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A B S T R A C T   

The accumulation of organic matter and colloidal particles on the membrane surface during the filtration process 
requires periodic chemical cleaning, potentially impacting the membrane properties and characteristics. Un
fortunately, in recent years research into membrane stability against cleaning agents has often been neglected. 
This should be a crucial part to be prepared as membrane use in the industrial world, therefore this research aims 
to study the aging of polyethersulfone (PES) and polyvinylidene fluoride (PVDF) membranes modified with 
single-walled carbon nanotubes (CNTs) and Pluronic (PF). Membranes were prepared using phase inversion 
method and then treated by soaking in a 5 % sodium hypochlorite (NaClO) solution for 1 hour. Changes in the 
properties and performance of each membrane were investigated before and after treatment. Overall, the results 
show that the modified CNTs/PF-PES has better stability in various aspects of analysis such as functional groups, 
chemical composition, morphology, and hydrophilicity. The CNTs/PF-PES water contact angle increases from 
59.4◦ to 64.7◦ while CNTs/PF-PVDF water contact angle increases until 69.1◦. In addition, CNTs/PF-PES per
formance also shows more stable results with a flux decrease of 1.31 L/m2.h only, while CNTs/PF-PVDF expe
riences a decrease of up to 16.31 L/m2.h. Therefore, it can be concluded that CNTs and PF modification is better 
and more stable on PES membrane matrix compared to PVDF.   

1. Introduction 

Membrane technology has achieved significant advancements and is 
extensively implemented across a multitude of industrial sectors to date. 
These include haemodialysis, desalination, surface water treatment, 
chloro-alkali electrolysis, sterile filtration, food and beverage process
ing, together with gas separation processes including nitrogen and 
hydrogen separation [1]. Membrane-based methods are often regarded 
as innovative and distinctive water and wastewater treatment 

technologies as they possess several advantages, for example greater 
efficiency, ease of use, no change in phase, excellent selectivity, normal 
operating temperature conditions and low energy consumption [2–4]. It 
has attracted considerable attention as a replacement for traditional 
separation procedures on account of its specific advantages, such as the 
ability to selectively separate substances, automatic operation, minimal 
space requirements, besides no chemical consumption while processing 
[5–8]. Despite the advantages of membranes, there are certain issues 
that need to be resolved. Fouling is the principal challenge in membrane 
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technology, which can presents a barrier to further deployment since it 
drastically decreases membrane productivity and increases energy 
consumption [9–12]. 

The main aim of developing an antifouling membrane is to alter its 
surface characteristics, for instance surface charge, surface roughness, 
and toxicity toward foulants, and hydrophobicity. This is achieved by 
including either nanoparticles (NPs) [13,14] or organic molecules as 
additives [15,16]. An extensive range of methods have been utilised to 
modify membranes, such as matrix blending [17], surface coating [18], 
interfacial polymerisation [19], chemical induced graft polymerisation 
[20], photoinduced graft polymerisation [21], plasma graft copoly
merisation [22], in addition to initiated chemical vapour deposition 
(iCVD) [23]. 

Lately, membrane modification using organic and inorganic mate
rials as additives has become incredibly popular in relation to over
coming fouling problems. Particular studies have successfully improved 
membrane performance by using ingle-walled carbon nanotubes 
(CNTs). For example, [24] modified PES membranes using poly
vinylpyrrolidone (PVP) coated on the surface of multiwalled carbon 
nanotubes (MWCNTs). The modified PES membrane with PVP and 
MWCNTs 0.1 wt%, exhibited the most optimal overall performance, 
encompassing flux recovery ratios until 95 %. Arahman et al. (2022) 
reported similar results by incorporating pluronic and CNTs into the PES 
matrix, increasing the water permeability by up to 40 %. [26] reported 
AAF-MWCNTs in NF membranes generated improved stability of the 
active polyamide (PA) layer in high acid media, resulting in higher 
performance. 

