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ABSTRACT

Introduction: Air filters are often made from non-biodegradable substrates, which can lead to significant
environmental pollution. Therefore, the use of biodegradable polymers in the development of filtration
media is of particular importance. The aim of the present study was to fabricate and evaluate a PDLLA
nanofibrous substrate for the adsorption of airborne particulate matter.

Material and Methods: This experimental research was conducted in the Occupational Health Laboratory,
School of Public Health, Tehran University of Medical Sciences. The optimal electrospinning conditions for
the PDLLA nanofibrous substrate were determined based on a review of previous literature. Subsequently,
its filtration efficiency in removing PM0.3, PMO0.5, PM1, and PM3 particles was investigated. Tests were
performed at three airflow rates: 1.67, 5.3, and 14.16 cm/s, using an FT200PS device. Furthermore, to
assess performance stability in humid environments, samples were exposed to relative humidity levels
of 754£5% and 55+5% for 30 minutes. The data were analyzed using the Bonferroni post-hoc test within a
one-way ANOVA framework.

Results: The optimal electrospinning conditions were obtained at a concentration of 16%, a voltage of
20 kV, an injection rate of 0.5 ml/h, and a tip-to-collector distance of 17 cm. The results showed that the
filtration efficiency for PM0.5, PM1, and PM3 particles was consistently above 98%. For PMO.3 particles,
the efficiency was over 99% at a velocity of 1.67 cm/s, but it decreased to approximately 96% with an
increase in flow velocity to 14.16 cm/s. The quality factor for PM1 and PM3 decreased from 0.529 pa™ to
0.038 pa™!, and for PMO0.3, it decreased from 0.22 pa™ to 0.011 pa™. Also, humidity had a slight effect on
the filtration of PMO.5, but for PMO0.3, a decrease in efficiency was evident.

Conclusion: The PDLLA nanofibrous substrate, under optimal conditions, demonstrated very high
efficiency in filtering fine particles, particularly PM1 and PM3. However, increasing the airflow velocity led
to a decrease in the quality factor, and the substrate’s performance was more limited when encountering
very fine PMO0.3 particles and high humidity.
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1. INTRODUCTION

Air pollution, particularly particulate matter
(PM) such as PM2.5 and PM1, poses a severe threat
to public health, ecosystems, and economies. These
fine particles can enter the bloodstream, increasing
the risk of serious diseases such as lung cancer
and cardiovascular conditions. Consequently,
controlling air pollution and managing air quality
is a critical necessity. Air filtration, especially using
fibrous and nanofiber filters, is a key solution.
Nanofiber filters offer superior performance due
to their unique properties. A major challenge with
conventional filters is their non-biodegradability
and the resulting waste. In contrast, biodegradable
nanofiber filters, made from materials such as
polylactic acid (PLA), are environmentally friendly
and provide excellent filtration. Electrospinning
is a common technique for producing these
nanofibers. Accordingly, this study focuses on
optimizing biodegradable nanofiber filters made
from PDLLA (a type of PLA) by evaluating their
particle capture efficiency and pressure drop under
various conditions, paving the way for sustainable
air filters.

2. MATERIAL AND METHODS

This study is an in-lab experimental
investigation conducted to fabricate and evaluate
the performance of a biodegradable Nano fibrous
scaffold made of the polymer PDLLA, with the
aim of capturing fine particles. First, polymer
solutions were prepared using different weight
percentages, and then nanofibers were produced

via the electrospinning process. The optimal
electrospinning conditions were determined, and
the various device parameters were optimized.
Table 1 presents the optimized electrospinning
conditions used in this study.

Next, the morphological and chemical
characteristics of the nanofibers were examined
using scanning electron microscopy (SEM) and
FTIR spectroscopy. Finally, the performance of the
scaffolds in terms of filtration efficiency, pressure
drop, and quality factor under different conditions
(particle size, airflow velocity, and humidity) was
evaluated, and the data were statistically analyzed
using SPSS software. The layout and components of
the experimental setup used in this study to assess
the filtration performance of PDLLA nanofibers
under different airflow and humidity conditions
are schematically shown in Figure 1.

3. RESULTS AND DISCUSSION

The  experimental results provide a
comprehensive understanding of the relationship
between polymer concentration, fiber morphology,
environmental conditions, and filtration efficiency
of the electrospun PDLLA nanofiber media. The
optimization of electrospinning parameters led to
the successful fabrication of uniform fibers, which
directly influenced the performance of the filter
media in capturing airborne particulate matter.

