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ABSTRACT

Batik industries generate large amounts of effluents with high chromaticity, chemical oxy-
gen demand (COD), turbidity, and salinity. The present study aims to recycle batik effluent
using nanofiltration (NF) membranes. The effects of various operating conditions on the
performances of three NF membranes (NF6, NF2A, and NF3A) were examined in terms of
the removal rate of salt, COD, and chromaticity, together with permeate flux. Membrane
fouling and cleaning strategies were also investigated. Results showed that the NF3A mem-
brane outperformed the other membranes under the following optimal operating conditions:
operating pressure, 1 MPa; operating temperature, 20˚C; and cross-flow velocity, 5 m/s. A
pilot-scale test was conducted by screening a NF membrane combination, including one NF
membrane with high permeate fluxes and a poor water quality and another NF membrane
placed on the opposite side, to satisfy reuse requirements and to reduce investment costs.
Compared with NF3A membranes alone, the combination of NF2A and NF3A membranes
could reduce COD and chromaticity to satisfy the reuse requirement and to enhance water
fluxes. Through chemical cleaning with 3.5 ppm EDTA-2Na and 400 ppm NaOH, the
performance of the NF membranes could be effectively restored. A feasible NF coupling
process was confirmed in batik wastewater reclamation.

Keywords: Batik effluent; Reclamation; Nanofiltration; Coupling process; Membrane fouling
and cleaning

1. Introduction

Batik printing technology has been extensively
applied in local regions across China. With the rapidly
growing demands for batik products, batik industries

have proportionally increased. As a consequence, the
amount of batik effluent discharged with high chro-
maticity, biochemical oxygen demand, chemical oxy-
gen demand (COD), turbidity, salinity, and toxic
chemicals has sharply increased in local areas [1–3].
Batik effluents cannot be discharged directly because
it may pollute water bodies and disrupt ecological*Corresponding author.
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balance via the decreased photosynthetic activity of
aquatic organisms [4,5]. Batik effluents also contain
different organic contaminants, such as waxes, sizing
agents, indigo dyes, and surfactants, which exhibit
low biodegradability because of their complex struc-
tures and high molecular weights [6–8]. As such, batik
effluent-related issues must be resolved.

Batik effluents are subjected to biochemical or
physical–chemical treatments before they are dis-
charged into municipal sewage [9]. In biochemical
treatments, COD is efficiently removed; colors are also
partially cleared without affecting salinity [10,11]. In
physical–chemical treatments, dyes, suspended solids,
and non-settleable materials are effectively removed
from effluents [12]. In contrast to biochemical treat-
ments, physical–chemical treatments are largely inef-
fective for the removal of soluble COD from effluents
[9,13,14]. Advanced oxidation processes are costly and
thus are not recommended for large-scale practical
applications, although these processes provide positive
effects on effluent treatments [15–20]. However, treat-
ment methods exhibit unique advantages and disad-
vantages. Thus, the combination of these methods is
generally used as appropriate.

Effluents have been recycled by water-intensive
industries because of water scarcity and increasingly
stringent regulations [21]. As such, advanced treat-
ments should be applied to satisfy the requirements of
batik effluents’ reclamation and wastewater discharge
reduction. For instance, membrane technology can be
used in the reclamation of textile effluent to achieve a
high treatment efficiency and enhanced quality of trea-
ted water [22–24]. Among pressure-driven mem-
branes, nanofiltration (NF) membranes are efficient
and essential for textile effluent reclamation [25–28].
NF membranes involve various separation mecha-
nisms, including sieving effect and electrostatic effect,
which can be efficient for the removal of organic com-
pounds and salts [29,30]. In contrast to reverse osmo-
sis membranes, NF membranes can be operated with
low energy consumption and high selectivity and per-
meate flux [31,32]. Therefore, NF technology for textile
effluent reclamation has been widely explored [33–37].

