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Abstract. In this study, the removal of dyes, sulfide, and some other components in batik
wastewater using a nanofiltration (NF) membrane was investigated. Remazol red (RR dye),
indigosol brown (IB dye), and sodium sulfide (Na:S) were used as models of synthetic batik
wastewater. Furthermore, NF performance for treating real batik wastewater was also examined.
The effects of operating conditions on flux and rejection were investigated. The results showed that
all filtration had similar permeate flux behavior, where rapid flux decline was observed at the initial
filtration, followed by gradual flux decrease and then reaching a stable flux. The rejections of the
pollutant model during NF of synthetic wastewater were 61-76%, 90-95%, and 90-99% for sulfide,
IB, and RR, respectively. The color rejection in real batik wastewater was 99.84%. Further, the
removal of chemical oxygen demand (COD) reached 87.6%.
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1. Introduction

Batik is the largest home-based textile industry in Indonesia. Batik is a decorated textile
product that combines both art and craft (Anjani et al, 2013; Soesanti and Syahputra,
2016). In principle, selected areas of the cloth are blocked out using hot wax, and the
remaining is then dyed or decorated. Thereafter, the dyed cloth is washed to remove the
wax using water. The areas covered with wax resist the dye and remain in the original color.
Increased batik demand affects the growth and development of batik industry centers in
various regions in Indonesia. It consumes much water for the dyeing, fixing, and washing
processes. Consequently, many wastewaters containing dye, wax, and other chemicals are
produced.

It is commonly known that the esthetic nature of water and aquatic photosynthesis is
disturbed by the presence of dyes and alkaline conditions. Furthermore, the presence of
color hinders aquatic plant and fish growth. More importantly, most dyes used in the batik
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industry have complex structures, making them difficult to degrade chemically, biologically,
and photo-degradation (Akbari etal., 2002; Punzi etal., 2015; Lu etal., 2019). Therefore, this
batik wastewater requires treatment before being discharged into the environment or being
reused. Unfortunately, many home-based batik industries in Indonesia discharge their
wastewater without proper treatment.

The chemicals used frequently in batik industries include pigments, dyes, and wax. The
commonly used textile dyes are derived from azo compounds and benzene derivatives,
which require a long time to degrade (Handajani and Narissi, 2016). Saratale et al. (2011)
reported that 60-70% of textiles dye contains azo dyes with —-N=N- bond. It has been
documented that only a small number of dyestuffs are biodegradable, and the residual color
from azo dyes is usually low biodegradable due to their insolubility (Al-Kdasi et al., 2004).
In addition, azo dyes can be a source of disease due to their carcinogenic and mutagenic
properties (Camargo-Ventura et al,, 2011). Thus, the removal of dyes and sulfide in batik
wastewater is imperative.

Several methods have been proposed to treat textile wastewater, including ozonation
(Peralto etal.,, 1999), photochemical (Peralto et al., 1999), adsorption (Choy et al., 1999), ion
exchange (Slokar and Le Marechal, 1997), floatation (Warjito and Nurrohman, 2016), and
electrokinetic coagulation (Sharfan et al.,, 2018). In general, such methods resulted in dye
removal efficiencies within the range of 70-95%. Unfortunately, these processes require
large areas or generate a huge volume of hazardous sludge, causing a problem of waste
disposal. Therefore, in this study, nanofiltration (NF) is proposed to handle these problems
due to its versatile application in wastewater treatment, high efficiency, and
environmentally friendly process (Wang et al.,, 2019).

Rashidietal. (2013, 2014) explored batik wastewater treatment, especially in Malaysia,
using physical pretreatment and NF membranes. The chemical oxygen demand (COD) value
in the permeate samples was reduced to zero, and the dye removal efficiency exceeded 90%.
Nevertheless, they used only synthetic wastewater containing various dyes and waxes.
Further, they focused on the removal of dye, wax, and COD, while other substances, such as
sulfide and the effect of dissolved salt on process performance, were not discussed. Notably,
salt is usually added during dyeing processing in batik production, especially in Indonesia,
to produce a brighter Batik color and also to increase the fixation degree of dye on cloth
material. More importantly, the dye used by the Batik industry in Indonesia and Malaysia
probably differs due to the difference in consumer taste and chemicals used.