By enhancing membrane hydrophilicity, prolonged use of the 
membrane is susceptible to fouling as the filtration process progresses. 
Fouling causes a continuous decrease in flux over time, reduces filtration 
efficiency, generates higher operating costs and shortens membrane life, 
thus extensive implementation of membrane technology in water 
treatment is impeded [27,28]. Excess organic matter and colloidal 
particles must be physically removed from the membrane’s surface and 
pores through water flushing and backflushing [29–31]. Nonetheless, 
some of these impurities cannot be removed by physical cleaning [32, 
33]. Therefore, the utilization of chemical cleaning is crucial for 
ensuring the effective functioning of the membrane system in operation 
[34–36]. 

In regard to chemical cleaning of low-pressure membranes, sodium 
hypochlorite (NaClO) is a popular agent on account of its economical 
price, accessibility and effective remediation of organic and biological 
contamination [37]. Apart from cleaning, NaClO is also frequently used 
for aging in particular studies, with the aim of determining the dura
bility of the membrane after cleaning. Various studies, for example [38], 
observed three types of commercial hollow fibre PVDF membranes 
against NaClO aging. The SMM-1010 and MEMCOR® CS II membranes 
improved slightly after exposure to NaClO, while the ZeeWeed 500 
membrane revealed a more significant decrease in flux using humic acid 
filtration. [39] noted that PVDF reinforced hollow fibre membranes 
exhibit mechanical strength used for membrane bioreactor (MBR) ap
plications. Weathering did not significantly affect the mechanical 
strength; however, after 524,000 ppm.h (~13.1 years) of NaClO expo
sure, the membrane failed to function and increased the transmembrane 
pressure (TMP). Likewise, [40] examined PES aged by experiencing 
chemical and structural changes to the surface of the membrane during 
exposure to NaClO. The aged membrane has a permeability value 1.6 
times greater than the pristine membrane. 

Given the divergent findings in previous research regarding aging 
with NaClO, it becomes imperative to conduct a comparative analysis of 
the aging solutions employed for further assessment. For instance, 
research conducted by [41] compared sodium hypoclorite and sodium 
hydroxide as aging agents. The results confirmed that NIPS-PVDF using 
NaClO removes hydrophilic additives on the surface, while NaOH fo
cuses on the dehydrofluorination process which results in the formation 
of conjugated polyene chains in the membrane structure. Conversely 

[42], used five separate chemicals to age membrane including water, 
NaClO as well as three types of bleach products, Bayclin, Soclin and 
Proclin. The results demonstrated that the highest flux recovery was 
obtained by the membrane using NaClO, with a FRR value of 95 %. 
Furthermore [43], compared aging for different types of pristine Poly
ethylene, PES, and PVDF membranes using two different types of aging 
solutions, NaClO and citric acid (CA). Overall, results show that NaClO 
has a higher cleaning efficiency, up to 100 % compared to CA. Based on 
the result, NaClO reported satisfactory results for each study. Thus, 
NaClO was used as an aging solution in this study. 

This study focuses on developing the stability of the modified PES 
and PVDF membranes with CNTs and PF. PES, recognized for its robust 
polymer properties, serves as a key material in the fabrication of a wide 
range of filtration membranes. Renowned for its high-temperature 
resilience, broad pH tolerance, and impressive mechanical and struc
tural strength [44].On the other hand, PVDF is a pure thermoplastic 
fluoropolymer that is highly unreactive, possesses excellent thermal 
stability, and can be used in a relatively high pH range [45]. Therefore, it 
is highly suitable for use in various situations and conditions. Both 
polymers have been extensively studied in membrane fabrication and 
application for water, and wastewater treatment. CNTs are incredibly 
strong and lightweight materials. When incorporated into membranes, 
they can enhance the mechanical strength of the membrane, making it 
more robust and durable, and exhibit distinctive structural character
istics that can be customized to improve membrane selectivity [46]. 
Pluronic, a triblock copolymer, is known for its amphiphilic nature and 
ability to form micelles in polymer solution. When blended to polymer 
solution, Pluronic can help mitigate fouling by forming a protective 
layer on the membrane surface, reducing the adhesion of foulants such 
as proteins, bacteria, or organic compounds [47,48]. CNTs has been 
investigated as an additive to improve the properties of PVDF mem
branes [49], while Pluronic has been used to improve the properties and 
filtration efficiency of PES membranes [47]. Regarding literature re
view, there is no research report on the effect of combining Pluronic and 
CNTs as membrane additive. 

