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Abstract

In this study, performance (particle removal efficiency and breathing resistance) of several commercially available
face masks (electrostatic filter masks (KF80 certified), a nanofiber filter mask (KF80 certified), and an uncertified
mask) with their filter structure and composition were evaluated. Also, effects of relative humidity (RH) of incoming
air, water and alcohol exposure, and reusability on performance of face masks were examined. Monodisperse and
polydisperse sodium chloride particles were used as test aerosols. Except the uncertified mask filter, PM,s removal
efficiency was found to be higher than 90%, and the nanofiber filter mask had the highest quality factor due to the
low pressure drop and high removal efficiency (nanofibers were arranged in a densely packed pore structure and
contained a significant amount of fluorine in addition to carbon and oxygen). In the case of the KF80 certified mask,
the removal efficiency was little affected when the RH of incoming air increased. When the mask filters were soaked
in water, the removal efficiency of mask filters was degraded. In particular, the uncertified mask filter showed the
highest removal efficiency degradation (26%). When the mask was soaked in alcohol, the removal efficiency also
decreased with the greater degree than the water soaking case. The nanofiber mask filter showed the strongest
resistance to alcohol exposure among tested mask filters. During evaluation of reusability of masks in real life, the
removal efficiency of certified mask filter was less than 4% for 5 consecutive days (2 hours per day), while the
removal efficiency of uncertified mask filter significantly decreased by 30% after 5 days.
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1. A&
Aol Zgoh= vk (face mask) = 37 T 2
Oé%xala i-?;.i =0 ;q7]‘ MF= Oﬂtﬂ—o 3o}, 1__5“6_]’

BAEL vpA3E v]AEA] (particulate matter less
than 10 tm, PM,g) B Z7]AHA] (particulate matter
less than 2.5 m, PM,s) A %rell & 37} O]D}—’ ey
] Tk (Langrish et al., 2009). 53] 5% AU g
SN A A B | AlR A of L%E]% 2
Ao Al= whaa AR Pl B3 FelA =
A= A3 Ul (Rengasamy et al., 2004; EPA,
2009; Yang et al., 2015; Adhikari et al., 2018; Cherrie
et al,, 2018). S-Eetell A= 7] & mlAHA =
v ZUARA EE 7)gbel] Aokd QlTe W
AL mpAa AR A SFaL Sl (Yang al., 2015).
SHAIRE wiA o] mAAl A g3e] A HARl
A AR, AARE, Y] G Soll Wi dr=
AA wol F-=3 Aol

A F2 A JA AAEZE (removal
efficiency)¥} & -& A3 (breathing resistance)>. 2 3
718kt (Newnum, 2010; Ramirez, 2015). ‘QZ]' A AR
H2 A 718 S ol #AH ] gla gk
9] %<& (impaction), &4t (diffusion), 37 (settling),
714 91E (electrostatic attraction) 52 ]l
93] AlA ®t} (Yang and Lee, 2005; Ramirez, 2015).
e R e i P ] Eat= R o = RAe
(pressure drop) ¢} #&lo] glom Qx| &% EE
719 £, 48 4R oF (aerosol loading), YAk
%3 (hygroscopic versus non-hygroscopic), *J &%
(relative humidity, RH) 59 9&& H=vha &#A
ST (Miguel, 2003; Newnum, 2010; Mostofi et al.,
2011; Ramirez, 2015). th7l @& mpAzg AP RS
SEAZC] AAW F EHFOR Qlete] mpA
A AFES FASHA Ha uAHA ] wEe st
Asdel T71e 4 Sk FUFE wpaa s Bt
Al ksl A=) Wil whE 4 FUtE 3
o] Fol Xt}

= A BiR vtaal dsd vEe
7¥st7] SlelAd A AAEE, A, FHE (leak
rate)S 579 3t} (NIFDS, 2017; Cho and Shin, 2019).

AAZE 80% ©1 A (-5 95 Ipm), T4 6.2 mm

H,O ©]3} (F% 30 Ipm), F2E 25% °lst =4S

o
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59 - KF80 5w o2 FAF mpAd s
=t} (NIFDS, 2017). KF 949 ZA-$ AAZE 94%
oA (f%F 95 lIpm), AT 7.2 mm H,O ©]3} (7
& 30 Ipm), FAE 11% ©]dF =& vH=eljof ghrh
(NIFDS, 2017). 7} =2 539 KF 999 A% A
ARTE 99% oA (FrF 95 Ipm), TEF AT 10.3 mm
H,O °|3} (7% 30 Ipm), TH2E 5% ol 1S W5
3 oF 3t} (NIFDS, 2017). KF80-2> 3l EF (NaCl)
PAE AME-EFIL KF94, KF99: 3 EH/vheha
2d A BFE AREste] FrkekH, AStUES
AR 5= 8+ 4 mgm’, W2k 2 A FE=
20 £ 5 mg/m’o|th AP § viAds 2% 38 £ 257,
SE I 85 + 5%clA 24 + 1A1ZF EQF WA 5
AHE-SheE o] ) vz, vI= e A mhAAl] T
< 71 T3 ZAE = YA A7) (most penetrating
particle size, MPPS)S] #| A &S 7k (95%, 99%, 100%)
I edef gk AFde T+
R: somewhat resistance to oil, and P: strongly resistance
to oi) 0% i GapHlat Agste] ARE-FTE (o,
NO95) (Bollinger and Schutz, 1987; NIOSH, 2005). <
FAEL 25 mm H,0 (%) £+ 35 mm H0 (&
E) (‘I‘l"j/k 85 1pm) B} dod nfAng =5 HUME
%3 & 4 QY (Janssen et al., 2018).

