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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
pm), 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

Filtration efficiency (%) for different particle sizes Quality Air face
Membrane Pressure . . .
(pm) drop (Pa) factor (Pa velocity
T D) D)
1 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
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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.

5. ETHICAL CODE
IR.TUMS.SPH.REC.1401.133.

6. FUNDING

The research was supported by Tehran
University of Medical Sciences, Tehran, Iran
(Project No. 98-11-13-8001).

749




V&o-VIEY Giladw 11561€ plims) /1€ a)laib /10 sla )5 oyl § Cabvlsgy aslibing

Gl p AU Sl (gl il & JShos g LSl y S S g L)
198 90 Ghwo O3 sl yobiwoay JSIN Jusg

7 1S Somngl 16 05 Lo T il lamons] Sy o7 LS ot 9 1S oiing
Pl S s>y olss
Ol ol (ol (S pole slfaily ciiilagy 0aSiails (gldd > oy owdige 05,5
L)‘)"‘ ‘)‘9}*“’ ‘6)|5}+w p..S.‘> oliﬁu"é c),o...b C}.wd...e.n og;“
] a0l ¢l (mio oKl (59 iSIgm S '
g 9ol csilg) aio oKiils (b ol g Cay Laseo ol yos (e sasaslaf
.Q‘ﬁ‘ sc)‘).e‘.? sc)‘).e‘.? L;i““)" r:5lc oKisls edlage oaSiisls c‘_g)5J5.~aM| 9 )Lai 05;&
VE K/ iy g b RS VARV XNy Iy

onds =

Sl 4255 3590 (b L8 8l 9 Vb ganl 2l SIS Jdodr (s penly (gl 52ld slabioe o9 pal idniiio
wﬁ,’lﬂ‘ oy L ‘_,;n.be labos adg Bas b« pol> dsllas sl cﬂj &loyd 6[20..\.;.1}” JyaS 059>y
e sbnreaons j 9 dlagy (5[-‘%;‘)9” S o, malS jelaiedy dycn B roudy G sl ookl b Joloe
aliges slao3lul b ) (il 6l oy slabios (gl ild 8 Shae (S5l 5 (Sl ) Sla Sy e
8,5 plnillsn by Cas s 93 )0

2 ol Pl 5 JSI Jey ol S Sy csonly Jolone 51 enlinal b sidgll (slobae 515 b,
cilizee soi] b sl el ).»Jl) St g Jolore o yg Sl gy sl oslainl b Sig do 0 £ LD slacdale
3, 50os ¢ prm 038,5 mry o by T 55 s 0 g adeil slaboe cBliicsy ) slo Sy s adg
oolaiwl la AN 9 Y/O cm/s 6‘5.@ Qlif’ Q_c)‘...: 9o 4o )L..S caél 9 ‘51“)15 J,cL.u ‘5%.]9.»[) 6L®L&AA ‘_)5_-.“:‘)»1».9
A dwles 35 lag] CuiS (5156 g (6 u5 05lail Lo s olStws

509y 19595 5 egili VOV B Y ¢ # odguze ;o yhad (1 Sla bo)S ey g Jlear AL 5l (gudgs slabiae il a8y
‘5‘).39 o0 9/4Y G Ad/YY 03gdZxa 4O uj)SvA N 9 AN L$’9)i3“°4’") u.:‘)») 6‘;: LmLJ.AA Qw‘].ll.:ﬁ LS")lS u‘).a.n
Glop ey j0 oo Lid cdl ol ie cpioran (il (8 a0 Ve B AYTY oogaome 10 9,500 ¥ gV )3
D Jub 18+ b OA oogaxe ;0 Y cm/s e us 10 9 JISly #Y B YD 00900t j0 Y/0 cm/s

NOKV s 35S Ll s oo oo ale 51 Lol (glioto ecsiudys slalioe cya 5 1068 A
5 AYAR) ol Lis g, Se ¥ 50, S Ll 5 6V lls 5 cudls (62536 BLIG cm g +/6 mL/h

Ol BlL adgil sboe ol JLid 8l e o paizman (BIY o YO em/s gloa glacs pu 1o i 4y 3o )0 19/QY
il a5 ISl V0 4 BV 5l dse ey
sl Bl T iy by s 3o 2 53215 OolalS =

fgolbabaei@yahoo.com :a5\5s Jytus ot g Suig xSl s 3

11€0 1€ pBs) /1€ a)ladd /10 sla )15 (ias) g Cublagy aslilod YOo



-0 Sloliss Hoawhilss s)Slac § (IALBCIAY) slaeShg (b))

