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Effects of Heating and UV Sterilization of Repeatedly Reused Face
Masks on Inhalation Resistance and Fiber Structure
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Abstract: This study aimed to evaluate the inhalation resistance(IR) and fiber structure of disposable masks when exposed
to repeated heating and ultraviolet(UV) sterilization. The experiments consisted of a lab-scale and a field test. For the lab-scale
test, KF94 and N95 masks were selected and a trial was composed of three repetitions of an 80-min sterilization. For the field
test, a subject participated over four days, of which a KF94 was worn without sterilization, and the same trial was con-
ducted during the next four days with daily sterilization. The results showed that the IR of the KF94 mask(9.5 Pa) grad-
ually increased according to the sterilization up to the second repetition(15.6 Pa) but decreased at the third treatment(9.7
Pa). However, the N95 mask did not showany tendency of IR during the repetitions. Microscope photos showed several
warped or blackened fibers in the stiffener layer after the repeated sterilization. After wearing a KF94 mask for four con-
secutive days, its IR decreased until the three days but increased the fourth day, whereas another KF94 mask with ster-
ilization showed an increase in IR for the four days. In the microscope-photos after the consecutive four days, outside
fibers and stiffener layers were warped or became less dense. In summary, the IR of the KF94 mask slightly increased
through the three~four rounds of heating and UV sterilizations, but the fiber structures were not significantly deformed
by the repeated sterilization. To reduce discarded mask waste, the repeated sterilization of masks can be recommended.

Key words: face mask (2.71-8 v}2=3), COVID-19 (Z 2419 vlo]#|2), inhalation resistance (5714 &}), heating and

UV sterilization (7} 2 #F9|4 4, reuse (ARE)
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26%7F 24 ol A& Fgehal EElen, 20189 B
EAZAHConsumer Korea, 2018)°1 X% wf==

51%7F oln] ARS-gE mia3 s AARSSH R SHA, AAE-
eRE 23] AR § #H7Igithe SRl 7P &84Tt Cho et
al 2020y wEAT HHE ARG w2 d5 HIE Hrlelr] ¢

& 2919 FPAE tFo R KFo4 wi=aE wid T A
A% 49 Hgopl shwiA viaad] wlEEs Wske =

R bl
Qi 24 A7, A% s0%e) BATAELS Wyd vl
2t 49 A% HE T 50%e) ABEL BT ok I
2%10] B4 HAse] njaag Agsle] Poll Asjels] HE
|

b fd
o mE wie] dis] Ak e glon, sk 2400 4
A A% 2go] oJs) wine] RAERERo] 5| A5HE
S e AN,

SHA, 2020 COVID-19¢] tiitx g4k %
A= W maT I3 F50E I8 Y3E FRE mpk3
(N95 Pi==)e] a4 AjARE] A3t A7E0] b BHES)
TH(Celina et al, 2020; Gertsman et al, 2020; Juang & Tsai,
2020; O’Hearn et al., 2020; Ou et al., 2020; Rubio-Romero
et al,, 2020; Zorko et al., 2020). 53], vlo]Z 2= =& f|Fo|
7P w2 EXIEC] HY oA viaaE AAREEor &
A, vpaAe] 29S EHAOE AASAM BIEHEE A
38 HAske ¢ e At A Bl digh AFEo] A%
Z 95 tH(Grinshpun et al. 2020; Ibanez-Cervantes et al.,
2020). &1}, 20219 COVID-19 H-43)¢] A718t=wA 2
AAF R mid WA FejZ=28d 2AQ] Y38 vk
o] o] 7leETrA LR S/, A 1d SRF ) mka=
ke 679970) o]2Th(Lee, 2021). ©|& <Qla, U3|E vk
A HrlEe] EF PAE FES of9A AT & A
Al thek =elEo] ¥ 2 ols7t Hal ok &, 20209 X
wiAA e FEOR QIS AXE WH il 2021 &
Al mI - FAYoZ A HE A BhoA 9] AARE-
o2 AFAEe] #Alo] olE 3t