Fiber morphology and structure: SEM
analysis (Figure 2) revealed that at lower polymer
concentrations (4% and 8%), fibers exhibited
bead-on-string morphologies, which are typically

Table 1: Electrospinning process parameters

2h LOORPM L7 cm

0.5 mlh ZUKY 22°C 164

Differential Pressure Gauges

Particle Generator

4
(Nacl) e _.-—; :El--_ 5
pstream ownsLream
ﬁ Air Flow  particle Counter Jest Chamber Particle Counter
a :

T — — —_—————— —_——
bl v —\A_/\‘ ™
g 0:Sum |I|
e 1wm POLLA Manofiber Filter = -
® 3pm - T i -

&=

55% RH 7 75% RH

Data Acquisition

SPSS Analysis
System

Fig. 1: Schematic of the experimental setup used for evaluating the filtration performance of PDLLA nanofibers.
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Fig. 2: SEM images obtained from electrospun PDLLA media under optimal conditions.
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Fig. 3: Efficiency of particle capture of 0.3, 0.5, 1 and 3 pm size at three air velocity levels by PDLLA polymer media

associated with insuflicient chain entanglement.
Such structures decrease effective filtration
performance due to the presence of large voids. At
concentrations above 20%, however, fiber merging
and irregular shapes were observed, leading to
reduced porosity and increased resistance to
airflow. The optimized concentration of 16%
produced defect-free nanofibers with an average
diameter of 375 + 126 nm. The uniformity of these
fibers created a high surface-to-volume ratio and
fine pore structure, which are critical for efficient
particle capture.

Filtration efficiency and dependence on particle
size and air flow rate: Filtration efficiency was
tested against different particle sizes, including
PMO0.3, PM0.5, PM1 and PM3. The nanofiber
media achieved efficiencies of over 99% for PM1
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and PM3, while PMO0.3 showed lower efficiencies,
especially at higher flow rates. This phenomenon is
consistent with theoretical filtration mechanisms,
as PMO.3 particles fall within the “most permeable
particle size” (MPPS) range, where neither inertial
deposition nor diffusion mechanisms dominate. For
larger particles (PM1 and PM3), inertial deposition
and adsorption remained effective, ensuring
consistently high efficiencies.In addition, it was
found that air flow rate significantly affected the
filtration efficiency of submicron particles. At lower
air flows (10 L/min), particles had longer residence
times in the filter, enabling higher adsorption
efficiencies. Conversely, at higher airflow (851/min),
the efficiency for PM0.3 and PMO0.5 decreased by
8%, as shown in Fig. 3. However, the efficiency for
PM1 and PM3 remained constant above 99%. This
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Fig. 4: Efficiency of particle removal of 0.3, 0.5, 1 and 3 um size at three air flow velocity levels at 55% humidity by PDLLA polymer
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Fig. 5: Efficiency of particle removal of 0.3, 0.5, 1 and 3 um size at three air flow velocity levels at 75% humidity by PDLLA polymer

indicates that optimization of the filter medium
is particularly important for situations where fine
particle capture is required under high flow, such as
high-capacity air purification systems.

Humidity effects: The effect of humidity on
particle capture efficiency at different air flow

media

velocity levels was also investigated, and the
results are shown in Figs. 4 and 5. Under humid
conditions, the media was able to maintain its high
efficiency for larger PM1 and PM3 particles, but for
very fine particles (PMO0.3), a significant decrease in
efficiency was observed with increasing humidity.
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Overall performance and quality factor: When
combining efficiency and pressure drop into a single
parameter, the quality factor (QF), the PDLLA
nanofiber media showed superior performance
for particles larger than 0.5 pm under both dry
and humid conditions. However, for PMO0.3
particles, QF decreased under high humidity and
airflow, highlighting the necessity for material
modifications or hybrid structures (e.g., multilayer
filters or incorporation of functional nanoparticles)
to further enhance performance.

4. CONCLUSIONS

This study was conducted with the aim of
preparingabiodegradable PDLLA-based nanofiber
mat for the capture of airborne particulate matter.
The results showed that the fabricated mat, under
optimal electrospinning process conditions,
has high efficiency in collecting particles of
various sizes. In particular, it exhibited excellent
performance for PM1 and PM3 particles and was
able to maintain its desirable performance even
under humid conditions. The filtration efficiency
of sub-micron particles, especially PMO0.3
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and PMO.5, is affected by airflow velocity and
humidity; thus, increasing the speed or humidity
leads to a decrease in efficiency and an increase
in pressure drop. These findings indicate that the
design and optimization of nanofiber mats should
be carried out considering the environmental
conditions and the target particle size. Overall,
the PDLLA mat can be considered a suitable
option for particulate filtration under diverse
environmental conditions; however, for very
fine particles, further investigations are needed
to ensure optimal performance across the entire
particle size range.
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