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Abstract - Membrane technology is the most widely used technology in the field of separation and purification of wastewater. Most of the problems that arise in the application of membrane technology are the high resistance of the membrane during the filtration process, so that fouling is easily formed in both the pores and the membrane surface. The incorporation of nanoparticles in the membrane matrix has been widely known as a method to improve membrane performance. In this study, we introduce the incorporation of graphene oxide (GO) advanced material nanoparticles in a polysulfone (PSf) membrane matrix as an effort to treat dye wastewater from the batik industry. The results of the SEM-EDX test showed the membrane smooth surface with larger pore and minimal defects indicating GO nanoparticles were well changed the polysulfone membrane matrix. In addition, an increase in oxygen content in the membrane matrix was also detected as a result of GO incorporation confirming the increased hydrophilicity of the polysulfone membrane. This is also supported by data on increasing water uptake and decreasing contact angle of PSf/GO membranes compared to native PSf. Evaluation of membrane performance showed that the incorporation of GO in the PSf matrix produced permeate with higher quantity and quality than the native PSf membrane. Quantitative analysis of fouling behavior also shows that the incorporation of GO as much as 2 wt-% has succeeded in increasing flux recovery ratio and reducing the PSf membrane resistance which reflects the tendency to form fouling is also getting lower. This membrane material has good prospects in the future as the first step in processing dye wastewater from various industries, especially the batik industry.
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1. Introduction 
Batik is Indonesia's original cultural heritage whose existence has been recognized internationally by UNESCO. No half-hearted, in just 5 years the development of the batik business in Indonesia has increased by 14.7% from the initial 41,623 to 47,755 business units in 2011-2015 (Pujiastuti, 2015). However, this increase in the economic sector is proportional to the large amount of water required in the production process of the batik industry. This is also exacerbated by the abundance of wastewater generated by this industry. Of the total water demand of 25 billion m3/year, as much as 85% is discharged back into the environment as wastewater with a thick color and pungent odor (Kusumawati et al., 2021). Sulaksono et al. (2015) reported that the pollutant load of batik wastewater in water bodies for BOD5 reached 5.9-39.5 tons/year, 112-426 tons/year for COD, and 4.88-16.3 tons/year for TSS. The liquid waste of the batik and textile industries generally comes from the coloring process containing heavy metals, waxes, surfactants, and organic halogens which have high compound complexity and are non-biodegradable, causing serious problems for the surrounding water environment (Hassanzadeh et al., 2017). Several methods have been used to overcome the problem of water pollution caused by the batik and textile industries, including coagulation, adsorption, membrane filtration, ozonation, and bacterial-activated sludge (Kusumawati et al., 2021). Among the previously mentioned methods, membrane filtration has proven to be the most effective wastewater treatment technology, especially in textile wastewater treatment. This is due to its ability to restore the quality of the produced water so that the water can be reused for industrial processes (Ağtaş et al., 2020). In its application, membrane technology does not take up much space, has low chemical consumption, easy maintenance, superior separation efficiency, and is environmentally friendly (Shi et al., 2019). However, a common drawback of applying membrane separation technology is the ease with which fouling occurs. 
It has been widely reported in previous studies that the incorporation of nanomaterials into the polymer matrix is able to overcome the problem of membrane fouling (Chai et al., 2020; T.D. Kusworo et al., 2021a; Liang et al., 2012; Mahlangu et al., 2017). Polymer membranes commonly used include polysulfone (PSf), polyethersulfone (PES), polyacrylonitrile (PAN), and polyvinylidene fluoride (PVDF). In this study, polysulfone (PSf) was chosen as a membrane support material because of its abundant availability, ease to modify, high mechanical strength, and has chemical and heat stability. However, the low hydrophilicity of PSf membrane is still an obstacle in its application for wastewater treatment so that further modifications are needed (Pouresmaeel-Selkjani et al., 2017). Graphene oxide (GO) is a graphite-derived material with a single layer – two-dimensional structure. Its use is very wide in numerous fields because it has a large specific surface area, transparency, conductive switching, and bioimaging (Wang et al., 2017). The use of GO as a nanofiller in membranes has been reported to have advantages such as being easily soluble in water or organic solvents and having high compatibility with polymeric and ceramic membranes (Kusworo et al., 2021b). The incorporation of GO into the polymer matrix is known to increase the hydrophilicity of the membrane due to the contribution of carboxyl and hydroxyl groups, thereby increasing the surface affinity of the membrane for water molecules (Du et al., 2020). The potential for improving membrane performance due to GO nanofiller is the basis of this research, with the hope that it can be a breakthrough in efforts to handle batik wastewater in Indonesia. Many studies have been conducted to evaluate the effect of GO nanofiller in the membrane matrix on the characteristics, flux performance, and rejection. Further analysis regarding increased water uptake ability, antifouling potential, and membrane resistance in the membrane filtration process has not been widely studied. Therefore, this study not only evaluates the effect of adding GO into the polysulfone matrix on its basic characteristics, but also further discusses changes water uptake ability, antifouling potential, and membrane resistance in its application as batik wastewater treatment technology. 