Batik technology is different from textile printing
technology. In batik printing processes, waxes are
used as resist agents to form printing patterns. After
dyeing is completed, waxes should be washed and
removed from materials. As a consequence, batik
effluents contain abundant waxes, dewaxing agents,
and various salts with extremely higher COD, chro-
maticity, and salinity than traditional textile printing
effluents do. Thus far, batik effluent reclamation has
been rarely reported. Traditional treatment methods
cannot satisfy the requirements of batik effluent

reclamation. In contrast to traditional treatment meth-
ods, NF technology can remove a majority of organic
substances and reduce the salinity of effluents. Hence,
batik effluent reclamation with NF membranes should
be systematically investigated. However, fouling by
contaminants deposited on membrane surfaces inevi-
tably occurs during batik effluent treatment processes;
as such, the permeate flux can be reduced and the
removal rate of solutes may be affected over time
[38–40]. Hence, feasible cleaning strategies should be
selected for membrane regeneration.

In our study, three kinds of NF membranes with
different performances, such as high water flux, high
salt and organic compound removal rate, antifouling,
and easy cleaning, were selected on the basis of our
previous research [41–44] on batik effluent reclama-
tion. Their operating parameters, namely: operating
pressure, temperature, and cross-flow velocity, were
optimized to enhance the quality of reused water in
bench-scale tests. For long-term full-scale applications,
feasible chemical cleaning methods were also investi-
gated. On the basis of our experimental results, a
pilot-scale test was performed by screening the opti-
mal NF membrane combination, that is, two NF mem-
branes as a unit, one with a high permeate flux and
poor water quality, and another membrane was
placed on the opposite side, to fulfill the requirements
of water reuse and to enhance the water fluxes of the
system. Through these methods, investment costs may
also be reduced.

2. Materials and methods

2.1. Materials

The batik effluent used in this study was collected
from Qingdao Phoenix Printing Dyeing Co., Ltd, in
Qingdao, Shandong Province, China. The batik prod-
ucts of this company are sold to over 20 countries and
regions in Africa and Europe, and the international
market share of similar products is >30%. Hence, large
volumes of batik effluent are generated by this factory.
Effluent reclamation is necessary because Qingdao is a
hydropenic tourism city. Batik effluent is the output of
existing wastewater treatment involving wax recovery,
flocculation, anaerobic reaction, aerobic reaction, and
precipitation.

Hydrazine sulfate and hexamethylenetetramine
were chosen to prepare the standard solution for tur-
bidity measurement. Potassium dichromate and cobalt
monosulfate heptahydrate were selected to prepare the
standard solution for chromaticity measurement.
Hydrochloric acid, sodium hydroxide, and EDTA-2Na
were used as chemical cleaning agents. These chemicals

27558 X. Wang et al. / Desalination and Water Treatment 57 (2016) 27557–27572



were of analytical grade and used without further
purification. Deionized water with a resistivity of
18.2 MΩ was used as pure water.

2.2. Membranes

Ultrafiltration (UF) membranes are hollow fiber
modules with a selective layer of polyvinylidene fluo-
ride on non-woven fabrics. These membranes exhibit
excellent antifouling performances. The UF membrane
module was provided by Shandong Zhaojin Motian
Co., Ltd, in Zhaoyuan, Shandong Province. NF mem-
branes are commercial spiral-wound membranes pro-
vided by Zhejiang Mey Technology Co., Ltd, in
Hangzhou, Zhejiang Province. The functional layer
materials of the NF membranes are composed of poly-
amides on non-woven fabrics. The characteristics of
UF and NF membranes are shown in Tables 1 and 2,
respectively.

2.3. Bench-scale and pilot-scale apparatuses

The bench-scale apparatus is presented in Fig. 1.
The hollow fiber UF membrane filter unit was used in
the pretreatment. In this process, the effluent was sep-
arated into permeate and concentrate containing sus-
pended solids and macromolecular substances. The
NF membrane unit was equipped with a feed tank
(25 L), a pressure vessel containing the membrane
module, a circulation and pressurization pump with a
security valve and two pressure gauges, a thermome-
ter for temperature measurement in the circulation
reservoir [45], an automatic circulating cooling device
for temperature control, and a flow meter on the feed
water pipe.

The pilot-scale apparatus is illustrated in Fig. 2.
The effluent samples were initially pretreated using a
submerged hollow fiber UF membrane module, and
the filtered solution was placed in the NF feed tank.
Then, the effluent was sifted with a cartridge filter
and further treated with the NF system composed of a
combination of two NF membranes.

