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ABSTRACT

The aim of this study is to design and fabricate a new kind of membrane that could be
used effectively in wastewater treatment. In this study, a novel type of electrosprayed thin
membrane was synthesized via electrospray deposition technique and its properties were
compared with electrospun membrane in terms of structure and separation efficiency.
The electrosprayed thin membrane was developed using dope solution composed of
20 wt. % polyethersulfone (PES) and 80 wt. % n-methyle-2-pyrrolidone/dimethylforma-
mide mixture. The electrosprayed PES membrane exhibited water flux of up to 100
Lm™h"" at 2 bar with porosity of 76 % which is very similar to the electrospun membranes.
The electrosprayed PES membrane also showed an excellent tensile strength up to 4.5 MPa
and demonstrated about 81 % and 63 % rejection rate against humic acid (HA) and bovine
serum albumin (BSA), respectively when tested at 2 bar. The fouling of the membrane was
further studied using FTIR, TGA and XPS analysis and the results confirmed that the
membrane did not suffer from substantial fouling. Moreover, a high flux recovery was
recorded, indicating low fouling tendency of the membrane. Overall, the findings showed
that the electrosprayed thin PES membrane performed better than the electrospun PES
membrane for wastewater treatment.

© 2022 Institution of Chemical Engineers. Published by Elsevier Ltd. All rights reserved.

1. Introduction

membrane technology is being used worldwide and is showing
a good deal of promise. This technology is mainly dependent on
the size of the pores and the surface charge of the membrane,

Globally, there is an increasing demand for clean water for
drinking and agricultural uses. However, the vast majority of
the world’s water is seawater and is not potable. The small
remaining amount available is often polluted. As a result, it is
essential to find technologies that can effectively treat and re-
cycle wastewater. Many different separation technologies have
been implemented but each has its own limitations. Currently,

which act as a physical barrier, and on the molecular size of the
constituents present in wastewater. Membranes with different
pore size range can be classified into porous membranes such
as microfiltration (MF) and ultrafiltration (UF) or dense mem-
branes such as nanofiltration (NF) and reverse osmosis (RO)
(Baker and Staff, 2000; Kassa et al., 2020; Khin et al., 2012).
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MF membrane is used for pre-treatment applications in
the removal of submicron materials suspended in water,
including bacteria and algae sediments with a molecular size
in the range of 0.01-1 pm. By contrast, UF membranes with
pore size of 10-100 nm are used for the removal of dissolved
organic matters and pathogens like viruses and proteins
(Baker and Staff, 2000; Chabalala et al., 2021; Vatanpour et al.,
2020). However, several studies have reported that proteins
and organic contaminants may cause severe damage to
these membranes due to their accumulation/deposition on
the membrane surface and/or within their pores (Bidlack and
Tappel, 1973; Khulbe et al., 2007; Mo et al., 2008). Typically,
bovine serum albumin (BSA) with molecular weight (MW) of
66.5 kDa is a model foulant used to determine UF membrane
performance. Considerable attention has been paid to BSA in
biomedical applications (Buddanavar and Nandibewoor,
2017) and also in separation process research using mem-
branes (Zhao et al., 2016; Zhu et al., 2015). Aside from BSA,
researchers have also looked at the presence of organic
contaminants like humic substances in water sources as
they can easily react with disinfectant products like chlorine
to form harmful disinfection by-products (DBPs) such as
haloacetic acids (HAAs) and trihalomethanes (THMs) (Ma
et al., 2014; Rojas and Horcajada, 2020; Wang et al., 2019).

Another key factor is the choice of membrane. Polymeric
membranes have been shown to be outstandingly effective
in wastewater treatment, with polyethersulfone (PES) being
one of the most frequently used polymers for this applica-
tion, owing to its high selectivity, cost effectiveness, high
rejection rate and excellent mechanical strength (He et al,,
2017; Lalia et al., 2013; Moradi et al., 2020). The attractiveness
of these properties can be further improved by enhancing the
membrane porosity, hydrophilicity and charge density. The
major drawback of conventional UF membranes however is
surface fouling. This results in a reduction in net water flux,
higher pressure drop and shorter membrane lifespan.