Rodriguez-Martinez et al.(2020)2] ZHo| W=H $&7] B
S upa3d B JIEFAA vlolHaE oF 6do] At
o] Fol| = WAE ul 7] wiiEoll, AAEE A viFol B
Ztgl QAEAS gaHo g Aad 4 Q= WHo| A8Eo
oF 3t} Rodriguez-Martinez et al.(2020)> RAE wi~3 4
4HE Friet & 1909 =58 BRehas o3 2ol &
145¢] datile AEsidied ol Aol A (UV-C, 254
nm 3, 30E~60i =F ) 713t FrsEA M 7P &
A0 WHo g FHETh: O A (ultraviolet irradiation),
@ 713} #ksl=A(vaporized hydrogen peroxide), @ o &#l
SAFO| = (ethylene oxide), @ ZZ}2NA](microwave oven), ®
A (bleach), ® E*12] (heat treatment), @ l|E-E-(ethanol),
WA} FrksleA(liquid hydrogen peroxide), @ Z231%7]
(autoclave), @0 ©]AZZ2H U -E(isopropyl alcohol), @ A<t
(348) Eldr(wipe products), @ F5E M| (tap water), B

v

iz

> ol

H]= A2 (soap and water), @ 52 7] w<&(traditional
electric rice cooker).
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2.1. M (O|+2) opA30]| chst XielM - 71 28 AR Hs
X2le| dek

) A9 39 KF94 mRZ(Alo]= Large, 3 panels, 712
Hold, 670)9} v]= NIOSH ¢1% N95 m}2~=1(1870+Aura,
3M, 7HE A3 AIEZ AGsIATH(Table 1). P15 N95 mR~

£ F7F AR E o= dAl riaA AR S TR

FEo] AgPATES] N95 riAIE AEE 3P7] wjitolt),

W g & 80 el A vl
AN F W 7S WA FEEa, YA Rl
A ZAMHE WA A gsle], 7ty ARejal 2ARHS]
2 A IS uiAEh A
W 228 UV-C FZ(15W)E 254 nm
gl A ARERAL, 7S 60°CollA A= AT o] %
80k B35 b A Z2EZL F 33 A AP, &
g a2k X7 Al AEAE) 1331, 28], 33)AF Ay
Ag AL 7} mpAI(KF9%4 wkA3 67, N95 mka= 67)e]
33_

ZIAGE A6t waag F 43 SAEUAH

e AFejekEebdA 71Ee wet F7143F 30 liter
per minute (LPM)IX] Al@ESTE $7148 S4S 218l kA
F 3714 &4 7171(ART-1651, ARTplus Co, Korea)s ©]
g319lon, Z7go] ojFojzl A e Fe 47
20~25°C, 40~60%RHE A=t} A& KF #k~= 6719
NO5 vzl ¢/l - 7F RS Adeste] FARAIER (ISM-
7800F Prime, JEOL Ltd, Japan) AF1S % 38| A2l A,

5, AYATEFS] vl FAL 9l vl N95 whaIE 2
A7) Algol S8 £ Aola AH e At Tech
et al.(2020)2] AelA AHAJE HHE wige R 71dz) 219
A A 71%E BT KR e €%71371(HDD-9000,

Hanil, Korea)s ©]83}o, 71 (405) A At (4080l

et 28]2), At 33]A}) st o] 54 A, 13] A
o - vkiaa ] AT Wske 2AEA 437 e,
A3 AAG AAe astel & dEe] At 133k SEM
AR ZGeHA] ettt vkaa 7 Ui rkaAe] A F
oM & 3 @3, S [EEIEH], ZEDe] AlEeRE 1em

