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Abstract: Polyvinylidene fluoride (PVDF) is a polymer widely used to prepare ultrafil-
tration membranes. However, PVDF membranes are hydrophobic; therefore, they have
poor antifouling ability in filtration. Therefore, this study will modify PVDF mem-
branes using N, N dimethyl acetamide (DMAc) solvents with polyethylene glycol (PEG)
additives. The flat sheet membrane was prepared using the immersion precipitation
method with PEG masses of 0, 0.5, 1, and 1.5 grams. The prepared membranes were
then characterized using scanning electron microscopy (SEM), Fourier transform infrared
spectroscopy (FTIR), contact angle, porosity, and tensile tests. Before being used as
filtration feed, batik liquid waste was pretreated with PAC (poly aluminum chloride)
coagulation-flocculation pretreatment. Furthermore, the batik liquid waste was filtered
using PVDF /PEG membranes with feed pressures of 3, 4, and 5 bars. The permeate flux
increased with the addition of PEG mass in the printing solution and operating pressure,
ranging from 3.92 to 38.02 L/m2.h. However, this increase in flux decreased rejection
because of the larger pore size, which allowed large particles to pass through the mem-
brane. Rejection of TDS (Total Dissolved Solid), total suspended solid (TSS), turbidity,
chemical oxygen demand (COD), and permeate color were in the range of 2.3%-9.3%,
0%-88.9%, 20.7%65.5%, 44.5%63.8%, and 18.3%—72.9%, respectively.

Keywords: Flux; PEG; PVDF; Rejection; Ultrafiltration

1. Introduction

Propelled by the need for apparel and lifestyle products, the expansion of the batik
sector in Indonesia generates liquid waste necessitating appropriate management (Mu-
nawir et al., 2024; Apriyanti et al., 2024). Batik wastewater is generally produced from
the residual water resulting from the dyeing and washing processes. Chemicals, such as
dyes, flour, oil, wax, lye, and detergents, are included in the efluent during the process
(Rahmawati et al., 2016). These substances are typically non-biodegradable, resulting in
their accumulation in soil and water, thus contaminating the ecosystem. Batik effluents
are frequently vibrant and possess elevated levels of chemical oxygen demand (COD),
biological oxygen demand (BOD), and both suspended and dissolved solids (Kusumawati
et al., 2021).
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Various techniques for the treatment of batik wastewater include biological treat-
ment, adsorption, and ozonation; nevertheless, they are characterized by limited flexibility
and high costs (Daud et al., 2022; Yeong Hwang et al., 2025). Membrane technology has
emerged as a more eco-friendly and efficient option, particularly ultrafiltration membranes,
which can eliminate color from batik wastewater (Jamil et al., 2024; Kartohardjono et al.,
2024). Polyvinylidene fluoride (PVDF) is a polymer characterized by exceptional chemi-
cal and thermal resistance, making it appropriate for ultrafiltration membranes; however,
its hydrophobic nature leads to fouling (Kartohardjono, Salsabila, et al., 2023; Subasi
and Cicek, 2017). The incorporation of chemicals such as polyethylene glycol (PEG) can
enhance the membrane’s resistance to fouling and its hydrophilic characteristics (Ilyas
et al., 2019). This study examined the impact of varying the PEG mass on PVDF mem-
branes used for batik waste ultrafiltration. Membrane characterization testing included
Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM),
contact angle measurement, porosity assessment, and tensile strength evaluation. The
effectiveness of waste removal was assessed using COD | total dissoved solid (TDS), total
suspended solid (TSS), pH, color, and turbidity, along with adjustments in feed pressure
on the membrane. This study seeks to identify an effective solution for waste manage-
ment in the batik industry using modified membrane technology, which is anticipated to
promote sustainable growth and enhance the quality of life of the community.