ol yomie lgn (ola il (o ales 5l oyl 00 S 0 )18
Jdoas adsil slabow 3l o Sl ;o .(V)) cul
523 Oselild S S50 5 9L 5] oz s
AT) &los,S Cdz 055 s 1,y (slog azgi dga Lid
S BIgl wdgs alizre slaghg, e yo (VY
SUI petns g 2l Jdsar Jolore (g y9 251
(Sl o 5 by Lo 43 o5 yondy Jolone
5 3L ilelaz ook cdo i la by, ple 4 S
OF ) cwlaid 8 1,8 6 in az g8 o)y‘@lja?
Jslowe 5l Yoene oJsloe (g iUl (o9, 5o
Wy e Sy il o o5 55 gn oolital (sl
B oy S ani s 5 4,5 5 (sl
Sl gozr ambo 5 Sy iU S50 4ol ol
slo iy () JS8) WS e S S wuis
Ll s Joloe sloisSiy s i ganlp
Aol G o3 lscsy, st p Wy lae
st 3 7SI Joloma Bl oy ol 53 anily 138,50
oz amiao U 56w alold g olSws (60,15 5L
Slo S 2 558 3l ozl lyieas S 5]
39 eomizmen (10) wload zlae (LI 3lis
sl Joloe cdale 1) 285 op 5 Lol cledllas iy
VNP el
Erie sl Sy oo Ll Bld a4 lajend
lod S slas )5 058 5 (51,2 o o S ( S
Jeing b pols adllas o .(VA) Wiyl (g y9 2SIl 5o
S ol CHOM) J5Ssa Jpo b b (BVA) S
ol SRl BB Rl Shy by
g e @liplbrme 5 Sl Slezlse 3 o9
Pl 5 Gl caliond 6yl e SIS0
N Cel axgi 0y90 BLIIGL el o YL aiS
Ol ogas (nl ;o a5 ©)90 Slalllas (o) (T
Sloolaiwl b oads cun 9,58l adgil slabioe aos oo
Ogel 23 53 (6550 gl S 3 Slae Wil oo PVA
3 Jle glaeds (VY DY) aums olas 5, alyd

0l (o9 Sl adgil sbow wl aseie oiegh

Yol

doddo =

50 a8 sloyd slaean¥T 31 slaJlu b
odd hoosd Sl Jare o4 anale o3 cdle
oot LS 5 ol a8 Ign 45 shes 1,3 .0))
VIO (PM,) (9,500 )+ 5l S sS Salipog sl ,has
(1) axdlioo CPM) 09,500 o g (PM, ) (39,50
RS 00,5 S g0 S elis b i | 2l oo
cloylrail 5 Sz glagiom 51 5l Jeol> ol
JB 5 Jom smen (Somae gl 5l 5 5 Sliass]
slacudld 5 o slge glFal «55,0leS plio
Qilg g0 D3 L agalge (1) W0 )5 it 5 ades (S>
2 S5 sbar auled sbml ) slblagy M I 4l
Syplse Ol peiiass LU pglas jsbay Sldlas
(oS G5 lons aloz l Collasl slaasly lsil
ol g el oslhael slavely (Bge -
ogdlar (F-F) Cenload (3155 6,55 (6590 00 99,8 hes
(WHO) gl clage gloslw 51 (2155 olal 5
Ok ol 50 8 Ggekee ¥l i VN Lo o
ailosls Caws 51y 093 ol lsa Sogll b agalae Jdoas
gl (Rl g oS5, (Al alies (pizen (V)
158l se E55se il ool s aT oaiiSa g

Foe ey Olpea l9a el it diuly cal s
g Cewl a8l Slos S 05 deoanYl Bis> o
A) WS o ol oo BB 55 Jabe ladaa
S Lol il 5l (SSas pld shoae (8
s Sl g 00 4L £48 90 ol (ganl LS
Y QS el e Sl b 29di
S ydid 4 Cos (568 jlad il gl ild
sileie 6l Fig 5l o3l el ol () ) 0l oo azily
losiz sla Sl (BUI L 0%y sl ok o]
9 b oo Slee wad S SU a8 oasie
@ alies (pl a5 0Bl o 93 JB SHe sla Sy

1. Particulate Matter less than 10 um in diameter
2. Particulate Matter less than 2.5 um in diameter
3. Particulate Matter less than 1 um in diameter
4. World Health Organization

1161 HBus) /1€ o)ladds /10 o (5 (iay) g Cublagy aslibod



l

Polymer zolution

Nanofiber jet

0hBes g (31615 3w

=

Grounded collector

9 S a3 5l IS b o) Sl

Wolgs ,o .85 18w, 550 ASME AG-1-2019
slaslilinl 51 Sy ya olul p Jol> @l Jlos b
ol 3,80, o lites lp plaskidn S
)] oad 9,8l slaboe el ild L5l o

=

90 5

Moy =
Sl 5 s

P VY Jss0 (359 L PVA I iy ol 5o
O PNV IRV F-3 B N [ K GUNTC g S JONSN
CS ) oksn b oz 5l kgl clo Y
5 & o S W oogam b e b (Ol el
ookl BUIgl aY 5y Hlgieds 9,50 Vo v Coles
SR eolil 000 Pl plgiear 5 03igs T oS
Fanavaran Nano-) Jslore o ,iSl oSl 28,5
3,50 Bl udgs > (Meghyas, ESDP30, Iran
8,5 1,8 eolatwl

et 350 22218l 6 ol Jslons 55 osLel

Sl Jslome a3 BUISE g sl
Ao, 3 F B0 gwyypm 90 slacdile ;o PVA colgSy
T PRI STV ol Pl 50 UW/V) goz> - 59
ATY) ol agd celo ¥ agas Sae b Gugpadis a0
b Sedly Sy o U2 ok Jolore g

1. Polypropylene

11€0 1€ pBs) /1€ a)ladd /10 sla )15 (ias) g Cublagy aslilod

) 0955 + IV S Wl oo PVA (alls yeddy 0y 5
gy SISy BYA Lad 2l o 1A4/AA LllS L
g Lv asllas ;0 (V) w5 <L3 0 cm/s (5,52 Slg2
et 5SI PVA sl sbide 55 (F+1) Ko
YL L) collhe gl 2ld o Shoe cdlys ous
il B Lad il g (oys 39/27) gl 2L
(VY) ama ol |, (ISl 1Y)
dwgi 5 ol 4 Al b rash ST
o isgidl 5 layardy 3 solitul L ild (glabue
@bl & 5 s ol (omyiSIl hy, 5 il
o,fles lllas ol 5l &y Slasls byl o Sles
Ol Copw jl (atiie polie (bl 2 1) (ganl 23
“VY) Wloo,S sy Gmre S llinl SO L Bllas lge
Iy warin o)lulnl (Ko 29,5 a5 Jb> o (VF
ool (TF XD YY) wloo 5 by ebate ol sl
5 o bl g axly 0,50, SO lads s lis Ll
2 Sl (gl laboe (gl ild o Shee b5
Slgee dgil slaboe ol aghy o celul (e
9SGy b IS ey b b 2 o) e
SSbee 5 il sla Sy 9 wad ady Jelre
o b dailin glao)ladl iy 55 o] el yilid
Slabinl 93 p Gebaie 5 @y lyo Lm0
5 150 29463 ol lga 1L slabos & bgyjo yeine