Electrospun nanofiber membranes outclass other mem-
brane types because of their large surface area and high
porosity. They are also simple to set up. However, in spite of
these special features, nanofibrous membranes are not very
efficient for the removal of macromolecular substances and
are therefore mainly used in pre-treatment (Gopal et al,
2006; Homaeigohar et al., 2010; Missau et al., 2018). Another
important factor to consider is the mechanical strength of
these membranes. Generally, electrospun nanofibers provide
good mechanical stability as has been reported by Al-Ghafri
et al. (2018) and Al-Husaini et al. (2019a, 2019b), but, their
hydrophobic character may result in a greater tendency to
fouling.

This study sought to overcome the drawbacks of both UF
membranes and electrospun membranes by designing and
fabricating a highly porous electrosprayed membrane with
pore size greater than 100 nm and high solute retention.
Moreover, the membrane with interconnected pore structure
is expected to operate at low hydrostatic pressure and can
achieve better filtration performance than typical asym-
metric flat sheet membranes.

There are other reasons why electrosprayed membranes
are favoured over electrospun and conventional flat mem-
branes. The electrospraying process is an electro-
hydrodynamic process, where a jet breaks into drops (< 1 pm)
when a high voltage/potential is applied between the col-
lector and the nozzle in the electrosprayer. The working
principle of this electrospraying process is similar to that in

electrospinning (Bhardwaj and Kundu, 2010; Deitzel et al.,
2001; Sweet et al., 2014; Taiski et al., 2017); however, the
viscosity of the polymer makes the electrospraying process
more effective. At a lower concentration, the polymer can be
sprayed with a high-voltage electric field to produce particles
instead of fibers; these have excellent self-dispersion attri-
butable to Coulombic repulsion (Selatile et al., 2018). The key
advantage of using electrospraying over the casting method
is that the thickness of the membrane can be controlled, so
that a thinner and more uniform membrane can be achieved.
Electrospraying membranes also have the potential to over-
come the limitations of conventional casting membranes
because they use lower amount of dope solution, and operate
at lower pressure as a result of their lower hydraulic re-
sistance (Bonyadi and Chung, 2007; Selatile et al., 2018; Tsai
et al., 2000; Wang et al., 2022; Yang et al., 2009). They also
have more efficient liquid flux, as well as better porosity,
greater mechanical strength and longer durability (Idris et al.,
2002; Shaulsky et al., 2017).

Several other factors are central to the formation of the
particles and thus the uniformity of the membrane. The se-
lection of the solvent used in the dope solution has a critical
role in the particle size, and the solvent’s evaporation rate
has also been proved to affect the quality of the particle
formation (Takeshi et al., 2013). Other important parameters
of electrospraying process are flow rate, humidity, voltage
and distance between collector and nozzle. Furthermore, the
uniformity of the membrane is mainly dependent on the
particle diameter, as the smaller the diameter of the particle,
the higher the quality of the membrane. The aim of this
study is to design and fabricate a new kind of electrosprayed
thin membrane that could be used effectively in wastewater
treatment. The developed membranes will be evaluated with
respect to water permeability and solute rejection while its
intrinsic properties will be characterized. using a series of
instruments including tensile testing machine, optical con-
tact angle (CA) goniometer, scanning electron microscope
(SEM), Fourier transform Infrared (FTIR) spectroscope, ther-
mogravimetric analyzer (TGA) and X-ray photoelectron (XPS)
spectroscope.

2. Methodology
2.1. Materials

All materials used in this study were purchased from a
number of reputable sources. PES (granular size: 3 mm) was
purchased from Goodfellow Limited in Cambridge, UK (PE29
6WR); dimethyl formamide (DMF) from Sigma-Aldrich; n-
methyl-pyrrolidinone  (NMP) from Fluka Analytical
(Germany); bovine serum albumin (BSA, Fraction V powder
96 %, MW: 66.5 kDa) and humic acid (HA) from Fisher
Scientific. The DI water used for all experiments was pro-
duced by the Milli-Q system (O-Purite).

