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Abstract
A shortage of disposable surgical masks can be expected during the COVID-9 pandemic in

Thailand. Some individuals may want to use common fabric materials for respiratory protection
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because of shortage or affordability reasons. This work aims to experimentally study the filtration
efficiency of common fabric materials against 0.3 pm size particles. This work was carried out by
the ASTM F2299-03 standard test method for determining the filtration efficiency and penetration
of fabric materials by particulates using polystyrene latex spheres. In this study, five major categories
of fabric materials, including microfiber cloth, cotton fabric, handwoven fabric, nano cloth, and
polyester fabric, were tested with a particle diameter of about 0.3 pm at a face velocity of about
10.6 cm/s and compared with the penetration levels for N95 mask filter media. The results showed
that these fabric materials tested in the study had a filtration efficiency of 0.3 pm particle in the
range between 9 and 36 %. The penetration levels of these fabric materials against 0.3 pm size
particles were much higher than the penetrations for the control N95 mask filter media. Results
obtained in the study show that common fabric materials may provide marginal protection against

submicron-size particles, including PM2.5.
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Figure 2 Definition of single-fiber efficiency [13]
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Figure 4 Photos of fabric materials: (a) Hand woven fabric, (b) Hand woven fabric, (c) Polyester

fabric, (d) Cotton fabric, and (e) Nano cloth
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Table 1 Physical properties of fabric materials used in this study.

Fabric types Fiber mixture ratio Fabric structures Thickness (mm)
Thread size: -
Microfiber
oth PES 100 % Number of loop knitting: 20x 14 3.41
clot

Fabric weight: 280 g/m”
Thread size: 18x 10 Ne
Yarn count: 54 x45 1.05
Fabric weight: 188 g/m”
Thread size: 42 Ne

Handwoven | PES and RAYON and
fabric COT and ACRYLIC

Polyester
i PES 100 % Number of loop knitting: 30x 33 1.06
abric
Fabric weight: 131 ¢/m”
Thread size: 29 Ne
Cotton
—_ COT 21 % and PES 79 % | Number of loop knitting: 37 x52 0.86
abric

Fabric weight: 144 g/m?
Thread size: 138 Denier
Nano cloth | PES and Nylon Number of loop knitting: 59x 52 1.12
Fabric weight: 282 ¢/m”

Diffusion Dryer

TSI Model 3062

HEPA Filter

Electrostatic
P Valve Classifier
HEPA Fier TSI Model 3082

Filtered Air Supply
TSI Model 30748

eeeeeeeee

AAAAAAA
TSI Model 3076

Manometer
TSI Model 8380

Soft X-ray
L] v || Aot etz
= TSI Model 3088

15 Limin

HEPA Filter Valve Val
100 Umin V2 HEPAFiller  Flowmeter

Exhaust- Compressed
113 Umin Flowmeter ~ HEPA Filter Um10.52 e V4 D F () Air
xhau OF O; : Ug=10.58 cmis V5 FLL
H:I H:I 11.3 Limin

Test Filter

Three-Way Valve Aerosol Mixing &
Dilution Chamber

Condensation Particle Electrostatic Soft X-ray
Aerosol Neutralizer
TSI Model 3788 TSI Model 3082 TSI Model 3088

Figure 5 Experimental setup for evaluating the filtration efficiency of fabric materials
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Figure 6 Photo of the experimental setup for evaluating the filtration efficiency of fabric materials
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penetration) 33MnuUASRIINITIavRIINALY
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mimaauﬁﬁmﬂmiﬁ’m’qu (high work rate)
YBIUYwe Av 85 30 95 Anseauii [17] lu 42
CFR 84 Famuunsnsinisivalunisnageu fe 85
SnseeuUil dusuRufiAn (surface area) ¥o 4
nUININUI BUHUNTIUTTNIM 135 cm” azla
AMLLEIAUNT (face velocity) 10.6 cm/s Farfu
msanifsddrnugasuntidefunsadey
winn N95 A 10.6 cm/s dmSun1snaaoud

