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Abstract:
In this research, the effect of corona discharge surface modification on surface properties and
water purification efficiency of electrospun polyacrylonitrile and thermoplastic polyurethane
(PAN/TPU) nanofiber membranes has been investigated. The corona-treated PAN/TPU membranes
were studied using field-emission scanning electron microscopy (FE-SEM), attenuated total
reflectance–Fourier transform infrared spectroscopy (ATR–FTIR), water contact angle, detection
and enumeration of Escherichia coli (E. coli), the most probable number (MPN) estimation of E.
coli, and the desalinating performance through electrical conductivity (EC). The results showed
that the sample PT4, which was subjected to 40 s of surface treatment, presented the lowest water
contact angle (25.2°). The highly connected nanofibers between pores for the sample with 40
s surface treatment provided excellent membrane filterability. The formation of polar oxygen
groups was confirmed on the surface of membranes contributing to its enhanced wettability. The
desalination process provided good efficiency by removing about 30 wt.% of the salt present in the
water samples. The MPN and lactose consumption tests indicated that the prepared membranes
could remove E. Coli, however, fungi agents could pass it for both water samples of Persian Gulf
and Caspian sea. The water hardness for the water samples of the Persian Gulf and Caspian sea
were 6800 and 3700 ppm, respectively, indicating that both water samples are very hard. The
appropriate purification of these samples sounds a way out to increase available drinkable and
more pure water.
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1. Introduction

Many communities are threatened by water shortage and
its low quality. The need for safe water for agriculture,
drinking, electricity and industry increases as the global
population grows [1]. Bacteria and pathogens may also
contaminate drinking water and cause death if it is acquired
from surface water without treatment or is polluted due to
the breakage of pipelines and long-time storage [2–4]. As a

result, effective drinking water purification is hugely vital
[5].
Despite dramatic reductions in energy demand over the last
two decades, saltwater desalination methods are still very
energy-demanding [6]. Electrochemical disinfection has
been suggested as a possible alternative disinfection ap-
proach in recent years due to its low cost and effectiveness
in killing a broad range of bacteria [7, 8]. The development
of electrode materials with higher efficacy and a mix of ad-

https://dx.doi.org/10.57647/j.jtap.2024.1802.24
https://orcid.org/0000-0001-5226-8920
https://orcid.org/0000-0002-7023-7471
https://orcid.org/0000-0002-7622-5578
https://orcid.org/0000-0003-3640-3031
https://orcid.org/0000-0001-9476-3583
mailto:k-tahvildari@iau-tub.ac.ir


2/13 JTAP18 (2024) -182424 Nikkhah Nikkho et al.

sorption, conductive, and electro-oxidation capabilities has
recently been emphasized. For electrochemical disinfecting,
conductive nanosponge electrodes [9], flake graphite inter-
calation composite adsorbent [10], and TinO2n−1 ceramic
reactive electrochemical membrane electrodes [11] were
constructed and tested. These devices display electrochem-
ical disinfection integrated with adsorption and filtration
[12]. Antibacterial nanofibres were also included in the
composite membrane of electrochemical disinfection sys-
tems, allowing for bacterial entrapment and inactivation
even when no electric field was present [13–16]. Therefore,
nanofibre membranes with controlled porosity architectures
have been successfully produced and utilized for water pu-
rification using electrospinning to improve the effectiveness
of the purification process [17–21].
Thermoplastic polyurethane (TPU) and Polyacrylonitrile
(PAN) are two materials that are used normally as mem-
branes because of their outstanding physicochemical stabil-
ities [22–24]. Acrylic (PAN) is a hydrophilic polyacryloni-
trile copolymer and is used to make ultra-filtration mem-
branes, hollow fibers for reverse osmosis, textile fibers, and
oxidized PAN fibers [25]. TPU is a kind of polyurethane
and is widely used due to its hardness, resistance to mi-
croorganisms and abrasion, and high hydrolytic stability
[22, 26, 27]. This copolymer has a versatile use in pro-
ducing hollow fibers for reverse osmosis, ultra-filtration
membranes, oxidized PAN fibers, textiles, etc [28].
One of the ways of improving the efficiency of PAN/TPU
filter membranes is modifying the surface of these mem-
branes, which leads to an increment in the wettability of
the surface and improves the adherence of glues, inks, and
coatings to these polymer-based substrates. One of the
widespread ways of surface treatment in extrusion, convert-
ing, and plastic film industries is corona treatment which
has been used since the 1950s [29]. Bombarding the surface
of a plastic substrate with high-speed electrons makes the
surface molecule bonds to be broken [30].
To increase the energy and wetting of the surface and also ad-
hesion properties of the main polyolefin such as Polypropy-
lene (PP) and low-density polyethylene (LDPE), the use
of oxidized functional groups have been recommended
[31–35]. Different characteristics such as surface hardness
[36], heat sealability [37], printability [38, 39], coatability
[40, 41], and friction [42] are assessed to investigate the
influence of corona treatment of polyolefins. The surface
hydrophilicity of composites synthesized from graphene
nanoplatelets and linear low-density polyethylene (LLDPE)
was improved after corona treatment [43]. Making a func-
tional group on the surface of Polypropylene film by corona
discharge and its eminent role in connecting the polymer
to the resin was studied by Ghorbani et al. [44]. The adhe-
sion properties of LLDPE via corona treatment, investigated
by Popelka et al., was improved [45]. Corona discharge
was also used in the surface treatment of monofilaments of
poly (ethylene terephthalate) (PET), polyamide-6 (PA-6),
and polypropylene (PP). Based on the results, the surface
morphology alteration and oxidation resulted from corona
treatment effectively improved the wettability of polymeric
surfaces but the bulk thermal properties were not affected

