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Abstract

Background and aims: The present study aims to compare the filtration Keywords
performance of the neat hybrid electrospun nanofibers, consisting of Filtration
polyacrylonitrile (PAN) polymer and magnesium oxide (MgO) nanoparticles Nanofiber

and the plasma treated ones in removing fine particles from the air stream.

. Plasma-treated
Methods: The upper surface of the nanofibers, were processed by cold-plasma

with a radio frequency power supply (13.56 MHz with a power of 20 watts), Performance
argon gas and operating pressure of 0.2 torr. Initial efficiency tests for numerical
removal of particles have been done in accordance with standards ISO 29463 and
EN 779. Pressure drop and quality factors were determined for the fabricated
media. In order to confirm the presence of magnesium oxide nanoparticles
in the nanofibers, X-Ray Diffraction pattern (XRD) was prepared. Analysis
algorithms of SEM images, were used to calculate the porosity of filters, using
the MATLAB software.

Nanoparticle

Results: The mean initial efficiency of the neat and plasma-treated media was,

90.77 * 6.7 1. and. 7.3..66 + 8.86 /. for collecting particles from 10 to 1000 nm, Received: 2019/07/19
respectively. The initial mean pressure drop of the neat and treated media at

the test face velocity was, 78.22 + 3.11 pa and 22.00 + 2.33 pa, respectively, and Accepted : 2020/05/3
their mean quality factor for collecting 10 to 1000 nm particles was, 0.029 and

0.010 (Pascal/1), respectively.

Conclusion: By performing plasma treatment, collection efficiency of particles
decreased, but with a significant decrease in pressure drop, the neat media
ultimately presented a higher score of quality factor in comparison with the
treated ones.
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EXTENDED ABSTRACT

INTRODUCTION

Polymer nanofibers are increasingly used in
various fields, due to their large surface area per unit
of mass and their small sizes, which are often produced
by electrospinning techniques. Mixing the polymer
nanofibers with the metal oxide nanoparticles such as,
MgO and other oxides, has been considered by some
researchers for air purification applications. This is
due to the unique ability of these nanoparticles to
clean a wide variety of toxic gases, such as chemical
pollutants, biological pollutants (viruses, bacteria),
pesticides, and many more [1]. Hybrid nanofibers
(for example, a combination of polymers and
nanoparticles) can present multiple functions in the
simultaneous purification of aerosols, bioaersols, and
gaseous pollutants. The electrospun nanofiber mat
itself, is soft and brittle, on the other hand, due to the
high pressure drop across its surface, nanofiber mat
is not commonly used as an air filter media [2]. In
an effort to provide good structural support, without
altering the nanofiber properties and preventing this
pressure drop, the nanofiber composites have been
introduced. This means that, nanofibers are coated on
a rigid substrate to form a composite. However, one
of the major challenges in the composite structure, is
the good adhesion of the nanofibers to the substrate
and the satisfactory durability of the nanofibers
against bending and abrasion. Among the various
methods available for the surface treatment, as
a surface modification technique, Plasma treatment
has introduced itself as a clean and environmentally
friendly product, to overcome these problems [3]. In
addition, different types of surface modifications can
be easily designed by selecting the gas for the plasma
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production. Surface activation is achieved through
plasma treatment, by replacing or adding chemical
groups and so altering the surface’s properties. Studies
have shown, that by plasma, the polymer’s surface can
be made much more efficient and effective. Plasma
polymers are composed of various active species,
including free radicals and ions. The process is done
without generating any environmental pollution [4].
The present study, aims to compare the filtration
performance of the neat hybrid nanofibers consisting
of polyacrylonitrile (PAN) polymer, the magnesium
oxide (MgO) nanoparticles and plasma treated ones,
in removing fine particles from the air stream.

METHODOLOGY

In order to fabricate the filter media containing
the nanofiber layer, the nozzle-based solution
electrospinning technique was applied. Materials
used to prepare the electrospinning solution included:
the polyacrylonitrile polymer (PAN), solvent N,
N-dimethyl formamide (DMF) and magnesium
oxide nanoparticles (MgO). They were purchased
from Polyacryle Co. (Isfahan, Iran), Merck Co.
(Darmstadt, Germany) and Merck Co., respectively.
The concentration of PAN / MgO solution was 16/.
wt. in 3: 1 ratio in DMF solvent. Nanofibers were
fabricated with nozzle solution electrospinning
machine (Nano-Meghyas R&D Co, Iran) in the
following conditions: Applied voltage: 20 kV, needle to
drum collector distance: 10 cm, ambient temperature:
20-25 °C, electrospinning duration: 30 minutes, flow
rate: 1 ml/h; Needle type: 18 gauge and the rotation
speed of the drum: 500-1000 rpm. All electrospinning
variables were selected based on the optimal
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Fig. 1. Schematic diagram of the filter test rig [8]
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models in the authors previous studies. During
the electrospinning process, the nanofibers were
deposited on a polypropylene spun bond substrate,
with a basis weight of 17 g/m? a filament diameter of
3.5 - 11.5 pm and a thickness of 100 um.

For the plasma treatment, the substrate coated
with PAN / MgO nanofiber layer was used. The
samples were placed on the central plate, as a
grounded negative electrode of a cold plasma device
(manufactured by the Atomic Energy Organization of
Iran) which acted as a cathode. The cathode electrode
(15 cm in diameter) was located 5 cm away from the
electrical-discharge electrode (10 cm in diameter
as the anode), which was connected to the radio
frequency (RF) generator. The surface of the samples
were treated for 10 minutes, under cold plasma with
the RF power supply (13.56 MHz with a power of 20
watts) with the argon gas and an operating pressure
0f 0.2 Tor.

Initial pressure drop and removal efficiency of
particles less than 1000 nm, was measured according
to the ISO 29463: 2011 standards [5] in the test rig
(Fig. 1), which was designed based on ASHREAS52.2:
2007[6]. The filter media was placed in a holder
(open cross-sectional area of 28.26 cm?) and then,
the required air flow was set based on the test face
velocity (10 cm/s). The filtration efficiency test was
performed by injecting KCL particles, in the size
ranges of 10 nm to 1000 nm in the test rig, by the
HCT-Atomizer 4810-South Korea, and counting the
filter media’s particle’s downstream and upstream
by the Nanoparticle Scanning Spectrometer (SNPS)
(HCT -SNPS-20N- South Korea ) and Optical Particle
Counter (OPC) (Grimm -1.109- Germany). Particles
were emitted from the atomizer of the diffusion dryer
(HCT-4920-South Korea) and neutralizer (HCT-
XRC03 -South Korea) to remove moisture from
the particles and neutralize their electrical charges,
respectively. In the test rig, High-Efficiency Particulate
Air filters (HEPA) were used to purify the inlet air and
dilute the particle’s concentration. Initial pressure drop
was measured by the differential digital manometer
and quality factors were determined for the produced
media. Temperature and relative humidity of the test
airflow were recorded. Seven samples were taken from
the upstream and six samples from the downstream
media (sampling time was two minutes and fifteen
seconds at a time) and the results were recorded in the
SNPS and OPC software systems. The results obtained
from the counting the upstream and downstream
were averaged and then the collection efficiency was
calculated. It should be noted that at least 4 samples
of each type of the media were tested for assessing the
filtration performance. The calculation of Coeflicient
of the Variation (CV) and uncertainty of the results,
was performed according to EN 779: 2012 standard
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[7]. All tests were performed in the temperature
ranges of 20 to 25 °C, relative humidity of 25 to 50 7.
and atmospheric pressure of about 1005 mbar. All the
calculations and the graph’s drawings were done with
the help of Microsoft Excel 2010 software.

Using the Scanning Electron Microscopy
(SEM) (Philips-XL 30-USA), the fiber morphology
studies and fiber diameter determinations were
performed. Elemental detection of the magnesium
oxide nanoparticles in PAN/MgO nanofiber media
was performed by Wavelength- dispersive X-ray
spectroscopy (WDX). The X-Ray Diffraction (XRD)
(STOE-STADIP ‘Germany) was also used, to
confirm the presence of magnesium oxide particles
in the nanofibers. SEM image analysis algorithms
were done through MathWorks software, Version 7
(MATLAB) to calculate the percentage of the media’s
porosity. Measurements of the media thickness was
done by using a digital caliper (ASIMETO- 307-56-3
6” ABS- Hong Kong).