Table 1. Physical characteristics of KF94 and N95 masks used in this study

KF94 N95
3‘
Face mask [
> -
-
Dry mass (g) 4.4 8.9
Design Horizontal 3 panels Horizontal 3 panels
Band type Ear loop Head band
Size Large Large
Filtration level (%) > 94 =95
Material Melt-blown polypropylene (PP), Spun-bonded PP Melt-blown PP, Spun-bonded PP
Dead space (mm’)* 106,627 145,924
Surface area of mask (sz) 219 276

+  KF94 masks (6 pieces)

X *SEM: Scanning Electron Microscope
* N95 masks (6 pieces)

**|R: Inhalation Resistance

SEM o omeommmmom oo SEM ----smnemeoe- SEM
IR** 1st IR 2nd IR 3rd IR
>»| Heating/UV [€—> | Heating/UV [€—>| Heating/UV [<—>
| | ™
0 30 110 140 220 250 330 360 min

Fig. 1. Experimental protocol of measuring inhalation resistance according to the heating and UV sterilization of KF94 and N95 masks.
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I57] 9 dF IR ¥l gle %S 2000 o4 1910
s @22 Fofallrh. Sl KF94 vhAZL (3 panel, 7F2A01F,
ear loop) VNS A|EE ARSI vk 3 sl ARl -7}
& &5 At AP glo] 4 A Zge] AgEISleH, e
g e WY oA A A AE] F 4Y A% 2E AF
ol AHSEIRTHAE WY 2, PkaaE FY AR 259 A
Hol At HelE s 2 B ol FHe Aol wY Akt
). viY ok 941 308104 Ale] alg miszie] kAR F

1A RE] 25 SA7EA] 19 TAI17F
A At 279 A4S v oFl &
71AE 24 x 80 Bt wiAAE ARFItH(Table 2). FAF
AW ARl ka3 28 193k} 493F AY 6A~7A
Atele] o] Foixtt. F71AE F78 R AAEWE AR
AR 13 U YR SH YT FARAAN &
Al Gojzl AR F 163C1ATHERET. 15 x 45-9] x S/
28] =4x2x2=16%).
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3.1. OJAK KF OfA30]| chgh Xjejd -7t &t &7 His
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U)X KF94 wha3ol| #pelad - 7k &3 At A2 E
& A5, 1-23] W AR F71AEe AR s
i, 33 A AF 1A 2AEithFig. 2a). §H,
HjARE- N95 wp=T9] S/ 33 Akt Az 59t 2 W)
o] 27] o] FAI=AKFig. 2b). KF94 vl==9} N95
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Table 2. Time processes of mask wear trials during the control and experimental conditions for the consecutive four days

Condition Process Day 1 Day 2 Day 3 Day 4
Inhalation resistance 09:30-10:00 09:30-10:00 09:30-10:00 09:30-10:00
No treatment Wearing mask 10:00-17:00 10:00-17:00 10:00-17:00 10:00-17:00

(Control)

SEM* 18:00-19:00 18:00-19:00
UV-+Heating (80 min) 08:10-09:30 08:10-09:30 08:10-09:30 08:10-09:30
UV+Heating Inhalation resistance 09:30-10:00 09:30-10:00 09:30-10:00 09:30-10:00
hybrid condition Wearing mask 10:00-17:00 10:00-17:00 10:00-17:00 10:00-17:00
SEM 18:00-19:00 18:00-19:00

*SEM : Scanning Electron Microscope.

(@ 247 30LPM (b) 24
22 ] KF94,3 Panel 22 °
- = °
a2 - & 207 *  m ®
TP ~ =151 2062 2061
8. 15.56 S 161 19.49
c 167 13.87 ® € 16
- g = = 4]
» 14 L 214
FRTE 212
& 123 9.53 9.68 e ]
c 10 b ° ‘ c 10 ]
o S g1
s 8 =
(1] T © o
w® 6 © 6]
] s °7
'E 4 — £ 4
N 2] 30 LPM =
2] ] N95, 3 Panel(Headband) * - ~
0 | T T | o T T T |