(N: not resistant to oil,

Ao WEAH FHol Fo¥ waa dAHE
T o3t G, s AHEAZE D Ao sk
BEE AL e AdHolth viaads thFd $74
oA Zg H7] wiitel wFd 84 29l (o, A
Fh), =F 4 FF 9 & AL AR Tl wet
Hol WapE Ao oFHL AUFEA £
A= il o8 Ad dE Y dse At
3 A} AAGEC] "ol = vk Bad w9l
T} (Motyl and Lowkis, 2006). 3% % t}& A3 A+
A= AR AAZE vAE AUEE FTFol

ulu]stcl ® 1571 ) (Yang and Lee, 2005).
i_;zxiﬂ tE%]— /\Lr,ﬂz\_w:oﬂ oa&kp_ u)—i /\Lr,]]z:v:ﬂ.
ol 42 Aglo] ZrtEAT T RuEVE sgltt
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vhaA FE e de A7hE AE A9 A Al
Eﬂoﬂ HE AEE 27 10 eEhd gl Ak
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Eé—l, FHlEE Aol AAE, AE AF JA AAEE
2 oreAdst S ALE, EEAT S ALE,
AE F4 A2" oz AE Ak vs TSI
Abe]l ®5F-EA (3076, TSI, USA)E AHE-3skel ¢dsht
EF 78 (wtn) o2 E AHER =82 d

Table 1. A summary for commercial face masks tested in this study.

Sample A Sample B Sample C Sample D Sample E
Certification
KF80 KF80 KF80 KF80 Uncertified
grade
Number of
4 4 4 3 3
layers
Nanofiber
Filter type Electret filter Electret filter Electret filter Electret filter
filter
Mask filter
weight 253.6 184.4 144.1 98.0 69.2
(g/m?)
Price 1900 won 1200 won 1800 won 2000 won 171 won
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A5 ool ZEsE Al ol IAYE Oﬂﬁ}UrEE
EUE A= #AF 127 (diffusion dryer)E B
st A =2 %‘%}3}7] itel dsEF gA
A Hek ol g A YA E YA= THEAR (polydisperse)
PAFZ el E /‘é% HAEe &85t} o]
o HE PMyso] A=s ol E F3 o]F PMys
o] A sEE F45H] PMys A7 EE AlAte] o
g3ttt

E3 oAk Aol 5 A7) ARl

Al (monodisperse) YAE 47 M= 2ol sA
#217] (differential mobility analyzer, DMA, 3081,
TSI, USA) A& o] &3t 7Fsatc) oju Ay
= Y4AY A7= dVlols% B A7 (electrical
mobility equivalent size)Z 7 2] ¥ T} (Wang and Flagan,
1990; Kelly and McMurry, 1992). Z}5-°]-5/d 4] 7]
ANM e dozE F3I At fle AR
718 FrEe 6] dsts o Aolsta,
.JJE] Z—]‘O‘A (Qx]. /‘lr_l: = X]E]:l-:l:___ 71—211‘ _g_
Z]AA]4+7] (condensation particle counter, CPC, 3772,
TSI, USA) =& AZFs% Al57] (DustTrak, TSI,

USA)E Ab&3te] A&kt =, A A7) E A
AEES S JAE A &5kl SFAAATYI
2 3AY FEEE VFo® AXEAa PM,s Al
AEES it s A &eta AdFst A5
2 SAY AT E 722 AXbsiSitt o 7]1A
GEAE Q1AFe] A9 DMA Frtolm® <ko] HalE
st YAE AREste]l BrkgE Zlola (R Y|
= AAEE F7h, thtAl A (5, PMys A5 7]
= AAEE H7hHe Agol= T3] flol dx &
A= AbE-ste] Forekgich

Ao AFEHE FEES A4 47 mm 7=
2 Ade ¥Wsa, 7144 28 MPPSE #

©

7 50 , 100 nm, 200 nm,
1:] ]’ Z‘“ﬂ _9_‘52 71'7]—
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S8t 28 159 ¢
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s Bkl AHEE VER