RESULT

Table (1) reveales the results for the mean initial
efficiency, pressure drop and quality factors of the
filter media, for 80 to 250 nm particles (according
to the standard ISO 29463-3), as well as the mean
overall efficiency for the particles below 1 micron,
most penetrating particle size (MPPS) of the media
and their quality factors for 100 and 300 nm particles.
On average, the highest filtration efficiencies and the
lowest pressure drops were obtained from neat and
treated PAN/MgO media, respectively. However, the
highest quality factors belongs to treated media; the
efficiency of the particle collection was reduced by the
plasma treatment. Indeed, with a significant reduction
in the pressure drop of the treated media, it's quality
factors eventually became more significant than that
of neat media. The MPPS was 100 nm for both types
of the media. It should be noted that, the CV and
uncertainty results of less than 5-107. is considered as
an acceptable and reiable result.

Dimensional characteristics of the studied fibers
in neat and plasma-treated media, along with their
size distribution and the corresponding SEM images
are given in Table (2). In general, neat PAN / MgO
nanofibers had smaller fiber diameters and the plasma
treatment could lead to the increase in the fiber’s
diameter. The mean diameter of the substrate fibers
were 22.37 + 3.66 microns.

Structural characteristics of the neat and plasma-
treated media, including their morphology, thickness,
basis weight, and porosity are listed in Table (3). In
cases where the ratio of the standard deviation of the
fiber diameter to the mean diameter is less than 0.3,
the morphological type is considered as a uniform and
otherwise, a non-uniform. The studied media showed
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Table 1. Results of filtration performance of the studied media in removal of particles below 1 micron.

Particle size Media
Parameter
(nm) Neat Treated
Mean (+ SD) of initial efficiency (%) 82.75+2.64 53.43+2.12
80 Uncertainty (%) 2.76 2.21
Coefficient of variation (%) 3.19 3.96
Mean (+ SD) of initial efficiency (%) 81.60+2.61 51.57+1.76
100 Uncertainty (%) 2.73 1.84
Coefficient of variation (%) 3.19 3.41
Mean (+ SD) of initial efficiency (%) 83.07+2.35 53.51+1.52
125 Uncertainty (%) 2.46 1.59
Coefficient of variation (%) 2.82 2.84
Mean (+ SD) of initial efficiency (%) 83.54+2.11 56.45+1.87
160 Uncertainty (%) 2.21 1.96
Coefficient of variation (%) 2.52 3.31
Mean (+ SD) of initial efficiency (%) 86.87+1.47 63.30%1.16
200 Uncertainty (%) 1.82 1.21
Coefficient of variation (%) 2.00 1.83
Mean (+ SD) of initial efficiency (%) 88.36+1.01 67.37+0.58
250 Uncertainty (%) 1.05 0.84
Coefficient of variation (%) 1.14 0.86
Mean initial efficiency for 80 to 250 nm particles (%) 88.36+2.28 57.61+6.19
Mean initial penetration for 80 to 250 nm particles (%) 15.64 42.39
Mean initial pressure drop (Pa) 78.22+3.11 22.00+2.23
Mean quality factor for 80 to 250 nm particles (Pa-1) 0.0237 0.0390
Mean initial efficiency for particles 300 nm 90.80+1.26 72.15%2.16
Mean quality factor (Pa-1) for particles 300 nm 0.0637 0.0305
Mean quality factor (Pa-1) for particles 100 nm 0.0329 0.0216
Mean initial efficiency for particles below 1000 nm 90.37+6.07 73.60+8.86
Most penetrating particle size (nm) 101.8 101.8

Table 2. Dimensional characteristics of the neat PAN / MgO nanofibers and the plasma treated ones.

Media Descriptive Statistics Histogram chart SEM image
Mean fiber
diameter 221.38
(nm)
Standard
deviation 65.56
= v L
Coefficient
. 0.77 T @w e 20500 e
of variation Fiber dismetar distribution (nm)
Mean fiber -
diameter 295.07
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Standard
deviation 72.62
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L 1.08 oo T ]
of variation Fiber diameter distribution (mm)

Mean fiber o] —
diameter 22.37
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Table 3. Structural characteristics of the neat PAN / MgO nanofibers and plasma treated ones.

Thickness of media  Basis weight of media

Media Morpholo Porosity (%)
P 2 (mm) (gsm) ty
Neat Beaded* 0.115 17.58 41
Treated Beaded 0.115 17.58 48

* Morphology of beaded fibers is obtained directly from SEM images.

slight differences, in the thickness and basis weight,
while they had different conditions for porosity.
According to the XRD pattern, three reflection
peaks corresponding to the pure MgO crystals
appeared at 20 = 36.8°, 20 = 42.8° and 20 = 62.2¢,
suggesting that the nanofibers contain pure MgO.

CONCLUSION

In terms of morphology, the neat PAN / MgO
nanofibers had lower porosity and a higher packing
density compared to the plasma-treated ones, which
increased the air flow resistance of the media, reduced
it’s air permeability, and increased the pressure drop.
Increased pressure drop of the neat PAN / MgO
nanofibers compared to the treated ones, can also be
due to the smaller diameter of their fibers. The plasma
treatment, reduced the particle collection efficiency of
the media. However, the quality factors of the treated
media were generally higher than the neat one. The
higher collection efficiency of the neat media can be
attributed to their smaller diameter, higher packing
density, and their beaded morphology. According to
the classic filtration theory, the efficiency is directly
related to the thickness and packing density of the
media, and is inversely related to the fiber diameter
and the porosity. Fibers with the smaller diameters
have higher surface areas, higher packing densities
and larger pore sizes, which results in an increased
filtration capacity of the media. On the other hand, the
fibers which are larger in diameter, are usually bulkier,
more porous, and have a higher air permeability and a
lower pressure drop.

Conventional microfiber media, have a
minimum particle collection efficiency of 100 to 500
nanometers, called the Most Penetrating Particle
Size (MPPS). Their efficiency can be increased by
the use of nanofibers. For different types of media,
the results of the MPPS showed that, the mean for
the two different types of the media is the same;
101.8 nm .Various studies indicate that, lowering
the fiber diameter and increasing the basis weight,
causes the MPPS to move to a smaller size range,
which is probably due to the obtained results. The
mean difference in the fiber diameter, in both
the neat and treated media, was not significant
enough to cause a change in MPPS. In conclusion,
the highest percentage of the filtration efficiency
and the lowest pressure drop, were obtained from
the neat and plasma-treated PAN / MgO media,
respectively. However, the treated media had
the highest quality factor. By performing plasma
treatment, collection efficiency of the particles
decreased, but with a significant decrease in
the pressure drop, the treated media ultimately
presented a higher score in quality factor than the
neat one. Therefore, the plasma treatment can be
a good option for surface modification of the filter
media, although the definitive conclusion depends
on additional tests such as, mechanical resistance of
the media, adhesion of the layer and so on.

CONEFLICT OF INTEREST
The authors declare that there are no conflicts of
interest regarding the publication of this manuscript.

How to cite this article:

Farideh Golbabaei, Majid Habibi Mohraz, Rasoul Yarahmadi, Asghar Sadighzadeh, Hamzeh Mohammadi,
Somayeh Farhang Dehghan. Comparison of Filtration Performance Between Neat and Plasma-Treated PAN /
MgO Nanofibers in the Removal of 10 To 1000 Nm Particles. Iran Occupational Health. 2021 (01 Feb);18:4.



http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

Vg’/’ b g 3 Al

http://ioh.iums.ac.ir Yl k=t

\EOIPOI 10 Aysioalun ues

N\ VAVFe e = VA oy90

\

5 Progs

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45 ]

D150 Ba> 4 Lowdl b ol L3 318 33 g 00w PAN/MZO L1 g o guw! yided & yShos duwslio
192 Qb2 31 ol o—)eee

Ol (RS ol Sz pale olSiils cubligs s uSiil ¢ glad > cubligs 09,5 wliwl 1 LU U5 00,8

e (S pale oKL ccubligy 0 aSuily ((clad o cubligy (wdige 0,5 lalisl 1) o0 o Juo

- Oll ey ol Sz pale olSusil ubligs suSLiily ¢ glad > cubligg 09,8 il s gyl Jow,

bl ealag (il (6551 olojlo sldins CAISS Clidss S 0315 Gaduo piwol

bl ol el Sbis pole ol cubligy 0aSLily ((glad > cublagy 09,5 «(6 ISy (ol IS0 0 jo

COIRG sie re (Sbjy pole oSl ¢ il g cudligg 018l IS g Lo yol o Jelge S Slados 35 50 ¢ loolisl (Jgtuwe oy #) 10 RS Kidy8 dpoww
somayeh.farhang@gmail.com . !

