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Abstract

Membrane technology has a significant role in textile wastewater treatment considering the modular design of the membrane
processes that enables to conceive a complete treatment scheme. The study presents a comparative study of microfiltration
(MF) (0.2 pm and 0.05 um), ultrafiltration (UF), ozonation (0.1, 0.2 g/L ozone), ultraviolet (UV) irradiation and titanium
dioxide (TiO,) (0.05, 0.15, 0.3, 0.5 g/L TiO,) and zeolite adsorption (125, 250, 500 mL/min flow rates) processes as pre-
treatment prior to nanofiltration (NF) and reverse osmosis (RO) membranes for the treatment of real textile washing wastewa-
ter (WW). Experiments demonstrated that the applied pre-treatment methods enhanced the flux performance of NF270 and
RO membranes except zeolite adsorption. By evaluation of all pre-treatment alternatives, it was seen that the best chemical
oxygen demand (COD) removal efficiency (41%) was achieved with MF0.05 membrane. The highest conductivity removal
efficiencies were obtained by UV/TiO, application and with ozonation process the colour of the wastewater was removed at a
performance of 80.5%, that was the highest among all pre-treatment applications. Based on the permeate flux and quality, the
best pre-treatment method was selected as MF membrane with a pore size of 0.05 um. Best conductivity removal efficiency
was obtained by MF0.05 + XLE membrane combination at 93.6%. Also, considerably high COD removals were achieved
with pre-treated NF and RO combinations together with a significant colour elimination (>98%). In this study, it is aimed to
create an efficient system that can be applied in real textile wastewater treatment by creating a combined treatment process.
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Introduction

Global industrial development has adverse effects on the
environment such as water pollution, resource depletion,
ecosystem destruction, and is consequently responsible for
human health risks (Chu et al. 2020; Rongwong and Goh
2020). Water consumption is expected to rise by 50% until
2034; hence, the sustainable elimination of waste streams
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becomes a challenging task for industries considering the
water scarcity, strict regulations and economic cycle of
water treatment and supply (Nadeem et al. 2019). The textile
industry produces excess quantity of wastewater including
various chemicals such as heavy metals, salts and dyes, and
its effluents are of a great concern considering the colour
problem of the wastewater. 54% of the dye effluents in the
world are produced by textile industries (Belli et al. 2019;
Samsami et al. 2020). According to The World Bank estima-
tions, textile industries are responsible for the 17-20% of
industrial sourced water pollution (Kant 2012). Daily water
consumptions vary between 50 and 400 L for production of
1 kg fabric in average. The wastewater generated by textile
industries is dependent on the wet processing operations
such as desizing, scouring, bleaching, mercerizing, dye-
ing and washing, which include various types of synthetic
dyes and chemicals and are characterized by a very high
pH and salinity values (Dilaver et al. 2018; Cinperi et al.
2019). Significant amount of water is required for wash-
ing the dyed, printed or manufactured fabric and yarn, and
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also for cleaning the printing machines, printing screens
and dyeing vessels, which corresponds to 50-80% of total
wastewater production, thereby the wastewater coming from
the washing process has high loads of colour along with
washing agents such as caustic soda, enzymes, etc. (Kant
2012; Petrinié et al. 2015; Nadeem et al. 2019). Hence, the
selection of a proper treatment method becomes crucial con-
sidering the complexity of the wastewater characteristics and
high water consumption (Kant 2012).

Textile wastewater treatment is a challenging task, and
thus, several methods have been applied to eliminate the
textile sourced waste streams. The conventional treatment
applications by means of physical, chemical or biological
processes are unsatisfactory considering the non-biodegrad-
able compounds, such as azo dyes, salts, surfactants, heavy
metals and toxic compounds (Gosavi and Sharma 2014;
Cinperi et al. 2019; Agtas et al. 2020). Physico-chemical
treatment methods are expensive, less effective and produce
sludge, that is another problem to overcome. Biological pro-
cesses are economically viable and well-known processes;
however, they cannot be viable options, since the dyes used
in the textile industry are not biodegradable (Balcik-Can-
bolat et al. 2019). To achieve high-quality effluent water,
combination of different processes such as advanced oxi-
dation processes (AOPs) or membrane filtration is needed,
which are already counted as effective and promising treat-
ment options by several researchers (Gosavi and Sharma
2014; Hossain et al. 2016; Sahinkaya et al. 2019).