This research aims to determine membrane aging on the character
istics and performance of the modified membrane. The membrane was 
modified by incorporating Pluronic and CNTs into PES and PVDF, both 
of which function as anti-fouling agents that are important for long-term 
membrane performance and efficiency. Four types of membranes were 
prepared, including pure PES and PVDF membranes as control variables, 
and CNTs/PF-PES and CNTs/PF-PVDF membranes as independent var
iables. This membrane is then contacted with sodium hypochlorite 
(NaClO) as aging agent for a certain period of time, after which its 
characteristics and performance are evaluated. This work is a first 
implementation of the modification of PES and PVDF membranes with 
pluronic and CNTs for resistance to aging agents. It is expected to pro
vide valuable insight into membrane aging in industrial applications. 

2. Experimental 

2.1. Material 

The chemical components required include Polyethersulfone (PES, 
Average Mw: 65 kDa, Ultrason E6020 P, BASF, Ludwigshafen, Ger
many), Polyvinylidene Fluoride powder (PVDF, average Mw ~ 534,000) 
sourced from Sigma Aldrich, Single-walled carbon nanotubes (CNTs) 
and Pluronic F127 (PF) as the membrane modifying agent, and Dime
thylformamide (DMF) as the solvent, all obtained from WAKO, Pure 
Chemical Industries, Ltd., (Osaka, Japan). Distilled water for the mem
brane coagulation media was provided by the chemical operation unit 
laboratory, University of Syiah Kuala. Sodium hypochlorite, acquired 
from CV. Gemilang Jaya, Medan, serves as the aging agent. 
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2.2. Membrane preparation 

Membrane fabrication started by sonicating a small amount (0.05 wt 
%) of CNTs in DMF solvent, then 18 wt% of polymers (PES and PVDF) 
and PF 3 wt% were added. The membrane composition is shown in 
Table 1. After stirring for 24 hours, a homogeneous solution achieved. 
The solution was then spread onto a glass plate using membrane 
applicator, resulting in a wet thickness of 300 μm. Subsequently, the 
casted membrane was immersed into a non-solvent (distilled water) 
bath. The wet thickness is the thickness set on the casting knife at the 
time of membrane molding. Actual membrane thickness may be less 
owing to shrinkage. Membrane solidification was performed in a coag
ulation bath at room temperature (26oC) with a 2-min immersion time. 
The membrane underwent rinsing three times with tap water and was 
then stored in a container filled with distilled water. 

2.3. Aging agent preparation 

Sodium hypochlorite (NaClO) with a concentration of 5 % was pre
pared by diluting 209 ml of 12 % NaClO into 500 ml of distilled water 
solution and stirring until the color of the solution is completely clear 
(homogeneous). The membrane was soaked in NaClO for 1 hour, then 
further analysis of its characteristics and performance was conducted. 

2.4. Membrane characterisation 

2.4.1. Functional group analysis 
Analysis of functional groups aims to determine the membrane’s 

chemical bonds. The experiment was conducted utilizing a Fourier 
Transform Infrared instrument (PerkinElmer Inc.) at Kobe University, 
Research Centre for Membrane and Film Technology with a wave 
number range of 500–4000 cm− 1. The membrane’s chemical groups can 
be identified through the wave number of the peak absorbed by the 
membrane. 

2.4.2. Chemical composition and morphology analysis 
SEM and EDS analysis were performed using SEM-EDX (Phenom 

ProX, Thermo Scientific, Japan). The membranes were dried using ni
trogen and then coated using platinum (Pt) on the surface and cross- 
sectional area to generate electrical conductivity prior to being moni
tored under vacuum conditions. Electron energy with a power of 15 kV 
is fired at the membrane sample enabling the membrane chemical 
compound and morphology to be observed. 