2.4. Experimental procedure

In the bench-scale experiment, the batik effluent
was pretreated using the UF membrane at room tem-
perature (20˚C) and applied pressure of 0.1 MPa.
Before NF filtration experiments were performed, flat
NF membrane pieces were soaked in deionized water
for 24 h at room temperature and then precompacted
by filtering with deionized water at an applied pres-
sure of 2.0 MPa until a constant flux was obtained.

The batik effluent was then introduced to the feed
tank, and the test was carried out. A full circulation
mode was used during the experiments to maintain a
constant concentration of the NF feed. In this mode,
the concentrate and permeate were returned to the
feed tank. The feed solute concentration slightly
decreased during the process because some solutes
were deposited onto the membrane surface or the
pipeline wall. Therefore, an extra feed was included in
the feed tank to minimize feed concentration changes
[46].

The effects of applied pressure, temperature, and
cross-flow velocity on the performances of different
NF membranes were investigated. A pilot-scale test
was conducted on the basis of the permeation flux
and the removal rate of organics under the optimal
operating conditions using different combinations of
two NF membranes to fulfill water reuse requirements
and to reduce investment costs.

2.5. Analytical methods and calculations

The permeate flux was defined as the amount of
permeate produced per unit area of membrane surface
per unit time:

F ¼ DV
A�Dt (1)

where F is the permeate flux (L m−2 h−1), ΔV is the
volume of product water (L), A is the effective area of
membrane surface (m2), and Δt is the penetration time
(h).

The conductivity and pH of the samples were mea-
sured with a conductivity meter (DDS-307A, Leici,
China) and a pH meter (DELTA320, Zhanyi, China),
respectively. Salt rejection was calculated as follows:

R ¼ 1� kp
kf

� �
� 100% (2)

where kf is the feed electrical conductivity (μs/cm)
and kp is the permeate electrical conductivity (μs/cm).

Turbidity was determined on the basis of absor-
bance using a UV-2450 UV–vis spectrophotometer
(3-cm cell width), in accordance with the national
standard method (GB13200–91) of China. Chromaticity
was determined on the basis of absorbance using a
UV-2450 UV–vis spectrophotometer (1-cm cell width)
after the samples were sieved using a 0.45-μm filter.
Turbidity rejections were calculated using Eq. (3).
Chromaticity rejections were determined in terms of
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Table 1
Characteristics of UF membranes

Membrane code MWCO (Dal) Effective membrane area (m2) Inner and outer diameters (mm) Range of pH

UF3OB160 100,000 30 0.8/1.3 2–11

Table 2
Characteristics of the NF membranes

Membrane
code

DIW permeability
(L m−2 h−1)a

Surface
chargeb

NaCl
rejection (%)c

MgSO4

rejection (%)c
Roughness
(nm)d

Effective membrane
area (m2)b

NF6 120.0 Negative 16.0 50.0 5.969 7.0
NF2A 71.8 Negative 30.0 99.0 4.086 7.0
NF3A 53.5 Negative 38.0 99.5 3.207 7.0

aThe values were measured in the study under the condition: deionized water at 1.0 MPa and room temperature.
bInformation was provided by the manufacturer.
cNF test condition: NaCl or MgSO4 2 g/L in water at 1.0 MPa and room temperature.
dThe values were measured in the study using a NanoScope 3D multimode AFM controller (Veeco, USA).

Fig. 1. Bench-scale apparatus used for batik effluent reclamation.

Fig. 2. Pilot-scale apparatus used for batik effluent reclamation.
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the change in the ratio of absorbance to their maxi-
mum absorption wavelength:

R ¼ 1� Tp

Tf

� �
� 100% (3)

where Tf is the turbidity of the feed (NTU) and Tp is
the turbidity of the permeate (NTU):

R ¼ 1� Ap

Af

� �
� 100% (4)

where Af is the feed absorbance and Ap is the perme-
ate absorbance.