2.2. Electrosprayed thin membrane

There were several stages in the fabrication of the electro-
sprayed thin membrane. First, the PES pellets were dried
overnight in an oven at 70 °C to remove moisture. After that,
it was gradually added to a preweighted solvent mixture. The
dope solution was made by dissolving 20 wt. % of PES in a
mixture of DMF/NMP solvent with three different DMF:NMP
volume ratios (i.e., 0:1, 1:4 and 2:3). The respective solution
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Fig. 1 - Fabrication of novel PES membrane based on
electrospray deposition technique using multi-nozzle
nanospinner.

Table 1 - Electrospinner parameter for electrospun
membrane and electrosprayed membrane.

Membrane type Electrospun Electrosprayed
membrane membrane

Flow rate (mL/hr) 1:00 1:20

Voltage (kV) 235 20.4

Spinneret 130 130

distance (mm)
Humidity % 60 60
Speed (rpm) 220 220

was stirred continuously for 48 h at 80 °C in order to homo-
genize the mixture. The prepared dope solution was then
electrosprayed onto an aluminium foil using a multi-nozzle
nanospinner (NS24) for 4 h as shown in Fig. 1 with the
synthesis conditions as shown in Table 1. The resultant
membrane was allowed to dry inside the chamber of elec-
trospinner for 24 h before it was taken out.

The membrane was dried inside the electrospinner in-
strument for 24h before it was taken out. Separately, an
electrospun PES membrane was also prepared using a dope
composed of 26 % PES and 74 % DMF/NMP (7:3) mixed sol-
vent. The electrospinning conditions for PES nanofiber mat
are shown in Table 1. The PES solution was electrospun onto
an aluminium foil using a multi-nozzle nanospinner (NS24).
The membrane was only taken out from the chamber 24h
after completing the electrospinning process.

2.3. Membrane characteristics

2.3.1. Membrane morphology

A scanning electron microscope (JEOL, JSM-7600F FESEM),
operating at 20kV, was used to analyse the morphology of
the fabricated membrane. Before the SEM image analysis was
conducted, the membrane sample had to be prepared. First, a
cross-section of the fabricated membrane was obtained by
freezing it with liquid nitrogen to avoid the collapse of the
porous structure; this was then fractured. Afterwards, the
prepared sample was coated with platinum to avoid the

effects of electrons charging. After these preparations, the
SEM image analysis was conducted.

The mechanical properties of the prepared membranes
were measured using an instron tensile machine (Tinius
Olsen-HS5KT). Membrane pieces measuring 2cm x 3cm was
used for the tensile test, with the following instrument
parameters, i.e., 180-mm gauge length, 110-pym specimen
thickness and 20-mm width (at the centre). The true stress-
true strain curve was plotted and was used to calculate the
tensile properties such as ultimate strength and elongation
at the break point.

Water contact angle (WCA) of membrane was measured
using an Optical Tensiometer instrument (Biolin) to evaluate
the surface hydrophobicity of the membranes. A sessile drop
was set to 5 pL and samples of 2cm x 3 cm size were put on
a glass slide. Three measurements were taken for each
membrane sample to yield an average value. The viscosity
measurement was conducted using Rheometer (Bholin
Gemini 150, Malvern) to study the effect of PES weight on the
viscosity of PES polymeric solution. The results are provided
in Fig. S1.

2.3.2. Porosity

The overall porosity of the fabricated membrane (¢, %) was
measured by applying the dry-wet weight equation as
follows,

(W — Wqg)

_ PHYO
€= Fo —— e x 100 1)

PHyO PPES

where Wy, and W4 are the weight (g) of the wet and the dry
membrane, respectively; py,, is the pure water density
(0.998 g/cm®) and ppg is the PES density (1.37 g/cm?). The
thickness of the membranes was measured using a digital
micrometer (Mitutoyo) and it was found to be 110 pm (Eq. (2)).

To estimate the pore size (rn), the Hagen-Poiseuille
equation was used (Hernandez et al., 1996; Wang et al., 2017).
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where Ax is the thickness of membrane, p is viscosity of
water (8.9 x107* Pas) at 25°C, &, is the obtained porosity, J is
the flux (m3s™) per area (A) and AP is the applied pres-
sure (Pa).