WalviaanndasnuanusduninUseunn 10.6

cm/s nsnadeuil ivuadnanisinasyniad
Uszua 113 Umin wagi uii lun1snaaou
Useana 17.8 cm” lnedidaausdluan (Reynolds
number) 332.48 LagfLavalangd (Stoke’s
number) 0.41 Tnafvualisgniinisinasynia
‘-MﬂLﬂ%‘laﬂﬁjﬂLLEJﬂ‘Uuﬁﬂﬁ)Hﬂ’]ﬂﬁ’Wiuﬂﬂ\‘lﬁ 151/
min 9R51N15LNAYB9INAAEDIANTUA INTO I
UsgAnsamgaiioideans 10.0 L/min uagdns

nslnaveseoniAlans?is 0.2 L/min
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Figure 7 Number weighted size distribution of 0.3 um polystyrene latex particle before size classifier
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Figure 8 Number weighted size distribution of 0.3 um polystyrene latex particles.

NUUDAIINTTINAT A DIN1TAINSTUNS
NAHOUVBIBUNIAYUIA 0.3 um 91 11.3 L/min 9

W1l sieanagau (test chamber) & 9iweiu

o v

Tanrmagaueg gl druveisamaaeuiiving
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WuHUAUENA1N 4.76 cm 813 100 cm Fasiees
Jan, (material specimen) 9¥8¢11991AN19147
auN"A (particle inlet) 10 \dur1uAudnaavie

(duct diameter) Inawaiusiag 190N A (particle
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sampling probe) NOUKHUNTBIILWIIAINFIDEN
Yan 2 duruAudnanvie (9.52 cm) wazwaiu
198190 UNANTIUNUNTBILN9AINFIDE 19T

3 Lﬁuﬂﬂuquéﬂawqﬁa (14.28 cm) WRAUAIDE1S

v
o =

eaesdvuiaduniugugnats 1.1 cm n1siiv
m‘“aaa'waaumﬂiumiwmaauﬁy%Lﬂumnﬁu
saegranuulalalaiudin (sokinetic sampling)
fiensvesvetinaiimadfriawasunuvesiaiu
fregveglunnuifieniu Ae vuuiudunisiva
vasvaslnauazadnuirvesvedlvaigamiadn
WatadAvinduaswesnisivanieuen e
Uszana 10.6 cm/s figas1nisluasynin 0.6 L/
min lnefi WL udiegefidausgluad 76.40
wazavaland 1.77 lnguuznagauinisinad
AUANANUAUVDINUTEA A8 TN DS

(Model 8380, TSI, Inc., St. Paul, MN, USA)

Table 2 Ranges and values of variables

investigated

Variables Ranges
Particle type Polystyrene latex sphere
Particle number concentration |1.1-2.9 x 10° particles/cm?
Particle size 0.3 um
Filter test area 17.8 cm?
Flow rate 11.3 L/min
Face velocity 10.6 cm/s
Operating relative humidity 55 % RH
Operating pressure 1 atm
Operating temperature 25 °C

lagN151UsEANSAINNIINTBIBUNIAYEY

o ¥

TandlunsfnudianisnseagvuinouniaLi

37U (humber weighted particle size distribu-
tion) 4N o (up stream) WAEUAINIY (down

stream) TARKINARDUIELATRIIATUIABUAA
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LuvARNUAALARBUTILFYEE SMPS Aiuszneude
Fiilvazossassidunats 1Al esdausnvun
sunanuulWihain waziadsstuduaueynin
WuuUAIULUY (Model 3788, TS, Inc., St. Paul,
MN, USA) dmsunisgatdeveseuninniegly
SMPS $in1slddanesfunisgayidenisunsnsyany
(diffusion loss algorithm) TurewswIsAIUANNS
Favea SMPS Lilevurneyninazessaseidnnin
100 nm [18] IngUseansnInN1INTo90YN1AUBY
wiufaniiveaey 7 azdnaldnaunisi 3
13197 2 WanstLazATeIFLUTTiAdaY N3
wmaauﬁazmuquqquﬁuazmm%yué’mﬁwﬁ‘

melusiaanaaauil 25 °C way 55 % RH Aua1au

Table 3 Air permeability of fabric materials

Fabric types Air permeability (cm>/cm?/s)
Microfiber cloth 12.9
Hand woven fabric 53.1
Polyester fabric 65.4
Cotton fabric 63.3
Nano cloth 3.4