vop



-0 Sloliss Hoawhilss s)Slac § (IALBCIAY) slaeShg (b))

PVA yocly (slalite (5,250 4T3 ool Luly ) Joar

S 5591 @0z Gloj

(min.) (cm)

gl alold Jolro wdni gy W
(mL/h)

YYo 10 -0

Bz P g o oS e (O S Cols
g&oﬁﬁﬁﬁ%ﬁd@‘?li)é&))lsgobb
e Al glaboe culhs 5 (g slate
Sartorius,) Jlusws o5l oKiws 5l eolawl L
Sl g o5 oo /0 ) &5 L (CP225D, Germany
(Ogawa Seiki Co., LTD, Tokyo, Japan) g ,Se guw
Al (g S oslail g, e SG il b

lebse ggmlild o Slas (305l oyp -
Silsl

L adsib sbow yo lawg &, g3lasl sloay oIS
oSl L a8l ol )3 sleslawl LY+ » em? She Colus
Yoo Voo /d e /V) @lpd Galizes slaoslasl jo s &y IS
cm/s o O/Y cm/s sloa b, slace o g (09,5
5 (Y9) ISO 29463 slas Juilbiwl b sllas s pas Y/
Lo s olKiws 3l oolazwl L (Y- ) ASME AG-1-2019
Hlid 8l 000 8 s ()l e ulitiogil o] alid S k)
ey polie lod (o 5 adgil glabow ads o lse
ASME AG-1- o ,Jailiwl Budo .ol couominw 1553 (slon
Jolas gl ploay LIS L L 2Lé slabos 2019
Slid el wsles oo 59,5500 /Y O3 (gl do 0 A9/AY
sl andls YO cm/s slgp ey jo 1) JSWL VY-
Jsd LB sga> SO 29463 o lailiw! ¢ yuizmon (V)
05958l lin 1y LS (slolie cppmnd L5 1S
<8l gl (goga Lol «aiS o (pxs (MPPS) 6,3 o3l
b (QF) cuas (oS .(TA) 0,15 sos Hhas o Jlad
oolaiwl b dslllas 5 50 (lon e s 9 12 40 55 2 dgils
() w0 5 awle YV oakal, 5

Yow

Jsln e
(3% (W/v%)
\Y 0/6 A\
O 4 Y

S klpn o BLIg ol (6,185 L VA o5le e b
VAEN oo Cagb g anmms slos jo ) Jgozr ;0 00l
Eoz GRS,z Sy by Al lesl Y 55 (59, o)
o3gaze (TV) Lol (5 5lmax VYo rpm 0disS (56!
sloosesl bl z ganlp oyl )by polis s clale
leis diwly cnl 5o 03,5 (sd (los @25 5 S5kl
adgi 4y o8 (sunl 8 alites bl o as sle Jeloe
izmed i DDl wisg 1Sy 5l B
e Gl 2 g e &30t S 6 psleez Sle
095 IV LS lp Harml S 2L 00 YL @
(VF) 0b plass
Il b slice, sl Sy oy -
Glbae golicsy, (b Shy sy ssbied:

gy Sl 09y e 3l o Ay Adgil
FE-SEM, TE-SCAN, MIRA TII, Czech) _jlose &5

L s2dgl slobow oyglaie s o oolaiwl (Republic
L«ooij‘swm‘”’k" 5L b g oo eols g b
3 55 SLIN a8 s jshaiea (YY) 0o 5 g pgea
58 5 liae oCmimad .o ooliiwl Image] 38l o 5
o5 ¥ g ) Ll 5l eslizl b iyl slabae 51 S5

e=1-a o)
a- 2 ™
p.7Z

9‘_;/&)-“.3 (Sflfaa 3 L‘>LL‘>U OMJJLu.us ‘OT)O 45
ol 5o gl s sboe (y59) Al (59 W s (g

1160 1€ oGws) /1 s)latd /10 Mo )5 (iay) g Cublsgy asliling



0hBes g (31615 3w

— 25
£ - —
2
20
15 2
3 15 3
go H g
w o w 10
10
5
5 /7/ 5 /
40 60 80 100 120 140 160 1 60 80 100 120 140 160 180 200 220 240 1 120 140 160 180 200 220 240
Fiber diameter (nm) Fiber diameter (nm) Fiber diameter (nm)

¥ oylad () 5 ¥ oled () o) oylads () oud (om0l il sl slabione o PVA LI a3 Jlsl 5 55 5 FE-SEM jyglas :¥ JSCib

