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1. INTRODUCTION
A respirator is personal protective equipment
(PPE) designed to protect individuals from
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ABSTRACT

Introduction: The important parameters for evaluating the performance of particle filtering respirators
in international standards are the filtration efficiency and respiratory resistance of the mask filter against
airflow passage. To improve nanofiber filtration efficiency while creating the least breathing difficulty for
the wearer, various research has been or is being conducted worldwide. This study investigated the effect
of using polyacrylonitrile (PAN) nanofiber composite membrane and montmorillonite clay nanoparticles
(MMT) in enhancing particle-filtering respirators’ filter performance, achieving higher filtration efficiency
while maintaining optimal respiratory resistance conditions.

Material and Methods: First, PAN polymer solution containing zero, 1%, 2%, 3%, and 5% MMT
nanoparticles was prepared, and then PAN/MMT nanofiber composite membrane was synthesized in
an electrospinning machine. Filtration efficiency was measured in diameter range of 0.3, 0.5, 1, and 3
microns using sodium chloride aerosol. Additionally, filter breathing resistance was measured at flow rates
of 30, 85, and 95 liters per minute.

Results: The efficiency of synthesized composite nanofilters for particle purification can be improved by
adding MMT nanoparticles to PAN nanofibers. Optimal MMT concentration was found to be 2%. This
addition resulted in an increase in filtration efficiency for particles with sizes of 0.3, 0.5, 1, and 3 microns
by 4.2%, 4.88%, 3.77%, and 2.75% respectively without causing significant difference in respiratory
resistance. Improved filtration efficiency can be attributed to enhanced morphology of composite
nanofilters resulting from addition of MMT nanoparticles. Adding 2% MMT nanoparticles to PAN
nanofibers resulted in uniform distribution and smaller fiber dimensions which did not significantly affect
Packing density and porosity.

Conclusion: If 2% of MMT nanoparticles are added to PAN nanofibers and used to produce particle
respirators, resulting respirator will exhibit a 4.2% increase in particle filtration efficiency without
increasing breathing difficulty for user. This result can help protect users from particulate pollutants in air
pollution conditions.

Keywords: Nanofibers, Particle filtering respirator, Filtration efficiency, Respiratory resistance,
Montmorillonite (MMT)
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TUMS

inhaling hazardous substances in the air, including
in environmental, industry, and medical centers.
Particle filtering masks use fibrous materials (filters)
to remove particulate contaminants. Nowadays,

* Corresponding Author Email: y_rashidi@sbu.ac.ir various nanofibers are used in the production of
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Fig. 1: FESEM images of synthesized composite media

particle respirators. Particle filtration efficiency
is directly related to the respiratory resistance of
respirator media, and therefore increasing filtration
efficiency is allowed to the extent that respirator
media’s respiratory resistance does not exceed
standard allowable limits.

A lot of research is being done to improve
these nanofibers filtration efficiency, which,
while maintaining optimal respiratory resistance
conditions, creates minimum breathing difficulty
for respirator wearer. This study investigates the
effect of a composite media of polyacrylonitrile
nanofibers (PAN) and montmorillonite clay
nanoparticles (MMT) on improving filtration
efficiency of respirators for filtering particles.

2. MATERIAL AND METHODS

PAN nanofiber composite media with 0%,
1%, 2%, 3%, and 5% MMT nanoparticles were
synthesized using an electrospinning machine.
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The filter’s filtration efficiency and respiratory
resistance were measured using the FT200PS filter
tester.

3. RESULTS AND DISCUSSION

The morphological characteristics of synthesized
composite media are under images obtained by field
emission scanning electron microscope (FESEM)
as described in Fig. 1 and results of measuring
diameter of nanofibers in Table No. 1. Comparison
of results of measuring average filtration efficiency
of particles by synthesized composite media with
relevant standards is seen in Fig. 2. Also, comparison
of results of measuring average respiratory resistance
with relevant standards is seen in Fig. 3.