[46]. The separation efficiency of an oil-in-water emulsion
by membranes with a pore size of around 0.01 µm based on
polysulfonamide with a molecular weight cut-off of 20 kDa
treated by unipolar-corona discharge treatment, investigated
by Alekseeva et al., intensified via the corona discharge
treatment of the membrane surface [47]. Low temperature
plasma techniques can be used for tailoring the surface prop-
erties of polymer membranes. The energized species in the
plasma include ions, electrons, radicals, metastables, and
photons. An appropriate selection of the plasma source and
operating parameters allows introducing various functional
groups onto membrane surfaces [48]. Therefore, corona dis-
charge modification could significantly enhance PAN/TPU
nanofiber membrane properties for water purification ap-
plications; however, there were limited studies regarding
applying corona discharge to modify PAN/TPU nanofibre
membranes for water treating purposes. Given that, the
electrospinning method was used to fabricate the nanofi-
bre membranes of PAN/TPU with enhanced mechanical
properties, controllable porous structures, and uniform di-
ameters. The effects of this modification on the properties
of the PAN/TPU membrane were evaluated using FE-SEM,
ATR–FTIR, and water contact angle evaluation. Its wa-
ter purification efficiency was examined through microbial
tests, including disinfection performance, detection, and
enumeration of Escherichia coli (E. coli), as well as the
most probable number (MPN) estimation of E. coli. In ad-
dition, the desalinating performance of the membrane was
measured through electrical conductivity (EC) and complex-
ometric titration measurements.

2. Materials and methods

2.1 Preparation of PAN/TPU electrospun nanofibres
0.5 g of PAN and 0.5 g of TPU were separately dissolved
in 5 mL of Dimethylformamide (DMF), respectively at 25°
C in a paraffin-covered beaker and were stirred for 24 h
using heater stirrer to prepare initial electrospun solutions.
The ratio of 30% PAN and 70% TPU was used for blend-
ing PAN/TPU. The homogeneous electrospun solution of
PAN/TPU (10 wt%) was formed after adding 3.5 cc TPU so-
lution to 1.5 cc PAN solution and mixing with a heater stirrer
at room temperature for 24 h. A nanofiber electrospinning
unit (Kato Tech Co. LTD, Japan) was used to implement
the electrospinning process. The carriage included 5 cc of
the polymer solution and an active electrode parallel to the
collecting electrode. A voltage of 15 kV and a feeding rate
of 0.04 mm/min were applied to deliver the 180 mm of the
spinning solution from the active electrode to the collecting
electrode via moving carriage at the temperature and rela-
tive humidity of ∼ 25° C and 35−45%, respectively. The
distance between the nozzle and the collector was 15 cm.
Two layers of aluminum foil were used for collecting fabric.
To remove the residual solvent, the PAN/TPU electrospun
nanofibers were dried in a vacuum oven.