PVA Jslbowe 5l Jol> oidsil slalie (g lisles clasie Y Jgam

AP £ -IEY ARRIERVE VALY £ -
AR YA 4 \YY Y7 ARVAR - 03
APIf- £ XY WY Y/ YANY £ -

3l s G g Sl B s s
S T UK 3 45 loplen 555 pali Jyrd LG
Slead gy Sl (Al slabae sales s
Sz g 08 e S g SRS LoyE LSl
3 Sl S8 Jlas Szl 5 (2Sle 09 )10 )95 2
VOVEE £ VYV coipa ¥ 5 ¥ ) ol (glabos
VeBIEe EYIEY 5 Zagl VEARY £ YV/EY 2agls
Slasein plo ¥ Jgoz ;5 09l 23,5 Geesd yegll
s sl 35 Job aallhe 5,50 slabse s 5L
RO PV IS Y P RVEIR
F Jgaz g ¥ S 50 oals odslice gl 4y axgi b
2 i SL kS 5 Sle Gl (neS 5 (i
L PVA Joloe §) Jolo ¥ 5 ) ojlas cidyil slabo
L) Jouz) Cuiils 0529 duoyo £ 5 O Jolome slacdale

11€01E lus) /1€ a)lad /10 sla )5 (iay) g Cublagy aslilng

1)
[-Y
[+A

VOV/EY £ YYIYY \
VEA/YY £ YV/FY Y
IBATEAN ¥
In(1-E
QF = — n0=5) )
AP
Gole! Judos -

SPSS (SPSS, Inc., 38l oy lawsi (g)bol alow

dnlio gl p .o 8 fl.?ol Y# asus (Chicago, IL, USA
ke 2l g Geanlild QLS Glagasly slaoSils
bl O3] g 4,y iyl el ol
s wad oolw] P<e/od jlo e mhaw jo 9,8
e Gl # o Sils ke & jgohy alKiyles]

ol 00 s0ls ul......;

b 4l
adlhe cpl j0 Wi o lal St a5 a4 les

@ Doty gl layill 5 Clile sagame

vor



-0 Sloliss Hoawhilss s)Slac § (IALBCIAY) slaeShg (b))

Sy lise slaoslail 5 lse ol Gloce s 1o 00 (o 925Ul il (slabie (el ilid 0 Shos (503T ls a0 oY Jgaxr

Y \
AN Yo Voo 99/fY
“l-0 OA Voo a4/vf
./-q OA Voo Voo
oo f VY. Voo Voo
Al 44 \ \
o0 V- Voo Voo
100 -
m2.5cm/s
99 A m5.3cm/s
Y
=
Y
ji 98 -
297 -
96 -
95 -

Voojleds sLow

Y oo,les sbow

/b AT
aVIVA ar/IvE Yo
YA /Yy Iy \
14/74 /%) Yo
A4/0A RRVATN AR !
4/40 A4/A4 Yo
4/aA a4/ay oIy r

Yoo leds b

em/s slop Hlyz Sy 93 53 950 1T SIS by 55 Jolome (o9 2SI g b ot adg (Al sboboe gl LS (LIS alie 1Y JSS
BIY 5 VI

S8l g g Y Olyd el s Sl sl asls
OIY g YO cm/s slaa o)L o Cus s 90 2 j0 lgn jLid
Jolos dabos o)l Gla Fho b s blns jsbay
(F Jpaz) isg, ag o (Jb55 5 SIS Jlob (oSl
3 gl 2k 2B )0 stz BB S s Gl 4
(P<+[+0) 0b onalie godds slaboe oo Lid il
a2l 1) gadse ol 5 e (553 4 53 amlie
SBLI als LY oyleds sliow a5 laigSay w5
@bl ) olad Gl 4 Cod SV 2l 5 5k L
Ol S 93 0 3 (57t JLid S8l g gl il
ol a8 a5l adly s (P</e e 1) ols olis lsm
FeSlie Jlilo i Kby 5YL Lad 8l b ol jen Lo
sl gl il T8 0920 p0 SLII S Sl

Yoo

dsiz Vo V) ojleds slaboe S35 (e @ azgs
ALBYVD gF e+ N0 agn slagley b o as ¥
COUMTUINES-3 ) S DN PV EP- PR PPRER W PRI |
S5 093 p 6 S go9ux b LSl g it

38kes g3l & bgrye @l ¥ Jyor 1 owizpan
Gslul ploay )5 Jolss adgil slabowe gl L8
Cdley9,500 ¥ g ) o /0 Y ke slaojlasl jo il yd
Y SIS gl ool dwle oS eSS g Lad
Ll 00905 &Sl] g ) Sn

alyd ol ploay LIS s aslie O JSK o
2 095 IV S sl sads (el slabise o
Lol 00l O/Y 5 Yiem/sd slga b > slace

8 ol ol 48,y il g o (el s

1160 1€ oGws) /1 s)latd /10 Mo )5 (iay) g Cublsgy asliling



0hBes g (31615 3w

= 8550 sl glabae SFLhcoy; la S g sl b o Slas ozl Guilly Julow ol :F Jeus

JS 5Sike LIS LB (Sl

ofeeY R ¢
<ofe o) <ofe e
<o <efee)
Foffoo ) <efev

odgazme il jo Sladss o)l jo aS glaieSas ol
lbos adg 4 unl b 5 Jolowe sl ol )y canslis
A e 0,8 A8lE g eSS W SHL BLIIL

else 5l 5 Jolss SN Jlad o (2165 5 0gdle
5 S5 g0 wgmite yguml LS S Sloc 10 000US s
el ol 13 Lae cules g 4l o9 mibicos bose
Obey Jedo 4 ¥ ojled shae ol (las haghy (nl
S (7)) yiin Cwld g 5 Yok (om sl
O wiz e cll bbae ple 4 caws 50
og Sl bboe le Jsw e 0 cddidculxe
wlie Loyt bap] JB olis 5 (aoys +/F 3905)
aS aed oo lis Cualies jo Dglas Lol ey oo ey
4,0 5 @l Ll Wi oo (om 95 SIl loj s
obes enlply was 13 sboes 1) Lae (So,ad
il S8 31 S8 s aSol 5l G (w9 ,5Sd)
Lyl Slasay flipwe § cwulbrs JuS o) dol i
ol cuale Jdoas 55w e a5 I 0 aiS oo
Ol Sz s Joloe sl Shg 5 (o9l
(YA olas