Membrane-based alternatives serve as practical treatment
methods for textile industry, which have a great potential
of high-quality water production along with the possibil-
ity of dyestuff separation (Petrini¢ et al. 2015). Membrane
processes could be operated under moderate temperatures
without any phase change and capable of handling major
feed volumes. The process is also environmentally friendly
without waste by-products, secondary pollutants or chemi-
cal requirements. The simplicity of the technology, modular
design and easy scale-up opportunities enable the consist-
ency of the system in accordance with complex nature of
textile waste streams (Dasgupta et al. 2015). On the minus
side, the risk of membrane fouling is a significant limiting
factor of membrane filtration process due to higher opera-
tional costs, higher energy consumptions and increased
cleaning requirements (Kose-Mutlu et al. 2017). Thus,
removing organic and inorganic fraction of the wastewater
has a critical importance to prevent the organic fouling, scal-
ing, biofouling and maintain higher flux values for longer
operation of the membranes (Ellouze et al. 2012; Yin et al.
2018).

Pressure-driven membrane processes are microfiltration
(MF), ultrafiltration (UF), nanofiltration (NF), and reverse
osmosis (RO). MF and UF membranes are generally oper-
ated as a pre-treatment method of textile wastewater with
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remarkable results to remove suspended solids (Yin et al.
2018). Uzal et al. (2006) studied MF pre-treatment of
textile wastewaters with high colour rejections. UF mem-
branes also allow the removal of particles and macromol-
ecules (Uzal et al. 2006; Dasgupta et al. 2015). Arnal et al.
(2008) investigated the effectiveness of UF membrane
subsequent to NF and RO process, and reported that the
fouling of the NF and RO membranes were significantly
decreased (Arnal et al. 2008). Fersi et al. (2009) inves-
tigated the flux decline of MF, UF and NF membranes.
MF and UF membranes were used as pre-treatment of NF
process and colour, turbidity and total dissolved solids
(TDS) removal efficiencies were recorded above 90%. NF
membranes are used to remove the organic fraction as low-
molecular-weight compounds and divalent salts and RO
membranes reject the mineral salts and chemicals with a
nearly complete colour removal (van der Bruggen et al.
2004; Debik et al., 2010; Koseoglu-Imer 2013). Among
combined membrane treatment schemes, UF/NF combi-
nation is counted as an essential treatment alternative in
terms of membrane performance and fouling control. Fersi
and Dhahbi (2008) published a comparative study of direct
NF and UF/NF hybrid systems and achieved better perfor-
mance with the combined process (> 95% colour reten-
tion, 80% conductivity and total dissolved salts retentions)
(Fersi and Dhahbi 2008; Lafi et al. 2018). Ellouze et al.
(2012) achieved increased removal efficiencies of 35%
for COD and 39.6% for salinity with improved permeate
fluxes by initiating MF prior to NF membranes (Ellouze
et al. 2012).

Besides various combined systems involving membrane-
based processes have been investigated so far (Zytta et al.
2006; Lee et al. 2009; Debik et al. 2010; Zuriaga-Agusti
et al. 2010; Dasgupta et al. 2015; Hassanzadeh et al. 2017,
Lafi et al. 2018; Yin et al. 2018; Ye et al. 2020). Table 1
shows some examples of the integrated processes of AOPs
and membrane technologies for textile wastewater treatment.
Combined AOPs and membrane filtration have been prac-
ticed as promising treatment alternatives, since AOPs mini-
mize the fouling effect of the membranes (Feng et al. 2010;
Sathya et al. 2019). AOPs are electrochemical, photocata-
lytic and chemical procedures that produce strong oxidizing
species that are targeted to organic components of textile
wastewater. Most common homogeneous oxidation systems
are ultraviolet radiation (UV), ozone, hydrogen peroxide and
photocatalysts (Alaton and Teksoy 2007; Malik et al. 2018;
Adar 2020). Among the advantageous techniques for textile
wastewater treatment, adsorption process could be counted
as one due to simple operation, lower initial cost, flexible
design and insensitivity to toxic substances (Chang et al.
2002; Ozdemir et al. 2009). Natural zeolite has an adsorption
capacity for organic substances and investigated to remove
dye in wastewater so far (Armagan et al. 2003; Benkli et al.
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Table 1 Performances of combined membrane and AOP processes for textile wastewater treatment