2. Materials and Metchods

All chemicals employed for membrane fabrication were of analytical grade, with
PVDF, PEG, and DMAC sourced from Solvay Chemical USA, Sigma-Aldrich Indone-
sia, and Merck Indonesia, respectively. Ethanol and deionized water were procured from
Dwinika Intan Mandiri, Indonesia. The phase inversion technique is typically employed
to fabricate flat sheet membranes (Ren et al., 2010). The membrane was synthesized by
dissolving polyvinylidene fluoride (PVDF) in DMAc, incorporating PEG as an additive.
The formulation consists of 15% PVDF + PEG and 85% DMAc, with PEG concentra-
tions of 0, 0.5, 1.0, and 1.5. DMAc was initially placed in an Erlenmeyer flask, followed
by the gradual addition of PVDF and PEG while stirring at 200 rpm and 25 °C. During
the dissolution process, the polymer and additives were completely dissolved by gradually
increasing the temperature to 60°C and the stirring speed to 300 rpm (Purnawan et al.,
2021). The stirring was continued at 500 rpm for approximately 3 h until the solution
achieved homogeneity. The homogeneous PVDF/PEG solution, designated as the casting
solution, was subsequently allowed to rest at ambient temperature to facilitate bubble
removal until the foam was eradicated. The casting solution was applied to the glass film
using a casting-glass roller and then immersed in deionized water for approximately 24 h.
The manufactured flat sheet membrane was subsequently immersed in 96 wt. % ethanol
solution for 30 min and 50 wt. % ethanol solution for 1 h, and then dried in ambient air
at room temperature for characterization.

Various techniques, including Fourier transform infrared spectroscopy (FTIR), scan-
ning electron microscopy (SEM), and membrane mechanical strength examinations, are
employed to assess alterations in the physical and chemical properties of membranes.
The chemical composition of the membrane surface, mechanical strength, and surface
morphology and cross-section of the membranes were analyzed using SEM, ZEISS Ultra
60, Thermo Scientific FTIR, Diamond Nicolet IS 5, and Universal Testing Machine, UTM
10 kN, respectively. Using a digital camera (Angle Meter) and the dry-wet mass method,
the water contact angle and membrane porosity were measured simultaneously.
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3. Results and Discussion

3.1 Membrane Characterization

The chemical structure and functional groups of the produced membranes were identi-
fied using Fourier transform infrared spectroscopy (FTIR) spectra, as illustrated in Figure
1. The FTIR spectra of membranes, whether devoid of or containing PEG, are nearly
identical because PVDF is the predominant component. The PVDEF spectrum exhibits
absorption at 761 and 1170 - 1178 cm-1, signifying the bending and stretching vibrations
of CF2 (Abid et al., 2024). The peak at 1068 - 1070 cm-1 signifies the bending vibration
of CF. The FTIR results of pure PVDF membranes exhibit differences with varying PEG
additions, as evidenced by a broad absorption peak in the wavenumber range of 3295 -
3427 cm-1, indicative of hydroxyl group (O - H) vibrations, a characteristic functional
group of PEG. The PVDF/PEG membrane can interact with water, functioning as a
hydrophilic membrane (Nishiyama et al., 2016).

(c) (d)
Figure 1 FTIR spectrum of PVDF/PEG membranes (a) PVDF/PEGy; (b)
PVDF/PEGys; (¢) PVDF/PEG o; (d) PVDF/PEG, 5

