyst loading on dye removal, b Percentage decolorization of BG dye in the hybrid system [Dye concentration = 500mg L−1]

Donkadokula et al. Sustainable Environment Research            (2020) 30:9 Page 5 of 13



dye was escalated it occupied the catalyst surface and
blocked the UV light transmission. The generated hy-
droxyl radicals were less when compared to the dye mol-
ecule concentration, that eventually led to a decrease in
dye degradation. The other reasons possibly might be, the
inorganic ions like nitrates and sulfates were generated on
increasing the dye concentration which subsequently led
to hinder dye degradation [25].

TiO2 loading effect on the permeate flux
Fluxes for the combination of feed solution of BG dye
and TiO2 photocatalyst along with UV irradiation were
investigated. The flux is almost constant in case of filtra-
tion in the presence of TiO2 alone or the combination of
BG dye, TiO2 and UV irradiation. Lack of flux decline
was observed, which could be due to the development of
TiO2 cake layer on the membrane surface. However, no

Fig. 4 a Dye decolorization at different initial dye concentrations [Catalyst loading=1 g L−1, pH=4]. b Percentage decolorization of BG dye in the hybrid system

Fig. 5 Effect of TiO2 concentration on permeate flux in the hybrid system [Dye concentration = 500mg L− 1, Catalyst loading = 0.2–1 g L− 1, pH = 4]
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flux decline was observed in the case of filtration of BG
dye alone and no irradiations of UV light in the above
case has shown a little decline in the flux during 90 min
of operation. Figure 5 explains the effect of TiO2 loading
on the permeate flux at different TiO2 dosages (0.2, 0.5,
0.7 and 1 g L− 1). The achieved results have shown that
TiO2 dose applied in this study has exhibited a moderate
effect on the permeate flux.

Model development, regression analysis and
optimization through RSM
The test for the lack of fit and the linear regression coeffi-
cients are needed to be determined to acquire a well-fitted
model. The outcome of the experimental design model
has revealed that the predicted and the exploratory values
were in good agreement. The collation of the forecasted
and the experimental data could be contrasted with the

Fig. 6 a Normal plot of residuals, b Residuals vs. predicted
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obtained Eq. (2). From the experimental design model, the
correlation coefficient (R2 = 0.9991) was found to be in
strong agreement with the experimental values. And the
Adjusted R2 (Adj-R2 = 0.9983) value was very near to that of
the actual R2 value and it was also in a good fit. Three fac-
tors CCD matrices were designed for this study. The ter-
minal equation concerning the coded factors is given below.

%BG decolorization ¼ 98:51þ 0:42Aþ 10:09B

þ2:55C−0:61ABþ 0:34AC

þ0:15BC−10:79A2−24:32B2−1:70C2

ð2Þ

Figure 6a represents the residuals against the antici-
pated value. Feasible results can be observed in Fig. 6b.
The ANOVA for the response surface quadratic model
was performed and included in Table 3. By employing
the F-test, the residual variance can be contrasted with
the model variant. If Prob > F value, then it is said to be
momentous. The F Value in this test is 1234 with a cor-
responding p-value of < 0.0001 indicating A, B and C are
significant model parameters [26]. Besides R2, the effect-
iveness of the models could also be analyzed using resid-
uals. The normality of the residuals could be determined
by using normal probability plots.
The purpose of this study is to generate the optimized

input operating parameter values for the BG dye
decolorization by using PC combined with the ceramic
NF system. Experimental design models were used to
optimize the input operating parameters. The desirable
values of the process variables for the utmost
decolorization ability were 1 g L− 1, pH 4.2, time 90min for
catalyst loading (A), pH (B) and Time (C) respectively. At

these optimum values, the predicted and observed % BG
removals were close to 99% (Table 4).
Figures 7 and 8 explain the response surfaces, contours

and the CCD matrix developed for the optimization of op-
erating parameters for BG dye decolorization using com-
bined PC and the NF system.

Collation of various systems
The individual and combined systems share similarities
and differences. In order to understand those variations,
various experiments were conducted on the individual
and combined systems. Before proceeding to the experi-
ments, an initial adsorption equilibrium study was con-
ducted for TiO2 catalyst. One liter of BG dye solution
was prepared in a beaker and 0.2 g L− 1 of TiO2 powder
was added to it. To exclude the apparent light illumin-
ation, the solution was put up on a magnetic stirrer in
an unilluminated domain. The above procedure was car-
ried on until the adsorption stability was attained. It was
recognized that 0.2 g L− 1 of TiO2 exhibited utmost ad-
sorption of 11% BG dye onto the TiO2 surface and after
60 min, TiO2 was reached to the equilibrium state. In
this work, 1 g L− 1 of catalyst loading, pH 4.2 and time
90min were identified as the optimum parameters and
the effect of NF on dye decolorization was studied in
these conditions.