2. Materials and Methods
2.1 Materials
Polysulfone pellets (PSf, 99%, UDEL ® PSU P-1700 NT) as the main membrane material were obtained from Solvay Advance Materials, USA. Subsequently, N-methyl-2-pyrrolidone (NMP, 99%, Merck, Germany) was used as a solvent for PSf. Graphite powder (99.5%) as raw material for the preparation of graphene oxide (GO) was obtained from Shanghai Chemicals, China. Sulfuric acid (H2SO4, 98%) and potassium permanganate (KMnO4, 99%) as required materials for the manufacture of GO were obtained from Merck, Germany. The batik wastewater sample was obtained from the Kampung Batik Semarang, Central Java, Indonesia. Detailed information about the characteristics of the effluent is shown in Table 1. Deionized (DI) water was used in the chemical preparation step and during the experiment. 

2.2 Characterization of batik wastewater
The initial characterization of batik wastewater was carried out to determine the parameters of the wastewater content. Several parameters were measured such as physical appearance, pH using a pH meter (Y98, China) and total dissolved solids using a TDS meter (E-01, China). The dye concentration was analyzed using the spectrophotometric method (Triyati, 1985). Table 1. shows the initial characteristics of batik wastewater.
Table 1. Initial characteristics of batik wastewater
	No.
	Parameter
	Unit
	Value

	1
	Appearance
	-
	Green-blue

	2
	TDS
	ppm
	530 ± 2.5

	3
	Dye concentration
	ppm
	513.5 ± 2.6

	4
	pH
	-
	7,6 ± 0.08



2.3 Fabrication of PSf/GO membrane
PSf/GO nanohybrid membranes were synthesized by the non-induced phase separation (NIPS) method. A certain amount of synthesized GO powder was prepared, i.e. 2 wt-% of the total solids. Initially, GO NPs were mixed into NMP and sonicated for 1 h. At the same time, PSf pellets (18 wt-%) were dissolved using NMP using a hot plate magnetic stirrer at 60°C. The previously homogenized GO NPs were mixed into the PSf solution, and stirring was continued for a total of 6 h. Prior to the casting stage, the dope solution was degassed using a defoamer for 1 h to remove trapped gas. The dope solution was then cast on a glass plate using a casting knife with a thickness of 0.15 mm. The casted membrane was allowed to stand for a while so that it was perfectly oriented with air and then immersed in a coagulation bath filled with DI water for 24 hours. Finally, the membrane was then dried at room temperature for 24 h.

2.4 Characterization of fabricated membrane
The surface morphology and chemical composition of the fabricated membranes were evaluated using a scanning electron microscope – energy dispersive x-ray (SEM-EDX; JEOL Series, JSM-6510-LA) at 1000× magnification. The presence of changes or additions of functional groups on the PSf membranes were evaluated using Fourier transfer infrared (FTIR; Perkin Elmer Frontier, USA). Evidence of ZnO implantation in the PSf matrix as well as changes in membrane crystallinity were evaluated using x-ray diffraction (XRD; Panalytical Xpert Pro MPD, Netherlands) at a diffraction angle range of 10° to 90°. Mechanical strength properties consisting of tensile strength and elongation at break were evaluated using a mechanical test apparatus (UTSH001, China). The hydrophilicity of the membrane was evaluated using a contact angle meter (RSE contact angle meter, Japan).