oJ%S\?
Lo 5lgads Y25 S 5y 3 Ygamn 5L ogs Caleo sl G 53 5 ol 0I5 5 55 395 (5355 &0 LI 5 158 g e
AW Sy » SUISL 4Y G (Sain (rr ol SlaylEle ) edes Al 5 (S (Jl ol b s (oo 08l cdes
Byl A o ol el Canj lame b B3 5 S B9y S plsie ey (B (osad cal 3 4 sl @Y 5
lowsdly 5515 e ST 1356 5 (PAN) gl STy st GUISL galild 5 Shos dulio 4yl adllas . 23,5 0
3,Skas il lgn by 5y Oy Bl dewdl b asd (5l g 3l (MgO)
gl 5 (1) Coms ) st 20u8T 300 (Lo jtiighy ST L saddy 51 Sitze 16 WE T, Jslows ) Bl 2 o) 2 (109

oy, €5 sy SIS I i gy s 3,5 35 (g7 S5 g s o 55NN o
Y flae i 5 g8 ] onns K5 S5 ¢ (Sl Y- b 35,0050 WIBP) (gly (o 5 45 g b o cslodly
oizan . 265 plogl EN 779 5 ISO 29463 5t sllas «l)d eie i 3 adsl oIS 05l 42285 15,55
Alas (SEM) gy iy s Som 5 sl L 5 23,5 s (53055 slabyte sl S 555516 5 28 )
J5les Gute 3 SEM s o 5 40525 cslaassSl 51 - oy o Ol b s 5 B (pulis
GUISE )3 pjaie 2] Sl3gl jpis b jslate 4 ¢ A5 odlitl alde 5156 1o dsle s, MATLAB
WAAVNE bl fo)b 25,5 a5 ol 31 (XRD) oSl 3l 255 PAN/MgO
ol Pl 5 038 log 55SasS (siepll YVYALSQ/0F) GUI s 51 osls PAN/MEO Gllsih sy aidly

5 ol GUISL 95 93 b comlid Sy 5 51 sl 005 (s2egl YAB-VEVY/EY) G| s 2l el Lowdly

5,8kee i) gl bl o Lo > FA 5 F) (i 4y 005 il 5 03k PAN/MEO GUIgh oxdaws J555 300

Qe SYVES [V i s 00 il 5 o0les shito adgl LS Silks 48 sl s ©lyd (gade Gl 5 iy clabiso

9 (MNVET1) L) pSole JBlas sl 0153)5 dunloe (6520l Voo B Ve @lyd (oy9l xon (lp o yd VYIS -EAIAS

0Sbe JBlas g 039 yiogli v 5 yiogil Vo VA 0,3 Hlw as bayye cud i @ ool sbise (AV/ARY) oL 1 Sike pSTas

Are g yogl Ve VA 0)d jlo 4y bayye iy a4y odd (il sbide (AA/VOL) o5 :Kle ySTus 5 (0V/AVY) )

9 VAIYYEYNY 5y & (90)] (o s s 53 00 B30y 5 03l (slide adgl jLid cdl il 0Bl o jiogil

o g oY plp i A sytagi Voo e B Ve Ol gl mon gl gl cuS 195 Sike o ISl Y- o Y/YY

ool &3S s (VJS0Ly)

Slen (8l 5 4 S8 S i e 5 el iled (IS Aoy i oIS 55 & 35S st

0 5310 sbae 4 Blate cudnS 1gxS o 3YL b ol b idel Cawds s [B3ls 5 5 0ol PAN/ MgO

e 8l K 2alS | g 055 sy IS 3 (6l o IS 451 Ly 5l ol L il o

2551 oo e |y (5 5az g BB lrae ool (sl 45 Cod SolnS 1536 Cules 0 Lo

w/awuﬁ)/)fylw ué)Lv
Ol (K pale olKiily oS Sy los 2uio

WAME/YA el fu)b

:lio oyl 4 slcw! o g
Farideh Golbabaei, Majid Habibi Mohraz, Rasoul Yarahmadi, Asghar Sadighzadeh, Hamzeh Mohammadi,
Somayeh Farhang Dehghan. Comparison of Filtration Performance Between Neat and Plasma-Treated PAN /
MgO Nanofibers in the Removal of 10 To 1000 Nm Particles. Iran Occupational Health. 2021 (01 Feb);18:4.

ol 43855 3 y920 CC BY-NC 4.0 b sl ST aw s s 900 4 alliio ¢yl plibassl™

Iran Occupational Health. 2021 (01 Feb);18: 4. 4



http://ioh.iums.ac.ir
http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45]

Loy b o 331551 5 ool PAN/MEO LI oy gensl kit 8 Shos gl

ey Lsleods ‘59)4.;’ (w)y.olf) oy odslis &5""']9"["
oud olis Csw 9 S d.ay).s) u_i.’ K9y » du‘yl)
Gloe (g dhauly 4005 LSS CojemlS U
FB Salas ool faws ygemwl il 003l (o jauelS
ol b 0] e oge o ndy 358 50 azy
«Zuj9eelS sl Lsle 1o osas oyl 5 LSS Jl>
Oy 9 Y 5 595 » SUIgl Y g (S
o> 2ln 0 SUIEL Y jlecals) 5550 slgo (lie
il oo shes (5 oolatnl s jo ol g (S
sl (o 2ol sl a5 (aliee sla s Gl 5o
lawdly o3lo o)l 0g>g JSie opl o adé Cop>
Sy Lo b S5k s SL (g, G plgre 1) 055
a 4LS:L..Q...M.¢ (SLQU»;)‘Q)J ).) [?] w‘ 009.0.; g_é)"“’
Slde (b ol (w5 pguspe slahy) Olgre
&b 4 45 Wgd o B pas Brre g plend Slge 53k
ol LoDy (5318 53 y0 a5 sl e xSl 5T sl ol
BLIgl o oloowds s gl ailg oo (Xigd oo
s=YlgsS Jlail .05,8 1,8 oolaiwl 850 (5 ey
Lozl 60,50, «id gl 4 Glles OlS 5 5
ogdle (] oSl ld Sg o] 4y s YU Sleudl
Bl b Glol 4 mlaw Sl-dol calises glgl oopl
Gl e V] cnl plesil BB Leaodls o dgs sl 518
o Sy s aanly dowsdly (3lo 5 3 )b 5l elans
O)ge sleend sbrog)S 9Bk (oKl b mlaw
Iy youks maw a5 wlools flis Ollllas 0 pdy oo
@litee Jd slaaisl 5l as Sledl lawg g5 oo
dy sl ooy LS olj sl g b 50!, des 5
Ol slesliiul o (Lol Coje g9 -d9ai 5 Sge g 5
aS Cowl 1l S je G010 3925 (6 peuds Slge (slawsdl
adgl olo> S (g wlge mhaw (59, 2 S ST
979 OBl ul & Sl (l (6508 5 05 (o0 D90
5 b gilonsT aile Lowdly 31 alises glgil o ls
3, Shos ¢ pol> adlllae ;o [A] [V] sods adg Jlad 2
(PAN) s sl 5T b (5 et Sl (o] 2L
L ooas 5318 5 5 00l (MBO) (o juie denST 0,340 4
R owyn )90 198 b2 5l Dly3gl i s ey
G s (Byme )l o3,k ol 51 L el a8 3
Shgo 50 .00,5 el YU o Slee LB L oo
Ol (50 0 (310 (6 ye SLIIGL (YL o Shoe

