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Abstract

The demand for face masks has increased significantly due to the coronavirus disease 2019 pandemic, leading to a large
amount of non-degradable mask waste. In particular, conventional polypropylene (PP)-based filters are not biodegradable
and are difficult to recycle due to contamination after use, which causes various environmental problems. In this study, the
potential of environmentally friendly and biodegradable polylactide (PLA) as a core material for filter media was investigated.
PLA melt-blown nonwoven fabrics were prepared and their filtration characteristics were evaluated to examine their
applicability as filter materials. Although PLA nonwoven fabrics exhibit relatively low electrostatic retention due to their
hydrophilic nature, resulting in lower filtration efficiency compared with conventional materials, they demonstrated potential
for application in everyday mask filters. These results suggest that PLA-based filter structures can be applied not only to
respiratory protective equipment but also to reusable mask filters, providing a more sustainable alternative to conventional
PP-based filters.
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HolH, oF 0.8~10 um 1‘74—4 Aq=2 FAETHLee,
2008; Choe, 2020).

PPE Z &3t Z¥W &A1) MB AR= —E—% Wt
4, T 45 4 7S 7HA A QIR ARER QL
ol A= AL BalEA e A4S 7 ‘21‘“4’ =
21h19 Wefel 717t Bt A A o2 vfd ¢F 1290
o 7] PP RAZZ AxH 43§ upAIrt AR
Ao g FAE| 3, n|AHA|} A o] g st=
e 1 && vpAT 9 F71 438 LElof g S8
&Ko Zrkstal Qlth(Fadare and Okoffo,
2020). o3 A =8 TSt X137 AJ % oy =,
=2 i g3 22 o Aolets 2449 7154
878 FFote AES 843t viaa {7152 A
o FE miy B A7F M= gtk E5], wigo]
U A5 7] ¢ke ¥ npA T = A7) 7 n) a2 31
BE e Bt opu et upi ot 13t IS 5o A5

¥ o BALEE WEE £ slen) ol YA =
oF AR Aol Z2%lo] AR Bl A2ke 919

o] Hli= Ao & oA It Wang et al., 2023). ©et
A, A& 759 A1 8k s A TR oA 9l &
B A Aol tigt ¥ 7eH A A 87t 55
Sk Itk(Shin et al., 2024).
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4GS Tele AF 40| Hssle Aol Tl
ST QI A A BRI SetrE AL 2023

| 399 IofA] 2033 919 %}Eii gt AR
d =T, AT AFE-S 8.8%0 @ Ao R J=ot
I AtHGrand View Research, 2024). Polylactide
(PLAE &5, AHREs 5ol 82 Z4Hlactic
acid, CH3;CH(OH)COOH))®] 7H=-A7](-COOH)<t
SOl EEAZ|(-0H)7t E3Fdoted oay A
(-COO-)E 7Hl 15225 A dotA Y 24k 25F8)st
1218 Zerol=(lactide)E RS (ring-opening
polymerization)ste] dojz|= &0l 7t4
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AL fEliste] Table 1914 vebd vie} Zro] 11
B S $Io] QR o= ol A7t LA o4t

[¢]
=

A v ST MY I EAL]] ppe Hlol] Ao AJEs7t 7}
ot wigel ¥4 F3HQd AR grpEett
(Drumright, 2000).

Table 1. Consumption and emissions per Kg of polymer

produced
Resi Energy Emissions Water
s (kWh) (Kg of CO,) M
PLA 16.4 0.27 69.7
PP 20.6 1.7 43.4
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Fig. 1. Internal structures of mask (top) and filter (bottom).
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2r-8-3k Algro] S5517] ol H YA AY, EZL ARES=
A &FloA] o g2] A7} F7Fst Ago] fEE &4
. wEkA, AT S-S FolHA G FAdtoh=
TS DFE o] F8351t) o8 flaiAEe date +
2 o5 29 A SE S ot 5 SiEtet
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Ast7] fJs AARFFAFAR|F o2 S5 ZF ME 9] o]
n]Z](Fig. 2)°ll4 100 2| o= ZHsto] P 27t
£ AFESH9T PLAY] A, 49 Hd 242 2.02
um (FH 7.98 pm, 4 0.28 pm)Z YEFFI PP99
MB BAZE= HF AL 241 pum, H 4=
13.73 um, 4 A7H2 0.58 pmOZE PLAECTE oF7F
Z AAE 7o o] vlAlRE Af X8 Bk
Zy AE9] olu] x| A= PLA F2]3Z 9] 457} PP MB
of H|gto] A o2 uA|stY 5 A7) Rt
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Fig. 2. SEM images of melt-blown PLA (A), PP99 MB (B) and
PP SB (C) fabrics.
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o AR 53] SAS Foll Bk TEoren
AIHE Table 201 YeFH ot PPA MBE 95-99.0%
o] oH}FET} 9.9-25.39] AYPEALS Holu PLA
MB 9% 81.38% &8 44.6 Pao] AH4EAS K
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Table 2. Filtration efficiency and pressure drop
characteristics of nonwoven fabrics

Filtration efficiency Pressure drop

Sample ) (Pa)
PLA MB 81.3803 44.6
PP99 MB 99.9861 25.3
PP95 MB 95.9880 9.9
PP SB 7.1971 0.8