The SEM test results for the membranes PVDF/PEGq, PVDF/PEGq 5, PVDF/PEG, ,
and PVDF/PEG;, 5 are presented in Figure 2. The surface of the pure PVDF membrane
is notably smooth and exhibits minimal porosity due to the absence of PEG addition.
The PVDF/PEGq 5 membrane exhibits a rougher surface; nevertheless, the difference is
negligible compared to PVDF /PEG,. The pores on the surfaces of the PVDF /PEG, and
PVDF /PEG, 5 membranes are not distinctly observable; nevertheless, the incorporation
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of PEG increases the surface roughness. Pore size augmentation can be inferred from the
enhancement in membrane surface roughness (Woo et al., 2015). Meanwhile, irregularly
distributed holes manifest on the PVDF/PEG; o membrane. The PVDF/PEG; 5 mem-
brane possesses a very porous architecture and exhibits the highest roughness among all
the samples. This demonstrates that PEG is crucial in pore creation within the membrane
and enhances its hydrophilicity, rendering it more appropriate for filtration applications
(Sadeghi et al., 2018).
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Figure 2 SEM images of PVDF/PEG membranes (a) PVDF/PEGy; (b)
PVDF/PEGs; (c) PVDF/PEG, ; (d) PVDF/PEG, 5
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Figure 3 illustrates the membrane’s cross-section, highlighting morphological al-
terations resulting from the incorporation of PEG mass. The incorporation of high-
molecular-weight PEG into PVDF often results in a membrane architecture characterized
by a dense, sponge-like bottom layer and a broad, porous top layer resembling fingers
directed toward macrovoids (Casetta et al., 2023). A hydrophilic functional group known
as PEG is included in the dope solution. It reduces the thermodynamic stability and
accelerates the process of phase separation. It forms a membrane with a large number of
holes. Furthermore, due to the hydrophilic nature of PEG, it facilitates the infiltration
of non-solvents into the dope solution. Accelerates the solvent and non-solvent exchange
rate during membrane formation in the coagulation bath. This rapid exchange accelerates
the doped solution’s precipitation rate, facilitates immediate demixing, and generates a
porous membrane structure (Wongchitphimon et al., 2011). Figure 3 illustrates the SEM
results for PVDF /PEG; 5, demonstrating that the incorporation of PEG resulted in the
formation of large, irregular pores.
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Table 1 presents the membrane porosity assessment outcomes, indicating that a re-
duction in PVDF content or an increase in PEG content within the dope solution corre-
lates with enhanced porosity. The hydrophobic nature and compact structure of PVDF
diminish the membrane permeability as its concentration increases (Kang and Cao, 2014).
The incorporation of PEG additives into the dope solution results in the PVDF/PEG
membrane exhibiting a more pronounced thermodynamic impact than the kinetic effect,
facilitating the formation of pores, as seen by the rise in porosity (Nguyen et al., 2023).
The hydrophilic properties of PEG enhance the water infiltration into the dope solution
and expedite the exchange between solvents and non-solvents. Simultaneously, the kinetic
action induces an elevation in the viscosity of the solution with the incorporation of PEG,
thereby decelerating the exchange rate and culminating in a more compact membrane
structure (Su et al., 2023).

Table 1 Porosity of PVDF/PEG membranes

Membrane type Mean porosity (%)
PVDF/PEG 28.2£3.0
PVDF/PEG 5 30.5 £5.8
PVDF/PEG; o 39.5£4.38

PVDF/PEG; 5 43.5+0.2
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Figure 4 The results of the membrane contact angle characterization are presented.
All membranes exhibit hydrophilic properties, as indicated by their contact angles being
less than 90° (Hebbar et al., 2017). PVDF/PEG, exhibits the highest hydrophobicity
among the membranes analyzed, characterized by a contact angle of approximately 65.3°.
This property is attributed to its surface composition, which includes C-F bonds that
hinder hydrogen bond formation with water molecules (Guo et al., 2021). Meanwhile,
the contact angles of the PVDF/PEGq 5, PVDF/PEG, , and PVDF/PEG; 5 membranes
were approximately 62.3°, 57.3°, and 53.3°, respectively, suggesting an increase in the
hydrophilicity of the membranes. An increase in the PEG content within the membrane
component corresponds to a decrease in the PVDF content, which enhances the surface
hydrophilicity of the membrane due to the entrapment of PEG in the membrane ma-
trix. This alteration modifies the hydrophobic characteristics of the PVDF membrane,
rendering it more hydrophilic (Huey Ping et al., 2014).