In this study, the removal of dyes and sulfide using NF membrane was studied. The
effect of salt on flux behavior and removal efficiency was investigated. Remazol red and
indigosol brown were used as synthetic dyes, whereas sodium sulfide (Naz2S) was used as a
model of sulfide for preparing synthetic batik wastewater. Material selection was based on
their usage in home-based batik industries, especially in Semarang, Indonesia. Furthermore,
NF membrane performance for treating real batik wastewater was examined.

2. Materials and Methods

2.1. Materials

Remazol red RB.C.I. reactive red 198 (called ‘RR’) with a molecular weight of 967.5
g/mole and indigosol brown IRRD (called ‘IB’) with a molecular weight of 602.59 g/mole
were used. NazS was used for sulfide solution. These materials were obtained from one of
the batik industries in Semarang, Indonesia. Sodium chloride (NaCl) was purchased from
Unichem Company, Indonesia. Sodium hydroxide (NaOH), HCl, H2S0s4, FeCls, and
(NH4)2HPO4 were purchased from Merck, Germany. NF (NF270) membrane made of
polypiperazine TFC was used and a gift from DOW Filmtec TM Membranes, USA. Our
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measurement showed that the molecular weight cut-off (MWCO) of this membrane was 352
g/mol, which parallels that reported in a previous publication (MWCO =340 g/mol) (Lopez-
Mufioz et al., 2009).

2.2. Methods

2.2.1. Synthetic and real batik wastewater

To begin, real batik wastewater obtained from one of the batik industries in Semarang,
Indonesia, was characterized. Phenomenological study was conducted using synthetic
wastewater, which was prepared based on the characteristics of real batik wastewater,
while real batik wastewater was used to examine the best process performance obtained
during phenomenological study. The synthetic batik wastewater was prepared by
dissolving a dye (400-600 Pt Co) or sulfide compound (50-200 mg/L) into distilled water.
Both dye and sulfide concentrations were varied. In addition, various concentrations of
NaCl were added to the feed containing sulfide or dye to study the effect of salt on
performance behavior.

2.2.2. NF experiment

An NF experiment was performed using a lab-scale cross-flow filtration unit, and its
protocol followed our previous work (Istirokhatun et al., 2018). To begin, the membranes
were compacted by filtering pure water for at least 30 min at a pressure of 7 bars.
Thereafter, the pure water was replaced by batik wastewater as a feed. The feed was
pumped into the membrane cell with a certain transmembrane pressure (4, 5, or 6 bars). In
each experiment, a new membrane was used. The flux profile as a function of time was
gravimetrically monitored. Dye and sulfide concentrations were analyzed using a visible
spectrophotometer. The salt concentration was measured using an electronic portable
conductivity meter (Model HI 9228, Hanna, USA). The membrane top surface morphology
was observed using the JEOL JSM-6510 LA Scanning Electron Microscope (SEM) with 10 kV
applied voltage.

3. Results and Discussion

3.1. Characterization of Real Batik Wastewater

The characterization of real batik wastewater suggests that almost all parameters
exceeded Indonesian environmental regulation (Table 1). Only temperature was within the
permissible range. Attention should be paid to color, sulfide, turbidity, COD, biological
oxygen demand (BOD), and total dissolved salt (TDS), where their values significantly
exceeded the environmental standard. Further analysis showed that the COD to BOD ratio
was 5.5. This suggests that the batik wastewater here contained high non-biodegradable
organic matter and should be classified as hardly biodegradable effluent. In this context,
the role of nonbiological treatment is very important. Thus, NF utilization as a
nonbiological process is appropriate.

3.2. The Effect of Process Parameters on Permeate Behavior

In this study, the effects of transmembrane pressure (TMP), feed concentration, and
salt concentrations on NF performance were investigated. The results are presented in
Figures 1, 2, and 3. In general, the effects of TMP, feed concentration, and salt concentration
on permeate flux behavior were clearly observed. All filtration showed similar permeate
flux behavior, where rapid flux decline was observed during around the first 20 minutes of
the filtration, followed by a gradual slight flux decrease with increasing filtration until 1-
hour filtration. Thereafter, nearly constant flux was observed during the remaining
filtration time.
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Table 1 Characteristics of batik wastewater, feed, and permeate and the rejection of NF