COD values were obtained using a HACH2005
direct reading spectrophotometer with a HACH COD
reactor. COD removal was calculated using the
following equation:

R ¼ 1� Cp

Cf

� �
� 100% (5)

where Cf is the feed COD value (mg/L) and Cp is the
permeate COD value (mg/L).

2.6. Membrane fouling and cleaning

Membrane fouling occurs because of the deposi-
tion of dissolved organic and inorganic compounds on
membrane surfaces. As a result, the permeate flux of
NF membranes decreases gradually. In the pilot-scale
test, water flux retention (WFR) was defined to charac-
terize the antifouling property of different NF mem-
brane combinations:

WFRð%Þ ¼ Jfw
Jiw

� 100 (6)

where Jiw is the pure water flux before fouling and Jfw
is the pure water flux after fouling. Pure water fluxes
were measured at an applied pressure of 1.0 MPa,
cross-flow velocity of 5 m/s, and temperature of 20˚C.

The membranes were chemically cleaned with HCl
(pH 2, 365 ppm), NaOH (pH 12, 400 ppm), and
EDTA-2Na (3.5 ppm) on flat-sheet bench-scale NF
equipment (Section 2.3) to remove contaminants from
the membrane surface. Fouled membranes, such as
NF3A, were cleaned at 0.1 MPa, 5 m/s, and 20˚C.
Then, the cleaning effects were characterized by

obtaining flux recovery ratio (FRR) and performing
scanning electron microscopy (SEM) and atomic force
microscopy (AFM). FRR was calculated in terms of the
pure water flux measured in different circumstances
[47,48]:

FRR ð%Þ ¼ Jw � Jfw
Jiw � Jfw

� 100 (7)

where Jiw is the pure water flux before fouling, Jfw is
the pure water flux after fouling, and Jw is the pure
water flux after cleaning. Pure water fluxes were mea-
sured at 1.0 MPa, 5 m/s, and 20˚C.

The samples were cut into desired sizes and coated
with gold powder on the surface using a sputter coat-
ing machine prior to observation. The images of the
initial, fouled, and chemically cleaned membranes
were observed using an S-4800 scanning electron
microscope (Hitachi High-Technologies Corporation,
Japan) at a 7.0 kV accelerating voltage and a magnifi-
cation of 10,000 times. AFM measurements were per-
formed using a NanoScope 3D multimode AFM
controller (Veeco, USA). Membrane samples were
fixed onto the substrate and observed in a tapping
mode. A resolution of 512 × 512 data points at 1 Hz
per image was set to collect the images. A high-
accuracy morphology diagram of the membrane
surface could be achieved, and surface roughness was
calculated using the built-in software.

3. Results and discussion

3.1. Pretreatment effects of UF membranes on batik effluent

UF membranes were used as a pretreatment to
eliminate suspended solids and to clear batik effluent
turbidity. The characteristics of feed water and UF
effluent are shown in Table 3. The removal rates of
turbidity, COD, and chromaticity are >99, 25, and 7%,
respectively. The removal of water contaminants by
the UF membrane mainly depends on the sieving
effect. Thus, membrane pore size plays a decisive role
in contaminant removal. The volume of compounds
greater than the UF membrane pore size is retained in
the inlet side of the membranes because the molecular
weight cut-off (MWCO) of UF membranes is 100,000
Dalton. Moreover, the UF membrane with an
uncharged surface and a large membrane pore size
almost does not elicit a desalination effect. Therefore,
UF membranes have achieved a better performance as
pretreatment for subsequent NF processes.
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3.2. Effects of operating conditions on the performances of
the NF system

3.2.1. Effects of operating pressure

The effects of operating pressure on permeate flux
and removal rates of COD, chromaticity, and salinity
of the three NF membranes are described in Fig. 3.

Fig. 3(a) and (b) reveals that permeate flux and salt
rejection are proportional to the applied pressure for
all of the NF membranes. Moreover, the increasing
efficiencies of permeate flux and salinity rejection
through the NF3A membrane are greater than those of
the other membranes within the investigated pressure
range. In particular, the salinity rejections of the NF3A

Table 3
Water quality of feed water and UF effluent

Water quality COD (mg/L) Turbidity (NTU) Conductivity (ms/cm) Chromaticity (˚) pH

UF influent 448 302 11.63 841 8.38
UF effluent 338 2 11.18 779 8.14
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Fig. 3. Effects of applied pressure on (a) permeate flux and removal rates of (b) salinity, (c and d) COD, and
(e) chromaticity of three NF membranes under constant conditions: temperature, 20˚C; cross-flow velocity, 5 m/s.
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membrane and the NF6 membrane are >66 and >11%,
respectively.