Figure 4 The contact angle of PVDF/PEG membranes (a) PVDF/PEGy; (b)
PVDF /PEGs; (¢) PVDF/PEG, ; (d) PVDF/PEG 5

The mechanical properties of the membrane indicate how well it can withstand the
pressure applied during testing. Figs. 5 and 6 show the tensile strength and strain varia-
tion of the prepared membrane. Decreasing the PVDF concentration decreases the tensile
strength of the membrane (Ali et al., 2018). The PVDF/PEG, membrane exhibited the
highest tensile strength, at approximately 11.1 MPa. The elastic properties of the PVDF
membrane can be seen from its high strain value. The higher the PVDF concentra-
tion, the tighter the distance between the polymer chains, making the membrane stiffer,
more compact, and resistant to deformation. Therefore, the strain decreases because the
PVDF /PEG, membrane has the lowest strain. In contrast, the PVDF/PEG; 5 membrane
has the highest strain. However, the tensile strength of the PVDF /PEG; 5 variation is
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higher than that of PVDF/PEG; o, indicating that the distribution of pores in the mem-
brane is not exhaustive and that its tensile strength tends to be stronger. The tensile
strength of the PVDF membrane varies with the concentration and application. For water
filtration applications, the expected tensile strength values range from 3.43 to 14.34 MPa
(Sriyanti et al., 2023). Therefore, the resulting membrane meets these criteria.
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Figure 5 The yield strength of PVDF/PEG membranes
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Figure 6 The strain of PVDF/PEG membranes

3.2 Membrane Characterization

The batik effluent originated from the rolling and dyeing processes in a batik industry
in Yogyakarta, Indonesia. The preliminary batik waste was characterized to provide a
baseline for evaluating the efficacy of waste treatment using coagulation-flocculation and
ultrafiltration using a membrane. The analyzed waste exhibited characteristics such as
COD, TDS, TSS, color, turbidity, and pH. The batik wastewater was filtered through a
cloth to eliminate large particles and subsequently diluted at a five-to-one ratio. Dilution
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was implemented as an initial waste treatment to mitigate the impacts of waste contam-
ination and decrease the waste concentration during the coagulation-flocculation process
for maximum performance. Table 2 displays the attributes of the batik wastewater upon
dilution.

Following dilution, the batik wastewater was subjected to a pretreatment procedure
using coagulation-flocculation, facilitated by a jar test apparatus for agitation. The pre-
treatment process removes large particles before the waste is used for ultrafiltration feed.
The coagulant used in this process is PAC, with a dose of 500 ppm and at pH 4.0 to run
optimally (Kartohardjono, Karamah, et al., 2023). The initial batik waste is alkaline, so
the pH must be reduced to 4.0 using an H2504 solution. The wastewater is stirred rapidly
at 200 rpm for 4 min to form flocs because contact and collisions between particles cause
clumping of dissolved solid particles. Subsequently, it is continued with slow stirring at
40 rpm for 10 min so that small flocs combine into larger flocs. After stirring, the waste
is left for 30 min so that the macrofloc can fall to the bottom and be filtered. Watman 42
filter paper and Buchner funnel were used to speed up the filtering process. Subsequently,
the pretreatment waste was clarified and adjusted to a pH of 7.0 using NaOH solution to
ensure its safe disposal into the environment. This procedure results in the formation of
silt, necessitating the subsequent filtration of the waste through filter paper. It can be
used as a feed for ultrafiltration with a membrane. Table 2 shows the characterization of
batik waste before and after the pre-treatment process. The pre-treatment technique sig-
nificantly decreased pollutants in waste in all parameters, including COD (56.1%), TSS
(95.5%), color (77.6%), and turbidity (84.7%). However, it had little impact on TDS
since the pH 4.0 setting process promoted salt production by adding acid to the already
alkaline waste. It also occurred at pH 7.0 at the end, raising the COD, TDS, color, and
turbidity in the wastewater.