Sade iYL ol adllhas gloasl ulsl
098w IV o3l pe s 6ln gl ild LIS
Sbde 4 Lo OV cm/s len obyz Sy )3
Lb e olee b (oye 19/AY) ¥ o led cadsil
ol el i 5l ol el ai oo (VA/YVY g/m?)
@Jﬂ&j(\”ﬂ) (Y’Y‘)u‘)&wsYu &_JlAJUG.O)s) W)
olis ames (ol g SYL 0 (F2) (Y-YY) )L,
Gl ploay conl asley AL Hhd  palS aS wes o

11€01E lus) /1€ a)lad /10 sla )5 (iay) g Cublagy aslilng

Vo

. |ols ol,s
vy u%‘*’rl:?sgsi)
\O Slsa jLas cdl
Yy o

oy =
b » Jles A8l Glaboe ragh cnl o
Sfles g adgs (oo xSl Sl Il co PVA
s el ploay oLl Jels bapy] ypel il
5 S oS o Jlas cdl il glaojlul L
Sl ol 5l was bl e ol sl
15 00 ot y95 S lalis CgiSy adgil sl
Sgin on 0318 a5 Sly3 gwwl ild gl o] o 18
e gl laboe ol aslllas jo (plply (17T)
Il ey Sl Ll po g ik glackale |
(Y J2) FE-SEM jpglas wiad oy o8 LB 5
Gl gLls sadss sl olas a5 wisls olas
ol slise dap] plos po a0 (g 5 £35S,
10 mL/hA O kVial,l co PVA as 0 # ol
SNV g Y Jglaz) sg 5 S56 SLI 6l VO em
Slro e} (S Gialsil I (AU Yzo! (T
4 e a5 035y (S Sl sl i e Culae 5 (5 ey
oy (1) Cansl 00 0,5 o 5 slgan BLII LSt
GLI LSCas a4y poeie Wilgs oo 995 drgi 4y 5ud alius
S I S 5 5ty 35,5 Jlymd 50,5 3
S L S S i 5 6 ey cslo o5
Jsome 5l jlaclids ol o Gyl 5l aslyi oo (6 ien
B LS5 Sl el 958 s (s 3,550
(YO ab oo (iali8l 0,5 e gyl JLislo b
Pl laboe plo 3)50 )3yl aslllas glaasily
(V1) o, Kes 5 Zhao ladllas 4o suds a5 PVA
Slsen 55 (FV) (Y- \V) ) Sos 5 El-Aziz o (75)

Yoy



-0 Sloliss Hoawhilss s)Slac § (IALBCIAY) slaeShg (b))

b RlBl cge o by e IB WS
r=)) ogd o0 oy 2ol slaboe o jlud cdl
lgo 5,2 ,ld, 51 S5l wilgs o aS oo «(P<+ /- O
Al ow)lo gl L sl jop g BLII Jxdxis Lol o
SBL s ralS aS ols lis bbow e duslas (FF)
Sloasls it 2 s foline 3l S5l Sl
ol ool e ol > Calize slacie juw j0 (g0 ,Slos
)Li:..é o8l o |) JUST RO, Y c)Lo.Jb b “_’)ltao
(Gl V0. vga) oly lad Tg ce s ol L
V7)) oK 5 lins Koyd 0,155 L axdly oyl
e ST e sl STy A slote 3,5 50
cm/s 5l 5l e Gioldl s ol 40 a5 el guron
Hlad cadl o ISl VO iolidl 4 e OIY L YO
Sl iele d plgiee ], )3, cnl cde (FV) w0 5
Coad (ol )+ & 090>) Lo ol iy ,15 LI had
éL?u‘ ‘9.2; IR ﬁ‘).g 90 (S wsLa.ao Lol codds 5'3)
IR (e MMBWW u.:‘ ] oo;
‘U"‘ > oj)l.c (\C/\> Q)‘Q k_&QJUG.d (Y‘ \/\) u‘)&oﬁs 9
FB jebas cadads slabow oles jo jlad cdl ol
o) HI4 g5 o) sba 23 5l Siml ez
o5ill Cuje oaiasylis a8 Sg (YY) (ISl Fr e
Ll (Jas oo )5 )0 sudy adsil slabow
adg slabowe ygul s o Sloe ol adlllas (o
(Y4)ISO 29463 (slas laskiw] Slel JI L aslae 4o oo
28,5 15 b)) 5,se (F4) ASME AG-1-2019 4
Y o3l b SIS ygal s SIS aS ol lias s
ASME o laslis] ;o ooy 0> 51 Spml (9,500
ol Hles cdl S s s el (F1) AG-1-2019
SSis ol Sl B ol 5 ol a3 s
bl 2 RS g 5l adl I by b aglse 5o
S Loy sleboe ISO 29463 (gunasl
(EPA) wel 5 slo ks 09,5 o /23,0 51 5V