Table 3 Analysis of variance (ANOVA) for response surface quadratic model [Partial sum of squares - Type III]

Source Sum of squares df Mean square F value p-value prob. > F

Model 6574.93 9 730.55 1233.66 < 0.0001 significant

A - Catalyst loading 1.74 1 1.74 2.94 0.1174

B - pH 1018.93 1 1018.93 1720.64 < 0.0001

C - Time 64.92 1 64.92 109.63 < 0.0001

AB 3.01 1 3.01 5.09 0.0477

AC 0.95 1 0.95 1.60 0.2351

BC 0.18 1 0.18 0.31 0.5905

A2 320.08 1 320.30 540.87 < 0.0001

B2 1626.01 1 1626.01 2745.80 < 0.0001

C2 7.02 1 7.92 13.38 0.0044

Residual 5.92 10 0.59

Lack of fit 2.54 5 0.51 0.75 0.6201 Not significant

Pure error 3.38 5 0.68

Cor total 6580.86 19

Table 4 Optimized condition generated by the model,
predicted % BG decolorization and experimental % BG
decolorization

Catalyst
loading

pH Time Predicted % BG
decolorization

Experimental % BG
decolorization

1 4.2 90 99.3 99
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The performance of process integration of ceramic NF
membrane and PC on dye reclamation was also investi-
gated at the ideal working parameters like 1 g L− 1 of TiO2

dosage and pH = 4.2. Over 90min of operation, 99% of
dye decolorization was obtained with the combined sys-
tem. From the results, it can be concluded that the

synergistic effect of the combined process was improved
compared to the individual systems. Figure 9 illustrates
the performance of various systems on dye removal.
In addition to the dye decolorization, the dye degradation

was analyzed at optimum operating parameters of catalyst
loading 1 g L− 1, pH 4.2 and 90min and observed 90% of

Fig. 7 Response surface plot showing mutual interactions between the input parameters to enhance % CV decolorization. a pH vs catalyst
loading. b Time vs catalyst loading. e Time vs pH and b, d & f are respective contour plots
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TOC removal. Figure 10 show the percentage removal of
TOC in various systems.

Reuse of TiO2 photocatalyst
Reusing the TiO2, experiments were conducted for two
repeated cycles. In the first cycle experiment it was

carried out for 90 min at 1 g L− 1 of catalyst loading, 500
mg dye concentration and pH 4.2 and observed 62% of
dye decolorization (Fig. 11). Subsequent cycles of oper-
ation show a decline in the percentage decolorization of
BG dye to 56%. This decrease in the efficiency of the sys-
tem might be because of the lack of possibility of active

Fig. 8 CCD Matrix

Fig. 9 a Dye decolorization performance in various systems [Dye concentration = 500mg L− 1, Catalyst loading = 1 g L− 1, pH = 4.2, Time = 90 min].
b Decolorization Percentage of BG dye in various systems [Dye concentration = 500mg L− 1, Catalyst loading = 1 g L− 1, pH = 4.2, Time = 90 min]
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sites on the TiO2 particle. This is due to some of the ac-
tive sites occupied with dye compounds. Fernandez-
Ibanez et al. [27] have worked on the retrieval and reuse
of the TiO2 particles in solar PC by employing colloidal
stability. In their research work, the electrolyte coagula-
tion and charge neutralisation processes were employed
to increase the catalyst recovery. From the results, it was
observed that at isoelectric point, the hydrodynamic
diameter and settling rates of TiO2 particles are highest
and it was also found that at various pH values the sus-
pensions are substantial. For the treatment of

tetrachloroethylene (C2Cl4) [27], TiO2 was reused in
solar PC pilot-plant. It was observed that the reuse of
water and catalyst without segregation has aggravated
the photocatalytic efficiency, but photocatalyst is not
deactivated when TiO2 is detached. This research has re-
vealed that excluding a small quantity, 97% of the TiO2

particles could be reused. Subramonian et al. [28] treated
the paper and pulp industry effluent by employing the
Fe2O3-TiO2 photocatalyst. Also, the Fe2O3-TiO2 photo-
catalyst recovery and reuse were also studied by using
sedimentation and applied magnetic field. In their

Fig. 10 Percentage removal TOC of BG dye in various systems [Dye concentration = 500mg L− 1, Catalyst loading = 1 g L− 1,
pH = 4.2, Time = 90min]

Fig. 11 Dye decolorization by reusing TiO2 (first cycle experiment) catalyst [Dye concentration = 500mg L− 1, Catalyst loading = 1 g L− 1,
pH = 4.2, Time = 90min]
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experimental study, at certain photocatalytic constraint,
the Fe2O3-TiO2 photocatalyst was reused for several cy-
cles. In the first cycle a very little change in chemical
oxygen demand removal was observed (3.7% difference).
Good chemical stability was shown by the reused photo-
catalyst without any decline in photoactivity from first to
fifth cycle. Fe2O3-TiO2 retrieval was useful for reducing
environmental pollution and minimizing the inclusive
cost. Easy separation and maximum reusability of
Fe2O3-TiO2 from the wastewater using magnetic field
were demonstrated in this work. Salaeh et al. [29] inves-
tigated the photocatalyst reactivation for wastewater
treatment by employing chemical and thermal methods.
Under simulated solar irradiation, the diclofenac (DCF)
was removed using a photocatalyst prepared from iron-
exchange zeolite and titania. From the experimental re-
sults it was observed that the maximum TOC and DCF
were removed by thermal reactivation method than the
chemical method. However, the biodegradability and sta-
bility of the photocatalyst in reuse cycles were amelio-
rated slightly by the chemical reactivation method.

Conclusions
The BG dye decolorization and degradation by the com-
bined PC and NF was strongly influenced by the operat-
ing conditions such as catalyst loading, initial pH and
time. The integrated system was found to be effective
for the BG dye removal in the presence of TiO2. This
operation has ensured efficient separation of the catalyst
from the treated wastewater for further reuse of TiO2.
At pH 4.2, catalyst loading of 1 g L− 1 and 90min dur-
ation time, the dye removal was observed to be max-
imum. These operating parameters were optimized
using the RSM experimental design model. These pa-
rameters were considered as the optimum parameters
for the decolorization of BG dye. In the integrated sys-
tem, from the acquired outcomes it was observed that
99% of dye and 90% of TOC was removed after 90 min
of operation at pH 4.2 and 1 g L− 1 of TiO2 loading.
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