dodio

30 55U (6,5L8 die) yo (glod S Slads o) el
Ol 3l ssete Lo S 55 41 55, 5 el bl >
Obl sl 5 5 (S ilises slaaiee) ;o 5,5l
$U Olore 4 SUIGE pgas cul o 05800 (209,
a9 93l elde ;0 ilie ()5 dn go b oS (gl o2
ol Gl sl 2555 ez BB j5b 40 45 seg
Sy gl il ol 51T, LT aS s ladasio 5
9 Seied eles ey BLII gL ol oo bt (s
Slidod ;300 84 yazie sla Sy s il (o (2liesd
GV o ka8 aels Blllgils .b\.;’)lo &yl o0laz]
S aS Gyl (egli e+ b lar o) ogil Ve
Lol o s geas Cond g 055 it el 381 sy
lle (Slbee 2lsz g zolaw (VL Sllasil izeen
oS ol 1S5 LLa 1] 05,5 o o2etS WSl 3
itz (oS el )b aiile akie sla s,
Sl adgi sl o gm o 2SN 5 5LS9e = 295 (38
Jolwie lats) om 5l -aiS (o0 8 ooliial 550
Slgteel gl a5 Cowl (LB5 ) (o 59 2SI BLIN 91w g5
s gl il 50 60 )5 sl sl (6 FoaisS
ety @by cellBoad qun s pSIlaY L5 j5bas
V] s o oylid 093 5 g 5T lyd sl pla
whlides slaaree; 1o sloaialss b (s yoely SLlgil
I apr oy 005 S (Hhe Colus g arg
howg Ll a5 0515 o 18 00latnl 590 Sz o
Sl LIS [V] 2igd o0 095 (grma 9 SN SS5
oS s MBO wiile (6518 STl 350 L (6 50y
whal soo )5 lp lidze 5l (S bawgs K00
sloplly bl 4 cpl.cwl a3 )5 )13 b we lse
lod S elgil 53LShy sl D390 cnl o B e pamis
soa Yl Hlaars soan VI aiils ¢ coww sla35 5
Gl g o 15 8T (logs ST o g pg) (So3elonn
S 5 e k) oo e SLIG[F] wily o S0
5o alfus sbeo Slee wilys oo (0350 ¢ audy
51635 5 (Sasslsm sleyd slooai¥T plojon ahas
Ao lid og>

9 PP 095 $O9> A odd (o9 ySUl (Agil 4Y
Sl 51 JalS ob 4y 45 slabos 5 ol oaiiSs
g ol oo ;o YL SLas el Lo 4y asil oals SCis
o5 gad olizl Isn il shs lyie & Ygans 395
sss 08l g liBle Sl s Zules sl SO 0
slabae lad 8l ol 5l S sl 5 Sllgl (S


http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45]

(o gl 10 Hhad L) W3lS 09 Sl aiS o e 518
Shad ) (SO Sl adss 09 mSUl 5l e 6l O alols o
Codio Jamniliy 4 Juaite (W laie a0 o 2l Ve
Sae @y bdiged 09, ghaw g w85 1,8 (RE wge)
osl8 8 dss aie b oy glewdly g ad s ) -
(SIs ¥ oy b 35,0186 VY/08 uilS j3) (RE) g0,
3550 555 1Y (Slidoe b g 55, onims LS5 55

[9] aizs 5 )5 bl

J)ﬂo.c Cond
Voo 3l iaS Sld Gis adgl LIS 5 Lus
180 29463:2011 s jlasbew! sllas (5,500 1) yagib
oads b cus fg ,o EN 7792012 4 [y-]
ASHREAS52.2: 2007 s lailewl p ome (V JSC2)
285 bl sgi> 0,5 Hanyang olKisls o V)]
ke o3lel 5l e ke a5 090 B j90 s S g,
S il YAIYE Glopls 5L alaie mlaw) ,ulgn ;o
S 2yge Sl Olr G s S8 oo )R (e
080 B 093l 2y90 (s Lo el
Voo snbe @) 0 KCL OIS 55 bawg (5051 (2l
oBiws lawg cus Jigh )0 yiegill Voo U yiegil
HCT-Atomizer) (,pledl) cans I3 00S (g yuml
Cawd b jo Sld biles ¢ (4810-South Korea
e b laoliws lawgs ild shoe cewsYl
Sbled 5 (SNPS) &l 36l g (iog 2Sns)
5 e Ohdcdpdy e ol (OPCY) 2y (500
(Fhoed) (g el o S sl ol 3l )5 Lel
(00ssS’ u3) ,pYe,590 (HCT-4920-South Korea)
yshie 4 o35 a4 g (HCT-XRCO3 -South Korea)
Sy (S iS5, s i g el,d sy (i
G il 5l cas Bigh 50 .000,5 o jaes 0 Oy
il b 5 150 avhal jolaie 4y (L) YL o Shoe L
SO 3l sdag griw (b ol eolaill Wl )3 clale
@ e (Selivly ZSI oS guy a5
S iy Sy e (813 55T g
Ol oSTy K led 4 odd  Juog (DMA?) 6,3
ob,> -5 (TSI Inc., Model 30224, USA) (CPCY)
(OPC o SNPS) b )lods s 25k 5l (59,9 s192
Lo L o ol JLid 2l 136 b 0,5 o iy

1 Scanning NanoParticle Spectrometer
2 Optical Particle Counter

3 Differential Mobility Analyzer

4 Condensation Particle Counter

O g bl J5 00,8

9u‘)éuLcjo.®&.9~.\:> 6‘);‘)01)“5;‘05.9JL)6LQQJ.’)[5
REARY )L]él3| gé’)?‘b’"’ 9 Lg)'lf LgLas oA.Z:»_YT

JLIE-1Y
WA

I GlIgh 4y sl gbae cole shie 4
30,5 oolisl s J3b Usbrte a5l KiiS3
ol (gt Jglome 445 (s 0liinl 290 ol
Jeie 5N N Bl (PAN) ik ST Ly yocl
s —(MgO) (02 it DS |—¢;1)553L2 5 (DMF) sle s
1S o Sladial o ST ol sl 51 o5 il
do,s VP PAN/MO ol clale .ainss S ays
Jsloe g ool ags DMF Pl o¥:) Cos 4y 39
bhug celo Vo lp mjmie ST O340 gol>
S Jole (955 Cows @ jslaie (30 e
S Gy jslite 4y e g A 035 2 BUT (slod
Soigul gl pla> o celo ¥ oo a4y ety SasSTy
Jsloo sy, o820 b LI [4] wizd § )3
Lulys po (Glpl ouliegih gl b <8 p8) s J3b
alold e dgol SV - 160 )15 sl o w3
YO Lo ¢ yionilio) ¢ tonisS 6)91@? axao Uy jgm
V18, P E a8 Y e i le ) o ol il a0 Ve
G Sy VA S 1 e b ecele i e
Voo J3b gy S g 4835 )3 59000+ =V v pl)s
bl 2 (o 59 S (Lo psits (olod a8 o s
OB W5 (i Slalllas 10 89290 (6 e slaJoe
s3SI an ) e BLIGE L[] wiays 5 Sl
(5Lel5) slie 039 b Ghag ok Wbl 4Y 25 55,
o5 V/OVNVD ciadld ,ld ayyoyie gy 0,5 )Y
Sl a g 035 oSl g a5 Jle 0dd (o 9,5l
ooliul g 128 gl plyie & lesa ], il lgi o0
L2] cal oty b loaily 5 jLad el ol )

LoDl (3510,
oad o3ls gy Y sl bewsdy (jlo 0 jslaie 4
2 Bdigai.0gd oo oolaiw PAN/MgO GLIgl a¥ L
) Sy g5 Slowdly olKiws (535 10 4o (55,
@ axio (nl g a8 18 (Oln] o5l 6550 Glesle
Olgis 4 g (mej s o) 0005 Jog (e Jruilsy



http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45]

Loy b o 331551 5 ool PAN/MEO LI oy gensl kit 8 Shos gl

C‘) B axio

Cawd YU (g5 digei ol ys

m/n\

s G0y fra

s il 31051 abgal ool yy

\ =

{%

.J!,.’l,‘g,,lJn- -
ptlei e ==
» Glsr mlad 95 =
i oF Kis M‘:hbﬂ-fu-—" A l,.s,u.,‘,...,_,,..,,::.. o i %3 te
] a ] ©ly3 a9 Ry led
Genaaedy | | R
iy ey _“l
D130 g s 153 0310 &5 07 it g Y Jload ik

VY] S V25 3 sl ooliinl o590 yikd sl o Shas ygn)] Caw Silot b ) S50

slole clasio e

(SEMY) pig) 9 Sl pogSang Sina 51 oliiol L
owlid oy, oldlas (Philips- XL 30- USA)
Gk 3l o VY] 28,5 &0 LI b (e o SLI
33 (WDX?) oSl anl oo Job S5  oninw i
ST S35l g pare olwlis SEM CeSug S
Cdpdy Oye0 PAN/MEO LGl showe ;o o2 juie
dunS T D113l jguan dasre dwl Holaie 4 piren
oSl il oSl PAN/MgO  GalJlgil jo o3 juie
a5 Ll ;| (STOE-STADIP’ Germany) (XRD?)
ASIMETO-) oJsS lagi Lo cuslies J[A] o
g WS s (307-56-3 6” ABS- Hong Kong
b o SEM sl Lo 5 a5 (sla 550 5
!y (MathWorks,Version7 ) MATLAB ,|33ls 3
LV0] as eolarwl lab v Jodzs sy awlxe