Yov

Sy [y Ggamlthd (LS g dms Gl ) 5y ol
¥ ojlod adeil sl )0 s gy (nl yo aisy
9505 Sd Geel 2 QLI 50 iz
b Yzl 3grge al b canlice (yg,Scme /0 5 /¥
@ S b opl S g 556 A L
25 ol 6l LS 5 Sk el lakiges ple
)l GlgFen (Y-VY) o) Ken 5 Muniz 5,155 L
S oy el 5 5 adlla s o5 (s 5y
28 (s GBI 4 poeis 00 g 9 5SUl (SLhe 0 9o
oddy (V1) w98+ /0 5+ IV 3o, IS (I
GUII s 5 Sl i8Il (sla by Cionss ) Gae
PVl ool ools Cannd a9 ,25] MT)S =
5 oler e Gl S 3 s sy
S Goglane S dgpr 4 e Yoo jleds sl
GRS e 00 Sl 90 50 D
0,5 ol pl Qb5 Gels azl )0 g (53
FSop by Gl pelild LBl 2 el
DYl oY gV oled slabioe jo (9,50 ¥ g Y)
S slp dg) Geer g aile (b (2eys Ve 0)
S a0l cnalin jo ) o)led shoe jo 9,8 ¥
Ol ikt Gapasllo coS 5 4 Jl8, (nl w0
Sk g 0,0 ojlail 4 atisly a5 SIS xob, Jelss
Loboe Sglie 6 5L (sl Fs 5 <(FF) el 2
G s 0,95 5 oS Lol 1l lasye (V)
A0 g IV 9,505 Ol giluleloay o 6 5SS,
AR g sea b Bl (1) asS oo Ll (9,50
sl ikt LIS il e Wl o ¥ ol (oo
b lga by ey RIBIL O]
w0 Loe Cwglin arls laca Lid cdl
5 Sl oy 5551 Gy b Loitis s i 506
6 old by N LS Lis LS s ol Ltals
(FFLTY) 098 00 gume b yild (092 48 oty ,ie
Ol e i3 Gl 5Bl Slasin ogdle
JLad 28l Gl 50 Wl oo 325 (S)e Sloa (23 L) oo
ol plis gl onl sleassly L(F0) aily 5o Lo 2l

1161 HBus) /1€ o)ladds /10 o (5 (iay) g Cublagy aslibod



ASME 4180 29463 Lol 52 yild clalios b Lo e
el 3l eady sbboe ol AG-1-2019
VOV B Vo F oogazme ;o jhad 1Sl b lsen 2ol
g 10,95 1 a0 AP sgus &l e 5 yiegil
ol Hlas gadzs ol glaaisl

Sl 53 YL il sadg idsil slalioa @
ADIVY oagazme 4 (yg 500 /0 g < /YS9,y olyd
cdsm )Q us)im Y 9 \ g_)l)b 9 M)s) QQ/QY l)
Sadle sy Ve e B Aq/FY

Jol> adsib show (sady slaboe (Lo jo @
o9 Sl Loyl Coi PVA wo )0 # Jaloee cidale
S50 B o s b e+ /0 mL/h g YO cm NO kV
29/AY) 6,5V b S5 e (ogili Vo # 5g0>)
bld 9,500 Y 1y S guwl 2l o (ds 0

@by g 4 e lgo by S ] 31 0
Sl hls (gl b )3 (59,80 n) SlyS Al
Sl S

gl slabioe 5l 5 0e sl jLad 2l s @
28l Gl lea by Co e e GRIBIL sods

ISO o lasbiwl bl 5 sodss adgil slabow e
558 o )18 sl IS la ild dils 0 29463

SF1ou8 g S =
wyas Slixix bl Lis Jol asdlas )
IRTUMS. D1 oS b s Sij psle oSl
olSzils cule> L a5 il o SPH.REC.1401.133

ol 0030 5 plmil o5 (S pole

REFERENCES

1. Heal MR, Kumar P, Harrison RM. Particles, air quality,
policy and health. Chem Soc Rev. 2012;41(19):6606-30.

2. World Health Organization. WHO global air quality
guidelines: particulate matter (PM2.5 and PM10), ozone,
nitrogen dioxide, sulfur dioxide and carbon monoxide
[Internet]. Geneva: World Health Organization; 2021
Sep 7 [cited 2025 Oct 3]. Available from: https://www.
who.int/publications/i/item/9789240034228

11€0 1€ pBs) /1€ a)ladd /10 sla )15 (ias) g Cublagy aslilod

0hBes g (31615 3w

63,8 cunle JJoas ASME AG-1-2019 » lastwl
)'\ Lg)l‘dd‘ﬁfm 6L‘°)L.t-”~‘° (glaus @L..a 30 S¢>
S 00,5 oo Lk ol (Llad cdl lrs vgu dlax
6505 A2 )3 3 (& yiioss 35 yo3 TSO 29463 o sl a5
..)JDW&.&AGLQQJ.})S&‘}) Uﬁ"‘“"‘)"‘l"‘a ‘53.‘)[59
Ailgs oo ojlailinl g0 jo 5l Glojer eolaiul oyl b
Ogelyild sl 4 cod gpmel> Buye
Sl o2l 3 adeil slalos
w2lp szmen ollze 5l sk Gl (S ssba
wl Pl 5l solawl s @ yi ) ool adgs
S 5dee 4y (s 5 48 potiygrie you 5l (6o e
‘JL> u.:‘ Lx .09.3 )L))?).g ul)o UW‘)"‘L‘Q )o g_:9l.'a4
B aS o] cunss cails 89 5 elbiusgases
2 9 Nad Agh Sl ggiie Ll o sk
2 sl syl Sl @8 b)) GBl axs
2 sl a5 el b Blacs, sla Sk
g Sl Cawoas okl Ll s o Jol> muls oyl
Slallas 4y 5Ls ¢ o28ly loo )5 4 (6 udypmeni (sl

Dyl 9>y eSS

G Al =
2 el slebos adg Boa b ol aslllas e
ize slayal)ly 5 bse glacdile L PVA 4l
or & dobre (o ys iS4 sonlp blys
Oyl ikt o Shos Julow 5 SUI 6,5 Le sl S5
2wz gbaosll b ol ol gody slabas

S lailinl 9o wlal » o ly Glso Gl sloce

3. Mukherjee A, Agrawal M. World air particulate matter:
sources, distribution and health effects. Environ Chem
Lett. 2017;15(2):283-309.