2.2 Corona treatment
A commercial device Saba Electric, Iran with AC frequency
between 10−50 kHz was used for the corona treatment of
fabrics at atmospheric pressure. Different membranes were
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Figure 1. Image of the preparing process of PAN/TPU membrane (PT4) for disinfection performance test.

placed on separate silicone drums to be subjected to various
rounds of surface treatment with the amperage of 2.45 A,
the voltage of 539 V, and the treatment time of 10 s for each
surface treatment round. Therefore, different membrane
samples were exposed to plasma for 20, 30, 40, 50 and 60
seconds. The treatment was done for several times because
of achieving total treatment time. The coding of samples
according to each surface treatment round applied to them
are presented in Table 1.

2.3 ATR–FTIR analysis
According to dual functionality of FTIR device and the
composite material’s solidity, ATR capability is utilized for
solid samples and FTIR capability is used for liquid samples.
The characteristic peaks recorded by ATR–FTIR (TENSOR
27, BRUKER Co.) were used to confirm the presence of
PAN and TPU polymers. The FTIR test was conducted on
the PAN/TPU composite solution (liquid sample) while the
ATR test was perfomed on the electrospinned nanofibers
(solid sample). The samples were put directly on the sample
holders. The recorded spectra were in the range of 400−
4000 cm−1, with a spectral resolution of 4 cm−1 and an
average rate of 32 scans min−1.

2.4 Microstructural analysis
Using the ZEISS Ultra-Plus device, FE-SEM micrographs
of the surface morphologies of sieved bacteria and the mem-
branes were obtained. To avoid charging, a fine coater of
JEOL JFC-1200 was employed to apply a layer of Au–Pd

Table 1. Coding of membrane samples according to each
surface treatment round.

Sample Rounds of Treatment
Code surface treatment time (s)
PT2 2 20
PT3 3 30
PT4 4 40
PT5 5 50
PT6 6 60

alloy on the surface of the samples. A UTHSCSA Image
Tool 3.0 image processing software was used to determine
the average diameter.

2.5 Eelectrical coductivity
The electrical conductivity of several dilutions of NaCl solu-
tion (5, 10, 15, 20, 500, 1000, 2000 ppm) was determined by
an EC meter using the EC potentiometric technique (inolab
cord 730, Laboratory Conductivity meter). The conductiv-
ity was measured before and after applying the PAN/TPU
filter membrane (PT4) to each NaCl solution, and the EC
meter was calibrated with KCl.

2.6 Water contact angle
For measuring the contact angles in DSA-20E (Kruss,
GMBH, Germany), water droplets (2 µL) were dropped
on the fibrous mat surface freely. Five different measure-
ments were taken at a different portion of the mat surface
and for each mat, the average results were considered [49].

2.7 Detection and enumeration of E. Coli
An image of the PT4 prepared PAN/TPU membrane during
the filtration tests is shown in Fig. 1. The initial disinfec-
tant column had the diameter of 1.5 cm, and the prepared
membranes had the surface area of 2.5 cm2.
Eosin methylene blue (EMB) and sorbitol MacConkey
(sMac) agar (Difco) plates were inoculated with 0.1 mL
of water samples and incubated overnight at 37º C to iden-
tify E. coli. The counts were then expressed as CFU/mL of
the sample at the highest dilutions using sterile saline. Non-
sorbitol fermenting colonies were subcultured on blood agar
plates, incubated overnight at 37º C, and then tested using
E. coli O157 antiserum in a slide agglutination test (Difco).
Other E. coli serotypes were not tested in this investigation
[50].

2.8 MPN estimation for E. coli
Cultures were initially diluted to an optical density of
0.2600 nm (∼ 8.0 log10 CFU/mL), in phosphate-buffered
saline (PBS), then to a predetermined density (see below)
followed by 10-fold serially diluted in PBS, with vigorous
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Figure 2. FESEM images of the surface morphology and the diameter of nanofibers after the electrospinning process for PT
sample (a) and after surface treatment for PT2 (b), PT3 (c), PT4 (d), PT5 (e), and PT6 (f) samples.

vortex mixing between each step as the starting point for
MPN estimation. Each bacterial dilution was collected in
three duplicates of 100 µL each and cultured for 48 hours at
27° C in MacConkey broth purple (Oxoid/ThermoScientific;
CM0505). The color shift from purple to yellow was used
to measure growth. To ensure that no further color change
occurred, the samples were incubated for another 24 hours.
Finally, each stock solution was spread on MAC in 100 µL
samples, incubated, and the quantity of dark red colonies
was counted [51].