. Batik Rejection In.done51an
Parameters Unit Feed! Permeate environmental
wastewater (%)
standard
pH - 9.8 n.m. n.m. - 6.0-9.0
Temperature °C 29 n.m. n.m. - 38 (max)
TDS mg/L 2812 2456 892.8 66.24 500 (max)
Color TCU, Pt-Co 600 545 0.7 99.84 50 (max)
Oil and fat mg/L 30 24.3 0.02 99.92 3.0 (max)
Sulfide mgSz-/L 73 69.7 27.7 60.26 0.3 (max)
TSS mg/L 118 67.8 n.d. 100 50 (max)
Turbidity NTU 907 798 1.51 99.81 25 (max)
CoD mg/L 4256 4132 517.7 87.43 150 (max)
BODs mg/L 772 761 104.8 86.23 60 (max)

1Feed : batik wastewater was filtered using normal filter paper; n.m. : not measured; n.d. : not detected

The increase in TMP increased the flux decline for the filtration of the RR dye solution
(notably, although the relative flux decline was larger at higher TMP, the nominal flux
remained higher than at lower TMP; the relative flux is the nominal flux divided by the
initial water flux for the same membrane). In contrast, the extent of flux decline was
decreased by increasing the TMP for the filtration of feed containing sulfide and IB solution
(Figure 1). The lowest flux decline for the sulfide removal is because the sulfide solution
was alkaline (pH ~9), which has a negative charge. Consequently, interaction by
electrostatic repulsion between sulfide ions and the membrane should occur. Notably, the
iso-electric point of the PA membrane is 4.2 (Akbari et al., 2002), meaning that at the pH
used in this experiment, the membrane should have a negative charge. Also, considering the
NazS molecular weight, it should be permeated more freely through the NF membrane via
a sieving mechanism.

The possible phenomena behind the flux decline during filtration of the RR dye
solution are that RR dye has a strong interaction (ionic and H-bonding) at the surface of the
membrane, especially on nitrogenous fibers such as polyamide. In addition, the RR dye
solution size should exceed the average pore size of the NF membrane used; hence, it is
possible to deposit on the membrane surface. Therefore, the flux decline during filtration
of the RR dye solution was the highest. The increase in TMP increased flux decline. The
higher TMP will suppress RR dye—making its deposit on the membrane surface become
more compact. This observation was also reported in a previous publication (Akbari et al.,
2002). Different phenomena were observed for the filtration of sulfide and IB dye feed
solution, where the increase in TMP decreased permeate flux decline. This occurs because,
while increased feed pressure increased the driving force—overcoming the membrane
resistance—the pressure used could not make the deposited solute on the membrane
surface become denser; thus, increased filtration resistance due to cake layer compaction
did not occur. Consequently, the permeate flux increased. This finding was also supported
by Tang and Chen (2002). Further analysis of the fouling mechanism using the Hermia
model (e.g., Ismail et al., 2019) could not be performed in this case due to very small pore
size of the NF membrane.

Within the range of concentrations used, the effect of feed concentration on flux decline
from the lowest to the highest was demonstrated by sulfide, RR dye, and IB dye solutions,
respectively (Figure 2). For all solute models, increased feed concentration decreased the
flux ratio, indicating a higher flux decline. The higher feed concentration resulted in higher
concentration polarization. Thus, deposition of solute on the membrane surface leading to



Istirokhatun et al. 774

cake/gel layer formation will be more possible. Further, this higher concentration
polarization improved the osmotic pressure, which reduced the net TMP, leading to
permeate flux reduction. For the filtration of NazS, it may be oxidized, forming larger salt
Na2S0s, as reported by Smincakova and Raschman (2006).
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Figure 1 Flux behavior over filtration time at various TMPs for different feed solutions: (a) sulfide
solution, 100 mg/L; (b) RR dye solution; ~500 Pt-Co, and (c) IB dye solution, ~500 Pt-Co

Overall, Figure 3 shows that the presence of NaCl in the feed solution decreased
permeate flux (for sulfide and RR solution filtration). The severity of the flux decline
increased with increased NaCl concentration. This finding agrees with a previous
publication by Han et al. (2018). This result occurred because a cake layer was formed at a
higher salt concentration due to decreased charge repulsion between the positive charge
of Na and the negative charges of the RR dye and sulfide. Importantly, RR dye is a type of
anionic dye with a negative charge. The charge attraction between the positive charge of
Na and the negative charge of the NF 270 membrane was also decreased. The other possible
reason is that the presence of NaCl increased the osmotic pressure, reducing the net TMP.