4 YO B Y: s oles g5, 40 lagyge;l als

Soodl [Lid 5 00,0 00 B VO oo Cugh, ol Sl
ool b sy g0 ;0 PAN/MgO GUIgl (ol
odds 03,91V gz ;0 Ll (5310 (yg 9 Lewdly
plxil cwl aine V' Jauz 5l a5 jeb les el
] 00 Ln.Lo )LM..S o) u,..aalf S Lo..m)l.: O’“")b)"
Ol sl 2l 5eSile 4 bgayo ml ¥ Jgur

G A oL Gl ks slaboe caaS ,eS g dga5
5 (ISO 29463-3 & lailiwl gollae) (segl YO

1 Scanning Electron Microscope
2 Wavelength-dispersive X-ray spectroscopy
3 X-ray Diffraction Spectroscopy

i

D)l 4z 90005 @Al 5 o) 2 5995 Sl9r (290
i adg) L8 Sl ek (shya ooz (oo s
(bl oS (6 ol (Sl92 (023 G -0 S (o0 &5
O3 o 9 28 sm meiis a5 0550 GBS @ az g
20,5 0 53l ol (OPC 4 SNPS) 5 Loy piansns
Lo Cawd b 5l diged i 9 CawdYL 3l diges Cin
9 4kdo 55 51 ;8 )0 (gl digad (loj) Wi ge i8S
5 SNPS (6 1581 p 35 s ;5 gl 5 (S92 4l 0033k
plosl ol b (6400 1 diges g s 050 8 o0 <3 OPC
S yge0 50 9 il (Lo sl 1 L3) boe cawaVb jo 00l
s g5 Joog T e 5o (g bl evali
odal Caws ol 5l cd 5 oo )18 o) o)yslo..\:;m
Cewd iyl g CawdYl o ouls plxil slo g lets
arslns yslaer oLl G 5 005 655 Sl
prSeS b lajlogel pay 9 Slewbre (oaled - o
Sdape3Y .85 &) g0 Microsoft Excel 2010 33|
L s 0 50 digei ¥ JBlax Luw g4 0 5l as col
Vo] css

s cel @I Glee VLl boe 3985 ol5ee
Omb ald slass 4y cewoYb &l )3 slaw pnds Lol
e shls adgl olbaboe .l co cavsy Cows
ol aiten o5 (AP) JLzd <l o YL (B) oygml 2L
K9SB lare Cod 6l )l 5 Y gene iz g0
oles 1) pld  Sils Jlas a5 wigd o plesl (QF)
Syse gl il o Sles DLB)l sl s S e
IV 0,5 o 3 ool

In(1 — E)

QF=—T (\)


http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45]

O g bl J5 00,8

Glors Gl sl £, 5le) PAN/ MO GLIsil g5l (slalie adsl Las <l ) Jgus

OS““}T 390 0z HAS o )0 s (JIKWL) HLS cdl

Sl g9
Iy Vo, Voo, Yo
ST FY/VE- VA OAINEYS)- 0 YAFEYY/N Y Ve YITEVENY
Lawdly L3l o VEIYEVE/ - VATV /AT YY/YE- VY YANEYY/-4

S9ee V ) o3 B sy PAN/ MO GUIgh 55l slabows o Slas gl .Y Jgus

Aigos 0,33 o3l
Aol
Lowsdly 23155 F3o e mm)
Ov/FY AYIVO (1 iy g b5 Jome ol ) 5
YENY YH/5¥
YITA YIS (/) U) copalsd ps A
v/aF ¥/Va (CV) il o o
NN AV/E-
\EIVS Y/7\ (D ED 5l 25 Glore 1) oSee
VIAY YIVY (1) (U) cakad poe "
TIE ¥va (CV) i o oy
IS AY[-Y )
VIO YEYO (D B il o Glore Sl ) ol
V/oa vIfs (1) (U) cankid poc e
Y/IAY YIAY CV) I JUUFS STV IRV
INZAN AYID¥ (1 By A Gl S £ 5
VEIAY YH)
Viag ¥IYY (1) (U) cakad poe i
A7AR Y/ov (CV) &l s oo doys
SYIY ASIAY )
VENS VEIVE (D ED 5l 25 Glora 1518 oS
VYD VIAY (1) (U) cakid poc v
V/AY Y/ (CV)QleP oy
SYIYY ANIY'S (1 iy g b5 Jome ol ) 5
“H/0A VE
5. INF YA (1) (U) Cpale pue Yo
NN AR (CV) &lyss oy duopd
avIFY ASITF
sina SN (HNM YO+ B A+ o3 6y adsl Sl nSile
FYITa W2 B3 sl ol 098 GSls
(Hynm Yo G A
Y/ YAIYY
YE/YY Y PO) ol 0 =8l oles
[o¥a. [oYYY Paly nmYd: b A ol,d glp cuis g6 Sk
Yine VA nmy- - ohs sl adsl oLl Sk
YEN P VEIYS
o [oEYY DRI nmy-. » @Pa’l) ceas g5t WSl
S/rYa SRaYs nm) -« e Pa’t) s 1556 Sl
Y5 ¥y
ALIAS Y nmy- .. 5ol @ly adgl ohlS ke
ARV Ve VA (MPPS) 3485 500 oy b (M) 0,3 o5l

e



http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45]

Loy b o 331551 5 ool PAN/MEO LI oy gensl kit 8 Shos gl

ShE dlie 5 Y 505 gl 2lid 0 Soe St
BUIGE b ooy eols ibgy <l b ol gl ild
oads ool L ¥ oo ¥ I o s 5 & PAN/MgO
g (F+NY) SLS woy iVl ¥y ol ol
Ol gl cws g a |y (/YY) SIS aoye (eSS
B Sl il 1y egilb YAVIY 5 agili Vo /7
Gragli) e D3y )Sea ) s ld ln ol 2L
g VIYY VIAR ol Cud ) a g ymegl Yoo &3 g
Slp ol @l sy IS jsb ar0bl o duoyo V/AD
IS ek s Sl P15l e aglb YY1 85 ol s
gails pials Wy, o5 as e al)d ple Giolisll
35S raglb YY1 8 5 b gl o (2L a0
Glaa8o Vo yal oS 5l am aY g ol el WP
o, 0AV/YA B QV/FY 540> PAN/MgO GUJIgL L
o gools lis 0gs 5l el pld SIS o158l
Sar 00,3 lo e ¥y 2llS se ) o W,
gl DS 308 (ood 03 SUIGL (om0 by
ools jiiigy PAN/MgO CGLJIgl 0¥ 5 a0Y 555 5 SEM
sl aLI3S Grsles s 1y ] (g9, 00

Slabaw 10 w00 ,50 SUI glgsl ol Glasin
S5l 223 ol yam oy 5lo s b g G2l g
yoh el oda! ¥ Jaaz j0 dlbgs 10 SEM yylai g Loy
& 5SS B Lad 5l el PAN/MgO GUIgsl S
A8 Bl el Lowdly (5510 0 plonil g 009 51555
Alra¥py S kS (ke ol snys 5 SLI
il oo 9,50 YY/YVEY/PE

5 G0 s sbabise glsil g kb sla S
il kil Sy £ ol Loy s
el 0als ST Jaaz jo Jx wsye 9 s (59
Ol 4 i 5lad e Bl yail S 45 (60150 0
15515y i i i il Y 5] e
DIY] 0gs g0 aid )5 i 0 CS 1S il O jguan] s
Le (359 9 Saled ;0 (S5 D9lis (om0 29590 slobioe
Loyl oo 0590 40 a0 cins oo yLid 095
sl galae

oSl 4l zoe Job SSE i b )
oot ool SEM gSag S ,o (WDX)
PAN/ G5l (sbiowe )0 o e 0enS T, 3630 (6 i
S5y A blas .ol 4t 5 890 £ S 53llae MO
o D90 Aged ;3 1) mr e ST )3 9> 4l
S5 d9ze 3l jslate 4y (imes il e (LS
655l PAN/MgO GLIIL (o o juie dunST 43436