2.4. Filtration tests

Filtration tests were carried out using a dead-end cell (01730,
Amicon, Millipore MA) at room temperature. The aim was to
determine the pure water flux, the BSA and HA flux, and the
solute retention. Before testing, the membranes were cut
into a circular shape, so that the effective surface area of the
membrane was 28.7 cm?® To prepare for the water flux (Jo)
testing, the membrane was compacted at 5 bar and was kept
in deionized water for one day to ensure that all the pores
were filled with water. The membrane sample was then
placed within the dead-end cell, with the active skin layer
facing upwards.

The average water flux, J (L. m 2h™") was determined by
measuring the permeate every 15 min for the first hour, and
then every 30 min for the next 2 h using Eq. (3).

\Y

J=m (3)
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where V (L) is the volume of the permeate at the period of
time At (h) and A (m?) is the effective area of the membrane.
The dead-end cell identified above was also used in the BSA
and HA rejection testing. 2bar of nitrogen gas was used to
test the electrosprayed thin membrane during the whole
process.

2.4.1. Rejection
BSA was used to evaluate the filtration performance of the
fabricated membranes. A BSA calibration curve was con-
structed by measuring the optical absorbance of BSA
(100-500 ppm) solutions, which were prepared in DI water.
The BSA concentration was used directly for the measure-
ments to ensure that the protein did not denature (Miron
et al., 2019). The concentration of the filtrated BSA was
measured using an absorbance peak at a wavelength (A) of
280 nm of permeated protein using UV-vis light (Ocean Optic,
USB4000).

The rejection rate (%) of BSA was calculated using Eq. (4).

G

Rejection = (1 -
F

)xlOO (@)
where C, is the BSA concentration in the permeate solution
and Cr is the BSA concentration in the feed solution.

For the performance test investigation, HA was used, with
the same measurement process as was used for BSA. To
prepare for the investigation, HA was dissolved in basic
media in a pH of 9, which was adjusted by NaOH. 50 ppm of
HA solution was prepared by dissolving 50 mg of HA in 1L of
ultrapure water. The feed solution was then poured into a
dead-end cell before the filtration experiment process was
started. The membranes were cleaned and rinsed thoroughly
with DI water, and then soaked in DI water for a further 1-2h
before the water flux recovery measurements were obtained.

2.5.  Membrane stability

Several fouling tests were conducted to assess the electro-
sprayed PES membrane. Thermogravimetric analysis (TGA,
PerkinElmer Pyris STA 6000, Germany) was used to evaluate
the thermal property of the electrosprayed PES membrane
before and after the rejection tests. TGA tests were con-
ducted from 30°C to 900 °C using 19-21 mg of the prepared
membrane at a constant rate of 10 °C/min~" under nitrogen
atmosphere.

A PerkinElmer Frontier FT-IR spectroscope from USA was
used to study the surface group of the electrospray PES
membrane. The spectra were recorded in the range of

500-4000cm™ and scanned 32 times with a resolution
of 4cm™.

The study sought to confirm the fouling results by car-
rying out XPS measurements using photoelectron spectro-
scopy (Scienta Omicron, Germany) equipped with Al K-alpha
X-ray source as excitation. For survey spectra, pass energy of
50eV was used and 20 eV was employed for high resolution
spectra. In order to neutralize the surface charging, a flux of
electron beam was applied onto the sample surface during
measurement. XPS spectra were analyzed using Casa XPS
(Casa XPS software Ltd., UK) with Gaussian Lorentzian (30,70)
function without background subtraction. Intrinsic carbon
peak at 284.6 eV was utilized as reference binding energy and
calibrated accordingly.

Moreover, pure water recovery (PWR, %) was recorded to
study the membrane fouling due to HA and BSA molecules
accumulation. The membranes were rinsed with DI water
after the rejection tests and the pure water flux recovery was
measured using Eq. (5).

PWR = (M)xmo (5)
w1
where Jy1 is the pure water flux of the membrane before
rejection tests and Jy» is the pure water flux after rejection
tests. The washing process lasted 30 min under same con-
dition as rejection test.