Another finding is that the presence of NaCl first increased and then decreased the flux
(IB solution). This result parallels that of Li et al. (2019). The presence of salt supports the
dispersion of dye molecules more uniformly, thus avoiding dye aggregation (Wang et al,,
2013; Li et al, 2019). Hence, concentration polarization near the membrane surface
decreased, leading to a permeate flux decline. Nevertheless, at a high salt concentration and
smaller dye size, the uniform dispersion molecules increased, causing the possibility of dye
molecules entering the NF membrane pores, leading to flux decline. These different results
among the previously reported literature and the results obtained here are attributed to
the differences in membrane and solute characteristics.
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Figure 2 Flux behavior over filtration time at various feed concentrations for different feed
solutions: (a) sulfide solution; (b) RR dye solution; (c) IB dye solution. TMP was 5 bars
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Figure 3 Flux behavior over filtration time at various NaCl concentrations for different feed
solutions: (a) sulfide solution (100 mg/L); (b) RR dye solution (500 Pt Co); and (c) IB dye solution
(500 Pt Co). TMP was 5 bars
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Figure 4 SEM images of (a) fresh membrane and membranes after the filtration of (b)
sulfide solution; (c) sulfide solution containing NaCl; (d) RR dye solution; (e) RR dye
solution containing NaCl; (f) IB dye solution; and (g) IB dye solution containing NaCl

Overall, the deposition of solids on the membrane surface can be seen using the
scanning electron microscope (SEM) results (Figure 4). Further, the effect of NaCl on the
deposition of solids on the membrane surface was also confirmed. Also, dye deposition on
the membrane surface was more compact than the sulfide deposition.

3.3. The Effect of Process Parameters on NF Rejection

A slight increase in rejection with increasing TMP was observed for sulfide removal
(71.3+2.4%, 72.4+2.2%, and 73.7+2.1% at the TMP of 4, 5, and 6 bars, respectively). For the
RR dye solution, the rejection decreased slightly with increasing TMP (99.4+1.9%,
97.5+2.1%, and 95.6+2.3% at the TMP of 4, 5, and 6 bars, respectively). Further, the
relatively constant rejection was observed for the IB solution (94.9+2.2%, 93.5+1.8%, and
92.6+2.0% at the TMP of 4, 5, and 6 bars, respectively). Detailed rejection data are
presented in the Supplementary Material.

The higher rejection for RR than for IB at the same TMP was attributed to its higher
molecular weight. Considering the rejection results, it is reasonable to state that the solute
and membrane characteristics were more dominant in influencing the rejection than the
operating condition. Also, in membrane processes, where solute separation occurs via the
sieving mechanism, the rejection should decrease with increasing TMP.

The sulfide rejections were 63.7+3.1%, 72.4+2.2%, and 76.5+2.2% for feed
concentrations of 50, 100, and 200 mg/L, respectively. The rejections of RR dye were
93.2+3.6%, 96.5+2.1%, and 98.9+1.9% for feed concentrations of 400, 500, and 600 Pt Co,
respectively. The rejections of IB dye were 91.1+2.4%, 93.5+1.8%, and 94.2+1.5% for feed
concentrations of 400, 500, and 600 Pt Co, respectively. The increase in solute rejection
with increasing feed concentration suggests that the mass transfer is not driven by the
solution diffusion mechanism. The higher feed concentration resulted in more significant
concentration polarization built on the membrane surface, leading to gel/cake formation
due to adsorption. This adsorption is derived from ionic and H-bonding that occurs on the
membrane surface (Akbari et al., 2002). Further, the formed gel increased the retained dye
on the membrane surface and then allowed the increasing rejection of dye along with
increasing feed concentration. The increase in sulfide rejection might be related to the
phenomenon in which electrostatic repulsion between sulfide and the membrane surface
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increased with increasing sulfide concentration. Hence, the rejection of sulfide increased
with increasing feed concentration.