AOP type Membrane type Performance References
Water oxidation NF 96.1 and 99.3% COD (chemical oxygen Yabalak et al. (2020)
demand) and colour removal efficiencies
and permeate flux values increased almost
two to threefold with pre-treatment applica-
tion
Fenton’s reagent NF Dye concentration to less than 1 mg/L Banerjee et al. (2007)
Electro-catalytic oxidation NF 51.5% TOC (total organic carbon) removal Xu et al. (2014)

Ozone+ UV radiation and photo-
catalysis (WO;)

MBR (membrane bioreactor)

Ozone UF and RO

Ozone Membrane electrodialysis
Ozone RO

H,0,/UV MF

UV/O; NF

Fenton oxidation (H,0,/Fe**) NF

Photocatalysis (TiO, aeroxide P25) MF

Photocatalysis (ZnO and TiO,) UF and RO
Photocatalysis UV/TiO, MF

efficiency

78.3-95.7% Dye removal efficiency

94% colour removal

10% membrane filterability

93% COD removal

COD <40 mg/L, BOD5<6.5 mg/L, SS (sus-
pended solid) < 15 mg/L, colour <4

90% of colour and 37% COD

90% desalination efficiency

COD 27.4 mg/L, turbidity 4.2 NTU, SS
3.0 mg/L, ammonia nitrogen 0.7 mg/L

COD, TOC and suspended solids removals
of 89.8%, 90.6% and 88%, respectively.
Turbidity removal of 95.5%

Antibiotics and acute toxicity removals
of > 87%, 40%, and 58%

COD removal of 82%; etodolic removal
of >99.5%

Around 90% and 98% removal rates for dye
and COD

Permeate flux of around 40 L/m>h; 100%
colour removal; 30-55% COD removal;
hydraulic retention time: 6 h. With RO,
COD removal of 88% achieved

Permeate flux: 40 L/m?h; complete decolori-
zation achieved in 350 min; around 75%
COD removed in 600 min

Sathya et al. (2019)

He et al. (2013)
Yuzer and Selcuk (2021)
Wang et al. (2012)

Rueda-Marquez et al. (2015)

Liu et al. (2014)
Vergili and Gencdal (2015)
Buscio et al. (2015)

Doruk et al. (2016)

Kertesz et al. (2014)

2005; Torres-Pérez et al. 2007; Abukhadra and Mohamed
2019; Rashid et al. 2020).

NF and RO processes have already been exhibited a
competitive separation and purification process for textile
industry wastewater but should be employed with a proper
pre-treatment method to maintain a sufficient removal per-
formance and avoid membrane fouling. Therefore, within the
scope of this study, various techniques ((membrane filtration
(MF, UF), advanced oxidation (ozonation, UV-TiO,) and
adsorption (zeolite)) used in textile wastewater treatment in
the literature were used as pre-treatment techniques before
membrane processes and their effects on membrane perfor-
mance were investigated. In the experiments with real textile
wastewater, the effects on both the removal efficiency of the
membranes and the membrane fouling were examined, and
accordingly, the change in the flux of the membranes was
followed in detail. Thus, it is aimed to create an efficient

system that can be applied in real textile wastewater treat-
ment by creating a combined treatment process.

Materials and methods
Wastewater characterization

WW used in this study was taken from a company (Zor-
luteks Textile Trade and Industry Inc. Kirklareli/Turkey)
that produces home textile products. In the washing pro-
cess, raw fibers are washed and sodium hydroxide is gen-
erally used within the process. The parameters [chemical
oxygen demand (COD), conductivity, colour and pH] fre-
quently used in the characterization of textile wastewater
were measured to determine the characteristics of WW. The
main characteristics of WW are given in Table 2.
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Table2 Wastewater

characterization Parameter Unit Value
COD mg/L 1620
Conductivity —uS/cm 4293
Colour
436 nm abs 1.245
525 nm 1.684
620 nm 1.361
pH - >10

Experimental set-ups

Experiments within the scope of the study consist of two
main parts. These sections are pre-treatment and final
treatment. The real textile wastewater is first pre-treated;
then, final treatment is applied. To understand the effect of
pre-treatment, an experimental set in which pre-treatment
was not used was also carried out. The pre-treatment meth-
ods used are membrane processes (MF-UF), ozonation,
UV-TiO, and zeolite. For the final treatment, NF and RO
processes were applied. The details of the methods used
are explained in this section.