2.4.3. Membrane hydrophilicity 
The assessment of membrane hydrophilicity was performed using 

the Water Contact Angle instrument (Drop Master DMo-502, Kyowa, 
Japan). A membrane segment measuring 0.5 cm × 5 cm was dried using 
a freeze dryer for 24 hours. Subsequently, a 1 μL water droplet was 
dispensed onto the membrane surface, and the angle formed between 
the membrane surface and water was automatically determined on the 
monitor display. This process of measuring the water contact angle was 
repeated three times for each sample, and the average value along with 
the standard deviation was calculated. 

2.4.4. Porosity and analysis of pore size 
The porosity and pore size of the membrane were determined by 

measuring the difference in weight of the membrane after drying. The 
membrane was dried in an oven at 60 ◦C until its weight reached a 
constant value. Porosity and pore size were then calculated by gravi
metric method using Equation (1) and Equation (2) respectively [25]. 

ε=W1-W2

ρ A l
× 100% (1)  

where ε is membrane porosity (%), W1 is membrane wet weight (g), W2 
membrane is dry weight (g), ⍴ is water density (g/cm2), A is membrane 
surface area (cm2) and l is membrane thickness (cm). 

rm=

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
(2.9-1.75) × 8ηlQ

ε × A × ΔP

√

(2)  

where rm is mean pore size of membrane (μm), η is water viscosity, Q is 
permeate flow rate (cm3/s), and ΔP is pressure difference (Pa). 

2.4.5. Evaluation of membrane performance 
The assessment of membrane permeation performance, specifically 

in terms of water flux, involved several steps. First, the membrane 
sample sheet was placed into the cross-flow filtration module. Subse
quently, deionized water was flowed through the module using a peri
staltic pump at a pressure of 0.2 MPa for 1 hour until compression 
occurred. Finally, the pressure decreased to 0.1 MPa, and the volume of 

Table 1 
Membrane composition.  

Membrane Composition (wt%) 

PES PVDF CNTs Pluronic DMF 

A1 18 – – – 82 
A2 18 – 0.05 3 78.99 
B1 – 18 – – 82 
B2 – 18 0.05 3 78.99  

Fig. 1. IR-spectra of (a) PES and (b) PVDF membrane.  
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permeate passing through the membrane was calculated every 10 mi
nutes until the flux reached a constant value. Water flux value was 
estimated using an equation (3) [25]. 

J=
V

A × t
(3)  

where J is pure water flux (L.m2/h), V is permeate volume (L), and t is 
filtration time (h). 

The membrane rejection performance was evaluated using humic 
acid as a model foulate with a concentration of 50 ppm. Following the 

permeation process, the yield of humic acid in the permeate was 
analyzed employing a UV–Vis spectrometer (DR 5000 Hach Lange). 
Afterward, the rejection percentage is calculated using equation (4) 
[25]. 

R=1
Cp

Cf
× 100% (4)  

where R is rejection percentages (%), Cp is Feed concentration (ppm) 
and Cf is permeate concentration (ppm). 

3. Result and discussion 

3.1. Membrane functional group 

The findings related to the FTIR for the PES membrane samples are 
shown in Fig. 1a). It can be noted that each membrane sample exhibited 
the same absorption peak. The stretching vibration of the benzene ring 
C––C is observed at 1570 cm− 1 and 1480 cm− 1. The next stretching 
vibration, indicating the ether bond with the phenyl group C–O–C, is 
noted at 1420 cm− 1. The stretching vibration of the sulfone group 
O––S––O, which is a specific group of PES, is detected at 1150 cm− 1, 
while the C–H aromatic bonds can be seen at wave values of 871 
cm− 1and 836 cm− 1 [50]. The incorporation of CNTs and the addition of 
PF did not result in any alterations to the membrane’s functional groups. 
This occurs because all the vibration bands related to the PES functional 
groups coincide with the additives. Conversely, in the additive mem
brane, all polymeric bands are present without any notable alterations 
compared to the pure polymer spectrum. 