According to results, adding MMT nanoparticles
to PAN nanofiber media increased particle
filtration efficiency in all studied sizes. The main
reason for increase in filtration efficiency of PAN
nanocomposites containing 1 and 2% MMT without
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Table 1: The results of measuring the diameter of synthesized nanofibers by Field Emission Scanning Electron Micro-

scope (FESEM)

CPOAr;P:;:Z;f CPOAI;P:::‘;;f Composite of PAN | Composite of PAN PAN f::ie;
MMT MMT and 2% MMT and 1% MMT study
143.42 112.85 101.22 117.15 133.5 D1
243.18 159.46 148.25 165.27 189.43 D2
107.53 169.63 141.14 177.46 202.5 D3
127.96 183.59 171.4 185.46 70.39 D4
218.6 175.87 104.13 197.74 271.36 D5
168.138 160.28 133.228 168.616 173.436 Average

= PAN PAN & 1% MMT PAN & 2% MMT PAM & 3% MMT2 PAN & 5% MMT3

N 100 Filter efficiency level (XI0OSH 42 CFR Part 84

P3 Filteration Efficiency (BS EN 143:2021 )
M99 Filter efficiency leval (NIOSH 42 CFR Part 84 )
95 Filter efficiency level (NIOSH 42 CFR Part 84 )
- - - - S S S . - LI | - -
PI Filteration Efficiency (BS EN 143:2021 )
_. %0
£
£
§ 85 -
ilteration Efficienc EN 143:2021 )
80 —-— — — — — — . -
75
0.3 pm 0.5 pm 1.0 pm 3.0pm
Particle Size (um)

Fig. 2: Comparing the results of measuring the average filtration efficiency of particles by synthesized composite media
with the relevant standards
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Fig. 3: Comparing the results of measuring the average respiratory resistance in composite media with the relevant
standards

significant increase in breathing resistance is optimal
diameter of synthesized nanofibers. Another reason
can be attributed to characteristic of creating
indirect or tortuous paths by clay nanoparticles
which, while allowing suitable permeability against
respiratory gases caused by inhaling and exhaling,
creates obstacles against particle passage and as a
result increases filtration efficiency.

It can be claimed that there is no significant
difference between average breathing resistance
of PAN nanofilter and PAN nanocomposites
containing 1 and 2% MMT due to similarity
between Packing density and porosity of these
nanofilters. However, nanocomposites containing
higher amounts of MMT, which according to
FESEM images have higher Packing density and
lower porosity, have higher average breathing
resistance.

Therefore, amount of 2% MMT in composition
of PAN nanocomposite was determined as optimal
percentage with increase of 4.2, 4.9, 3.8, and 2.75%
in filtration efficiency for 0.3, 0.5, 1, and 3-micron
particles respectively while not causing significant
change in average respiratory resistance.

Filtration efficiency of PAN nanofibers for
filtration of 0.3, 0.5, and 1-micron particles with
average of 91.28%, which was classified as P1 Level
according to BS EN 143:2021 standard, by adding 2%
MMT increased to 95.7% and promoted to P2 Level.
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So, filtration efficiency of PAN nanofibers which
had large difference with “filter efficiency level”
parameter in classification of NIOSH CFR Part 84
standard by adding 2% MMT increased to 93.12%
with improvement of 4.2% has reached near N95
Level at this standard.

4. CONCLUSIONS

This study was carried out to evaluate
the feasibility of improving particle filtering
respirators’ filter performance by using composite
media of polyacrylonitrile nanofiber (PAN) and
montmorillonite clay nanoparticles (MMT).
According to findings, filtration efficiency
increased by adding MMT nanoparticles to PAN.
Still, respiratory resistance in values over 2%
MMT percentage shows a significant increase that
limits application of higher than 2% MMT for
mask filter.

Adding 2% MMT and synthesizing PAN/
MMT nanocomposite and using it as respirator
filter reduces fiber diameter and optimizes Packing
density and porosity, resulting in proper filter
permeability against breathing gases while creating
barriers in particle passage, which will increase
particle filtration efficiency.

It can be concluded that if 2% MMT
nanoparticles are added to PAN nanofibers and
composite nanofibers are used in production
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of particle respirators, resulting respirators will
increase particle filtration efficiency by 4.2%
without increasing breathing difficulty for user. This
result can increase protection against particulate
pollutants in air pollution conditions.
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