Table 2 The characteristics of batik wastewater after dilution

Parameter After dilution pH 4.0 After pH 7.0
coagulation-
flocculation
pH 10.9+0.2 4.02+0.2 4.14+0.2 7.01£0.2
COD (mg/L) 1005 4+ 12 954 + 11 174 £+ 2 442 £5
TSS (mg/L) 200 £5 380 +£ 10 8.0+0.2 9.0+0.3
TDS (mg/L) 860 £ 8 928 £ 9 690 + 7 817+9
Color (Pt-Co) 2394 + 15 7155 + 45 508 £ 5 536 £ 6
Turbidity 190+ 6 490 + 15 23.0+1.0 29+ 1.3
(FAU)

The batik wastewater was treated via ultrafiltration (UF) using permeation cells with
a membrane area of approximately 15.5 cm?. The water flow for UF operations was con-
ducted for 20 min at different pressures, as shown in Figure 7. The incorporation of PEG
into the PVDF membrane enhanced the membrane flux, with the PVDF/PEG; 5 variant
exhibiting the greatest flux value among the other configurations at identical pressure con-
ditions. Conversely, the lowest flow value was recorded for the PVDF/PEG, membrane,
as PVDF is a hydrophobic polymer, making water adsorption on the membrane surface
challenging (Zou and Lee, 2022). The incorporation of PEG additives into the PVDF
membrane introduces hydrophilic groups (~OH) that can engage in hydrogen bonding
with water molecules, facilitating their passage across the membrane and thereby enhanc-
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ing the membrane’s flux value (Ismail et al., 2020). The PEG molecules that occupy the
membrane matrix also solubilize in water, creating membrane gaps during the phase inver-
sion process. The development of pores on the membrane surface facilitates water passage
across the membrane, thereby enhancing the flux value. Figure 7 illustrates that the flow
escalates with increasing pressure across all PEG concentrations. Enhanced pressure ex-
pedites water movement from the feed side to the permeate side, thereby augmenting the
flux. Furthermore, heightened pressure results in more pronounced membrane holes, facil-
itating the passage of additional dissolved chemicals from the batik wastewater across the
membrane. It diminishes the rejection capacity of the membrane, a critical characteristic
in ultrafiltration.
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Figure 7 Water flux of PVDF/PEG membranes

Figure 8 illustrates the impact of variations in PVDF/PEG mass and pressure on
the pH of the water flux resulting from the ultrafiltration process. The pH range of the
ultrafiltration results of the batik wastewater was 7.13 - 7.41. The water flux pH tended to
increase compared with the initial pH but was still close to the initial pH of the wastewater,
which was 7.01. This shows that neither the variation in PVDF/PEG mass nor the
operating pressure used in this study significantly affected the pH because the pores of
the ultrafiltration membrane cannot hold ions that affect the pH. However, the permeate
pH for each variation in PVDF /PEG mass and pressure has met the government’s quality
standards for textile waste pH, which is between 7 and 9 (Febriasari et al., 2021).

Figure 9 (see supplementary file) depicts the influence of PVDF/PEG mass and
pressure fluctuations on the TSS rejection of batik wastewater from ultrafiltration. The
PVDF /PEG, membrane achieved the highest TSS rejection, ranging from 55.6% to 88.9%.
The range of TSS rejection percentages for the PVDF/PEGy;, PVDF/PEG;, and
PVDF /PEG; 5 membranes were 33.3 to 66.7%, 11.1% to 44.4%, and 0% to 22.2%, respec-
tively. The removed solids consisted of colloidal particles from the coagulation-flocculation
process that were not successfully filtered by the filter paper. The PVDF/PEG, mem-
brane at a pressure of 3 bar produced the highest TSS rejection, with a T'SS reaching 1
mg/L because the membrane has the smallest pore size. As pressure increases, the perme-
ate rate rises, and the pore size becomes more pronounced, allowing suspended particles
in the waste that were previously trapped by the membrane to traverse it, resulting in an
increase in total suspended solids (TSS) and a reduction in rejection efficiency (Malmali
et al., 2018).