The PVDF membrane also experienced a similar situation, as shown 
in Fig. 1b. The peaks appearing at wave number 875 cm− 1 and 1178 
cm− 1 are the C––C functional group of C–H and C––C respectively, 

Fig. 2. PCA result of membranes.  

Fig. 3. EDS spectrum of PES membrane.  

N. Arahman et al.                                                                                                                                                                                                                              



Case Studies in Chemical and Environmental Engineering 10 (2024) 100777

5

indicating PVDF polymer as the main component of the PVDF mem
brane [42,51]. Interpretation of the FTIR is challenging because the 
peaks are identical between each membrane. Therefore, further analysis 
is required using principle component analysis (PCA) to cluster variables 
that have a close relationship [52]. 

The results of the PCA analysis for the eight different membrane 
types are explained in Fig. 2. The results show A1 and A2 without aging 
are close to A1 and A1 with aging treatment, indicating that these four 
membranes are based on PES polymer. Moreover, B1 and B2 without 
aging reveal close proximity to B1 and B2 with aging, denoting the 
similarity of the membrane composition, PVDF. 

In addition, the PES membrane demonstrates closeness concerning 
each component, indicating that the peak changes are not significant. 
Hence, this can be interpreted as a high level of stability. Nonetheless, in 
the PVDF membrane comprising code B1, B2 without aging and B1, B2 
with aging, a gap is evident between the membrane both before and 
after aging which could be caused by release of chemical components, 
thereby reducing the similarity of the absorption intensity formed. This 
confirms that the level of stability of the PVDF membrane is lower than 
the PES membrane [53]. 

3.2. Membrane chemical composition 

Figs. 3 and 4 depicts the Energy Dispersive X-ray Spectroscopy (EDS) 
spectra showcasing various chemical constituents and their quantitative 
evaluation within the PES and PVDF membrane. The qualitative analysis 
of the EDS spectrum revealed consistent presence of four components in 
both membranes: Carbon (C) and Oxygen (O). Additionally, S indicated 
the characteristics of PES, while F suggested the presence of PVDF. 
Carbon nanotubes primarily consist of Carbon (C), Oxygen (O), and 
Hydrogen (H), with carbon constituting over 98 % of their composition. 

Furthermore, Pluronic predominantly comprises Carbon (C) and 
Hydrogen (H) as its principal chemical compounds. 

The increase in C and O concentrations in PES membrane is clearly 
presented in Fig. 3, which indicates that CNTs and PF are integrated into 
the membrane matrix, the same also occurs in the PVDF membrane in 
Fig. 4 where the C and O components can be clearly seen to increase, 
with an indication of an increase in the intensity of the EDS peak 

Fig. 4. EDS spectrum of PVDF membrane.  

Fig. 5. Water contact angle of membranes.  
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spectrum [54]. After the aging process is carried out, the four mem
branes tend to experience a decrease in the overall chemical composi
tion. This is because the use of chemicals such as NaClO can leach out 
additives which are hydrophilic during the aging process [55]. PES 
membrane shows better stability compared to PVDF with peak intensity 
in the EDS spectrum that does not decrease too drastically, the com
parison of the decrease in chemical composition can be compared 
through Figs. 3 and 4. These results are in agreement (linear) with the 
FTIR spectrum analysis, as discussed in the previous section. 

3.3. Membrane hydrophilicity 

The results of the water contact angle (WCA) analysis are shown in 
Fig. 5, investigating the water contact angle plays a crucial role in 
assessing the hydrophilicity of membranes, typically, a reduction in 
contact angle suggests an enhancement in hydrophilicity. The results 
show that the addition of carbon nanotubes and pluronic additives have 
a significant impact on the WCA. The addition of CNTs to the membrane 
has an impact on increasing hydrophilicity caused by –COOH and OH- 
groups as a result of acid functionalization which increases the forma
tion of water groups [56], as well as the addition of plurnoic which plays 
an important role in increasing hydrophilicity because it has a hydro
philic PEO segment. During the phase inversion process, the hydrophilic 
segments within the polymer matrix gather at the surface. Afterward, 
hydrogen bonding occurs between the PEO block and water molecules, 

resulting in the creation of a hydration layer on the membrane surface. 
This process effectively increases the membrane’s affinity for water 
[57]. 