Fig. 3(c) and (d) shows the increasing trend of the
COD removal rate of the NF membranes as operating
pressure increases. The COD removal rates of NF6,
NF2A, and NF3A membranes are >60, >73, and 92%,
respectively. In particular, the COD of the NF3A efflu-
ent is <25 mg/L, which is much lower than that of
NF6 and NF2A effluents. This phenomenon can be
accounted to the lower MWCO of the NF3A mem-
brane than that of NF6 and NF2A membranes [43].

In Fig. 3(e), the chromaticity removal rates of the
NF membranes are arranged in the following order:
NF6 < NF2A < NF3A. This phenomenon occurs
because the pore size of NF membranes is essential
for the removal of organic compounds. This finding
further illustrates the different pore size distributions
of the three NF membranes. Moreover, the chromatic-
ity removal rate of NF3A is not sensitive to changes in
pressure.

An increase in operating pressure improves the
driving pressure of NF membranes; as a result, water
flux increases. The penetration amounts of salts and
organic compounds almost remain unchanged. Hence,
the rejections against salts, COD, and chromaticity
increase as pressure increases. However, the optimal
pressure should be 1 MPa because efficiency declines
slowly when pressure is >1 MPa.

3.2.2. Effects of temperature

The effects of operating temperature on permeate
flux, COD retention, chromaticity rejection, and salin-
ity rejection of the three NF membranes are shown in
Fig. 4.

The effects of temperature on permeate flux and
salt rejection are shown in Fig. 4(a) and (b), respec-
tively. The permeate flux increases significantly within
the temperature range. However, the salinity rejection
decreases slightly as temperature increases. In particu-
lar, the salinity rejection of the NF6 membrane is very
low; by contrast, the salinity rejection of NF3A mem-
brane is approximately 75%.

The COD removal efficiencies of the NF mem-
branes at different operating temperatures and their
corresponding COD values are shown in Fig. 4(c) and
(d), respectively. The COD removal efficiency of the
NF membranes reduces slightly as the operating tem-
perature increases. The performances of the NF3A
membrane are more stable than those of NF6 and
NF2A membranes. The COD removal efficiency of the
NF3A membrane is generally above 90%, and the
COD value of the permeation is <25 mg/L.

Fig. 4(e) reveals that the chromaticity removal of NF
membranes decreases linearly as temperature increases.
The chromaticity removal rates of NF6 and NF2A mem-
branes decrease slightly from 59 to 54% and from 95 to
91%, respectively. The chromaticity removal rate of the
NF3A membrane is approximately 100%.

As temperature increases, the viscosity of liquids
decreases and the activity of membrane polymer mate-
rials increases. Thus, water flux increases. Moreover,
the diffusion rate of salts and organic compounds
through the membrane accelerates because of tempera-
ture increase. As a result, the removal rates of salt,
COD, and chromaticity decrease. Therefore, NF mem-
brane systems should be operated at room tempera-
ture to reduce treatment costs and to satisfy water
reclamation requirements.

3.2.3. Effects of cross-flow velocity

The effects of cross-flow velocity on the permeate
flux and the removal rates of COD, chromaticity, and
salinity of the three NF membranes are illustrated in
Fig. 5.

The effects of cross-flow velocity on permeate flux
and salt rejection are shown in Fig. 5(a) and (b),
respectively. Permeate flux and salinity rejection
increase gradually within the cross-flow velocity
range.

Fig. 5(c) and (d) reveals the COD removal effi-
ciency and the corresponding COD values of the NF
membranes at different cross-flow velocities. The COD
removal rates of the three NF membranes range from
64 to 70%, from 73 to 78%, and from 93 to 96%,
respectively, when the cross-flow velocity increases
from 2.5 to 10 m/s. Moreover, the COD value of the
NF3A effluent is <25 mg/L. These results suggest that
an appropriate cross-flow velocity is conducive to the
decrease in COD values of batik effluent.