Figure 10 (see supplementary file) shows the effect of the PVDF/PEG mass and
pressure variations on the turbidity rejection of batik wastewater in the UF process. Sim-
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Figure 8 The effect of PVDF/PEG mass fraction and pressure on pH of water flux in
the UF process

ilar to T'SS, turbidity rejection decreases with increasing process pressure and PEG mass
because TSS is directly proportional to turbidity. The decrease in T'SS value indicates
a reduction in turbidity in the permeate because the presence of solid particles gives a
turbid effect on the waste (Hansen et al., 2021). The lowest turbidity removal was ob-
tained using the PVDF /PEG; 5 membrane at a pressure of 5 bar, which was only around
20.69%. Meanwhile, the ultrafiltration process produced the highest turbidity removal of
65.52% with a PVDF/PEG, membrane at a pressure of 3 bar. Higher rejection at low
pressure is caused by particles in the feed running stably through the membrane without
force in the form of additional pressure.

Figure 11 (see supplementary file) shows the effect of PVDF /PEG mass and pressure
variations on TDS rejection in batik wastewater from the UF process. Overall, increas-
ing the PVDF/PEG mass and pressure decreases the TDS rejection percentage. The
highest percentage of TDS rejection was obtained by the PVDF/PEGy membrane, which
was between 7.1% and 9.3%. The TDS rejection percentages for the PVDF/PEGy s,
PVDF/PEG; o, and PVDF/PEG; 5 membranes were 6.7%-8.7%, 4.9%-8.1%, and 2.3%-
3.7%, respectively. The main components of TDS are ions and small molecules that the
ultrafiltration membrane cannot filter due to the larger pore size (Urosevié¢ and Trivunac,
2020). Nanofiltration and RO membranes are considered more effective in reducing TDS
(Mousavi and Kargari, 2022). Membranes with higher PEG mass tend to have lower TDS
rejection at all pressure levels tested. This is due to the increase in porosity and mem-
brane pore size as the PEG mass increases (Fadaei et al., 2014). PVDF/PEG, membranes
always have the highest rejection, while PVDF/PEG, 5 always have the lowest rejection
at any pressure because pressure affects the membrane’s permeate rate and pore size.
The higher the pressure, the more water flow along with particles is forced through the
membrane, so the results are not optimal and the rejection percentage is reduced. Thus,
PVDF /PEG, membranes with pressures of around 3-5 bar will be more effective for batik
wastewater treatment applications requiring high TDS rejection. However, if the TDS
rejection is not too significant, membranes with higher PEG compositions can be used to
increase the flux.

Figure 12 (see supplementary file) illustrates the impact of PVDF/PEG mass and
pressure fluctuations on the COD rejection of batik wastewater during UF. Across all
pressure variations, the PVDF/PEGy membrane demonstrated the maximum COD rejec-
tion. The COD rejection at a pressure of 3 bar was approximately 63%, which diminished
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to 47% when the pressure was increased to 5 bar. However, pressure changes did not
significantly affect rejection. The pore size and distribution influence the ultrafiltration
rejection coefficient more than the operating parameters, such as pressure and feed flow
rate (Polyakov and Zydney, 2013). At the same pressure, the percentage of COD rejec-
tion and the increase in PEG mass tend to decrease. The incorporation of PEG mass, a
pore-forming agent, results in an increase in both pore size and membrane porosity; thus,
a higher PEG concentration in the dope solution correlates with greater porosity values
(Gayatri et al., 2023). Batik wastewater exhibits a high COD value due to the presence
of synthetic dyes, salts, and organic compounds ranging from 1 to 2000 nm (Kanegsberg
and Kanegsberg, 2011). The mean pore diameter of a pure PVDF membrane ranges
from 60 to 150 nm (Basko et al., 2023). Consequently, diminutive color particles and
organic compounds present in batik waste might permeate the membrane pores, resulting
in suboptimal COD rejection.