None 1st 2nd 3
Number of heating/UV

None 1st 2nd  3rd
Number of heating/UV

Fig. 2. Changes in inhalation resistance according to UV -heating hybrid treatments for consecutive three times: KF94 mask (a) and N95 mask (b). The
1* value was measured from masks with no UV - heating treatment (N=6 for KF94 and N=6 for N95; Data are expressed as mean + SD).
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Table 3. Changes in the 1™-layer structures (spun-bonded polypropylene, SB PP) of KF94 and N95 masks according to consecutive heat and ultraviolet

hybrid treatments

§170) 20 8181%] A23d A3E, 20214

SB PP Outside (x150)

SB PP _Inside (x150)

KF94 mask

N95 mask

KF94 mask N95 mask

Pre-treatment

After 2" treatment

After 3" treatment

*Note: Particular damage or changes after the 3" treatment were not found in the the outer layer of KF94 and N95 masks.

gxom, & 33]e] daAe] Ay F 43 SAHE viad] T
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N95 mA= 9.1+02g KF94 mlA==
42+02g2 AFAY 35 ZU] w2
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(® 209 soem
18 — KF94, 3 Panel
T 15.8
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217
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o g 8:1 7.6
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z ] ®
£ 4
E .
2 —
0 | T T 1
Day1 Day2 Day3 Day4

Fig. 3. Changes in the inhalation resistance of a KF94 face mask during wear trials for 4 days in daily lives: (a) Control, and (b) Treatment.
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Table 4. Changes in stiffener-structures of KF94 and N95 masks according to consecutive heat and ultraviolet hybrid treatments
Stiffner Outside (x150) Stiffner_Inside (x150)

KF94 mask N95 mask KF94 mask N95 mask

Pre-treatment

After 2™ treatment

After 3% treatment

*Note: Particular burn spots in the KF94 (inside) and more twisted fibers with greater opening in the KF94 after the 3rd treatment were found in the
stiffner structure, while particular damage or changes after the 3" treatment were not found in the N95 stiffner structure.

Table 5. Changes in the melt-blown(MB) polypropylene filters of KF94 and N95 masks according to consecutive heat and ultraviolet hybrid treatments
MB filter Outside area (x150) MB filter Inside area (x150)
KF94 mask N95 mask KF94 mask NO95 mask

Pre-treatment

After 2™ treatment

After 3" treatment

*Note: Particular damage or changes after the 3" treatments were not found in the MB filter structure.
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Table 6. The layer structures of a KF94 mask according to wearing consecutive four days: Comparison of consecutive heat and ultraviolet hybrid

treatments and no treatment (control)

Day 0 4-days later
(Outside area x150)

(New mask from Exp.l)

4-days later
(Inside area x150)

Outsidex150 Control mask

Treatment mask

Control mask Treatment mask

™ layer SB

Stiffner

MB filter

*Note: More twisted fibers with greater opening in the KF94 after the 4-days were found in the stiffner structure, while particular damage or changes

after the 4-days were not found in the 1% layer and MB filters.
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$ At AEE NSRS F71A 0] Skl Aol 1
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23 y§e] F5 27} ol Bx FUA F7|9] sFo| W
sl Aoz sMrssitt. FARIAERA AR SiMe) &
o vpa= 5 MB eS| Hshs A9 Holx] k7] wE
of, €]} A (Spunbond PP)e] Af T WHE=Z §F7)
Aol F7ke Zolgt dlMe) & 4 ok 2y, AP &
Al F71AFL 27] WA wi=E 95 PadllA] olE F ¥
A A A23 AF 156 Pa® 71810, YANE 5 Fe
Al Al 1Y wARE BRI 6.6 PaollA 4QR) ZE Akt AE
2% 152 Pa® F7FI7] wiell, 21Fe] okE e KFo4
k3 714 21 7]150] 70 Pa ©JsIQl AL 23] & u)
B AFoa Aol Ay} BF 58 7Fse FUtolth
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