O35V 5 s Gl 5 @l 5Kl rizen
5 Lo ;0 (MPPS') 395 ole oy s b 0,3 o3lusl
Verg ) ee ol lp gl oS )56 rizran
O (Sl Heb 4o e LS ) (g egils
@ )lad S8l Glie (nyaS 5 Gl iled 2L ws e
odds yi3ls g ool PAN/ MgO sbuwe (glp cus
@ Bl coasS 986 o VL Jl ol b el ey
az 51 Lowdly (o3l 5 plosl b ogy oo 5ls 1 (b

Gl L (g o5 lag 2als IS 6 0l @e 28
eSS )9S Zuled )0 b jLid il et
sl e 1) etz Sl (lie ool slide &
Sga> b elgil sl 398 (e (2 i b o)3 o5
pas g Ol pesd Copo sl [S3 a0V 09 egli Ve
Jod b mls sasms Llis 70- Vel eS8 Sl
D] el

slabae CodsS eS g 25 (Sle ¥ USS
A oo ol aligee Ol ojlasl jo 1) pwy 0,90
Voo Y. &Ol3 6l PAN/MEO sloe o155l
el Ve jlam g sl (Jo3 aig) g yos 4 fegil
Ol Bz 0, o0 8l 4 g, LI we)e
(AV/ART) o5 (Sl ST 5 (AV/E-T) SIS
5 7ol Ve VA )3 nlo ay bgyye i 5 4 Lo ()
L o3 gl PAN/MEO (clis aily oo yiogili 4+ -
ploboldbalie o5 gl Y U opnle s,
oo ki 555 | gl e B ¥ e ko gy 55
ol o3l PAN/MEO sLow oIS Sl om0
Ngy gy 4 yegli Vee BV S ol dleudl L
il oo Gl b eSibe T sl s anals s
oSl iSlas 5 (OVAYT) S Sl S8l
0,3 plody baspe cud i 4 b ol (AA/YRY) S8
PAN/MEO clye -ousl jiogili A+ + 5 zogili )+ 1/A
VOB Y- L;fu@)bul)oélflm»)bboww)lof
e o 4 555 2l b Sl el S gl
=l b aws oo lis gt I gl A LTYD
opls el Lowsdly (i3l ploxil e g ol 5l ol
e i il i LS alS 5y, 5l IS
(IS 55 el 00y )5 Lo i S 1S 3l 4y
90l YA LY. splo @))ol"m LR
VA 9 gl ¥ B e onlo slags; yo codsS )95
dawodly o3lo 5 b g ool > g0 4o gl Vee o b
il oo (6 58 BB gl

1 Most Penetration Particle Size


http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45 ]

oes g bb IS 0uy )8

100 0.25
90 ol
80 H- 0.2
) his
; 60 M 0.15
v 50 =
=
Y 40 0.1
30
20 ||||||||I| 0.05
10
0 0
N O ONCH O d O N NO M - < N 0 VW W W A — O 1 O
S d Mo ITNaAaNGdINGBS K dNwWmoda I TR
nm-c 3 o 3lul
=0 53l e PAN/MgO UL RS e gl b PAN/MgO UL RS
——(Pa-1) js3ls, 90 PAN/MEO s 516 (Pa-1) _jls,, LPAN/MgEO cas g5
45 0.6
40
- 0.5
35
/

30 \ 0.4
25 \

20 \EI/A\'\VA [ 03
15 M\\VA 0.2
0 AVAVN

b oy

N WO NCH O A NN ©®MA S NV KO A O IO
S d @8 S FNANNITN BB 9dNWme da TR
A4 04 +d 4 9 N NN ®MmMmMm S TN ON®K®O o Mmoo O
I = = = = N
nm-o,3 o 31l

(Pa-1) coas 56

) asys

(b =jlad el aY 5 el ild o Sloe  czeie ¥ S0

(Y JS) conl oo ags o] 51 55 (XRD) WSSl il
51 o3l PAN/MEO LIl ¢ ol i, ks | S alls MgO Jluwy 574 jblie alSisl Sy e
G Gyt LIl 55,28 ¢ (oS15 5 ;oS Jolss  oad ol 20 =62.27,20 =42.8'20 = 36.8" »
oS wiien o5 Ladl boond 3jlon g5 & PAN/MEO ouds s o =S GBIl a5 ains o )Lt
o5 plp 5o boe Coglie Al Sl 990 (on IV anil se Lalls MEO by S (55l

Iran Occupational Health. 2021 (01 Feb);18: 4. Y



http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45 ]

Loy b o 331551 5 ool PAN/MEO LI oy gensl kit 8 Shos gl

100 zwlllllr
90 I —
80
70
;60
w 50
=
Y 40
30 -
20
10
0
N O O NH O 4 NN O O Mo S N © 0 0 A —d O In o
S 9 M i 8 S F N aAaNASTNGB SO dN®moe da G R
A d d d 0 & N8N M o;n S ;00 N0 O = Mmoo O
~ = - = - N
m-a)éo}k\ﬂ
—0—PAN/MgO0 15 soye —M— sy SIS oo

PAN/MgO dl.\.”yl.: la ol oolo wy 4.3}/).1) 9 ().».M.J) duy).a) U?"‘"‘)’"L“S ‘53‘|)l5 d.m.!l.ﬁ-a ¥ J&w

(it

(@) o) 9y p oad osls i PAN/MEO GUIGL aY o (W) 4Y 5 5l SEM pgus b S5

@55 @ Egoge MYV 09l oo 0md (L5580 3 )9
P lep jome a4y (L5 @3, &5 Cewl ool LS
a5 a8 el e oy ol - ga &y cialgil G bl
3 sbaJsSse ol5] alols (S ol a5 i
b g led Lulyl jolse (sl gl 70 Jls k)
3515 S B8 ol S s e (Jlas
5 8 31ITY] 55,5 e b e e i
ol (ol Yl 058 jlad dy o S LS sl
9900 b S abal ) b Sy o gialin Sy [

1 Interstitial velocity

Y

ool Hlad cdl il g ol 6 pddess zals dea
labow jlas cél Luldl [VA] (F gV Jglaz) el
0 o308 5 s Cd 00l PAN/MgO GUIsL (g4l
Al 5 b, T BLII kb 09y 2SS 51 (L4 Wl o
Sbid 8l gl il SIS (6,55 5o (Y Jga)
el 58 j5dome b usSae alal) sy 0L w255 00
b ,ad zals L jlas cal golil Gl b cplbo)ls
AV T el (6508 s (slls sy Bl ada SLI
sl (So,u8 o aes o olid (Brown) cyol,s asfllas
o il jhd pals bojLlas | R | I TN| P

Iran Occupational Health. 2021 (01 Feb);18: 4


http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45]

O g bl J5 00,8

Lol (5308 0 b g 00l PAN/MEO St (ol Slasin Y Jguz

55 gmnsd 1503 oy Lol Lo
_ 5 o Sileo
T
(nm) Lt
T A d . R .
g sos e S
(nm) ool PAN/MgO
W/H/HZ ] oo T
- Floar dlamater dio - O s
- 5 Sl
vaay “’&
= (nm) Ll WK
i - gy Asild  PANIMEO
/ (nm) ooy cos
LAl -
- ‘ . _ VA e
Tu0.00 ;\I:::ur i o, I(J'\:::) ‘—")"'.':""
— ] 5 orSilee
yry O o
(pm) S
: ] \iled S Sl e
Y H (pm)
| NF e
m m) u‘)’"‘""
LoDl (530058 bs (5310, ey b lgl (g lisle Slasis . Jgus
JESES) Low Lewo 39 Lo Cwlrs ewbd ey .
J S0
(w2)9) (oo 32 p,5) (%0 ko) SLlgl
\a \YIOA s awls oolw
A VY/OA s als Lowsdly 55318

o il 331 =/ VYD 4 o/ A% 5l culys 5o lalyde CossS
poinnce 50 L1, BLI (5003 5 BNl yhad sl o 8
syl )b lgie 4 bow cuaS Sl g jLlas cdl
b golatdl (og 430 4 )3 (sote Jelse 5 )l
V8] 0,5 (B yme )b iien 6l 0
L ohd sl oz 2D dowsdly Gijloyy plovi
G Shde oS Sl Az ST wss oo a5
e all oo o s ool g5 51 SYL ggazmo j0 00
0‘9"6‘ |) ools PAN/MgO LEL.’.“-“" i 6)5‘ o=
5 by SUII (50,08 dag] Sl (o 2SS @
S (6,955 Gubo -0l i Loyl loalls (656198 90
Culs b ot adaly ( 2l5 (l5e ¢gunl 28
i Sl b S alaily Grizres 9 SLIT (S0 28 o