In this work, PES membrane has a lower WCA compared to PVDF 
membrane with values of 79.1◦ and 81.5◦ respectively, signifying that 
the PES membrane has better hydrophilicity, when compared to PVDF. 
The aging process had less impact on the pure PES membrane when in 
comparison to the modified PES as well as the PVDF membrane. Fig. 5 
explains that the PES and PVDF membranes experienced almost no 
changes, whereas the modified PES and PVDF experienced an increase 
from 59.4◦ to 64.7◦ and 64.7◦–69.1◦ respectively. This relates to the 
previous EDS discussion, which exhibited a reduction in the hydrophilic 
component (O) of the membrane. 

3.4. Membrane morphology 

Morphological structure is an important characteristic used to eval
uate membrane separation efficiency and examine pore structure more 
precisely. Fig. 6 reveals surface morphology of membrane, the addition 
of nano carbon and pluronic additives shows an increase in pores on the 
membrane surface for both samples. Nonetheless after aging, A1 exhibits 
the presence of several faint black dots on the surface which are believed 
to be pores formed after the washing process. A2 with aging also exhibits 
practically the same phenomenon, although there are more pores on the 
membrane surface compared to A2 without aging. Meanwhile, in B1 and 
B2 membrane, the pores on the surface are shown almost similar without 

Fig. 6. SEM images of membrane surface.  
Fig. 7. SEM images of membrane cross-section.  
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and with aging, which do not reveal changes before and after aging. 
Likewise, it can be realised that there is no noticeable difference in the 
two membrane samples after the membrane aging process. 

To delve deeper into the analysis, SEM examination was carried out 
on the cross-section of the membrane to investigate any alterations in 
pore structure. Fig. 7 illustrates the cross-section morphology of the 
membrane fabricated in this study. The membrane exhibits asymmetric 
pores comprising two layers: an active layer and a support layer. As 
depicted in the SEM cross-section image, the morphology of the PES- 
based membrane showcases a finger-like pore structure, whereas the 
PVDF-based membrane displays a sponge-shaped pore structure. 

However, after the addition of additives, both membranes demon
strate changes in their morphological structure. PES with a finger-like 
pore structure consisting of larger pores and PVDF with a larger open 
pore structure with macrovoids inside. Similarly, the aging process 
barely has any impact on the morphological structure of the membrane; 
there are no prominent differences in both types of samples both before 
and after the addition of additives. The enlargement of pore structures 
observed in both membrane samples is attributed to the inclusion of 3% 
wt of pluronic amphiphilic surfactant polymer (PF) into the dope 
solution. 

3.5. Porosity and mean pore size 

The porosity and pore size of membranes are depicted in Fig. 8. 
Membranes with added additives (A2 and B2) exhibit higher porosity 
and pore size compared to pristine membranes. The incorporation of 
additives into the membrane can expedite phase inversion between 
solvent and nonsolvent, resulting in enhanced pore formation and 
consequently leading to an increase in membrane flux [58]. 

The aging process exclusively impacted on the porosity and pore size 
of membranes containing additives (A2 and B2), while minimal alter
ations were observed in pure PES or PVDF membranes (A1 and B1). This 
phenomenon may stem from the displacement of hydrophilic com
pounds within the A2 and B2 membrane during the soaking process. 
Consequently, during NaClO soaking, the hydrophilic compounds are 
liberated from the membrane, leading to the formation of new cavities. 
This is further supported by the emergence of new pores observed on 
both the surface and cross-section of the membrane (see Figs. 6 and 7). 