In Fig. 5(e), the respective chromaticity removal
rates of NF6 and NF2A membranes increase signifi-
cantly from 51 to 60% and from 90 to 96% as the
cross-flow velocity changes. The chromaticity removal
rate of the NF3A membrane is approximately 100% at
each cross-flow velocity. The effluent appears trans-
parent and colorless.

As cross-flow velocity increases, pressure increases
and concentration polarization weakens. These
changes increase the permeate flux and the rejection
of salinity, COD, and chromaticity. In summary, the
effects of cross-flow velocity on NF performances are
much weaker than those of applied pressure. Thus,
NF membrane systems should be operated at a low
cross-flow velocity to satisfy water reclamation
requirements and to reduce treatment costs.
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Our results indicate that the optimum operating
conditions of the NF membranes are as follows: operat-
ing pressure, 1 MPa; operating temperature, 20˚C; and
cross-flow velocity, 5 m/s. Table 4 summarizes the
quality of the effluent water of the three NF membranes
under the optimum conditions. The NF3A membrane
can satisfy water reuse requirements, especially for
COD and chromaticity. Conversely, the other NF mem-
branes (NF6 and NF2A) are not effective for the
removal of chromaticity and COD from batik effluent.

3.3. Pilot-scale tests to enhance treatment efficiency

The NF3A membrane is effective for the reclama-
tion of batik effluent, whose COD and chromaticity
values are much lower than the water reuse require-

ments. By comparison, NF6 and NF2A membranes do
not satisfy the water reuse requirements in terms of
COD and chromaticity values. Nevertheless, the per-
meate fluxes of NF6 and NF2A membranes are much
higher than those of the NF3A membrane. Thus, differ-
ent combinations of two NF membranes (NF6 + NF3A,
NF2A + NF3A, and NF3A + NF3A) were used in the
reclamation treatments for batik effluent in the pilot-
scale tests under the optimum operating conditions to
improve the water fluxes of the disposal system and to
maintain the effluent quality that satisfies the water
reuse requirements. The batik effluent was initially pre-
treated with submerged ultrafiltration membranes and
further treated with NF membrane combinations. The
water recovery of the UF membrane was 95% and
backwash was conducted every half an hour. When the
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Fig. 4. Effects of applied temperature on (a) permeate flux and removal rates of (b) salinity, (c & d) COD, and (e) chro-
maticity of three NF membranes under constant conditions: pressure, 1.0 MPa; cross-flow velocity, 5 m/s.
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flux declined to 70% of the initial flux, chemical clean-
ing with cleanout fluid (acid wash: 1% citric acid
solution; alkali wash: 0.5% sodium hydroxide solu-
tion +500 mg/L sodium hypochlorite solution) was
carried out. The water recovery of the NF system
was >85%, and batch filtering was performed in the
experiment. The results are shown in Figs. 6 and 7.

The COD and color values of batik effluent and UF
system permeate stream as a function of filtration time
are presented in Fig. 6. The UF membrane used in this
section can remove >25% of COD values and 7% of
color values from the batik effluent. Moreover, >99%
of turbidity is eliminated from the batik effluent. Dur-
ing the operating process, the COD value, the color
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Fig. 5. Effects of cross-flow velocity on (a) permeate flux and removal rates of (b) salinity, (c & d) COD, and
(e) chromaticity of three NF membranes under constant conditions: pressure, 1.0 MPa; temperature, 20˚C.

Table 4
Quality of effluent water of the three NF membranes

Water quality Permeate flux (L m−2 h−1) Salinity removal (%) COD (mg/L) Chromaticity (˚)

NF6 83 20 110 345
NF2A 56 60 80 50
NF3A 43 76 18 5
Reuse water – – <50 <20
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value, and the turbidity of the UF membrane remain
stable as the quality of batik effluent changes. Thus,
the UF membrane plays a significant pretreatment role
in subsequent NF filtration.

