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Study on Filtration Efficiency and Pressure Drop Characteristics
of PLA-based Filter Fabrics Combined with Spunbond and PP

Nonwovens

Hye-min Jun

Department of Applied Chemistry and Engineering
Graduate School of Industry, Pukyong National University

Abstract

As the demand for masks explodes due to the COVID-19, a
huge amount of discarded undegradable masks are being
generated. In particular, conventional polypropylene (PP)-based
filters are not biodegradable and studies have shown that their
several washings significantly reduce the filtration performance due
to the loss of electrostatic charge. This increases the demand for
sustainable alternatives such as environmentally friendly material.
This study investigated that the potential of eco-friendly and
biodegradable poly(lactic acid) (PLA) as a core material for filter
media filter fabrics were evaluated by combining PLA melt-blown
nonwoven fabric with two types of polypropylene (PP) melt-blown
filters (H13-grade and Ell-grade) and spunbond (SB) layers, SB-
PLA-MB(E11)-SB and SB-PLA-MB(H13)-SB. The physical and
filtering properties, including filtration efficiency, pressure drop,
and air permeability, were analyzed. Structural characteristics were

further examined using scanning electron microscopy and particle



measurement analysis.

From the results, the SB-PLA-MB(E11)-SB structure
demonstrated the most balanced performance, achieving high
filtration efficiency with a low pressure drop of 56.7 Pa. The SB-
PLA-MB(H13)-SB showed the highest filtration efficiency with
good air permeability, which i1s suitable for high—-performance
filtration applications. Although PLA has relatively low electrostatic
retention due to its hydrophilic nature, it showed good performance
by an optimized multilayer design. These results suggest that
PLA-based filter structures can be applied not only in respiratory
protective equipment, but also in reusable mask filters, pre-—filters,
and HVAC systems, offering a partially sustainable and practical

alternative to traditional PP filters.
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8ol

T A2, Extruders G714 ZEvE 883t dEHS Tl »&
Die)Z Hul= 985 3tk SH=E EZguE Folv d] 483t E48 Iw3irt

PLA®] 79 °F 150 = 190 C2] &7k ARSIk Zur} 79

=
A god, =58 MY, ddekA] 55k Adee] FAEL Alxd ¢ vk

¢S Pk Diets th4e] 22 7L 0.2 ~ 0.5 mm)E 36, o8 3
48 Zevh BEEth 45 F717F Diest $70 AMgHo} ZejwE A 99
A el ofs A AL Folal WIS ol ATE At

Y HAZ, Collectore= DieE F3ll WAL ZvjA| AHE 2 =5 &=
[e)

e
= 4 Zuolo] WE jof] Ao}

npreto R, A gl ofit gao] & J¥Fe F+= Charging 9 T,



=

°

bae 44

<]

2]
S|

batel 4171

A

fUN

=]

[e)

T

Hydro Charging

TR R Y FE T
% _Er K 5 M_w O_ H;I %
— mX v
o T o X X e =
AT A
o I e T %
HE x & BT A
X id
oy < B P T T
mj Mﬁ polks § Jo w7
O e} Azl
O a EE o X el %
WE — T X [~ O B
oo ° Moot o g Mo B
HEo 4T Tewgy
wr R oT, = 2 s
EE ok ] T i~
—_ 5 T o ==
N — ~ L /BN
ok L D
—_ T iz R Ay
T %P o v 2= :
— % o X5 mo &R
= oo o~ o B m o X
ol N g 3 =
T g% 895 R
a7l I~
B o o X g O wr He
gy g E Z BN i
e} < 0
W 23 m 3N M =T
o B 03 S
A g X 83 o T
R SR St
= o M Lol M ° K our 3
- m
o B mwmgmmwﬂ
S v R K
ar%ﬂcﬂé%mow&ﬁo
T T wx T HAE
T R R ©E T



Gear Die
9(Over 20 Nozzes)

Pump

PLA Pellet

H
i
B
OH
)l
H
1>
Fn

Figure 2. Melt-blown +2

Charging Volt : 5-60kV

Figure 3. £2|3% Corona Charging &% ZAE.



2-2. Poly(lactic acid)¢] €A

Poly(lactic acid) (PLA)E &5, AFETT SolA 92 24t (lactic
acid, CHsCH(OH)COOH))¢] 7HEA71(-COOH)¢} sle]=EA17|(-OH)7F 353
ate] o =B AFH-CO-O-)= 7Kl aiEAE ALY giks 23sis ae]d
grefo]=(Lactide)E 7§¥53HRing-Opening Polymerization, ROP)3}o] F&sh=
A7k aAtelth 100% A 7Fsdk Aol A frefiste], HE At A4
AR o) abslEka wEako] vtal AJRE|V) 7Fsely] Wil 34 HskAQl A
2 g7pt=r[19,20]
g Aol vlarste] PLAE Alx g7ddlA] et H= oux] 2 873
A SHAE 735 545 YERITE Table 19} Hlal dlojHo] m=w™, PLA
= ouxet ol istEA HiE e aeld of H8alEA tiE]
30-70% wrAA7E E3s vERItk AL delA dk[21,22]
=t 7 7K HHOR ofoxiY. A wAw, 3t