2.5 Membrane surface physicochemical properties measurement
Further investigations were carried out to determine the hydrophilicity characteristics of the membranes. Among them are water uptake (WU) ability and membrane affinity (Ganesh et al., 2013). The WU measurement is shown in equation 1.

			(1)
Where WU is the water uptake ability (%), ww and wd are the wet and dry membrane weight, respectively. The membrane affinity for liquids with DI water as solvent was taken from the theoretical analysis of the Flory-Huggins model (FH model) using equation 2.

			(2)
Where χ is the FH interaction parameter and φ is the volume fraction calculated using equation 3.

		(3)
Where ww and wd are the wet and dry membrane masses, ρs and ρm are the solvent and membrane densities, respectively.

2.6 Membrane performance
The performance of the nanohybrid membrane was evaluated using a cross-flow filtration system as shown in Fig. 1. Untreated batik wastewater was used as a feed with an effective membrane area of 12.57 cm2 at a trans-membrane pressure of 5 bar.
2.6.1 Flux
Permeate flux on each membrane was recorded every 30 minutes for 3 hours of operation using equation 4.

			(4)
Where J is the permeate flux (L.m-2.h-1), V is the permeate volume (L), A is the effective membrane area (m2), and t is the filtration time (h).
2.6.2 Pollutant removal
It is important to evaluate the efficiency of pollutant removal to determine the level of selectivity of the membrane in separating pollutants from batik wastewater. TDS measurement was carried out using a TDS meter (ppm, E-1 TDS & EC meter, China) and the concentration of green-blue dye in batik wastewater was analyzed by spectrophotometric method at the optimum wavelength (610-750 nm) (Triyati, 1985). Equation 5 is used to calculate pollutant removal efficiency.

			(5)
Where R is removal efficiency (%), Cp and Cf are the pollutant concentration in permeate and feed solution, respectively (mg/L).
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Figure 1. Membrane cross filtration system.

2.7 Antifouling potential and fouling resistance studies of fabricated membranes
Evaluation of antifouling potential was assessed to obtain the total fouling ratio (Rt, %), reversible fouling ratio (Rr, %), irreversible fouling ratio (Rir, %), and recovery flux ratio (FRR, %) using the following formula (Kusworo et al., 2021b).

			(6)

			(7)

			(8)

			(9)
Where Jpw0, Jww, and Jpw1 is initial PWF, permeate flux of batik wastewater, and PWF after cleaning, respectively.
Moreover, the membrane resistance during the filtration process was evaluated using the resistance-in-series model. This model involves each type of resistance such as intrinsic resistance (Rm), adsorptive fouling (Ra), deposition fouling (Rd), and concentration polarization (Rcp) (Younas et al., 2019).

				(10)

			(11)

		(12)

		(13)
Where ΔP is the trans-membrane pressure (Pa), is the viscosity of pure water (Pa.s), Ji, Ja, Jf, Jv are the initial membrane PWF, the measured PWF after fouled by static adsorption, PWF after fouled by the actual batik wastewater, and the measured flux during the batik wastewater filtration operation, respectively.