4. Korten I, Ramsey K, Latzin P. Air pollution during
pregnancy and lung development in the child. Paediatr
Respir Rev. 2017;21:38-46.

5. Schraufnagel DE. The health effects of ultrafine particles.
Exp Mol Med. 2020;52(3):311-7.

6.  Wyon DP. The effects of indoor air quality on performance

YOA



-0 Sloliss Hoawhilss s)Slac § (IALBCIAY) slaeShg (b))

10.

11.

12.

13.

14.

15.

16.

17.

18.

and productivity. Indoor Air. 2004;14.

World Health Organization. Ambient (outdoor) air
quality and health [Internet]. Geneva: World Health
Organization; [cited 2025 Oct 3]. Available from: https://
www.who.int/news-room/fact-sheets/detail/ambient-
(outdoor)-air-quality-and-health

Jackiewicz A, Podgorski A, Gradon L, Michalski J.
Nanostructured media to improve the performance of
fibrous filters. KONA Powder Particle J. 2013;30:244-55.
Yun KM, Hogan CJ Jr, Matsubayashi Y, Kawabe
M, Iskandar F, Okuyama K. Nanoparticle filtration
by electrospun polymer fibers.
2007;62(17):4751-9.

Lv D, Zhu M, Jiang Z, Jiang S, Zhang Q, Xiong R, et al.

Chem Eng Sci.

Green electrospun nanofibers and their Application in air
filtration. Macromol Mater Eng. 2018;303(12):1800336.
Zhang Q, Welch J, Park H, Wu CY, Sigmund W,
Marijnissen JC. Improvement in nanofiber filtration
by multiple thin layers of nanofiber mats. J Aerosol Sci.
2010;41(2):230-6.

Buivydiene D, Krugly E, Ciuzas D, Tichonovas M,
Kliucininkas L, Martuzevicius D. Formation and
characterisation of air filter material printed by melt
electrospinning. J Aerosol Sci. 2019;131:48-63.

Keyvani S, Golbabaei F, Neisiany RE, Das O, Pourmand
MR, Kalantary S. Filtration performance of biodegradable
electrospun nanofibrous membrane for sub-micron
particles: A systematic review. Macromol Mater Eng.
2025;310(3):2400323.

Kanmaz D, Toprakci HAK, Olmez H, Toprakci
O. Electrospun polylactic acid based nanofibers
for biomedical applications. Mater Sci Res India.
2018;15(3):224-40.

Gu S, Ren ], Vancso G. Process optimization and
empirical modeling for electrospun polyacrylonitrile
(PAN) nanofiber precursor of carbon nanofibers. Eur
Polym J. 2005;41(11):2559-68.

De Riccardis ME Electrospun nanofibrous membranes
for air filtration: A critical review. Compounds.
2023;3(3):390-410.

Nataraj S, Yang K, Aminabhavi T. Polyacrylonitrile-
based nanofibers—A state-of-the-art review. Prog Polym
Sci. 2012;37(3):487-513.

Upadhyaya P, Verma R. Biodegradable polymer

for biomedical applications. Mater Sci Res India.

voq

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

2006;3(24):283-5.

Zheng H, DuY, Yu J, Huang R, Zhang L. Preparation and
characterization of chitosan/poly (vinyl alcohol) blend
fibers. ] Appl Polym Sci. 2001;80(13):2558-2565.
Elshishiny F, Mamdouh W. Fabrication of nanofibrous/
xerogel layer-by-layer biocomposite scaffolds for
skin tissue regeneration: In Vitro study. ACS Omega.
2020;5(5):2133-47.

Muniz NO, Gabut S, Maton M, Odou P, Vialette M,
Pinon A, et al. Electrospun filtering membrane designed
as component of self-decontaminating protective masks.
Nanomaterials. 2023;13(1):9.

Des Ligneris E, Dumée LE, Al-Attabi R, Castanet E,
Schiitz J, Kong L. Mixed matrix poly (vinyl alcohol)-
copper nanofibrous anti-microbial air-microfilters.
Membranes. 2019;9(7):87.

Lv D, Wang R, Tang G, Mou Z, Lei ], Han J, et al.
Ecofriendly electrospun membranes loaded with visible-
light-responding nanoparticles for multifunctional
usages: highly efficient air filtration, dye scavenging,
and bactericidal activity. ACS Appl Mater Interfaces.
2019;11(13):12880-9.

CuiJ, Wang Y, Lu T, Liu K, Huang C. High performance,
environmentally friendly and sustainable nanofiber
membrane filter for removal of particulate matter 1.0. J
Colloid Interface Sci. 2021;597:48-55.

Tian H, Fu X, Zheng M, Wang Y, Li Y, Xiang A, et al.
Natural polypeptides treat pollution complex: Moisture-
resistant multi-functional protein nanofabrics for
sustainable air filtration. Nano Res. 2018;11:4265-77.
Kadam V, Truong YB, Schutz ], Kyratzis IL, Padhye
R, Wang L. Gelatin/B-Cyclodextrin Bio-Nanofibers
as respiratory filter media for filtration of aerosols and
volatile organic compounds at low air resistance. J
Hazard Mater. 2021;403:123841.