3.6. Water flux 

The pure water flux (PWF) test results for PES and PVDF membranes 
are shown in Fig. 9. It can be seen that the modified membrane has a 
higher WF compared to the pure membrane. The PES membrane inte
grated with CNTs and pluronic (A2) showed an increase in WF of 56.8 % 
compared to pure PES (A1). This is due to changes in membrane prop
erties after modification, including an increase in hydrophilicity (Fig. 5) 
and an increase in the number of pores. These results are linear with 
SEM images both on the surface (Fig. 6) and on the cross-sectional 
structure of the membrane (Fig. 7). Similarly, the PVDF membrane 
modified with CNTs and pluronic (B2) showed a very high increase in 
WF, up to 466.6 %. This increase was largely influenced by changes in 
the morphological structure of the cross section (Fig. 7), where the 
sponge-like structure on the B1 membrane changed to a finger-like 
structure on the B2 membrane, with a larger channel size. These two 
results confirm that the combination of CNTs and pluronic has a positive 
effect on increasing the rate of membrane permease. 

An interesting finding was observed in the changes of the WF after 

Fig. 8. Porosity (a) and mean pore size (b) of membranes.  

Fig. 9. Water flux of membranes.  
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aging treatment with NaOCl solution. The unmodified membrane (A1 
and B1) showed a slight change in flux. This aligns with the minimal 
alterations in membrane characteristics, particularly in terms of porosity 
and pore size changes (Fig. 8). Meanwhile, in the modified membrane 
(A2 and B2), the change in flux was more noticeable as can be seen in 
Fig. 9. However, the change in flux of the modified PVDF membrane was 
greater than that of the modified PES membrane. This finding is in 
accordance with the statement made by Mohammad et al., which 
asserted that the PES membrane is more resistant to NaClO than PVDF 
[53]. 

3.7. Solute rejection 

The results of the solute rejection evaluation (in this case, humic 
acid) for the PES and PVDF membranes are shown in Fig. 10. It can be 
seen that the modified membrane has a lower HA rejection compared to 
the pure membrane. Compared to pure PES (A1), the PES membrane 
integrated with CNTs and pluronic (A2) showed a 23 % reduction in 
rejection. This is due to an increase in pore size after modification, from 
0.200 to 0.251 μm. The larger membrane pore size allows foulants to be 
released into the permeate. The same trend was found for PVDF mem
branes modified with CNTs and pluronic (B2), where the rejection 
reduction was very high, up to 79 %. This reduction was also influenced 
by changes in the morphological structure, which had very large finger- 
like channels, so that the rejection obtained for B2 was very low, only 
17.87 %. In general, an increase in the flux will have an effect on the 
rejection capability, so even though the combination of CNTs and 
pluronic has a positive effect on the flux, it is the opposite for the 
rejection in this study. 

Fig. 10 also shows the solute rejection after aging on the four 
membranes. In particular, it can be seen that there is no significant 
difference in the rejection of humic acid in each membrane. The un
modified PES membrane (A1) showed a quite stable rejection, mean
while, the modified PES membrane (A2) presented a slight decrease in 
rejection. Unlike the pure PES membrane, the rejection of the pure PVDF 
membrane (B1) changed slightly after aging. Changes in humic acid 
rejection in the four membranes after aging may occur due to changes in 
pore size of the membrane. 

4. Conclusion 

The improved stability of the PES and PVDF membranes has been 
positively discussed by examining their characteristics and performance. 

The results of the FT-IR analysis indicated no difference, although after 
further testing using PCA, it was determined that PES has excellent 
stability compared to PVDF. Stability is profoundly influenced by the 
hydrophilic compound the membrane possesses. Hence, the reduction in 
hydrophilic compounds, such as O in the membrane, can reduce the 
stability of the membrane. This is supported by the increase in hydro
philicity for each membrane after the aging process. These alterations 
affect certain structures both on the surface and the cross-section of the 
membrane, consequently influencing porosity and pore size. Although 
the membrane B2 exhibited the highest Pure Water Flux (PWF) at 86.92 
L/m2.h, its rejection capability for humic acid was approximately 20 %. 
Conversely, the pristine membrane demonstrated the highest rejection 
rate, up to 90 % for humic acid. Thus, it can be inferred that the additive 
modification involving CNTs and pluronic is more effective and stable 
within the PES membrane matrix compared to PVDF. These findings are 
anticipated to provide valuable insights for membrane aging in in
dustries such as sewage treatment, water treatment, and related fields. 
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