3. Results and Discussion
3.1 Membrane characterization
3.1.1 Surface morphological and chemical composition analysis
The investigation of the effect of adding graphene oxide (GO) advanced material on the morphological and elemental characteristics of polysulfone (PSf) membranes was studied using scanning electron microscopy – energy dispersive x-ray (SEM-EDX). Based on Figure 2A, it can be seen that the surface of the native PSf membrane tends to be smooth with some defects. This shows that native PSf has a low level of permeability and selectivity. The native PSf membrane consists of 83.45% carbon (C), 11.09% oxygen (O), and 5.46% Sulfur (S). Morphological differences emerged after GO incorporation. From Figure 2B, it can be seen that the surface of the PSf-GO membrane tends to be smooth, but with larger pores and minimal defects. The incorporation of GO nanoparticles into the polymer matrix is able to break the thermodynamic stability of the system and produce a faster coagulation rate resulting in a perfectly smooth surface and minimal defects (Mamah et al., 2021). Figure 2B also shows a slight GO bump on the membrane surface which indicates that most of the GO have been embedded in the membrane sub-layer. The chemical composition of the PSf-GO membrane was recorded as consisting of 79.76 carbon (C), 16.96 oxygen (O), and 3.29 sulfur (S). The decrease in carbon composition compared to the native PSf membrane is due to the increase in oxygen carried by GO in the polymer matrix. This phenomenon indicates an increase in the hydrophilicity of the polysulfone membrane which is characterized by a larger surface pore morphology that is expected to increase the permeate flux productivity.
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Figure 2. SEM-EDX analysis of (A) Native PSf and (B) PSf/GO membranes
3.1.2 FTIR analysis
FTIR analysis was carried out to determine changes in functional groups on the fabricated membrane due to the addition of GO nanoparticles. Fig. 3 shows the FTIR spectra of pure GO NPs, PSf/GO, and native PSf membranes. In the pure GO NPs spectrum, there is a wide valley at a wavelength of around 3400-3300 cm-1 which reflects the presence of O-H stretching vibration groups. This demonstrates the versatility of GO as a hydrophilic enhancer in various fields (Ningaraju et al., 2019). The FTIR spectrum of PSf/GO membranes has a similar pattern to the original PSf membranes; showed that PSf/GO membranes were composed of the same supporting polymer, namely polysulfone. Both membranes showed a significant valley consistency of the polysulfone chemical group, such as at the wave number 1241 cm-1 which is the strain valley and the absorption of the O=S=O group (Lemos et al., 2021). The absorption valley at 1681 cm-1 corresponds to the C=O stretch. The band 1238 cm-1 also shows a good agreement with the asymmetric strain of the C-O-C aryl-ether group. The C-H group appears in the PSf/GO FTIR spectrum pattern, namely at wave numbers 2970 and 2872 cm-1. The presence of the C-H group was contributed by GO which was successfully embedded in the membrane matrix. The existence of a small valley at 1910 cm-1 indicating the presence of C=O and -OH groups on the PSf/GO membrane was also found, whose presence was initiated by the GO layer (Lemos et al., 2021). The addition of the GO chemical functional group on the polysulfone membrane is expected to contribute to hydrophilic sites that can increase the wettability of the membrane.
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Figure 3. FTIR spectra of pure GO NPs, PSf/GO, and native PSf membranes
3.1.3 XRD analysis
XRD analysis was carried out to ensure the attainment of embedding GO NPs on the membrane matrix and to determine the degree of crystallinity of a material. Fig. 4 displays the x-ray diffraction patterns of native PSf, PSf/GO, and GO NPs membranes. Based on the results obtained, the original PSf has a wide peak at 2θ 19.82° which is a characteristic peak of polysulfone (Ningaraju et al., 2019). There is no sharp peak there, this indicates the polysulfone has an amorphous structure. The GO NPs diffractogram pattern shows a GO-specific peak at 2θ around 11° (Ganesh et al., 2013), followed by a broad peak at 2θ 23.48° and additional peaks at 2θ 31.25° and 43°. The PSf/GO membrane showed a diffraction pattern that was not much different from the original PSf, this confirmed that the modified membrane was composed of a similar backbone, namely polysulfone. The incorporation of GO NPs into the polysulfone matrix showed significant structural changes. It appears that there are sharp peaks at 2θ 37.8°, 43.97°, 64.4°, and 77.57° which are partly the same as the peaks of GO NPs. The presence of several non-identical peaks occurs might be due to the presence of contaminants with similar ionic sizes so that they can replace and occupy the polysulfone lattice structure (Qamar et al., 2021). However, this is not a problem because there are only a few. The alteration in the PSf membrane structure from amorphous to semi-crystalline due to the incorporation of GO NPs was supported by the results of the Peak Fit calculation which showed a crystallinity index of about 31.28%. In summary, the addition of GO NPs into PSf membrane has been successfully carried out.
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Figure 4. XRD spectra of native PSf, PSf/GO, and GO NPs
3.1.4 Hydrophilicity analysis
In its application as a wastewater treatment technology, the basic parameter that must be encountered by the membrane is its ability to pass water. The hydrophilicity of the membrane can be determined by measuring the water contact angle and water uptake ability. The water contact angle is the angle formed between the water droplet and the membrane surface. Meanwhile, water uptake is the percentage of the membrane's ability to absorb water. Fig. 5A combines the results of the water contact angle and the water uptake measurement of the fabricated membrane. Incorporation of GO NPs into the polymer matrix was shown to significantly reduce the water contact angle by almost half, i.e. 80° and 55° for the original PSf and PSf/GO membranes, respectively. The smaller the contact angle, the greater the tendency of the membrane surface to attract water so that the hydrophilicity increases. This was also validated by the results of the FTIR analysis which stated that the addition of GO NPs was able to increase the number of hydrophilic groups (O-H) in the composition of polysulfone chemical functional groups. On the other hand, the results of the measurement of water uptake ability showed an increase of more than 3 times after the incorporation of GO NPs in the polymer matrix, namely 18% and 60% for native PSf and PSf/GO membranes, respectively. The measurement of water uptake ability is strengthened by the theoretical model of Flory-Huggins (FH) which describes the level of affinity of the membrane to water. Qualitatively, the interaction parameter FH (χ) describes the affinity of the polymer to the solvent. The lower the value, the higher the affinity of the polymer to the solvent so that more solvent can be absorbed (Ganesh et al., 2013). Table 2. shows the results of the calculation of the volume fraction (φ) and the FH interaction parameter (χ). Based on the data, it can be seen that the native PSf χ value is far above the PSf/GO membrane. This indicates that the polysulfone membrane affinity increases in the presence of GO NP doping. Besides to the addition of hydrophilic sites, the increase in water uptake was also caused by the presence of macrovoids in the membrane sublayer whose appearance was caused by organic-inorganic interactions between polymers and GO NPs (Kusworo et al., 2017; Miao et al., 2020).
Table 2. The calculation result of volume fraction (φ) and FH interaction (χ) of fabricated membranes.
	Membrane
	φ
	Χ