Iran Occupational Health. 2021 (01 Feb);18: 4.

el 03] s & SEM las 5l Loiiies (Bead) s ails SUII (s55058, 90

5 lg5 e Ledly 5310 ol Y] 55 0 i lad
50 C31giSy la Saelpolxl g osg g 50 5 b
Fblo s JISleSy (ol (65 IS8 4 e mha
ool adllas cpl s 3do o [YOI [YF] 005
J992) bse 2055 Gl o (F Jgor) ST Sad dLowsdly
Cdl el 4 e gy ol el sols zuldl 1 (F
(Y1) Ll Ko g (Wang) ilg .ol oags )5 ,Las
ety iSI Jgloma il liEl L oS wiols oli
S 8 uSilee Lialsdl asats o 3 AT B Y 5 PAN
sl ild IS 0o sl OOA b gl VYO 5|
a1, ol ol a5 ol ialS s s Fe/A+ B AA/AY)
Ol p3-0583 (oo S (i (slog] yren Loy 20l
15551 5 il alS” ISl ¥ b Y 51 i el Lyl 5

¥



http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45]

Loy b o 331551 5 ool PAN/MEO LI oy gensl kit 8 Shos gl

(= (<

A e i 1
Sk 7 & )
AccY SpotMagn Det WD ———— 2pm AccY SpotMagn Det W0 ———— 2ym AccV SpotMagn Det WD ———— 2ym

260KV 2.8 10000x SC 124 260KV 28 10000x SE 124

260KV 7.0 10000x EDX 136 Mg

ol yods s (o juie a1 395l (6 pare aiis g () PAN/MEO GlIgil SEM g8 (1) o o 0S| 143636 (6 puate aiss & S5
DAl () PAN/MgO GUlgl g

1600 —

Intensity
(counts)

Diffraction angle 28(degree)

[YAI PAN/MgO GUlgls s5l> sbow (XRD) oSl Uil so31 .Y JSis

90 0ga> o/« 0% T8 auilo b sliges 4 Conns
90 gl il LIS o) 4 ) oS S >
e 315515 0l 3 b o a3l o) 5 20lS
%Q‘)ésgib}.ﬂQ\ﬂﬂ)o.whs&}_ﬂolﬂﬁob})
&g_gwlgm@ﬁ)}@@g?)&o}ba)o
OB pedins 355 5 Gk 5l ol Gl uils
Slad cdl g Sl e g (S j9iS B 0l o
St 51 ol by b adlo ol Lad el g VL
PAN GLII . el mld gy o ,Sles oains ylis «35YL
9 VA Wigd oo patuie S g pSme (Shg 90 b

10

Ghls yiSasS b b SLILIY ] s )ls Jolss e
oyi> plo g Vb JBz 5 o515 dn 49 Clus
5 a8 b B asl> o [YV]aes oo il |,
9 5YL Glor (6 23355 b g 5 J3dEie > Yaans
AYA] s ol jodr (5 508 ,Lid
ol &S o, A ol a4 gladllas o
28l g @l wo s aliEl 4 e (Sl (So 508
o gl cde 4 ) gedge cal g 008 o0 jLaS
a0 g by e el 5 gl 4Y sal>
asdlas oyl po AV als gl yilid mhas o l58l
L Bl yguml pld SLIS oo S all ools ol
4@9)5%.&1 Ay C.:‘)S Bi> I <YY (;OM desls

Iran Occupational Health. 2021 (01 Feb);18: 4


http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45]

L Jy 05 law ptals Sl 6yl e oI5 42 ST
CordeS 5eiS 1 Coled )0 b jlad cdl ;i als
@h Olme (bl n Gan slabae 4 Cus lag
Wl go S5 ok cnlplio o551 Censs 1) (5 pam g LB
bae (b 2ol sl (255 ansS Loudly 53l
logyge;l plilay byio ook (g 5 amiaz S1eail,
gAY Suwe oo S Cuglio wile (LSS
ST esdlh o 0 )5 g o 4SSl e il
i sl 1, Lasdly b o 1o (s e Sl
Ml Saselses 5 65 oo oai¥T 5 Sl lajan
Lol
o 5 Sl Ll el Ldly 2l
4 e gy onl 5l e g 208 (o0 bde (Soyid pals
Gk eorl edle a5l (ceigenl 2l SIS palS
S8l 0,75 Gasb Sl Wlgs e Ly (B3l0p 50 S

Low oli)':dﬂ;x{.ég.é.s o ‘Q1 4 0 ya> NN 5 Lue
G 3 WS a5 ok les s )5 ] LS als
5 5SS S ks 5 b I VL (5 sl mex oS 0l
é_l).'o)" u.._,l.:)LM.s Qé‘sg_éL:Jl).NLg Q;o).w_e deusls
FSop s g (VL J&l5) (ol (S s al
Sly aige alass 8L cplple - 09l oo 38e SLJI
‘5{‘)15 P ).,J.J Lo )L.;';_é o] Oy ewlio Jol.g.‘; N

g s 4y Joud LB coaS 19151 S g o)

el (5590l ]

Cyas Slisdss b 5l asu Jol> allie oy
Sy Gl Sleas g (Shp esle oliils
o> b o Al g (AY-+ V-TV-Y VAL 105) g5

ol sleys enilage Slaas 5 iy psle olKasls

sl 005 2!

&lw

1. Kenry, Lim CT: Nanofiber technology: current status
and emerging developments. Progress in Polymer
Science 2017, 70:1-17.

2. Wang G, Yu D, Kelkar AD, Zhang L: Electrospun
nanofiber: Emerging reinforcing filler in polymer matrix
composite materials. Progress in Polymer Science 2017,
75:73-107.

3. Tao D, Wei Q, Cai Y, Xu Q, Sun L: Functionalization
of polyamide 6 nanofibers by electroless deposition of
copper. Journal of Coatings Technology and Research
2008, 5(3):399-403.

4. Balamurugan R, Sundarrajan S, Ramakrishna S: Recent

O g bl J5 00,8

o Shoe [Y o] calosls ylas o1 511, 9 Oyl il
ol clie J3dss 5,k 51 wlgs oo PAN GLII g5
SLI 2 a5 IVE Y] 55 s oS s 5,8
] 3l il 68 gl S, Sl laasls
n_QL..” e ‘) alo )9»é.> w‘)ls.o.h 9 (Kaur) )315 Q)S.Jj
LTl ccanils gl illd SIS ol58 el
Siuilys oo ploygn pals g SUIgl (S8 5, 2
RO A\ ERVO PP S PP SR OO JCTVE N EH
slboe a5 asl,o (YY) +) Koo 4 Yun (>
0,5 a8l BLIIL anslie ,0 0,5 (g9l> BLIL L PAN
AV CudS (oSl am s )0 g S Jlid il gl
iy ol 5o (B Ollllas sgeS e 4 [YP] s
S o ails Log aalgs i 2l (6,5 ax S
Siel38ly a5 slaay (Su50b (ssluba ol el
9198 (6 230398 (rizmen Wigdh oo SLIGL [ alold
@D PBla sl (Jgome adg S slabios
Pl Bee Ve sl g5, 50 SLS 6l aex
l.3 w‘ysa (5)‘)& w‘ 9 .)9....:‘5@ o..\...,ol_; MPPS a5 siwn
lg o)é o)"..\.S\ Iy C"L"’ ..\_,L UM.,\)S‘ g.%l.J‘yb )| oslazul
(¥ J5iz) Lse el sl (MPPS) S5 ol5a i
aS e o lis alides Oladllas ol ogili V- V/A
MPPS Jli] el dise (35 talsil 5 il Jad als
@ a2y LAYV ] 09doe 38505 splo &) &
Silee WS ¢ ol danlllas jo ool ey s
Slojlaslay oo o3ls 5 g ool el g0 o BUI ,lad
ksl MPPS s 5 el a5 ol 004 axg5 B
35 (Yoo #) o), Sa 5 (Podgorski) S s50g; 08,5
245 200,84 (So00 5 alliulel Bo)b 5o
bl S S 5 ey a5l slo L3
= JB b 4 (MPPS) «o)d plu oy dsaily
olid (il Sen ¢ (Leung) S5oa) [YA] by co yialS
o8l el BLIIgL (L 20 idigy) SiisS 4 ks
GBI, MPPS (ioean g 098 o0 (g Seo Y ) )5
VY] aes co yualS agli Ve 55

Lowdly 51 ool b il anlllas gl 3

\#



http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45]

Loy b o 331551 5 ool PAN/MEO LI oy gensl kit 8 Shos gl

16.