3. Results and discussion

3.1 FE-SEM
The surface morphology and the diameter of nanofibers
after electrospinning and surface treatment obtained from
FE-SEM images are presented in Fig. 2. As has been shown

in Fig. 2, the surface modification process triggers the melt-
ing of nanofibers into each other, and for samples PT5 and
PT6, the membrane degrades significantly. The surface
morphology of samples PT, PT2, PT3, and PT4 is quite
the same and nanofibers are roughly similar in diameter
size, whereas by modifying the surface of the membrane in
samples PT5 and PT6, an interconnected structure, resulted
from the melting of nanofibers, was observed. The average
diameter of the nanofibres was about 200 nm. Moreover,
the electrospun nanofibres were uniform and highly con-
nected between pores for the samples PT, PT2, PT3, and
PT4, which provides excellent membrane filterability. To
determine the best permeability and wettability of these
membranes, the test of water contact angle has been car-
ried out. However The FESEM images show that the PT4
membrane, which has undergone four rounds of treatment,
has the most ideal structure due to its highest porosity and
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Figure 3. FTIR spectra of the PAN/TPU liquid composite without plasma surface modification.

lowest fiber diameter of seven. As a result, the highest pen-
etrability is anticipated. PT4 has smaller internal nanofiber
connection diameters than any other sample. Furthermore,
more internal nanofiber connections maximize the surface
area that passing water comes into contact with, leading to
optimal filtration performance. On this basis, PT4 mem-
brane was chosen as the main membrane in the experiments.

3.2 ATR–FTIR analysis
The corona treatment can change the chemical composition
of the surface of PAN/TPU samples. The FTIR spectra of
untreated PAN/TPU liquid composite have been shown in
Fig. 3. The transmittance peaks of Fig. 3 present peaks
attributed to PAN located at 1674.24 cm−1 correspondings

to C=O bond, 659.94 cm−1 correspondings to C-H bond, as
well as 1095.13 cm−1 and 1256.07 cm−1 correspondings to
C-O bond. The band at 1388.36 cm−1 is consistent with C-
H aliphatic group, and the one at 1439.56 cm−1 corresponds
to C-H tensile vibration. The peaks located at 1674.24 cm−1

correspond to the C=C group, 2930.05 cm−1 correspond-
ings to the C-H stretch, and 3516.68 cm−1 correspondings
to the O-H group are also recognizable [52, 53]. Typical
peaks of the electrospun TPU located at the wavelengths
of 3334 cm−1 and 2969 cm−1, observed on the shoulder
of peaks situated in this range of wavelengths, identify the
N-H stretching and the C-H stretching, respectively. The
C=O stretching at 1726 and 1702 cm−1, as well as N-H

Figure 4. ATR spectra of the PT4 sample.
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Figure 5. The contact angles of PT (a) PT2 (b), PT3 (c), PT4 (d), PT5 (e), and PT6 (f) membranes.

bending at 1595 cm−1, are also placed at the shoulder of the
large peak extended from about 1550 to 1750 cm−1. C-C
stretching at 1418 cm−1 as well as C–O–C stretching at
1169 and 1078 cm−1 are also observable [54, 55]. Addition-
ally, the range of 3200 to 3500 cm−1, attributed to the O-H
stretch, confirms the presence of the hydroxyl group formed
due to the presence of environmental humidity during the
surface modification with corona [56]. Additionally, PAN
and TPU spectra are given separately before blending in
Fig. 10 [57, 58].
In order to confirm the effect of plasma on the surface of
membranes and comparing the changes of all samples ob-
tained from the membrane modification, the ATR-FTIR
test has been used. Fig. 4 shown ATR spectra of the
solid PAN/TPU composite with plasma surface modification
(sample PT4) changing polarity. The ATR-FTIR results of
Fig. 4 present bands associated with symmetric and asym-
metric vibrations of –CH2– (2956 cm−1), asymmetric C–H
(1458 cm−1), and symmetric C–H (1358 cm−1) bending
in-plane. Corona treatment on PAN/TPU changed the spec-
trum by increasing the transmittance intensity of peaks as
well as incorporating a variety of functional oxygen groups,
which will probably change the wettability. New transmit-
tance bands also appeared, like those linked with vibrations