12 F7Foh= 432 Uehdth Table 3
o] 24 A2 HE PLA MBE B 15.5 cm®/cm?/s,

i
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PP H13 MBE 26.9 cm®/cm?/s, PP95 MBE 67.5
cm’/em?/s 2] PP SBO BIVIEE 3766
cm’/cm?/sS2 YT PLA MBE 78 @2 37]
FHEE Hol=d]|, ol ddld o= nAg df X
ot FAgH 7| F BER 5 37| SFo] A= %17 of
Eo2 gotdct ¥ PP SBe 7MY =2 57 Bt
5 UeigleH, ol= Afrt & 718 271727

Folt}. PP99 MB+ PLA MBEH =2 57| &
o=t B = A-gd A, dHH o= F2 A2 7}
A Ao A4FH, PP95 MBE PP99 MBET} 571
L7t =of, ¥ B2 A4S fAE 4 Qe 717 27

of wiet of 7} F&o] PFS 92 4= Qlrt. ol g At
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Table 3. Air permeability of nonwoven fabrics

me}t o 71% 27] 1581.1909 pm=, W-$- & 7]
3715 Yy oatEctE oupEo AxEFo 2 A
st

X oj

Table 4. PMI (Capillary flow porometer) results

Mean pore size Bubble point size

(#m) (1)
PLA MB 7.7961 16.9971
PP99 MB 12.3074 26.6610
PP95 MB 24.1910 54.4836
PP SB 152.1890 1581.1909

Sample Air permeability Weight Thickness
(af/at/s) (g/m?) (mm)
PLA MB 15.5 34.1 0.196
PP99 MB 26.9 39.4 0.310
PP95 MB 67.5 393 0.416
PP SB 376.6 46.8 0.230

718 271 9 ExE Frkstr] f15 PMI capillary
flow porometerg ©|-85t PLA MB, PP H13 MB,
PP E11 MB ¥ PP SB ¥%9] 7|3 E4& SA4 st
Bt 71 Z7)(mean pore size) © Hd| 71 27]
(bubble point size)& £43t912H, A7}E Table 4
of uetfigitt. PLA MB w2 H 7F 37
7.7961 pm@t o 71F 37] 16.9971 pm=, 2
o= 22 71F A7)E YerHlHh ol PLA MB 9%

o] A A Ao] mAlstn =gt LXE 7HS ou|s}
o, 47 0 o7t 45 FHT 5 U3 onlgt
t}. PP H13 MB 92 B+ 715 37] 12.3074 p#m
et Hd 718 371 26.6601 pmzE SAEJeH, o=
1aE YE|(H13 THEAS S 1S of 4
At 718 A7) BAEE Hols Z o2 WHHT} PP95
MB ¥ee] B4t 715 271 2 A 7|5 A71= 242t
24.1910 #m®}t 54.4836 pm=, PP99 MB Yt
o 2 715 7Y Fa&E11 532 4L vy
st St PP SB ¥ B 7|F 7] 152.1890 1

3.2, ST 40| M2 e 45 24

2 Aol ALSH chepet Al Ane] 28 54
A7 470 92 A8 7P Slskngt & 4}
7 2o 2 We| BEEL ALSAHTable 5). WA
iz 0 2 PP MBAIE ©|-&5to] R1(SB/PP99/SB)zt
R2(SB/PP95/PP95/SB)= Al#tste] 5445 vl 2l
SHATE R1-2 PLA MB7F Z&=]] ¢Fa1 PP99<} SB2)
355oR FAE BE AHoER Wi oiagd
98.85%°]11L A9t 63.0 PaclH B7&+ 13.1
cm’/em?/sAtt. FF FAE ZH7F 145.2 g/m*et
0.75 mm=z HZZA 22 35 Uehfigloh. R2
(SB/PP95/PP95/SB)“ PP95 MBE °1% #5345
TXE, B 88897 30%, 292 60.5 Pa, 7%=
E14.5 cm®/cm?/s, 52 152.0 g/m?, F7A1+=0.78
mm&th B ud =2 B AT} oA Q1 apeke e
Wiglct. PP95 MBO] & 52 95% H&9] olitas
= Hol= A& st 2% 5o FE2= oy} 5&0]
EolS ou|gitt.

Table 5. Structures of reference (R) and sample (S) masks

Sample Structures Layer
R1 SB / PP99 / SB 3
R2 SB / PP95 / PP95 / SB 4
T1 SB/PLA/SB 3
T2 SB/ PLA / PLA / SB 4

T1 (SB/PLA/SB) 7482 7 <=3t
SB Atelof T 5-9] PLA MBZ A2t 4‘3—%& 44 04
I G862 80.32%, B AL 46.1 Pa @ BV |EE=

w
—LJ
BN
it
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16.1 cm?/cm?/s2 EAEAT. S = 4
124.2 g/m?%, 0.57 mmZ 7F¢ 32 2 29t &
HollA= R1°0 HIS) tha W2 S=Folx|ut, 4%

A B714S MR 55 o] A2 &8 ut
v ng Jg-go=2 H§ 7FsAdS HoEth(Fig. 3).
T2 (SB/PLA/PLA/SB)= PLASS o|5 22 745 ¥
H=, B 382 95.63%= FEEUO A2
88.1 PaZ HoHH I 575 E 7.9 cm’/ecm?/s® T4
sttt ST FAE 2442 159.4 g/m*Y 0.80 mm
2 SVt ATt age ARG, FdHo=z
=2 A We B2 dhtutAag 82 =

7} glo] melt},

)
rr
N
L~
N
aa

I Filtration efficiency (%)
[ Pressure drop (Pa)
100+ [ ] Air permeability (cm/en/s)
b2]
c
O 504
0-

R1 T1
Fig. 3. Properties of R1 and T1 mask samples.
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