Zadeh AS: Experimental Investigations on electrospun
mat production: for use in high-performance air filters.
International Journal of Occupational Hygiene 2015,
7(3):110-118.

Bettencourt da Silva R, Williams A: Eurachem/CITAC
Guide: Setting and Using Target Uncertainty

in Chemical Measurement; 2015.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Shao C, Guan H, Liu Y, Mu R: MgO nanofibres via an
electrospinning technique. Journal of materials science
2006, 41(12):3821-3824.

Dehghan SE, Golbabaei, E2 , Mousavi, T2, Mohammadj,
H 2, Kohneshahri, M.H.2 and Bakhtiari, R.3: Production
of nanofibers containing magnesium oxide nanoparticles
for removing bioaerosol. Pollution 2020, 6(1):185-196.
Bao L, Seki K, Niinuma H, Otani Y, Balgis R, Ogi
T, Gradon L, Okuyama K: Verification of slip flow
in nanofiber filter media through pressure drop
measurement at low-pressure conditions. Separation
and Purification Technology 2016, 159:100-107.

Wang ], Kim SC, Pui DY: Investigation of the figure
of merit for filters with a single nanofiber layer on a
substrate. Journal of Aerosol Science 2008, 39(4):323-334.
Brown RC: Air filtration. London: Pergamon Press;
1993.

Hosseini S, Tafreshi HV: Modeling permeability of
3-D nanofiber media in slip flow regime. Chemical
Engineering Science 2010, 65(6):2249-2254.

Karwa AN, Tatarchuk BJ: Aerosol filtration enhancement
using carbon nanostructures synthesized within a
sintered nickel microfibrous matrix. Separation and
purification technology 2012, 87:84-94.

Liu ], Zeng B, Wu Z, Zhu ], Liu X: Improved field
emission property of graphene paper by plasma
treatment. Applied Physics Letters 2010, 97(3):033109.
Wei Q: Surface characterization of plasma-treated
polypropylene fibers. Materials Characterization 2004,
52(3):231-235.

Wang N, Zhu Z, Sheng J, Al-Deyab SS, Yu ], Ding B:
Superamphiphobic nanofibrous membranes for effective
filtration of fine particles. Journal of colloid and interface
science 2014, 428:41-48.

Moradi G, Sedighzadeh A, Yarahmadi R, Bakand S,
Farshad A, Rezaeifard B: Synthesis of nano-fibrous mats
using electrospinning method and determining their
efficiency for nanoaerososls removal. Iran Occupational
Health 2014, 11(4):1-11.

Hutten I: Handbook of Nonwoven Filter Media. Oxford
Elsevier; 2007.

Papkov D, Zou Y, Andalib MN, Goponenko A, Cheng SZ,
Dzenis YA: Simultaneously strong and tough ultrafine
continuous nanofibers. ACS nano 2013, 7(4):3324-3331.
Zhang Q, Welch J, Park H, Wu C-Y, Sigmund W,

v

10.

11.

12.

13.

14.

15.

trends in nanofibrous membranes and their suitability
for air and water filtrations. Membranes 2011, 1(3):232-
248.

Park JH, Yoon KY, Na H, Kim YS, Hwang J, Kim J, Yoon
YH: Fabrication of a multi-walled carbon nanotube-
deposited glass fiber air filter for the enhancement of
nano and submicron aerosol particle filtration and
additional antibacterial efficacy. Science of the total
environment 2011, 409(19):4132-4138.

Dehghan SE, Golbabaei F, Sedigh-Zadeh A, Mohammadi
H: Possibility of using plasma-processed hybrid
nanofibers to remove toluene in air stream. Journal of
Health and Safety at Work 2019, 9(3):179-190.

Vitchuli N, Shi Q, Nowak ], Nawalakhe R, Sieber
M, Bourham M, McCord M, Zhang X: Plasma-
electrospinning hybrid process and plasma pretreatment
to improve adhesive properties of nanofibers on fabric
surface. Plasma Chemistry and Plasma Processing 2012,
32(2):275-291.

Kamlangkla K, Paosawatyanyong B, Pavarajarn V, Hodak
JH, Hodak SK: Mechanical strength and hydrophobicity
of cotton fabric after SF6 plasma treatment. Applied
Surface Science 2010, 256(20):5888-5897.

Dehghan S, Golbabaei F, Maddah B, Latifi M,
Pezeshk H, Hasanzadeh M, Akbar F: Optimization of
Electrospinning Parameters for PAN-MgO Nanofibers
Applied in Air Filtration Somayeh. Journal of the Air &
Waste Management Association 2016, 66(9):912-921.
ISO: ISO 29463: High-efficiency filters and filter media
for removing particles in air-- Part 3: Testing flat sheet
filter media. In. Geneva: International Organization for
Standardization; 2011.

ASHREA: ASHREA 52.2: Method of Testing General
Ventilation Air-Cleaning Devices for Removal Efficiency
by Particle Size. In. Atlanta: American Society of
Heating, Refrigerating and Air-Conditioning Engineers,
Inc.; 2006.

Habibi Mohraz M, Golbabaei E, Je Yu I, Sedigh Zadeh
A, Mansournia MA, Farhang Dehghan S: Investigating
effective parameters on the nanoparticles air filtration
using Polyurethane nanofiber mats. Health and Safety at
Work 2018, 8(1):29-42.

Matulevicius ], Kliucininkas L, Martuzevicius D,
Krugly E, Tichonovas M, Baltrusaitis J: Design and
characterization of electrospun polyamide nanofiber
media for air filtration applications. Journal of
nanomaterials 2014, 2014:14.

Dehghan S, Maddah B, Golbabaei F: The Development
of Nanofibrous Media Filter Containing Nanoparticles
for Removing Particles from Air Stream. Iranian Journal
of Health and Environment 2016, 8(4):509-524.
Dehghan SE, Golbaaei F Maddah B, Yarahmadi R,


http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-14 ]

[ DOI: 10.52547/i0h.18.1.45]

35.

36.

37.

38.

Kaur S, Gopal R, Ng WJ, Ramakrishna S, Matsuura T:
Next-generation fibrous media for water treatment. Mrs
Bulletin 2008, 33(1):21-26.

Yun KM, Suryamas AB, Iskandar F, Bao L, Niinuma
H, Okuyama K: Morphology optimization of polymer
nanofiber for applications in aerosol particle filtration.
Separation and purification technology 2010, 75(3):340-
345.

Leung WW-E Hung C-H, Yuen P-T: Effect of face
velocity, nanofiber packing density and thickness on
filtration performance of filters with nanofibers coated
on a substrate. Separation and purification technology
2010, 71(1):30-37.

Podgérski A, Balazy A, Gradon L: Application of
nanofibers to improve the filtration efficiency of the
most penetrating aerosol particles in fibrous filters.
Chemical Engineering Science 2006, 61(20):6804-6815.

31.

32.

33.

34.

O g bl J5 00,8

Marijnissen JC: Improvement in nanofiber filtration
by multiple thin layers of nanofiber mats. Journal of
Aerosol Science 2010, 41(2):230-236.

Yu X, Xiang H, Long Y, Zhao N, Zhang X, Xu J:
Preparation of porous polyacrylonitrile fibers by
electrospinning a ternary system of PAN/DMF/H20.
Materials Letters 2010, 64(22):2407-2409.

Nataraj S, Yang K, Aminabhavi T: Polyacrylonitrile-
based nanofibers—A state-of-the-art review. Progress in
polymer science 2012, 37(3):487-513.

Chen H-M, Yu D-G: An elevated temperature
electrospinning process for preparing acyclovir-loaded
PAN ultrafine fibers. Journal of Materials Processing
Technology 2010, 210(12):1551-1555.

Ji L, Zhang X: Ultrafine polyacrylonitrile/silica
composite fibers via electrospinning. Materials Letters
2008, 62(14):2161-2164.

VA



http://dx.doi.org/10.52547/ioh.18.1.45
https://ioh.iums.ac.ir/article-1-2828-fa.html
http://www.tcpdf.org