The presence of NaCl decreased the rejection of all pollutant models. The sulfide
rejections were 66.4+2.2%, 64.2+1.9%, 63.8+2.6%, and 61.6+3.1% for NaCl concentrations
of 0, 25, 50, and 100, respectively. The rejections of RR were 96.5+2.1%, 95.1+2.5%,
93.6+3.2%, and 90.2+2.9% for NaCl concentrations of 0, 25, 50, and 100, respectively. The
rejections of IB were 93.5+1.8%, 91.2+2.1%, 90.8+2.6%, and 89.5+3.3% for NaCl
concentrations of 0, 25, 50, and 100, respectively. However, the declining level of rejection
for sulfide exceeded those of RR and IB dyes. The presence of salt increased the osmotic
pressure and then reduced the net driving force. Thus, the amount of water on the permeate
side decreased and then lowered the solute rejection. Furthermore, as explained by Li et al.
(2019), the NaCl concentration increased the uniformity of dye dispersion, leading to
increased solute diffusion through the membrane pores. In addition, the presence of NaCl,
especially at high concentrations, caused the phenomenon of Donnan exclusion to decrease,
decreasing the electrostatic attraction (Akbari et al., 2002). It was reported that the effect
of charge interaction decreased when the NF membrane was close to neutral. In this
context, size exclusion, solute diffusion, and intermolecular interactions of the dye
molecules play a mass transfer role (Wang et al., 2017; Zhang, 2019).

3.4. Treatment of Real Batik Wastewater

After pretreatment using normal filter paper, the real batik wastewater was used as
the feed. Figure 5 displays the time-dependent water flux during the filtration of real batik
wastewater. Three modes of filtration were performed. In mode 1, filtration was performed,
and at certain times (5.5, 15.5, 25.5, and 35.5 h), the filtration was stopped for 5 min and
then was restarted. This protocol aimed to investigate the contribution of concentration
polarization. Mode 2 involved filtration and cleaning using pure water at certain times (5.5,
15.5, 25.5, and 35.5 h). In mode 3, the experiment was performed as in mode 2, but NaOH
0.01 M was used instead of water for cleaning.

——Model —H—Model —a—Mode3

Fluz (L/mth)

0 5 10 15 20 25 30 i5 40 45 50

Filtration time (hour)

Figure 5 Flux behavior during filtration of real batik wastewater (TMP = 5 bars). Cleaning was
performed at a pressure of 0.5 bar for 5 min

In general, all modes showed similar flux behavior, where flux decline at the beginning
of filtration was observed. Running an experiment without cleaning resulted in a stable flux
of about ~41% of the initial pure water flux after 40 h filtration. Stopping the filtration at
5.5, 15.5, 25.5, and 35.5 h and restarting the filtration increased the permeate flux by 16.3,
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13.0, 11.7, and 9.0%, respectively. Performing external cleaning with water instead of
stopping the filtration for the same time increased the flux of 28.3, 21.1, 18.0, and 15.5%.
The obtained stable flux was about 50.6%. When NaOH was used for external cleaning
instead of water, the increase in flux after external cleaning was higher than when using
water, i.e., 38.4, 24.1, 22.5, and 21.1%.

These results suggest the significant contribution of concentration polarization to flux
decline and reveal that periodic external cleaning using water could improve the permeate
flux. NaOH utilization instead of water during external cleaning further increased the
permeate flux. These phenomena proved the cake layer formation on the membrane
surface. Complete rejection (100%) was shown for suspended solid, while high rejection
(more than 99%) was demonstrated for three components: color, turbidity, and oil and fat
(see Table 1). In general, the rejection of real batik wastewater exceeded that of synthetic
wastewater for all pollutant models. This suggests that the interaction among solids in feed
influenced the membrane rejection. Regardless of the interaction mechanism, a more
complex system in real batik wastewater may reduce the charge exclusion or increase the
solute size, leading to higher rejection.

5. Conclusions

The effects of TMP, feed concentration, and salt concentration on permeate flux
behavior were observed. All filtrations showed similar permeate flux behavior, where
rapid flux decline was observed at the initial filtration, followed by a gradual slight flux
decrease with increasing filtration time, reaching a stable flux. No significant effect of TMP
on solute rejection was observed for all pollutant models. In contrast, the solute rejection
kept decreasing with increasing feed concentration alongside NaCl concentration.
Concentration polarization contributed significantly to the flux decline, but fouling via gel
or cake layer formation still dominated the cause of flux decline. Thus, a periodic external
cleaning was important to be conducted from a practical viewpoint.
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