3. Results and discussion
3.1 Membrane morphology

Different percentages of a PES polymeric solution were in-
vestigated using viscosity measurement (Fig. S1) and SEM
micrograph (Fig. 2 and S2). The viscosity was measured in the
range of 15-30 wt. % and the SEM micrographs of the formed
membranes at lower than 20 % PES and higher than 26 % PES
are shown in Fig. S2. Part of the results is based on our pre-
vious research work published elsewhere (Al-Ghafri et al,,
2018). When the PES concentration was higher than 21 wt. %,
fibers started to form, initially with some particulates.
However, when the critical entanglement concentration was
reached, uniform fibers were formed. When the polymer
concentration was too high (viscosity >6000cP), beaded fi-
bers were produced. However, at a viscosity lower than
705 cP and this solution could not be electrospun via a na-
nospinner instrument and a phase inversion method had to
be used instead (Al-Hinai et al., 2017). It was found that at
20 wt. % the viscosity of PES solution was around 700 cP, the

Fig. 2 - PES membrane morphology with 20 % PES concentration using a nanospinner instrument; (a) top view and (b) cross

section view.
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Table 2 - Porosity and pore radius of fabricated
membranes.

Membrane & (%) I'm (Pm)

Electrospray PES 76.32 0.103

polymeric solution could be then electrosprayed using an
electrospinner, forming a new type of membrane.

The morphology of this new membrane was further stu-
died using SEM images, with the findings are shown in Fig. 2.
It was found that when PES concentration was at 20 wt. %,
droplets were formed instead of fibers. The top view SEM
micrograph of the electrosprayed PES membrane (Fig. 2a)
showed a porous surface and the cross-section (Fig. 2b)
clearly showed that the membrane has an asymmetrical
structure composed of a thin, porous skin structure with a
thickness of 110pm. The magnified SEM micrograph in
Fig. 2b (inset) shows that the interconnected pores are in
micro-scale range and the calculated data (pore size and
porosity) are presented in Table 2. A mixture of two aprotic
solvents (20 wt. % DMF in NMP) was used to prepare a PES
polymeric solution that would form the electrosprayed thin
PES membrane. A higher amount of NMP was used in the
mixed solvent, because NMP could results in a more homo-
genous and less viscous solution. It was found that dissolving
PES polymer in certain solvents such as DMF could turn the
solution to a gel-like mixture over time (Al-Hinai et al., 2017).
Since 20 wt. % PES solution was able to produce a new type of
membrane, it was selected for further evaluation in this
study.

3.2. Mechanical properties

The mechanical strength of the electrosprayed PES mem-
brane fabricated in the study was investigated by analysing
its mechanical properties. First, it was assessed using a true
stress-true strain curve, as shown in Fig. S3. The tensile
strength and elongation-at-break were then calculated and
the results were compared with an electrospun PES mem-
brane as shown in Fig. 3. The tensile strength of the elec-
trosprayed PES membrane was 4.48MPa which was
significantly greater than that of the electrospun PES mem-
brane (2.90MPa) (Al-Ghafri et al., 2018; Al-Husaini et al,
2019a). However, the elongation-at-break point of the elec-
trospun membrane indicated that this membrane was more
elastic by 28 %. It is generally known that the electrospun
membrane tends to offer a progressive dealignment of its
nanofiber which gives the membrane a greater elongation
capability before rupture. However, the presence of inter-
connected pore structure in the electrosprayed membrane is
believed to offer greater physical properties in terms of
compaction compared to the electrospun nanofiber mem-
brane during filtration process.

3.3. Pure water flux and hydrophilicity

Fig. 4 shows that the WCA of the electrosprayed thin mem-
brane was around 93" which was lower compared to the
electrospun membrane of 126". This indicated that the elec-
trosprayed membrane was less hydrophobic than that of
electrospun membrane. With respect to flux, the recorded
pure water flux for the electrosprayed PES membrane was
101.6 Lh™'m™2 at 2 bar which was similar to the electrospun
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membrane but higher than that reported for the UF mem-
brane at 10 bar pressure (Al-Hinai et al., 2017). This is due to
the interconnected pore structure in the electrosprayed PES
membrane (SEM image in Fig. 2b), which creates pathways
for water to flow freely through the membrane. It is also at-
tributable to the high porosity and larger pore size distribu-
tion (see Table 2).