Keyvani S, Golbabaei F, Neisiany RE, Das O, Rahimi
Foroushani A, Kalantary S. Bio-based nanofiber
membranes for effective air filtration: Fabrication and
evaluation of flame-retardant behavior, mechanical
properties, and filtration performance. Macromol Mater
Eng. 2025;310(8):2500017.

Leung WWE Hung CH, Yuen PT. Effect of face velocity,
nanofiber packing density and thickness on filtration
performance of filters with nanofibers coated on a

substrate. Sep Purif Technol. 2010;71(1):30-7.

1161 HBus) /1€ o)ladds /10 o (5 (iay) g Cublagy aslibod



29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

International Organization for Standardization. ISO
29463-5:2022. High-efficiency filters and filter media
for removing particles in air — Test method for filter
elements [Internet]. Geneva: ISO; 2022 [cited 2025 Oct
3]. Available from: https://www.iso.org/standard/777v40.
html

American Society of Mechanical Engineers. ASME AG-
1-2023: Code on nuclear air and gas treatment [Internet].
New York: ASME; 2023 [cited 2025 Oct 3]. Available
from:  https://www.asme.org/getmedia/1f9c612e-17-
482a-a633-520¢58f9c937/AG-1_2023_ToC.pdf

Wang C, Meng N, Babar AA, Gong X, Liu G, Wang X,
et al. Highly transparent nanofibrous membranes used
as transparent masks for efficient PM0.3 removal. ACS
Nano. 2021;16(1):119-28.

Borojeni IA, Gajewski G, Riahi RA. Application of
electrospun nonwoven fibers in air filters. Fibers.
2022;10(2):15.

Phachamud T, Phiriyawirut M. Physical properties of
polyvinyl alcohol electrospun fiber mat. Res ] Pharm Biol
Chem Sci. 2011;2:675-84.

Fathi M, Nasrabadi MN, Varshosaz J. Characteristics of
vitamin E-loaded nanofibres from dextran. Int J Food
Prop. 2017;20(11):2665-74.

Nelson BC, Johnson ME, Walker ML, Riley KR, Sims
CM. Antioxidant cerium oxide nanoparticles in biology
and medicine. Antioxidants. 2016;5(2):15.

Zhao J, Sun Z, Shao Z, Xu L. Effect of surface-active
agent on morphology and properties of electrospun PVA
nanofibres. Fibers Polym. 2016;17(6):896-901.

Abd El-aziz A, El-Maghraby A, Taha NA. Comparison
between polyvinyl alcohol (PVA) nanofiber and
polyvinyl alcohol (PVA) nanofiber/hydroxyapatite (HA)
for removal of Zn2+ ions from wastewater. Arab ] Chem.
2017;10(8):1052-60.

Kimura VT, Zanin MHA, Wang SH. Influence of
thickness on the properties of electrospun PCL/gelatin
nanofiber scaffolds. Polym Bull. 2024; 81: 9347-61.

Yu X, Li C, Tian H, Yuan L, Xiang A, Li ], et al
Hydrophobic cross-linked zein-based nanofibers with

efficient air filtration and improved moisture stability.

11€0 1€ pBs) /1€ a)ladd /10 sla )15 (ias) g Cublagy aslilod

40.

41.

42.

43.

44.

45.

46.

47.

48.

0hBes g (31615 3w

Chem Eng J. 2020;396:125373.

Kazemi M, Kalantari S, Abbasi A, Foroushani AR,
Mowlavi H, Montazemi AH, et al. Fabrication of PET
Nanofibers Media by Electrospinning Method and
Determining its Efficiency in Removing Submicron
and Micron Particle Contaminants from Air. Journal
of Health and Safety at Work. 2023;13(1):44-59.
[Persian]

Leung WWE Sun Q. Electrostatic charged nanofiber filter
for filtering airborne novel coronavirus (COVID-19) and
nano-aerosols. Sep Purif Technol. 2020;250:116886.
Otani Y, Eryu K, Furuuchi M, Tajima N,Tekasakul P.
Inertial classification of nanoparticles with fibrous filters.
Aerosol Air Qual Res. 2007;7(3):343-52.

Huang SH, Chen CW, Kuo YM, Lai CY, McKay R, Chen
CC. Factors affecting filter penetration and quality
factor of particulate respirators. Aerosol Air Qual Res.
2013;13(1):162-71.

Mousavi T, Golbabaei E Pourmand M, Rezaei S,
Hosseini M, Shahri MHK, et al. Evaluating the efficiency
of UVC radiation on HEPA filters to remove airborne
microorganisms. Journal of Health and Safety at Work.
2017;7(2):309-19. [Persian]

Moradi Gh, Sedighzadeh A, Yarahmadi R, Bakand
Sh, Farshad AA, Rezaeifard B, et al. Synthesis of
nano-fibrous mats using electrospinning method and
determining their efficiency for nanoaerososls removal.
Iran Occupational Health. 2014;11(4):1-11 [Persian]
Barhate R, Loong CK, Ramakrishna S. Preparation and
characterization of nanofibrous filtering media. ] Memb
Sci. 2006;283(1-2):209-18.

Farhang Dehghan S, Maddah B, Golbabaei E The
development of nanofibrous media filter containing
nanoparticles for removing particles from air
stream. Iranian Journal of Health and Environment.
2016;8(4):509-24. [Persian]

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. Journal of Health
and Safety at Work. 2018;8(1):29-42. [Persian]

Y@o



	ABSTRACT
	Keywords
	_Hlk205022389