of C=O or C=O in the carboxyl group located in the region
of 1800−1500 cm−1 and C–O vibration at 1200 cm−1 as
well as a wide band associated with the vibration of –OH
in the region of 3200−3500 cm−1. These new bands illus-
trated the polar oxygen group, which probably plays a major
role in the increase of samples’ wettability. As showed in
Fig. bx ,the differences between ATR spectra results have
presented that the binding of polar groups to the treated
membrane increases, which provides efficiency to the mem-
branes against the ions present in the water. Due to the per-
formance of these membranes in the normal environment,
the humidity of the atmosphere in the plasma environment
causes the formation and replacement of hydroxyl groups in
the membrane structure, which is noticeable in the range of
3300 cm−1; however, there is no hydroxyl group present in
the structure of PAN/TPU that indicates the effect of plasma
on membranes.

3.3 Water contact angle test
Chemical composition has a major influence on the surface
hydroscopic and wettability behavior of membranes. While
non-polar bonds provide low wettability, polar bonds are
responsible for the hydrophilicity of surfaces. Wettability
of the membrane, the ability of a liquid to maintain contact
with a surface, was determined using water contact angle
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Figure 6. The results of culturing E. coli before (a) and after (b) the addition of the Persian Gulf water sample, indicating
the presence of fungus and Escherichia coli. (c) E. coli culture result on EMB medium after Persian Gulf water passes
through the designed membrane.

tests. Fig. 5 presents the contact angles of six different
membranes subjected to surface modification as well as the
one without any surface modification. As has been pre-
sented in Fig. 5(a), the untreated surface of the PAN/TPU
illustrates strong hydrophobicity with a contact angle of
99.5°. The contact angles of all the other modified surfaces
presented significant reduction by achieving relatively low
values ranging between 25.2° to 48°, indicating high wet-
tability and hydrophilic nature. Corona discharge plasma
treatment of PAN/TPU increased its wettability by function-
alizing its surface.
The highest wettability was observed in the PT4, while
the lowest one was attributed to the PT5 sample, which
exhibited melted nanofibers microstructure in its FE-SEM

Figure 7. Images of tubes before (up) and after (down)
subjection to the MPN test.

images. The occurrence of the increased wettability of the
surface-treated membrane is likely to be associated with
the surface oxidation and formation of free radicals and
polar functional groups on the surface of membranes after
corona treatment. Moreover, the variations in the surface
morphology could also play a role in this behavior of the
material. The surface area and pore content of the PT4
sample is high, according to Fig. 2(d), which increases
the amount of functional groups that can react with water
drop. The increase of the contact angle value for the sur-
face of the PT5 sample (Fig. 5(e)) as compared to other
treated ones could be attributed to the change of surface
morphology and the melting of nanofibers, which highly
decreases the surface area and pore content of this mem-
brane as well as decreasing the amount of functional groups
capable of reacting with water drop, as confirmed by the
FE-SEM images. ATR analysis comparing the intensity
of transmittance peaks assigned to hydroxyl groups (Fig.
8) has also confirmed that the membrane PT5 (the less hy-
drophilic membrane among other surface-treated ones) has
lower amount of functional groups, obviously due to its de-
creased surface area (Fig. 2(e)). However, applying further
surface treatment rounds (on sample PT6), despite the in-
creased proportion of melted nanofibers and decreased pore
content or surface area, has caused improved wettability of
the membrane in comparison to that of the PT5. This can be
attributed to the degradation of the polymers and increased
amount of functional groups per unit area caused by the
longer treatment time of this membrane, which has partly
limited the adverse effect of the reduced surface area.

3.4 Desalination performance and electrical conductiv-
ity

Desalination methods have gained much interest during the
last decades as a convenient way for providing potable wa-
ter. This process includes the elimination of soluble salt in
the water to achieve less than 1000 mg/L of salts or total
dissolved solids (TDS). Above the mentioned level of salt,
water properties including odor, corrosion propensity, color,
and taste significantly affect its quality. The WHO and the
Gulf Drinking Water Standards suggest a standard of 1000
mg/L TDS for drinking water [59]. In reverse osmosis of the
membrane, the pressure pushes water into the membrane to
dismiss a large number of its ions resulting in the obtainment
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Figure 8. Comparison between different stages of treatment. (black) primary membrane with no treatment. (red) 20s
treating. (green) 30s treating. (blue) 40s treating with best absorbtion. (yellow) 50s treating. (purple) 60s treating.

