[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

[ DOI: 10.18502/jhsw.v15i4.21451 ]

JHSW

OPEN ACCESS

Journal of Health and Safety at Work 2025; 15(4): 747-760
TUMS

ORIGINAL RESEARCH PAPER

Evaluating Morphological Characteristics and Filtration Performance
of Electrospun Poly(Vinyl Alcohol)-Based Nanofiber Membranes for
Capturing Particulate Matter

Sepideh Keyvani®, Farideh Golbabaei*”, Rasoul Esmaeely Neisiany*®, Saba Kalantary*, Oisik
Das*, Abbas Rahimi Foroushani®

1Department of Occupational Health, School of Public Health, Tehran University of Medical Sciences, Tehran,
Iran

2Department of Polymer Engineering, Hakim Sabzevari University, Sabzevar, Iran

3Department of Biotechnology Centre, Silesian University of Technology, Gliwice, Poland

“Department of Civil, Environmental and Natural Resources Engineering, Luled University of Technology,
Luled, Sweden

>Department of Epidemiology and Biostatistics, School of Public Health, Tehran University of Medical
Sciences, Tehran, Iran

Received: 27-1-2025 Accepted: 22-11-2025

ABSTRACT

Introduction: Polymer nanofiber filters have great potential for controlling particulate pollution due to
their high filtration efficiency and low pressure drop. This study aimed to fabricate nanofiber membranes
from a biodegradable polymer through solution electrospinning to address both health and environmental
concerns, along with analyzing their morphological characteristics. The filtration performance of the
prepared membranes was evaluated against different particle sizes under two air face velocities.

Material and Methods: The nanofiber membranes were fabricated from aqueous poly(vinyl alcohol)
(PVA) solutions at various concentrations from 5 to 6 w/v% under different process parameters. The
morphological characteristics of the nanofibers were examined using field-emission scanning electron
microscopy (FE-SEM), while structural properties such as basis weight and thickness were measured to
estimate porosity. Filtration performance, including efficiency and pressure drop, was evaluated at two
standard air face velocities (2.5 and 5.3 cm/s) using a media test system. In addition, the quality factor of
the prepared membranes was calculated.

Results: The electrospun nanofibers were uniform and bead-free, with the mean fiber diameters ranging
from 106 to 151 nm. The filtration efficiencies were 95.72—-99.92 % for sub-micron particles (0.3 and 0.5
um), and 99.43—-100 % for larger particles (1 and 3 um). The pressure drop ranged from 67 to150 Pa at an
air face velocity of 2.5 cm/s, and from 58 to150 Pa at an air face velocity of 5.3 cm/s.

Conclusion: The 6 wt.% PVA nanofiber membrane electrospun at 15 kV, 0.5 mL/h, and 15 cm produced
thinner fibers (approximately 106 nm) and exhibited higher efficiency for 0.3 um particles (99.89 % and
99.92 % at 2.5 and 5.3 cm/s air face velocities, respectively). For this membrane with thinner fibers, the
pressure drop increased from 67 to 150 Pa with rising the air face velocity.
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1. INTRODUCTION

Particulate pollution has emerged as a major
global issue in recent years due to its detrimental
effects on human health. Among the developed
solutions for controlling particulate pollution,
nanofiber filters offer high particle filtration
efficiency and a low air pressure drop compared
to conventional filters. Electrospinning is the most
widely used technique for producing nanofibers.
The structural properties and performance
of electrospun membranes are influenced by
common parameters such as the polymer solution
concentration, applied voltage, and the distance
between the needle and collector. Moreover, bead-
free fibers are preferred to achieve acceptable
filtration performance, particularly for fine
particles.

Previous studies have investigated electrospun
polymer-based filter membranes using various
polymers and additives, but often with inconsistent
reference to air face velocity standards in filtration
tests. This inconsistency highlights the lack of a
unified approach to performance evaluation. In
the present study, smooth and bead-free polyvinyl
alcohol nanofiber mats were fabricated via solution
electrospinning, and their structural characteristics
and filtration performance against particles of
different sizes were evaluated under two standard
air face velocities defined by ISO 29463' and ASME
AG-1-2019%. The findings provide insights and
recommendations toward a more comprehensive
framework for evaluating electrospun nanofiber
filters.