In Fig. 7(a), the water fluxes of the NF combina-
tions decrease continuously with filtration time and
gradually reach a steady state. The decline of water
fluxes is mainly due to the deposition and adsorption
of contaminants on membrane surfaces. Moreover, the
permeate fluxes of two NF membrane combinations,
namely, NF6 + NF3A and NF2A + NF3A, are much
higher than those of the combination of two NF3A
membranes in the operating period. In Section 3.2, the
permeate fluxes of NF6, NF2A, and NF3A membranes
are arranged as follows: NF6 > NF2A > NF3A. Under
the same operating conditions, the permeate fluxes of
the NF membrane combinations are as follows:
(NF6 + NF3A) > (NF2A + NF3A) > (NF3A + NF3A). In
particular, the water flux retention coefficiencies of
NF6 + NF3A, NF2A + NF3A, and NF3A + NF3A mem-
brane combinations are 69, 71, and 75%, respectively.

Fig. 7(b) and (c) depicts the COD and color values
of the effluents of different NF membrane combina-
tions with filtration time under the same operating
conditions. The COD and color values of the NF2A
and NF3A membrane combination are much lower
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Fig. 6. Time-dependent COD values, color values, and tur-
bidity of the batik effluent and the UF membrane permeate
stream in the pilot-scale test.
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pilot-scale test under the following optimal conditions: pressure, 1.0 MPa; temperature, 20˚C; and cross-flow velocity,
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than the water reuse requirement of the batik factory.
For the NF6 and NF3A membrane combination, the
COD values fluctuate within the water reuse criteria,
but these values can be further reduced by enhancing
the pretreatment effect of the UF system. The color
values of the NF6 and NF3A membrane combination
are higher than 100˚, which fail to satisfy the water
reuse requirement (20˚). This phenomenon is due to
the lower cross-linking rate of the NF6 membrane
than that of the other membranes; as a result, the pore
size of the NF6 membrane is larger than that of the
other membranes. Hence, the removal effects of the

NF6 membrane on color are much weaker than those
of the other two NF membranes. The combination of
NF6 and NF3A membranes fails to satisfy the reuse
requirements of the batik factory, although the perme-
ate flux of this combination is larger than that of the
other combinations.

The combination of NF2A and NF3A membranes
can eliminate COD and chromaticity values to fulfill
the water reuse requirements and to enhance the per-
meate fluxes of the disposal system. In full-scale oper-
ating processes, enhancing water fluxes of the system
means using less amount of NF membrane modules;

(a)

(b) (c)

(d) (e)

Fig. 8. SEM images of the surface morphologies of (a) original membrane, (b) fouled membrane, and membranes cleaned
with, (c) HCl, (d) NaOH, and (e) EDTA-2Na.
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as such, investment costs and covering area are
reduced. In this way, Qingdao Phoenix Printing Dye-
ing Co., Ltd, could improve their effluent treatment
system on the basis of our findings to reuse batik
effluent in their production processes. The proposed
system can effectively save freshwater and reduce pol-
lution in the surrounding environment.

The volume of batik concentrate is less than 20%
of the treated batik effluent. The concentration of the
NF systems can be treated with advanced oxidation
technologies or highly efficient evaporation methods
[49–52]. However, treatment for the batik concentrate
is beyond the scope of this work.

Fig. 9. AFM images of (a) original membrane, (b) fouled membrane, and membranes cleaned with, (c) HCl, (d) NaOH,
and (e) EDTA-2Na.
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3.4. Membrane chemical cleaning and regeneration

The cleaning efficiencies of the three methods were
characterized through SEM (Fig. 8). The original mem-
brane surface is smooth and neat. Many contaminants
are adsorbed onto the fouled membrane surface. In
Fig. 8, the membranes cleaned with NaOH and
EDTA-2Na are quite similar to the original one. By
contrast, HCl cleans a portion of the contaminants on
the membrane surface. In Table 3, the contaminants
on the NF membrane surface contain organic pollu-
tants and inorganic salts. In contrast to NaOH and
EDTA-2Na, HCl is ineffective for the removal of
organic compounds.