3.4. Rejection and filtration flux of BSA protein and HA

A selectivity test was performed to study the effectiveness of
the electrosprayed membrane in rejecting 50 ppm HA and
150 ppm BSA and the results are presented in Fig. 5. The
electrosprayed membrane recorded a removal rate of against
62.4 % BSA. This result can be compared with those from
previous research using electrospun membrane. For ex-
ample, when an electrospun PSF membrane was used,
around 10 % of BSA was removed (Uzal et al., 2017). It was not
possible to compare results for nanofibers membranes, since
there have been almost no serious trials using nanofiber for
BSA rejection. This is because of the large pore size of elec-
trospun membranes that makes them inefficient to separate
these kinds of molecules from water (Bae et al., 2016).

The membrane fabricated for this study also achieved a
better rejection rate for HA than other types of membranes.
When tested using 50 ppm HA solution, the rejection of
membrane was found at 80.6 % which was remarkably better
than the electrospun membrane reported in another study
(Al-Ghafri et al., 2019). In both tests, the rejection was mainly
due to the hindrance effect of the membrane since a dead-
end cell was used in this work and the feed solution was
being stirred and no protein or acid substances were
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expected to accumulate on the membrane layer. Moreover, a
high flux recovery was recorded after the rejection tests as
shown in Fig. 5. This indicated lower fouling tendency of the
membrane. BSA and HA fluxes were lower than that of pure
water flux as clearly shown in Fig. 6 mainly because of pre-
sence of HA and BSA in the feed solution. By comparing the
separation performance of membrane against two types of
solutes, the electrosprayed membrane showed a higher HA
rejection rate (81 %) compared to the BSA (63 %). In terms of
water flux, the electrosprayed membrane exhibited lower
value in filtrating HA solution compared to BSA solution and
this could be due to higher rejection of membrane against HA
which led to greater solutes accumulation on the membrane
surface, increasing water transport resistance.

3.5. Membrane stability test

The stability of the membrane was studied by carrying out
TGA, FT-IR and XPS tests. Fig. 7 demonstrates the TGA results
of the electroprayed membrane before and after BSA and HA
rejection. The TGA curves consisted of three main regions
(30-172 °C, 172-500 °C and 500-600 °C), revealing different
stage of membrane weight loss. The first region of the elec-
trosprayed membrane weight loss was due to the loss of the
remaining water in the membrane, while for PES-BSA and
PES-HA membrane, the faster weight loss than the pristine
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Fig. 7 - The TGA data of pristine PES membrane and PES
membranes after BSA and HA filtration.

membrane was due to the presence of BSA and HA sub-
stances (on membrane) and water, respectively. The second
weight loss was due to residual solvents (NMP and DMF) in all
the membranes. The third weight loss was due to the clea-
vage of the C-O bond of PES polymer following polymer de-
gradation at 500-600 °C.

When comparing the behaviour of the pristine PES
membrane with thos of used membrane after 600 °C, it was
found that the weight loss was almost similar. The greater
residues on the used membranes can be attributed to the
existence of HA and BSA on the top of the membrane and/or
whithin the membrane pores. As a dead-end cell was used
for the rejection test, the accumlation of the substances was
expected.

Overall, this aspect of testing showed that the electro-
sprayed PES membrane had low tendency for fouling and
this was concluded after conducting rejection tests using
BSA and HA as model contaminants. Moreover, the TGA re-
sults confirmed that the electrosprayed PES membrane was
thermally and mechanically more stable than the electro-
spun membranes reported elsewhere (Al-Ghafri et al., 2018;
Al-Husaini et al., 2019a).