= 20 1pm°i A st
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Figure 1. A schematic for experimental setup to measure collection efficiency of size—resolved NaCl
particles (50 nm, 100 nm, 200 nm, and 300 nm) and polydisperse NaCl particles under varied
RH conditions, including pressure drop, breathing resistance, and leak rate.
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doloje} mpAE dojoli W& PAE AHZ
At Row melth F7 gelole] Sojzk 2
HES ohE dolole] ual T} ke HAER
FEe7 THE AUYS A T 5 Aek oy

Part. Aerosol Res. Vol. 15, No. 4(2019)



3]

196 olalid-2 A

2ol {IA= F37F dolo] (filter layer)ol A+ HE]
A oo AARG L LA ALk D oA A

AZF §k2 U Adf7F AHgE RS g 4 9l
5, & vt dE e vl B2 T (pore)

ol m |
D)
=l

2L

flo Ok o T ol ¥@ Hn
= o2y B

=
Abel 2 A 34

9} polytetrafluoroethylene (PTFE)= 233} #| %3k
i A Q)AL PTFE H7F Aol wheh 35 A
T ook mEg 7€ Y EY A7t
o7 &5 A, W heAdel =2 vxd
(specific surface area)@} Ttz <FA (charge
stability) S 74 12 Jtkal R LE A Th (Lolla et al.,
2016, Wang et al., 2016).
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s A T
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3.2 nfx~3 gdEle A% Hr A
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7I(EDX)E ©]&3t ¥ 3 F3 #Holof AAGZES I 3 (a)°l HeErdSITh 42 271 ¥
(filter layer)ell thet Aol ApAIE 294 749 i F7hs QA FERE V=R S48, B
AEs BASKIY FE AR A diE g4 A Aydes 25 AdEE 10% vl Axs =4
(Carbon)®} 24~ (Oxygen)® o] Fo1A Qlea &Qlet o 8¢ Zolth A, B, C, E vpA3 FEQ A$
T SIATh BAZH 0 F polypropylene, polycarbonate, 200 nm A 7P @& AAEES HAFG o,
polyurethane, polyethylene oxide 53} 7o] W& A 7] H7 ek Ak A7) F 50 nm A7) M w2 &
Aers 2te 124 2ds0] I AzREHA AL £o] YEITh A, B, G, E 459 vixds Jd 2
EH7] W] BAEE Ak AR gRrEe © HE ARESE AlFolm®, BT (diffusion)RE ofL]
28 AFAR o]F oA Qlt} (Motyl and Lowkis, 2} J@7]4 219 (electrostatic attraction)®] 22 ]
2006). 53] D viAa HE (GeAH) B9 AT 2 2 Qe A ZEe Ao w Rl whebA
3 9Fo] B (Fluorine)E ¥ 3sl1 Q&S Fla) o] 4% vwk~A=2 749 200 nm MPPS7} ©t}. o] 9}
Atk ol YAl 29 A% dsel Wye] 44 x4 ox D wtAae A Ad FE7F obd
Ay e} A3 td=v= s AAete] Foh E4A7F £ AR ZEHE AFESIEE 300 nm oA THE =S
ghEl Y= B polyvinylidene fluoride (PVDF) AAEES BAATE, 50 nm £ 100 nm oA g
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Figure 2. Results for SEM/EDX data for 5 types of face masks.
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How vk g8&3% BT 5, D viaa FJE Y
B Aoz AT A o] vof A2 iAo
gk AAGEo] FHasho] v MPPS7F KAl 21O
2 48 4 ek 2 AnE wEos FAA<l
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Figure 3. (a) removal efficiency of 50 nm, 100 nm,
200 nm, and 300 nm NaCl particles
based on number concentration, and (b)
removal efficiency and quality factor based
on PM, 5 mass concentration for 5 types of
face mask filters under dry condition
(<10% RH).

et al, 2008; Rengasamy et al., 2009; Shaffer and
Rengasamy, 2009; Rengasamy et al., 2013). & A 37}
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Figure 4. (a) breathing resistance (mmH»0) and
(b) leak rate (%) for 5 types of face
masks under dry condition (<10% RH).
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Figure 5. Comparison of removal efficiency (%) for 5
types of face mask filters under different RH
conditions (<10%, 40% and 70%) of incoming
aerosol flow. The average removal efficiency
is obtained from those of 50 nm, 100 nm,
200 nm, and 300 nm particles.
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Figure 6. (a) comparison of removal efficiency (%)
for 5 types of face mask filters exposed
to dry (<10% RH) and wet (90% RH)
conditions for 2 hours (the removal
efficiency is obtained from those of 50
nm, 100 nm, 200 nm, and 300 nm
particles), and (b) removal efficiency (%)
and pressure drop (mmHz0) for C face
mask filters exposed to wet condition
(90% RH) up to 6 hours.
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Figure 7. Comparison of removal efficiency (%) for
5 types of face mask filters after soaking
in water and alcohol. The average
removal efficiency is obtained from those
of 50 nm, 100 nm, 200 nm, and 300 nm
particles.
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and 300 nm particles.
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