	Native PSf
	0.21
	1.24

	PSf/GO
	3.04
	0.22


Another discussion point that can be evaluated in this regard is the ability of the fabricated membrane to produce water flux. Fig. 5B shows the effect of adding GO in producing pure water flux. A striking difference was seen between the original PSf and PSf/GO membranes, under the same operating conditions, the PSf/GO membrane was able to produce a pure water flux of 6.2 LMH, which was 400% greater than the original PSf. This very significant change is again due to the large number of hydrophilic sites on the PSf/GO nanohybrid membrane compared to the original PSf which is hydrophobic (Mamah et al., 2021). Thus, from the results of this study, it can be concluded that the addition of GO NPs proved to be successful in increasing the hydrophilicity of polysulfone membranes.
[image: ]
Figure 5. (A) Combination of water contact angle and water uptake ability and (B) effect of GO NPs incorporation on passing water flux.
3.1.5 Mechanical strength analysis 
Analysis of the membrane’s mechanical strength is important to evaluate to determine the resistance of the membrane in pressurized filtration operations. In this regard, the tensile strength and elongation at break of the fabricated membranes will be discussed in more detail. Fig. 6. shows the combined bar chart of the tensile strength and the elongation at break in the fabricated membranes. As is well known, PSf is a polymer with superior mechanical properties (Mamah et al., 2021), so it is not surprising that the original PSf in this study had tensile strength and elongation at break of 3.8 MPa and 18%, respectively. The incorporation of GO NPs on the polymer matrix succeeded in increasing the tensile strength and elongation at break up to 4.2 MPa and 13.9%, respectively. This indicates that the incorporation of GO NPs in the polymer matrix initiates an increase in the membrane force load, so that the membrane is not easily broken in high-pressure applications (Dlamini et al., 2019). This increase in mechanical strength was also supported by XRD analysis of PSf/GO membranes which showed an increase in the crystallinity index of the original membrane, resulting in a modified membrane with superior durability.
[image: ]
Figure 6. Mechanical strength of fabricated membranes