Further fouling investigation was carried out by FTIR
analysis and the results are shown in Fig. 8. The existence of
peaks at 3094 and 3062 cm™* was corresponded to aromatic
C-H stretch, while those at 1574 and 1481 cm™' were attrib-
uted to aromatic C=C stretch. Peaks at 1296 and 1320 cm™
were assigned to O=S=O0 bonding. These results clearly
showed that there was no destruction of the functional
groups of the polymer after rejection tests and that all the
peaks have the same intensity, indicating that the electro-
sprayed PES membrane was not severly fouled by organic
contaminants.

The surface properties of pristine PES membrane before
and after filtration process were further analyzed using XPS
and the results are shown in Fig. 9. The survey scans in
Fig. 9a showed two main predominant peaks of Cls and Ols
and other peaks of S2p and S2S for all membrane samples.
Additional N1s peak was also detected for the membrane
used for BSA filtration and this was probably due to the
amine groups of BSA. Moreover, the silicon contaminant
from DI water can be seen on the membranes used for HA
and BSA filtration. High resolution C1s spectra of pristine PES
and used membranes were further analysed with results
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Fig. 8 - FTIR spectra of electrosprayed membrane before
and after rejection test.

shown in in Fig. 9b-d. Four deconvoluted Cls features were
obtained for the pristine membrane (Fig. 9b) at binding en-
ergy values of 283.8 eV (C=C), 284.6 eV (C-C/C-H), 286.3 eV (C-
0) and 291.1eV (n-1*) (Hong et al,, 2018; Liu and Kim, 2011;
Subtil et al., 2019). After subjecting the membrane to HA and
BSA rejection (Fig. 9c-d), the deconvoluted high resolution
C1s was obtained for five distinct peaks. They were C-C/C-H

(@)

Table 3 - C1s area (%) composition of pristine PES and
used PES membrane.

Samples Area (%) composition of C 1s
C=C C-C/C-H C-OH C-0/ C=0 O0=C-0 mu-m*
C-N
PES 9.05 7711 - 6.98 - = 6.86
PES-HA - 56.09 36.39 241 26 = 2.51
PES-BSA - 48.99 3649 6.86 - 5.39 2.26

at 284.6 eV, the carbon atoms bonded to oxygen in hydroxyl
components of HA and BSA (C-OH at 285.6eV and C-OH at
285.4eV), carbon atoms singly bonded to oxygen/nitrogen
atoms (C-O at 286.3eV and C-O/C-N at 286.2 eV), carbons in
C=0 at 288.6 eV from HA and carbons in O=C-O at 287.6eV
from BSA, and the shake-up satellite peak of m-n* at 291.6 eV
(Ganguly et al., 2011; Jing et al., 2020; Miyake et al., 2016). Due
to the accumulation of HA and BSA on the membrane sur-
face, the reduction in Cls components of C-C/C-H and m-m*
was observed (Table 3). Although HA and BSA were detected
from the used membrane, the accumulated substances were
not severe based on the water flux recovery results shown in
Fig. 5 as well as TGA and FTIR analysis presented in Figs. 7
and 8, respectively.
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Fig. 9 - (a) XPS survey spectra and high resolution C1s spectra of (b) pristine PES, (c) HA-PES and (d) BSA-PES.
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4, Conclusions

The results in this study showed that the new type of elec-
trosprayed thin PES membrane has the potential to overcome
the limitations of conventional membranes. The fabricated
membrane has lower hydraulic resistance owing to its high
porosity (~76 %) and can be operated at lower pressure. The
electrospraying method is able to develop the membrane with
several unique features compared to the electrospinning
technique. As a comparison, the electrosprayed membrane
has a smaller pore size (but similar porosity) and lower WCA.
The new electrosprayed PES membrane also exhibit 35 %
greater mechanical than that of an electrospun membrane. In
terms of rejection, the electrosprayed membrane with thick-
ness of 110 pm was able to achieve up to 81 % HA rejection
and 63 % BSA rejection with water flux in the range of 80-88
Lm~h™" at 2bar. Membrane fouling autopsy conducted using
different instrument (FTIR, TGA and XPS) revealed that the
electrosprayed membrane did not suffer from substantial
fouling tendency. In conclusion, this study demonstrated an
alternative way of designing and fabricating flat membrane
using electrospraying technique that is potential to be used
for macromolecules filtration.
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