Pre-treatment experiments

A laboratory-scale cross-flow filtration system was oper-
ated to determine the membrane performances of MF and
UF (Fig. 1). The stainless-steel membrane unit consists of
a feed tank unit, high-pressure pump, fine cartridge filters,
membrane cell where the membrane is placed, membrane
cell housing, two manometers at the membrane cell inlet
and outlet, high-pressure regulating valve, cooling system
and hydraulic hand pump (Koparan K1, Turkey). The pres-
sure difference created by a high-pressure pump (Cat Pumps,
UK) for enabling the three-phase flow of operation. The
width, length and height of the membrane cell is 21.6, 16.5
and 5.3 cm in order, and the width, length and height of the
membrane housing is 27.6, 22.9 and 20.3 cm.

In ozonation process, ozonizer (Sander S1000) was used
for pure oxygen and produced ozone was provided to glass
column from the bottom. Unused ozone was collected from
the top of the glass column with teflon pipes and passed
through two potassium iodide (KI) tanks, in which the
remaining ozone was captured. UV-TiO, pre-treatment sys-
tem consists of UV lamp (MHM Electronic Ballast, 40 W)
that was placed in a quartz tube and fixed in the tubular feed
tank. Zeolite (Clinoptilolite), that has a diameter of 0.7 mm,
was supplied from Rota Mining Corporation, Turkey. The
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Fig. 1 Cross-flow membrane filtration system
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wastewater was fed to a 25 cm modified/unmodified zeolite
filter column at three different inlet speeds of 125, 250 and
500 mL/min.

Final treatment experiments

As mentioned in the previous sections, after the pre-treat-
ment, the textile wastewater was given to the NF and RO
membranes separately for the final treatment. Membrane
performance tests for NF and RO membranes were deter-
mined using the laboratory-scale dead-end filtration system
(Sterlitech, HP4750 models). The effective membrane area
of the dead-end filtration system is 14.6 cm?. The perme-
ate flow passing through the membrane was collected on a
precision balance and the mass of the permeate accumulated
at regular intervals was recorded. During filtration tests, the
wastewater in the system was continuously mixed and it was
pressurized with nitrogen gas at room temperature.

Membrane specifications

Two MF membranes (MP00O5, MV020), UF membrane
(UCO010T) for pre-treatment experiments, NF membrane
(NF270) and RO membrane (XLE) for final-treatment exper-
iments were used in this study. The properties of MV020,
MPO005, UCO010T, NF270 and XLLE membranes, referred as
MFO0.2, MF0.05, UF, NF270 and XLE, are given in Table 3.

Experimental procedure

As mentioned before, treatment methods of WW with
NF270 and XLE membranes were carried out with and with-
out pre-filtration to investigate the effect of pre-treatment
alternatives on permeate flux and membrane performance.
MF membranes and UF membrane were operated under
1 bar pressure. The experiments were conducted at room
temperature. The resulting permeate stream was collected
in a container and stored for final treatment.

Table 3 Membrane properties

In the ozonation process, ozone concentrations of 0.1 and
0.2 g O4/L and contact time of 10 and 20 min were applied to
2 L WW. A total of four different studies were carried out at
two different ozone concentrations and two different contact
times. The combinations of applied ozone concentrations
and contact times are listed below;

10 min using 0.1 g/L ozone,
20 min using 0.1 g/L ozone,
10 min using 0.2 g/L ozone,
20 min using 0.2 g/L ozone.

Residual ozone concentration was determined by the titri-
metric method with the addition of sodium thiosulfate. As
a result of the pre-treatment experiments with ozone, ozone
concentration and contact time with the highest removal
efficiencies were selected and the effluent of the selected
alternative was subjected to NF and RO processes.