Figure 13 (see supplementary file) shows the effect of PVDF/PEG mass and pressure
on Pt-Co color rejection in the batik wastewater UF process. The higher the operating
pressure and PEG mass in the dope solution component, the lower the color rejection of
batik wastewater, where the highest color rejection is achieved by the PVDF /PEG, mem-
brane at a pressure of 3 bar. The density of the membrane’s pores is affected by the PEG
mass; the denser and more regular the membrane’s pores are, the better the membrane
is for the color removal process (Abdulsalam et al., 2020). Meanwhile, increasing the op-
erating pressure increases the flow velocity on the membrane surface, which increases the
solute’s mass transfer coefficient through the UF membrane pores. As a result, the solute
concentration in the permeate increases, and as a result, membrane rejection decreases.
The color rejection in batik wastewater is relatively low, between 16% and 27%, because
the ultrafiltration membrane cannot filter color pigments well (Zakaria et al., 2023).

Figure 14 (see supplementary file) shows the batik wastewater after several stages
of processing. The initial batik liquid wastewater is solid black. After dilution and pH
adjustment of 4, the wastewater color becomes lighter because its concentration is reduced.
The next stage is the coagulation-flocculation process, which changes the wastewater
color to bright yellow and clear. At pH 7, the color of the wastewater remains the same,
but white deposits appear due to the addition of NaOH to increase the pH. Finally,
the wastewater from ultrafiltration with PVDF/PEG, membranes and a pressure of 3
bars produces water with a brighter yellow color and no white deposits. Therefore, the
best removal percentage for all parameters was achieved at a pressure of 3 bar using
PVDF /PEG, membranes. The permeate flow properties of the ultrafiltration process of
batik liquid wastewater using PVDF /PEG, membranes at a pressure of 3 bars can be seen
in Table 3. Although the flux is relatively low, the efficiency can be increased by installing
several ultrafiltration membranes in parallel to produce a higher permeate volume (Shi
et al., 2014). The pH and TDS parameters are not used as a reference in determining
the optimal pressure and composition because the rejection percentage is relatively low,
i.e., 10%, so it does not significantly affect the operating conditions of the ultrafiltration
process. Based on Table 3, all parameters follow the quality standards of the government
of the Republic of Indonesia, except for COD, which still requires further processing to
reduce its levels.
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Table 3 The characteristics of batik wastewater after dilution

Parameter After After After UF  Government  Rejection

dillution coagulation- Regulation (%)

flocculation

pH 10.9 £0.2 4.1+0.2 7.3+0.1 6—9 44+1.1
COD (mg/L) 1005 £+ 12 174 £2 179 + 16 150 59.4 4+ 3.8
TSS (mg/L) 200 £ 5 8.0+ 0.2 2.67+1.5 50 70.4 4+ 2.3
TDS (mg/L) 860 + 8 690 +£ 7 753 £ 10 2000 79+1.2
Color (Pt-Co) 2394 4+ 15 908 + 5 393+ 7 NA 26.6 £ 1.3
Turbidity (FAU) 190 £ 6 23.0+1.0 11.3+1.5 25 60.9 £ 5.3

4. Conclusion

The incorporation of Polyethylene Glycol (PEG) into the membrane dope solution
substantially influences the structure and characteristics of the membrane. It increases
the number of pores in the membrane, expands the pore dimensions, and enhances the
hydrophilicity of the membrane while diminishing its tensile strength. The use of PEG
in the doping solution enhances the mass transfer flow in the water permeate; however, it
diminishes the rejection efficiency of total dissolved solids (TDS), total suspended solids
(TSS), chemical oxygen demand (COD), turbidity, and color, while also causing a modest
reduction in pH. In the ultrafiltration process, elevated feed pressure enhances water
flux while diminishing the rejection of TSS, COD, turbidity, and color, and marginally
raises the pH. Given the issues related to changes in polyethyleneglycol (PEG), further
research should concentrate on effective membrane-cleaning technologies that can restore
functionality while minimizing membrane degradation. Future studies focused on cleaning
and maintaining PEG-modified membranes can enhance their operational viability and
efficiency, thereby advancing membrane technology in water treatment processes.
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