4. NANISNAABILAZINTA

AN 3 LEAIAINISTURNIUBINAVDIIAR

q

o

G2

q

K919 5 $798719 WUIAINISTUNIUDINFAYDS
tnlulasluiues drdreneie drlndledinas (0
ABMRBL wasHIulullAN 12.9, 53.1, 65.4, 63.3

Wag 3.4 cm’/cm’/s FAMITUHINBINAVDITAR

o v

HnazlUsundunseiua1dvtngn (fabric weight)

%

Mmindngea

£

W1

=
[
1

Aawandlilupnsnad 1 lnean
AINITTUNIUDINAAT FINTTURURINAVDITER)
Afinasian1siunsmela 1Agus1ueINAN

agyibiiunnelags wagdA@urIueINAgs
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q

wilesvauzauld N304 lngAANUNTUTINTDIRUNANOUR UL
JUN 9 LAAINITNTZANLVUIAYDIBUNIA  AINGINIIMANIU LTDIINBYNIAUNEIUGNAN
YA 0.3 um Aeulasndsiiandmedeunar  niewdeazaudeguudulovesiandinses

o

annseamtiinin N95 darelasesinuuineynia
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Figure 9 Particle size distribution at upstream and downstream of fabric materials: (a) N95 respirator
filter media, (b) Hand woven fabric, (c) Hand woven fabric, (d) Polyester fabric, (e) Cotton

fabric, and (f) Nano cloth
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Table 4 Differential pressure, particle penetration and particle filtration efficiency of fabric materials

Particle number Differential Particle Filtration

Fabric types concentration (particles/cm®)| pressure penetration | efficiency
Upstream | Downstream | (mm H,0) (%) (%)
N95 respirator filter media 1,320 31 20.2 2 98
Microfiber cloth 2,760 1,770 55.1 64 36
Hand woven fabric 2,550 2,270 21.4 89 11
Polyester fabric 1,160 1,060 18.6 91 9
Cotton fabric 2,520 2,230 16.5 88 12
Nano cloth 2,930 2,220 110.2 76 24

ATN 4 LAAIAIAIINANAIINAY NS
NgarueNALarUIEANTNINAIINTBIOUAA
voeTan S suguiuiannseanianin N95

1AEAANULTLTULEIIUIUTINYDIDUNIANBUN Y

o

G|

q

1ol H1INALEELADS ENABRADY WaYEIULWAN

AseauIntnniIn N95 flulasluuas drdhe

1,320, 2,760, 2,550, 1,160, 2,520 way 2,930
particles/cm’ AUEIAU LALAIANNTUTULTS
FUIUTIUVBIBYNANS WL TANNTBIVDIMTIININ
N95 dnlalaslwues ddhenede dlndieanes
H1ABMRDY kavH1uIluiAl 31, 1,770, 2,270,
1,060, 2,230 uag 2,220 particles/cm’ A1ua1iu
Faazldensnzgruveseynavesiannsosves
winn N95 dlulasliues dndhemnedie dnlnd
WALNDS HNABRNBU waztuluian 2, 64, 89, 91,
88 uay 76 % MIUAIAU lALTEAUNITNEANIY
8UN1ATUIA 0.3 pm vosdand1deg19luns
nedau 5 fegs azflrnganiinmangzasues
Fannseaninnin N95 Aout 191N §wanis
neaesnvzgruildnmsinuiaonadoaty
Rengasamy WagAmg [12] ANUI1N1TNEaR 1Y

aun1Ange (NaCl) vu1a 0.02-1.0 pm ve3ianin
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wmwﬁmﬁiﬁz’ﬂuﬂﬁmaauqanjwmsmqm’mﬂuaq
Tannsomtiinin N95 lagAn1sneasiu Ae 40-
97 %

A15197 4 nU11UsEANS AN T
UAIAVUIA 0.3 pm VYOITAANTBIVDINLININ
N95 dnlulasiviues drieneile dnlndeaines