In UV-TiO, pre-treatment experiments, four different
TiO, amounts of 0.1 g, 0.3 g, 0.6 g and 1 g were added to
2 L WW at final TiO, concentrations of 0.05, 0.15, 0.3 and
0.5 g/L, and studies were carried out with a contact time of
1 h. A pump was used to recycle the feed for 1 h to minimize
TiO, precipitation and increase UV exposure, resulting in
better mixing. The effluent with the highest treatment effi-
ciency was then subjected to final treatment with NF and
RO membranes.

Zeolite experiments were carried out using unmodified
zeolite and modified zeolite. Pre-treatment experiments
have been carried out by passing the WW through unmodi-
fied and modified zeolite at different flow rates separately.
Modification of zeolite was made with Hexadecyltrimethyl-
ammonium (HDTMA). First, 400 g of zeolite was washed
several times with deionized water and then oven dried. 6 g
HDTMA (Sigma-Aldrich) was dissolved in 2 L of deionized
water. The dried zeolite and HDTMA solution was placed in
a bottle and shaken for 2 h for modification. The modified
zeolite was then washed several times with deionized water

Parameters MV020 MPO005

UCo10T NF270 XLE

Membrane brand Microdyn Nadir
Polyvinylidene
fluoride (PVDF)

Maximum operation temperature (°C) - -

Membrane material

Maximum operation pressure (bar) - -
pH range - -
Flux (LMH(L/m?h)) - -
MWCO (Da) - -
Pore size (um) 0.20 0.05

Salt removal (%) - -

Microdyn Nadir
Poly(ether-sulfone) (PES)

Microdyn Nadir ~ Dow-Filmtec Dow-Filmtec

cellulose polyamide -
55 45 -
3 35 -
1-12 3-10 -
40 - -
10,000 200-300 -

- 40-60 (NaCl) 95 (MgSO,)

* @ Springer
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and dried at room temperature. The pre-treatment alterna-
tives performed are listed below:

Unmodified zeolite—flow rate of 125 mL/min
Unmodified zeolite—flow rate of 250 mL/min
Unmodified zeolite—flow rate of 500 mL/min
Modified zeolite—flow rate of 125 mL/min
Modified zeolite—flow rate of 250 mL/min
Modified zeolite—flow rate of 500 mL/min.

In NF and RO processes, the operating pressures were 9
and 15 bar, respectively. The experiments were carried out
on a recovery basis. Approximately 250 mL of wastewater
was filled into the system and the experiment was continued
until the amount of wastewater collected in the filtrate was
150 mL.

Experimental analysis

Temperature, pH and conductivity probes (Hach
Lange,USA) were used for temperature, pH and conduc-
tivity measurements. Within the characterization and treat-
ability studies, COD measurements of the samples were
determined titrimetrically according to Standard Methods
(APHA, 2005). Colour was measured in terms of absorbance
using a Perkin Elmer Lambda 25 brand UV-visible Spec-
trophotometer (Perkin Elmer, Lambda 25, Germany) with
a 1 cm quartz cell at three different wavelengths (436 nm,
525 nm, 620 nm).

Results and discussion
Pre-treatment experiments
MF and UF experiments

Pre-treatment experiments were carried out with MF and
UF membranes. Figure 2 shows the fluxes obtained with MF
and UF membranes depending on time. The flux values for
MF membranes were found to be similar. The flux of MF0.2
membrane was higher in comparison to UF membrane due
to the larger pore size. As can be seen in Fig. 2, the flux
obtained with MF membranes varied between 70 and 160
LMH. The flux decreased over time due to the fouling effect
caused by deposition of pollutants on the membrane surface
which reduce the membrane pore size (Curié et al. 2021b).
The flux changing trend of UF membrane was found to be
more stable and valued around 20 LMH which conforms
to the study by Uzal et al. (2009). In the study of Barredo-
Damas et al. (2006), 10 kDa MWCO UF membrane was
used as a pre-treatment for textile wastewater recovery, and
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Fig.2 Variation of flux with time throughout pre-treatment studies

Table 4 Permeate characteristics and removal efficiencies for MF and
UF pre-treatment studies

Parameter MFO0.2 pm MFO0.05 pm UF
COD Permeate (mg/L) 1024 950 997
Removal effi- 37 41 38
ciency (%)
Conductivity ~ Permeate (uS/cm) 4230 4107 3950
Removal effi- 1.5 4.3 8.0
ciency (%)
Colour 525 nm Permeate (abs) 0.717 0.488 0.880

Removal effi- 57.4 71.0 47.7
ciency (%)

the flux values varied between 10 and 30 LMH which are
quite similar to the range of flux in the present study.