3.2 Membrane’s performance study evaluation
3.2.1 Permeate flux
Permeate flux is one of the main factors which determine the level of membrane performance. Fig. 7 shows the measured flux trend of native PSf and PSf/GO membranes in performing batik wastewater filtration operations. From Fig. 7A it can be seen that the GO embedded membrane is able to produce 3 times more permeate flux than the native PSf membrane, which is 2.8 LMH. This phenomenon is based on the presence of hydrogen bonds between polysulfone and GO NPs. The interaction between the two is known to able to cause the band shifting of the O-H group to be shorter, thereby increasing the adsorption ability of water molecules on the membrane surface (Ningaraju et al., 2019). The trend of permeate flux in the form of pseudo-steady on the native PSf membrane is caused by the high hydrophobicity of polysulfone so it is difficult to pass water. Even at the end of the operation was not able to pass water at all because the pores were completely blocked by foulant.
On the other hand, Fig. 7B shows the normalized flux profile of the fabricated membrane. The normalized flux was evaluated to find out the effect of fouling on membrane performance. A drastic decrease in PSf/GO membrane occurred after 60 minutes of operation. This may be due to the clogging of the membrane surface pores by organic pollutants and dyes. However, as the filtration process progresses, the normalized flux tends to remain unchanged due to the increase in porosity contributed by the hydrophilic sites of GO NPs. Periodic washing is necessary to maintain membrane performance. In contrast to the PSf/GO membranes, the native PSf membranes had a regular normalized flux decreasing pattern up to 0. This reflects that the native PSf membranes have high water resistance, making it difficult to recover flux.
[image: ]
Figure 7. Flux measurement results; (A) Permeate flux and (B) Normalized flux
3.2.2 Pollutant rejection
Another key parameter which determines membrane performance is its ability to repel pollutants. Batik wastewater is included in the waste with complex pollutant content that is difficult to decompose naturally. In this study the efficiency of pollutant rejection will be seen from the parameters of the dye concentration and TDS. Fig. 8 shows the bar chart combination of the dye and TDS removal on the fabricated membrane. Both dye and TDS showed similar results, with the best rejection efficiencies for GO NPs embedded membranes, which were 93.6% and 87.7% for dye and TDS, respectively. This phenomenon occurs due to the incorporation of GO NPs into the polysulfone matrix which can change the pore structure to be more selective so that pollutants can be retained and produce permeate with superior quality. The presence of GO NPs in the chemical structure of polysulfone is known to overhaul and reduce the thermodynamic stability of the system so that the coagulation rate in the NIPS process runs faster and produces a selective pore structure (Alpatova et al., 2013). As has also been revealed in the SEM results, the low efficiency of pollutant separation from the native PSf is thought to be due to defects on the membrane surface resulting in non-selective voids that can easily pass pollutants (Mahmoudi et al., 2019).
[image: ]
Figure 8. The removal efficiency of fabricated membranes