The results of the chemical cleaning methods were
examined through AFM, which is more visualized to
evaluate their cleaning efficiencies. Three-dimensional
stereograms and roughness are presented in Fig. 9.
The original membrane surface is very smooth; by
comparison, many peak valley structures are present
on the fouled membrane surface. This finding implies
that many pollutants are adsorbed onto the membrane
surface. After the membrane surfaces were cleaned
with HCl, NaOH, and EDTA-2Na, the surfaces
become cleaner successively. The roughness of the
original membrane is approximately 3.2 nm. The
roughness of the polluted membrane is approximately
21.7 nm. The roughness values of the membranes
cleaned with HCl, NaOH, and EDTA-2Na are 10.1,
3.9, and 3.2 nm, respectively. On the basis of these
results, we found that the cleaning efficiencies of HCl
are weaker than those of NaOH and EDTA-2Na.

A continuous operation test was conducted using
the NF3A membranes for 72 h. After the test was com-
pleted, the contaminated membranes were cleaned
with NaOH solution (pH 12), EDTA-2Na solution
(3.5 ppm), and NaOH + EDTA-2Na solution (pH 12,
3.5 ppm). The cleaning efficiencies of different agents
with respect to pure water flux recovery are presented
in Fig. 10.

For the pollution formed during the long run
operation, the cleaning effect of NaOH is the weakest
among the three cleaning methods. This finding may
be related to the fouling formation during the long
run operation. Using NaOH, we experienced diffi-
culty in achieving satisfactory results within a short
time. However, EDTA-2Na is effective in dissolving
organic matters and thus more conducive for clean-
ing fouled membranes. In addition, NaOH and
EDTA-2Na elicit a synergistic effect; therefore, these
agents are effective in recovering membrane perme-
ate flux.

Hence, the synergistic use of NaOH and EDTA-
2Na cleaning strategy is preferred during actual oper-
ation to restore membrane performance effectively.

Fig. 11 describes the time-dependent fluxes of the
NF2A and NF3A membrane combination in the filtra-
tion of batik effluent subjected to the optimal condi-
tions and cleaned with NaOH and EDTA-2Na. The
water fluxes decrease continuously with filtration time
and gradually reach constant values. The flux decline
is mainly attributed to the deposition and adsorption
of contaminants on the membrane surface. As such,
chemical backwashing with the synergistic use of
NaOH and EDTA-2Na was performed after the sys-
tem was run for 20 d. The results reveal that the per-
meate flux after cleaning can be regenerated
effectively.
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4. Conclusion

The present investigation demonstrates a task-ori-
entated coupling process of NF membranes for batik
effluent reclamation. The NF membranes used in the
bench-scale test can decrease the salinity, chromatic-
ity, and COD of batik effluent to varying degrees.
High operating pressure and cross-flow velocity are
beneficial for permeate flux and water reuse quality.
By contrast, high operating temperature elicits
adverse effects on water reuse quality. The optimum
operating conditions of all NF membranes are as fol-
lows: operating pressure, 1 MPa; operating tempera-
ture, 20˚C; and cross-flow velocity, 5 m/s. Under
these conditions, the NF3A membrane is effective for
the reclamation of batik effluent. Conversely, the
effluent quality of NF6 and NF2A membranes fails to
satisfy the water reuse requirements in terms of COD
and chromaticity values. Nevertheless, the permeate
fluxes of NF6 and NF2A membranes are much
higher than those of the NF3A membrane. Consider-
ing these findings, we conducted a pilot-scale test
using different combinations of two NF membranes,
including one NF membrane with high permeate flux
and poor water quality and the other placed on the
opposite site to satisfy reuse requirements and to
reduce investments costs. In contrast to the combina-
tion of two NF3A membranes, the combination of
NF2A and NF3A membranes can eliminate COD and
color values to fulfill the water reuse requirements
and to enhance the water flux of the system. The
combination of NF2A and NF3A membranes can also
be applied to reduce investment costs. Chemical
cleaning results also reveal that the synergistic effect
of alkali and surfactant is more conducive for the
recovery of the membrane properties during long-
term operation.

Therefore, NF membranes can be utilized in the
reclamation of batik effluent. The combination of two
different NF membranes can also be used in other
processes, such as drinking water purification and
seawater desalination.
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