Water quality parameters including COD, conductivity
and colour were measured in the pre-treated wastewater
samples (Table 4).

For COD parameter, similar removal efficiencies, which
varied between 37 and 41% were obtained for each mem-
brane. In the study of Arnal et al. (2008), COD removal
efficiencies were reported to be between 35 and 50% using
10 kDa UF membrane for textile wastewater treatment
(Arnal et al. 2008), which supports our results. According
to Tables 2 and 4, conductivity values remained almost same
for each membrane. The colour removal efficiencies of the
two MF membranes were 71% for MF0.05 and 57.4% for
MFO0.2 membrane, which were better compared to UF mem-
brane (47%). The higher performance of MF membranes
could be based on the larger pores which lead to higher accu-
mulation of organic and inorganic particles on membrane
surface creating higher fouling that eventually resulting
in higher removal rates by plugging the membrane pores
and decreasing the MWCO of the membrane (Curi¢ et al.
2021a). The overall results demonstrated that as a mem-
brane pre-treatment, MF membrane with 0.05 pm pore size
showed better performance.
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Ozonation experiments

Two different ozone concentrations (0.1 and 0.2 g/L) were
experimented at two different contact times (10 and 20 min).
Table 5 provides the results of ozonation experiments as a
pre-treatment method of textile washing wastewater.

In Table 5, colour removal efficiencies were found to be
higher as expected and in similar with literature (Somensi
et al. 2010). The highest COD and colour removal efficien-
cies were 12.2 and 80.5%, respectively, with 0.1 g/L ozone
concentration and 20 min contact time. For conductivity,
similar results were obtained for each experiment. Hence,
combination of 0.1 g/L. ozone concentration and 20 min con-
tact time was selected as the optimum ozonation alternative.

UV/TiO, experiments

(Barakat 2011; Da Motta et al. 2014).

Table 6 shows the effluent characteristics and removal
efficiencies at four different TiO, doses (0.05, 0.15, 0.3
and 0.5 g/L) under UV light. As the TiO, concentration
increased COD, conductivity and colour removal efficien-
cies were increased to 0.3 g TiO,. The highest removal effi-
ciencies were achieved with 0.3 g TiO, and reached at 25%
for conductivity, 28.8% for COD and 37% for colour. Based
on the increased TiO, dosage, dye adsorption on catalyst
surface increases to a certain level. As the TiO, dosage
increased to 0.5 g/L, removal efficiencies were decreased
for all parameters. This is because of adding high amount
of TiO, resulted in decreased light penetration by the pho-
tocatalyst suspension which leads to lower performance (Da

Motta et al. 2014). Similar trends were observed in our study
with a decrease in removal efficiencies over 0.5 g/L TiO,
dose (Barakat 2011; Da Motta et al. 2014).

Zeolite experiments

Results of pre-treatment experiments performed using zeo-
lite are provided in Table 7. COD removal efficiencies were
similar for the experiments conducted with unmodified zeo-
lite at all flowrates and colour removal efficiencies remained
at the same level around 7%. There was any obvious con-
ductivity removal same as for the experiments conducted
with modified zeolite. COD removal efficiency of modified
zeolite at 125 mL/min flow rate was around 6.4% while there
was no positive effect observed on modified zeolite at 250
and 500 mL/min. Also, colour removal efficiencies remained
lower compared to unmodified zeolite. Hence, unmodified
zeolite and 500 mL/min wastewater flowrate were selected
due to relatively high removal efficiencies to be filtered
through NF270 and XLE membranes.