3.3 Analysis of antifouling potential and fouling resistance of fabricated membranes
Antifouling potential was analyzed to determine how vast the tendency of the membrane fouling occur. This analysis is expressed in terms of ratios, namely total fouling ratio (Rt), reversible fouling ratio (Rr), irreversible fouling ratio (Rir), and flux recovery ratio (FRR). From Fig. 9 it can be seen that the Rt and Rir values of the native PSf membrane are much higher than the PSf/GO membrane, which are 85% and 67%, respectively. A different phenomenon is shown by the RR value of the native PSf membrane, which is approximately 2 times smaller than the PSf/GO membrane, which is 18%. The value of the ratio is proportional to the membrane potential for fouling to arise. Although the Rr value of the native PSf membrane is literally lower than the PSf/GO membrane, it actually cannot break the the worst flux performance of the native PSf membrane which is reflected in the high value of the total fouling ratio (Rt). This is because Rt is a combination of Rr and Rir. The elevated Rir value makes the native PSf membrane hard to clean, thus causing pore clogging and resulting in low membrane's permeability. Incorporation of GO NPs significantly decreased the ratio of Rt and Rir on polysulfone membranes to 37% and 5%, respectively. This occurrence causes an increase in the FRR value, which indicates the superiority of the membrane in maintaining flux. Although the Rr ratio of PSf/GO membranes is greater than that of native PSf membranes, this is not a problem because reversible fouling in the form of an adhesive foulant enclosed to the membrane surface can be definitely cleaned (Nguyen et al., 2019). The FRR values for native PSf and PSf/GO membranes were 33% and 95%, respectively. 
[image: ]
Figure 9. Antifouling potential properties of fabricated membranes
Membrane resistance to fouling is also an important factor affecting membrane performance. The fouling resistance analysis of the fabricated membrane was evaluated using the water flow method, using a resistance-in-series model. There are 4 types of fouling resistance in this model, namely intrinsic resistance (Rm), deposition fouling (Rd), adsorptive fouling (Ra), and concentration polarization (Rcp), each of which is estimated using equation 6-9, respectively. Table 3. displays the calculation result of fouling resistance of the fabricated membranes. Intrinsic resistance is related to the resistance of the membrane material, adsorptive resistance is closely related to the fouling adsorption mechanism, pore deposition/clogging resistance is also called the irreversible resistance which has the most influence on the production of permeate flux, and concentration polarization resistance describes the accumulation of a mixture of foulant and water on the membrane surface (cake formation). All fouling resistances demonstrate the superiority of the original PSf membrane. This is due to the presence of hydrophilic site donors from GO NPs on the PSf/GO nanohybrid membrane which can increase the porosity and water absorption ability so that water can easily pass through the membrane. This is also supported by the fact that the incorporation of nanoparticles in the polymer matrix is known to increase the surface roughness of the membrane. Rough membrane surfaces tend to have a high affinity for foulants, consequently the membrane resistance decreases (Kusworo et al., 2020; Tutuk Djoko Kusworo et al., 2021; Mamah et al., 2021). Finally, in this study it was demonstrated that the incorporation of GO NPs into the polysulfone matrix was able to significantly reduce the fouling resistance due to the large hydrophilic site contribution of GO NPs.
Table 3. Calculation result of membrane resistance
	Membrane
	Rm x 1014
(m-1)
	Ra x 1014
(m-1)
	Rd x 1014
(m-1)
	Rcp x 1014
(m-1)
	RT  x 1014
(m-1)

	Neat PSf
	25.4
	2.83
	6.11
	8.02
	42.4

	PSf/GO
	4.54
	0.17
	3.77
	4.24
	12.7



4. Conclusion
In this study, a more in-depth study was conducted on the characteristics, performance, and antifouling properties of PSf/GO nanohybrid membranes in treating batik wastewater. The addition of GO nanoparticles into the membrane matrix proved successful in changing the characteristics of polysulfone membranes. The SEM-EDX results revealed that the addition of GO NPs into the polymer matrix was able to produce a membrane with a smooth-large pores surface, with a higher oxygen composition. The addition of hydrophilic sites and an increase in the crystallinity index on PSf/GO membranes were also revealed through FTIR and XRD assays. Furthermore, this is evidenced by the lower contact angle and more than 3-fold increase in water uptake capability of the GO NPs embedded membrane. The tensile strength and elongation at break of PSf/GO membranes showed durability with values of 4.2 MPa and 13.9%, respectively. PSf/GO membranes also showed significant performance with much better pure water flux, permeate flux and pollutant removal than the native PSf. Analysis of antifouling potential and membrane resistance showed that in batik wastewater treatment, 2 wt% PSf/GO membrane was able to produce a flux recovery ratio of up to 95% ± 4.74% with a total membrane resistance of 12.7 ± 0.64 (× 1014 m-1). This research is expected to contribute to the discovery of suitable membrane technology for treating batik or textile wastewater.
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