H1ADARBY Wavk1uIluilal 98, 36, 11,9, 12, 24

P

% puaU BedlawIeuliiguiuiannsemtnin

Y 1

NINIDY

a

N95 iU Tan 19919 5 Useenn dUseans

AINNNINTBIOYNIATUIA 0.3 pm L Aaut e
11195574 ASTM F2100-19e1 larinualiian
nsesihunldvhninneutuezfediussans
ANANINTBIBUNANINNTMTOWINAY 95, 98 WAy
98 % luszaunstesud 1, 2 way 3 Mud1su
[19] MsvnaeuiiiaAAuAInLTusEWinens
naaeuvediannsaamtinin N95 drlulasliiues
HEneneiio H1lndLeanes A1ADARDU WAYHN
wilula 20.2, 55.1, 21.4, 18.6, 16.5 Wag 110.2
mm H,0 auddu Feranusisausuiiny
donndoslufiavaiieniuainisduriuenniaiile
o5 unglut9Au

Usgdnsnmnisnsasvesiannses laevinly
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WAUBYTUVUINBUNA ANENYEVRIIANINTD
WAZAUS UL FIFNWALNITND AN
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(porosity) YUIAFN

naUT

a

ANTNINNITNTDI

o
o

o v & v Ao
voeTandnduladediine

U

9

auA g TanTdANUNTUMgALALIUIATN

RAE

q

dnarliiuszansnimnisnseseunings Ta
ANUNIUgIgaLazvuInsnsulvngagiuseans

v al

ANIN

q

AMNsNTeseYNAf wagTaninidianamgug
wazruIagnsuanagliduniunisivavesaine
a9 UnAudriandialuasdanumsunazauing
wzuﬁiwaj (11nA31 10 pm #IBLWAY 100 pm)
gslmgininoynieuuin 0.3 um Aldlunmeaey

luns@nwil Jevilvioyninruin 0.3 pm neq

o
[ YY)

Wuladne Tnedinnsunsnsgarenaznisannnuiv
dulovesTandnfos aunisit 2 aganunsneSune
NaHATRIAIUVUITELIARNTBIWBUTEANTAINANT
nseseunIA Ao AUUIveiandnazduileidy
yeaUsEAnsamn1snseseyna lngdannsesiidl
ANUMLNAEEBNTANTOIEYNARNINTanNTeT
ANUNNT Berpudiaenadosiunanisvaaes
flFannisnunil Teedlulaslwiued dniheve

= ¥

o Alndednes AroRneu kazd wludinanu
WUl 3.41, 1.05, 1.06, 0.86 waz 1.12 mm ad
aeu warlruseansaannisnses 36, 11,9, 12
Way 24 % AUEINU FIUSUNATDIANULS IR
uﬂwﬁ?uazﬁwa@iaﬂwﬁwﬁmwmimaaayﬂmﬁumm
0.3 um Iﬂaﬁ'mmL%ﬁmmﬁwqaﬁu%aﬁmdﬁ
UsdnSnImn1INIeseun1ATLIA 0.3 pm Yesddn
sﬁ"’]qqﬁuﬂ'ausﬁwﬁué’u (linean) 1l p9a1niile
mmL%éjmmﬁﬂqﬂﬁ'ﬁ?u%a'ma”lﬁﬁimuuﬁm
(momentum) vi3eusudosgetuny Faanunsadn
nseseumadenalnnsatatutudulvesian

A9 drunausyybnihainluiannsemiinin
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N95 agillnihatinvseusqlnimduledsilian

v a

N3890UN1ATWIALENNTT 0.3 pm iRnTTandni
WanalWihatintesnin lneliiadnuuduluay
YIULETUUTEANTAINNINTOIILUTIRIG ALY
nann19lniadia (electrostatic force) S¥13Ng
aunmauazidulodailinnnsosoyninvuiaian

171 0.3 um Iy [19]

5. d3U

¥
a v Al

NATellafnyITmaaeUszdnEnInNg
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sEAUUIlUA8ITN1INAAOUNINTFIU ASTM
F2299-03 lnenaaauianin 5 Ussnnvan lawn
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wagd1lndleainesnuaunIANTINauyianed
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WIguiguiuseAunsnEan1uYesiannyes
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Hm FENIN 9 914 36 % TEAUAITNEAHIUBUAA
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