of water with limited mineral content. Conductivity is a ben-
eficial method carried out in desalination tests to measure
the performance of membranes in the reverse osmosis cycle,
as the minerals in seawater are normally ionic [60, 61]. As
the FE-SEM images, water contact angle results and ATR-
FTIR analysis showed that the PT4 membrane had the most
appropriate structure for water penetration, now and here

we shoud test its purification activity on salty water. The
efficiency of identical PT4 membranes determined by the
results of electrical conductivity for various NaCl solutions
with the concentrations of 5, 10, 15, 20, 500, 1000, and
2000 ppm are presented in Table 2. Like other methods
for purifying salty water, to reach the standard of potable
waters, the number of desalination process rounds increases.

Figure 9. ATR spectra of treated (blue) and untreated membrabe (red)
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Regarding the Caspian Sea and the Persian Gulf water, the
result presented in Table 2 is achieved after six rounds of
the desalination process. After applying the desalination
process, the TDS amounts of the prepared solutions reach
below the WHO and the Gulf Drinking Water Standards
(1000 mg/L). The desalination process adopted with the
help of surface-treated electrospun PAN/TPU membrane
for the water samples with various concentrations as well as
those of the Caspian and Persian Gulf Seas presents good
efficiency by removing about 30 wt.% of the salt presented
in the water samples. According to percentage of desalina-
tion in Table 2 the amount of desalination in 1000 to 2000
ppm decreases because of monolayer filteration. If there are
multiple filteration layers, the amount of purification will
also increase. The effect of purifying Nacl solution at 1000
ppm on PT4 membrane is 72% and a significant amount.
However, the TDS values of the Caspian Sea and Persian
Gulf water samples do not reach below 1000 g/L even af-
ter six rounds of the desalination process. Cai et al. [62]
studied membrane desalination through surface fluorina-
tion treated electrospun PAN membrane. The desalination
performance of PAN membrane with nonwoven structure
presented the salt rejection rate of ≥ 99.9%. In another
study performed by Li et al. [63], the desalination perfor-
mance of polyamide/Kevlar aramid nanofiber membrane
was studied. The membrane showed an excellent water-salt
separation performance, with a high rejection for NaCl salt
(80.3%), tested in cross-flow filtration with 1000 mg L−1

salt solution at 6 bar, 25° C. Kaur et al. [64] also investi-
gated electrospun PAN-based membrane composite and its
impact on separation performance on thin-film composite
nanofiltration membrane. The membrane was capable of
rejecting 86.5% MgSO4 at a permeate flux of 102 L/m2

h at 70 psig. In another study performed by Tijing et al.
[65], they prepared dual-layer (poly(vinylidene fluoride-
co-hexafluoropropylene) and PAN) nanofibrous composite
membrane by electrospinning and tested it for desalination
performance. The nanofibrous membranes tested with 35
mg L−1 NaCl feed presented a salt rejection of ≥ 98.5%.
Assiry et al. [59] have studied desalination process of sea-
water by investigating the effects of TDS, electrical field
strength and temperature on electrical conductivity during
ohmic heating. The range of conductivity during ohmic

Figure 10. PAN (up) and TPU (down) FTIR spectra.

heating was 55−399.6 (mS/cm) for TDS ranging between
37 and 130 PPT, which was strongly dependent on TDS
and temperature. In another study, Talaeipoor et al. [66]
investigated the NF90 and TW30 membranes nanofiltration
(NF) and reverse osmosis (RO) by measuring total dissolved
solids and electric conductivity. The percent of the salinity
rejection was 50.21%, 72.82 and 78.56% in NF, RO and
hybrid processes, respectively.

Table 2. Desalination performance of the surface-treated electrospun PAN/TPU membrane obtained through electrical
conductivity test.