Overall evaluation of pre-treatment alternatives

Treatment efficiencies of the selected pre-treatment meth-
ods for each treatment alternative are given in Fig. 3. When
all pre-treatment methods are considered, it can be seen
that highest colour removal efficiency was obtained with
ozonation process (80%) and highest conductivity removal
efficiency (25%) with UV/TiO, process. COD removal effi-
ciencies were similar and around 40% with MF, UF mem-
branes and UV/TiO, process. Pre-treatment with zeolite

Table 5 Effluent characteristics

o Ozonation experiments COD Conductivity Colour
and removal efficiencies of
ozonation studies Effluent (mg/L) Removal Effluent (uS/cm) Removal Effluent Removal
efficiency efficiency 525nm efficiency
(%) (%) (abs) (%)
0.1 g/L ozone- 10 min 1625 0 3964 7.7 1.130 32.9
0.1 g/L ozone- 20 min 1422 12.2 3801 11.5 0.328 80.5
0.2 g/L ozone- 10 min 1444 10.9 3850 10.3 0.845 49.8
0.2 g/ ozone- 20 min 1539 5 3817 11.1 1.012 39.9
Table 6 Effluent f:harjclcteristics TiO, dosage COD Conductivity Colour
and removal efficiencies of UV/
TiO, pre-treatment studies Effluent (mg/L) Removal Effluent (uS/cm) Removal Effluent Removal
efficiency efficiency 525 nm efficiency
(%) (%) (abs) (%)
0.05 g/L TiO, 1219 24.8 3713 13.5 1.570 6.7
0.15 g/L TiO, 1137 29.8 3325 22.5 1.262 25.0
0.3 gL TiO, 1020 37.0 3217 25.0 1.199 28.8
0.5 g/LTiO, 1183 27.0 4002 6.7 1.807 0
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Table 7 Effluent characteristics

N Zeolite experiments COD Conductivity Colour
and removal efficiencies for . .
zeolite pre-treatment studies Removal efficiency Removal efficiency (%) Rempval
(%) efficiency
(%)
Unmodified zeolite-125 mL/min 8.2 0 7.2
Unmodified zeolite-250 mL/min 7.3 0 7.2
Unmodified zeolite-500 mL/min 6.3 0 7.6
Modified zeolite-125 mL/min 6.4 0 3.3
Modified zeolite-250 mL/min 0 0 0
Modified zeolite-500 mL/min 0 0 5.5
Fig. 3 Removal efficiencies of 100
selected pre-treatment alterna- 9 + ECOD
tives < 80 + B Conductivity
: 70 T = Colour
1)
HES
£ 50 +
2 a0+
©
3 30+
g 20 +
4
10 T

MF0.05

adsorption was found to be the least effective process for
textile wastewater.

Final treatment with NF and RO membranes

The pre-treated textile washing wastewater was filtered
through NF270 and XLE membranes as a final-treatment
step. In addition, washing wastewater has been directly fed to
NF and RO membranes to observe the effect of pre-treatment
methods. The flux values of NF and RO membranes are pro-
vided in Fig. 4. The best flux performance was obtained with
UF + NF270 experiment (40—45 LMH). The flux trend of
MF0.05 4+ XLE membrane combination was quite stable and
valued around 30 LMH. Flux changing trends were generally
stable for each method. For the experiment of direct filtra-
tion with NF270 alone, after some point, a slight decrease
in flux was observed. Hence, it can be stated that the pre-
treatment methods other than zeolite had a positive effect on
NF membrane flux. The clogging would be less and the flux
would increase, since less-contaminated water was fed to NF
membrane depending on the higher COD removal efficiency
achieved in pre-treatment experiment. The flux values of
RO membrane varied between 25 and 37 LMH. Compared
to NF membrane, slightly lower level of fluxes with higher
decreasing trend in RO was an expected situation due to the
larger pore size of NF membranes. Similar with the results
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of NF experiments, the pre-treatment methods other than
zeolite adsorption resulted in an increased flux values when
compared with the RO filtration alone which refers to the
effectiveness of the applied pre-treatment applications.

Overall removal efficiencies for each method are given in
Fig. 5. In studies with NF membranes, it was observed that
COD removal efficiency varied between approximately 77%
and 88%. Results indicated that the highest COD removal
efficiency (88%) was achieved by NF270 membrane with-
out any pre-treatment. The lowest COD removal efficiency
(77%) was recorded as 77% by NF270 filtration pre-treated
with zeolite. Due to the superior performance of NF mem-
branes on textile wastewater treatment, COD removal effi-
ciency was above 75% (Kurt et al. 2012). Besides ozone
application is the most effective pre-treatment method based
on COD removal with a value of 83.5%. Considering the
conductivity values for NF final-treatment applications, the
best result was achieved by MF0.05 + NF270 alternative
with a removal efficiency of 66%. There was almost no con-
ductivity removal in the studies with zeolite and UV/TiO,.
Colour removal efficiencies were quite high (>80%) for
all experiments, and it can be seen that each pre-treatment
application had a positive contribution to colour removal
efficiency.