2. MATERIAL AND METHODS

Aqueous PVA solutions with concentrations
ranging from 5 to 6 w/v% were prepared at 80
°C. Each solution was separately loaded into a 3
mL plastic syringe fitted with an 18-gauge needle,
and uniform, stable fibers were deposited onto a
nonwoven spun bond substrate (approximately
17 g/m? basis weight) under the electrospinning
parameters listed in Table 1. The efficiency and
pressure drop of the nanofiber membranes were
evaluated against uncharged sodium chloride
particles 0f 0.3, 0.5, 1, and 3 pum at air face velocities
of 2.5 cm/s (ASME AG-1-2009), and 5.3 cm/s (ISO
29463) using a media testing system. In addition,
the quality factor was calculated. Statistical analysis
using one-way analysis of variance (ANOVA),
followed by Bonferroni post-hoc testing, revealed
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significant mean differences (P<0.05) among the
studied variables.

3. RESULTS AND DISCUSSION

The FE-SEM images showed that the nanofiber
membranes were bead-free. The mean nanofiber
diameters (+ SD) for membranes 1, 2, and 3 were
151.44 + 23.27 nm, 148.37 + 27.43 nm, and 106.40
+ 30.41 nm, respectively. The prepared membranes
exhibited a porosity of approximately 86 %.
Filtration performance data are presented in Table
2.

A significant difference (P<0.05) was observed
in mean filtration efficiency and pressure drop
for the most penetrating particle size (MPPS, 0.3
um), at both air face velocities of 2.5 and 5.3 cm/s,
as well as in structural properties such as mean
nanofiber diameter and porosity. Membrane 3,
with its finer fibers, outperformed membrane 1 in
terms of both filtration efficiency (P<0.001) and
pressure drop (P<0.001) at both tested air face
velocities. Interestingly, only membrane 3 showed a
slight increase in filtration efficiency for submicron
particles (0.3 and 0.5 pm), which may be attributed
to its finer and more porous fiber structure
compared to the other membranes. Moreover,
while an increase in airflow velocity improved the
filtration efficiency of fine particles in membrane
3, the same change in membranes 1 and 2 resulted
in greater particle penetration and thus, reduced
efficiency. For larger particles (1 and 3 um), filtration
efficiency remained at the highest level (100%) in
membranes 2 and 3, with a similar trend observed
for 3 um particles in membrane 1. This behavior
is likely related to the filtration mechanisms, and
structural characteristics of the membranes, with
the finer and more porous structure of membrane
3 contributing to its enhanced efficiency at higher
airflow velocities.

Overall, the filtration efficiency levels of the
prepared nanofiber membranes for 0.3 pm particles
were lower than the acceptable limit recommended
by ASME AG-1-201 standard (99.97 %). However,
the relatively low pressure drop observed in the
prepared membranes may be attributed to their
structural properties, such as finer fibers and high
porosity. According to ISO 29463, the membranes
were classified as Class E (filtration efficiency >
99.5%). While the ASME AG-1-201 standard
specifies an acceptable pressure drop based on
filtration efficiency for the MPPS (0.3 um) and
is primarily applied in nuclear facilities, ISO
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Table 1: The electrospinning parameters for preparing PVA-based membranes

Membrane No.  Concentration (w/v%)  Voltage (kV)  Feed rate (mL/h)  Distance (cm)

1 5 15 0.75 18
2 5.5 12 0.75 18
3 6 15 0.5 15

Table 2: Summary of filtration performance of the electrospun nanofiber membranes for varied particle sizes at two air face velocities
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Filtration efficiency (%) for different particle sizes Quality Air face
Membrane Pressure . .
(pm) drop (Pa) factor (Pa velocity
T ) [ (cm/s)
i 96.74 97.78 99.43 100 25 0.14 2.5
95.72 96.10 99.74 100 58 0.05 53
) 99.41 99.69 100 100 58 0.09 2.5
99.25 99.58 100 100 130 0.04 53
99.89 99.95 100 100 67 0.10 2.5
3 99.92 99.98 100 100 150 0.05 53

29463 applies more broadly, including cleanroom
environments. Therefore, a comprehensive
evaluation of filter membranes can be achieved by
considering both standards.

4. CONCLUSIONS

The nanofiber membrane prepared from 6
w/v% PVA under electrospinning conditions of
15 kV, 15 c¢m, and 0.5 mL/h produced finer fibers
and achieved high filtration efficiency for 0.3 pm
particles (99.92 %). The filtration efficiency of this
membrane further improved when the air face
velocity increased to 5.3 cm/s; however, the pressure
drop also rose as the velocity increased from 2.5

Journal of Health and Safety at Work 2025; 15(4)

to 5.3 cm/s. Overall, the prepared membranes
demonstrated effective particulate air filtration in
accordance with the ASME AG-1-201 standard. A
more comprehensive evaluation of their filtration
performance can be achieved by considering both
the ASME AG-1-201 and ISO 29463 standards.
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