Sample TDS (mg/L) EC Sal TDS (mg/L ) EC Sal Percentage
(ppm) Before Desalination (10−6 S/cm) After Desalination (10−6 S/cm) of desalination

5 19 19.1 0.0 3.2 3.24 0.0 -
10 25 25.1 0.0 4.23 4.25 0.0 -
15 36 35.6 0.0 6 6.1 0.0 -
20 45 45 0.0 7.61 7.63 0.0 -

500 1016 1011 0.3 172 171.5 0.0 -
1000 1961 1972 0.8 331.9 334.5 0.58 72.5
2000 - 3970 2 ∼673 673.4 1.17 58.5

Persian Gulf - 61400 41.3 ∼1041 1041.5 28.6 69.24
Caspian sea - 33400 22.47 ∼5665 5665.8 15.7 69.87

Distilled water 7 7.2 0.0 - - -
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3.5 Detection and enumeration of E. Coli
Two droplets of the water of both the Persian Gulf Sea
and the Caspian Sea were used in the culture medium of
EMB. The Escherichia coli presented in this culture could
consume the lactose and form red colonies with a metallic
luster. This bacteria was identified in the samples from
both the Caspian and Persian Gulf Sea, which is a sign of
the presence of human and animal feces due to the entry
of human sewage into the sea. Moreover, the water was
infected with the fungus. Fig. 6 presents the results of
culturing E. coli before (a) and after (b) the addition of
the Persian Gulf water sample, indicating the presence of
fungus and Escherichia coli. These results were the same
for Caspian Sea water samples. The Water Sample from
the Caspian Sea and the Persian Gulf was passed through
the PT4 membrane and tested again on the EMB culture
medium to ensure the biological purity of the membrane.
Fig. 7 demonstrates the ability to disinfect the designed
the membrane in the absence of E. coli in the EMB culture
medium.

3.6 MPN estimation for E. coli
In order to determine the contamination level of the water
samples on PT4, the most probable number (MPN) test
was used. The change of culture’s color to yellow due
to its acidity and accumulation of SO2 gas indicates the
consumption of lactose present in the growing culture by
E. Coli. Comparing the obtained results with the standard
table of MPN, the number of E. Coli in 100 mL of water
was estimated. The test results indicated that the color
change and gas formation occurred in all the first three
test tubes (choosing number 3 for this group). Regarding
the second three test tubes, two of them presented color
change and gas formation (choosing the number 2 for this
group), and for the last group, one test tube responded
positively to the test (choosing number 1 for the last group).
Comparing test results with the standard table of MPN, led
to the number of 17 (17 E. Coli were presented in 100
mL of water), indicating that both samples of water were
highly infected with human and animal feces due to the
entry of human sewage into the sea (grade 4). The results
of the disinfection test indicated that the prepared nanofiber
membranes operated efficiently in eliminating E. Coli from
the infected water samples; however, their performance for
removing fungus was not efficient. Fig. 8 shows the images
of the test tubes before and after the MPN test, illustrating
their color change.

3.7 Water hardness
The results of water hardness for the water samples of the
Persian Gulf was 6800 ppm; while this value was 3700 ppm
for the Caspian sea, indicating that both water samples are
very hard as they exceed the level of 150 ppm, a maximum
limit recommended for classifying water hardness.

4. Conclusion
In this research, the water purification performance
of the surface-treated electrospun PAN/TPU nanofiber
membrane has been examined. The surface of nanofiber

membranes was treated by corona discharge plasma for
enhancing the surface properties and porous structures of
the membrane. Corona treatment of PAN/TPU composites
played an important role in altering the surface and its
wettability behavior. The most effective improvement
in wettability was observed for PT4, which was resulted
from functionalization processes, the introduction of
oxygen-based polar groups, and surface morphology in
the corona-treated surface confirmed by ATR-FTIR and
FE-SEM results. The obtained results confirm that corona
discharge plasma treatment provides a reduction in the
water contact angle and leads to enhanced wettability
of the membranes. Microbial tests such as disinfection
performance, detection, and enumeration of Escherichia
coli, most probable number (MPN) estimation of E. coli
as well as desalination performance test through electrical
conductivity (EC), and complexometric titration were
employed to analyze the water purification efficiency of
the corona-treated electrospun PAN/TPU membrane. The
detection and enumeration tests of E. Coli confirmed the
infection of the Persian Gulf Sea and Caspian Sea sample
water with the E. Coli and fungus. MPN test has also
given the number of 17 for the samples, presenting that
water samples from both seas were highly infected. The
results of the membrane efficiency for desalination of
several water samples presented that the surface-treated
electrospun PAN/TPU membrane provides good efficiency
by removing about 30 wt.% of the salt contained in the
water samples. The results of the disinfection test illustrated
that the prepared nanofiber membranes operated efficiently
in eliminating E. Coli from the infected water samples;
however, their performance for removing fungus was not
efficient.
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