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ABSTRACT

Introduction: In recent years, the manufacture of air purification media, especially nanofiber filters using
polymeric materials and the electrospinning method, has received much attention in air pollution control.
The production of high-performance media and low-pressure drops is an important issue in air filtration.
This study aimed to investigate the feasibility of fabricating electrospinning polyethylene terephthalate
(PET) media to abduct submicron and micron particles from the air stream.

Material and Methods: To determine the optimal device conditions in the manufacture of PET
media, different weight percentages of a PET polymer solution in a mixture of trifluoroacetic acid and
dichloromethane solvents (70:30) were first prepared in a pilot study, and various parameters of the
electrospinning device were examined and analyzed along with performing the electrospinning process.
The surface and morphological characteristics of the media were evaluated using SEM. The pressure drop
and efficiency of particle trapping were assessed using a mask and media pressure by a pressure drop test
device.

Results: The optimal electrospinning conditions of the PET polymer solution were obtained at a
concentration of 20%. The average diameter of nanofibers PET was 163 + 600 nm with a pressure drop of
26.33 + 5.5 pa, and average efficiencies of 97.42 + 1.67% and 99.85 + 0.21 were obtained for submicron
and micron particles, respectively, with a quality factor (QF) value of 0.1740.

Conclusion: The produced media can abduct and remove particles from the air stream for submicron
and micron particles in ranges of 96-99% and 99-100%, respectively, with an average pressure drop of
26.3345.5 pa.
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1. INTRODUCTION

In recent years, the manufacture of air
purification media, especially nanofiber filters
using polymeric materials and the electrospinning
method, hasreceived much attention in air pollution
control. The production of high-performance
media and low-pressure drops is an important
issue in air filtration for which good findings in
nanofiber substrates are reported in recent studies.
Electrospun nanofibers have high particle holding
capacity, small pore structures, high permeability,
large surface area, and low base weight, which
improves the high filtration efficiency of filters and
nanofiber media. This study aimed to investigate
the feasibility of fabricating electrospinning PET
media to abduct submicron and micron particles
from the air stream.

2. MATERIAL AND METHODS

In this experimental study, to determine the
optimal device conditions in the manufacture
of PET media, different weight percentages of
a PET polymer solution (17.5, 20, and 22.5%)
in a mixture of trifluoroacetic acid (TFA) and
dichloromethane (DCM) solvents (70:30) were
first prepared in a pilot study. Moreover, analyses
were performed on various electrospinning device
parameters, including voltage and electrospinning

temperature, the head of needle distance to the
collector plate, needle diameter, injection rate,
and rotation speed of the collector, and then the
electrospinning process was performed under the
above optimal conditions. To make PET nanofiber
substrates, polymer solutions were transferred
into a plastic syringe with a needle diameter of 21
to investigate the various parameters required for
the electrospinning process. Based on the results of
the pilot study, suitable conditions for the test were
then obtained according to Table 1. The surface and
morphological characteristics of nanofiber media
produced under optimal conditions were examined
by Field Emission Scanning Electron Microscopy
(SEM). The pressure drop and efliciency of particle
trapping in electrospun PET nanofiber media
were evaluated using the performance test by the
pressure drop mask and media.

3. RESULTS AND DISCUSSION

Based on microscopic findings, pressure
drop, and efficiency measurements, the optimal
electrospinning conditions of the PET polymer
solution were obtained at a concentration of 20%
concentration, 13 kV voltage, an injection rate of
0.7 ml/ h, arotation speed of 180 rpm, and the head
of the needle to collector equal to 10 cm during an
electrospinning time of 90 min.

Table 1: Parameters used for electrospinning of PET polymer solutions

Electrospinning process parameters

Concentration  Electrospinning Voltage Injection
of PET (%) temperature (°C) (kV) rate (ml/h)
17.5-20-22.5 23-25 13 0.7

All tests were performed under the optimal conditions listed in Table 1.

Needle tip to Duration of
. Collector speed L
collector distance electrospinning
(rpm) ‘
(cm) (min)
10 180 90

Table 2: Performance values, pressure drop, and quality factor for PET media with different weight percentages

PET polymer concentration  Particle size Particle trapping efficiency Pressure drop Quality factor

(%) (W (Mean=SD) (Pa) (Pa™1)
0.3 99.99+0.11 0.0205
0.5 99.99+0.11 0.0205

17.5 225.16+0.8
1 100 0.0205
3 100 0.0205
0.3 96.23+0.98 0.1730
0.5 98.60+0.02 0.1740

20 26.33+5.5
1 99.70+0.15 0.1744
3 100 0.1745
0.3 94.78+1.17 0.0763
0.5 96.33+0.9 0.0767

22.5 59.66+0.57
1 99.34+0.26 0.0769
3 100 0.0770
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Fig. 2: Comparison chart of quality factor values of electrospun PET media in terms of different particle sizes

Table 2 shows the results of measuring the
trapping efliciency, pressure drop, and quality
factor of electrified PET media. Figure 1 shows the
SEM images of electrospun PET media.

The quality factor (QF) is used as an important
parameter that indicates the relationship between
particle trapping efficiency and pressure drop in
the filter and media. According to the values of
the QF calculated for electrospun PET media
with different percentages (Table 2), it can
be argued that electrospun PET media with
a concentration of 20% (with the highest QF
compared to the other production media) has
a better performance in terms of both trapping
efficiency and pressure drop than the other PET
media produced (Figure 2).

4. CONCLUSION

The produced media can abduct and remove
particles from the air stream for submicron and
micron particles in the ranges of 96-99% and 99-
100%, respectively, with an average pressure drop
of 26.33 + 5.5 pa. The results of the study show that
using this parameter to compare the performance of
filters is more logical and appropriate since the QF
shows the relationship between filtration efficiency
and pressure drop, therefore, it considers the role
of these two parameters simultaneously in the
performance of filters and media.
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