In the experiments with RO membranes, COD removal
efficiencies were generally above 95%, which showed that
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the pre-treatment alternatives had no effect on COD removal
efficiency. As RO membranes had very small pore sizes,
high COD removal efficiencies were achieved as expected.
The highest conductivity removal efficiency (93.6%) was
achieved with MFO0.05 + XLE, and the lowest removal effi-
ciency (53.2%) was obtained with zeolite adsorption once
again. Almost 100% colour removal efficiency was obtained
with XLE experiments performed with almost each pre-
treatment method except sole XLE application with a colour

m Colour

m Conductivity

removal efficiency of 94.2%, which confirmed the positive
impact of pre-treatment on colour removal.

Considering the overall results of the study, optimum
treatment combination in terms of treatment and filtra-
tion performances is presented in Table 8. The highest flux
was obtained with UF + NF270 combination recorded as
approximately 40-45 LMH. Although the flux was gen-
erally higher in the studies with NF membrane, the flux
values are stable in the study with MF0.05 4+ XLE, and it
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Table 8 Optimum treatment alternative for each parameter

Parameter Optimum treatment alternatives

Flux UF+NF270

COD UF+XLE, UV/TiO,+ XLE

Conductivity MF0.05+XLE

Colour Ozone +NF270, Ozone + XLE,
UV/TiO,+XLE

was obtained as approximately 30 LMH. Considering the
treatment performance, COD removal efficiency over 90%
was obtained with every pre-treatment method with XLE.
Colour removal efficiency was above 95% in almost each
pre-treatment alternative excluding the sole applications of
NF and RO. Throughout the alternatives that gave quite high
COD and colour removal, the highest conductivity removal
efficiency (93.6%) was achieved with MF0.05 + XLE com-
bination. Overall, the optimum alternative for the treatment
of WW was determined as MF0.05 + XLE combination in
terms of treatment and filtration performance.

Conclusion

The feasibility of MF, UF, ozonation, UV-TiO, and zeolite
adsorption processes as pre-treatment before NF and RO
membranes have been experimentally evaluated for the treat-
ment of real textile WW. Subsequently, the performances of
NF and RO membranes were investigated solely to evaluate
the effect of pre-treatment techniques. When all the results
are evaluated, first of all, when the flux values are exam-
ined, it can be seen that both NF and RO fluxes are higher
in the pre-treated alternatives. It can be seen that the fluxes
obtained after the pre-treatment made with membranes
are also higher. From this, it can be said that pre-treatment
has a positive effect on flux values. This can be explained
as a decrease in the fouling tendency of the NF and RO
membranes because of some contaminants removed in the
pre-treatment.

When the treatment efficiency results are examined, it is
seen that the COD removal efficiency is 75% and above for
all alternatives. In conductivity removal, it is understood
that especially zeolite and UV cannot provide removal when
operated together with NF membrane. In colour removal,
the high removal efficiency was achieved from almost all
alternatives.

To conclude, MF process with MF0.05 membrane is
considered as a suitable pre-treatment option prior to either
NF or RO membranes. Regarding the best permeate qual-
ity in terms of COD, conductivity and colour, the removal
efficiencies were recorded as 85%, 66% and 98% in order
with MF0.05 +NF270. Using RO membrane after MF(.05

]
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pre-treatment step, removal efficiencies were increased to a
level of 97.5% for COD, 93.6% for conductivity and 99.3%
for colour.

In this study, it is aimed to create an efficient system that
can be applied in real textile wastewater treatment by creat-
ing a combined treatment process. Using MF membranes
before NF and RO membranes, fouling of NF and RO mem-
branes can be reduced, and permeate fluxes can be increased.
Hence, MF-NF and MF-RO combinations may possess an
effective treatment alternative for real textile WW especially
considering the pre-treatment requirement prior to mem-
brane filtration. Thus, it is thought that treatment efficiency
and flux can be obtained more stable, membrane cleaning
frequency can be reduced by reducing membrane fouling,
and membrane service life can be extended and economi-
cally beneficial.
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