ARl =9 e Fdl &y Ashe FAeHA A AdEE Ae A

:éa

2, dElol= )3 ZIHROP)S gato] WA eelo|=(T actide) 2= ﬂﬁé O] A
2 AgH & 5 FulLewis Acid) stoll 73 F3Ech o] AL =

o] PLAE Aikeh= bl A3k, 52 Aoz A8-¥c) Figure 49} 50l <%
I ES HERASITE[23,24]



Table 1. 2t &K 1ZR2E (2F 0.45kg) MIZH Al A2

2z

[l i

Energy Emissions Water
Resin
(kWh) (Ibs of COy) L)
PLA 7.39 0.27 31.38
PP 9.25 1.7 19.53
PET 10.17 2.8 28.16
EPS 11.17 2.5 77.71

— H,0
n CHy,CH(OH) COOH ——== |~ CH(CH,) COO-],

Figure 4. PLAS| 2™ =3t & (Direct polycondensation).

P
n C;H,0, HOF o CH,) COO—],

Figure 5. PLA2| 7§zt &% (Ring—opening polymerization).
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3tk o]%, A EAbE] € 53 vhS 53l 1e]$KCyclization)=o] e}
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2-3. FE9 o3 HAYS

A dEe} vkaa Az 7P 8ol AREEE 232, PP AR T
Z(Melt-blown, MB 3= M)¥  Spunbond(SB = 9AIEe] HAXE
Laminating F Zolt}, o]#|dt 32 o3} §&, 57|14, A (Pressure drop) &
o] 45E T3t “ﬁ]fﬂl ow zpzte] FARALEL B¢ 93S itk

SB F-Ax= A7F HlalA Fal Ao szol, gy 3o nkaae] G
AAIE B TS FHsks s gty SB FAX AAlE V)ee] A
A 7F 7¥40] o, o3} g8(Filtration Efficiency) 2 %K Pressure Drop)ell
AR 3 mAA e 57 Bk webd FE ey vk Fis
QL W(y] B o)) o m ARREM, EdAQ] Homk Js st o]FA £
kst %2 SMS (Spunbond / Melt-blown / Spunbond) #tar &b, <]3] SB7}

FN

rl

AR ZFwel WTFALS Awska, Wi MBE =S UEe)l nja] AR nAHz
e HIsIE 3 [25]

IR B2y BASE= AFe] o3 AHes AAs= 7P Al
Qo|t} o] HAFE Aol 0.8 ~ 10 ym T A AaEE T4
on wHEe] Hi ldS B v xS EHFRE V]eS gt B3k Sk

o7 A7) FH(Electrostatic Charging) 42 AA, MAHAS gy¥og X
A& = A= 545 7R Ik ojdsk AP Ao tE AReRs 4y A
ojuf I E TVRTIA @alke o3 E&S TN, ARty 37 TR A
o AR o &S A g QUTh[26]

meba], vkaa 2 JE ] A e MB F-232e] Aol o AAw
H, SB FAEE olF Héehs BEA A4S st uebA, s FHE

Mslr] fleis FAxe] 244 AHsele 2ol 7F T8tk

_'I'I_



=D

Spunbond PP PP MB Spunbond PP

il
(271
8237,
el s)

Spunbond PP PP MB

Figure 7. OIA= 2} ofjof ZE{S| LIE ==,

_12_




2-4, 2&3 X 7+ A @A

nlad, WE| SO AHSEE PARY A5e TR o
L% Y V|FoE AGE. ol BRE T/ AVt RAE
A

’

l
=
-z
2
Rl
lo
-
X

Agte] AEHTLI27] Agto] U oml, wpaas 285 Agte] £E] o2
A, e ARG Al
Q). elE Eol, WHel Aol YT ow 7] sge] Astslo] Wol} mejol
Rehg o] Ago] WAL P10zt Hulo) FHo] uEd 4 vk EW,
7

OEEE




Table 2. MA/EHE OtAZT9| S5

o =1
~ o H

2ef
ofo
2
)
$

— |
ol |y

—_L

2ef
ofo
™

RC

1>

5/1/2%

KF99

o
op

KF94

KF80

_14_




A 37 A

3-1. 43 A=

14855-1 A3 A7} 71329 wel 671E olto] 90% o)e] ARFE=E el
H 2AE AHESIGIEh ol9lel] PP A2 2%5<} Spunbond (SB) -2 ¥E M)
AREBIITE PP H-A 2= HI3 SH(ES 99.95%)7 Ell (&S 95%)
&AMtk WA, 7 §Ae) 7

=z
=
A glojth 7 Al ARgE BE FAYE MB BAE AZAIESEH It

2
9

o
S
0

-

_15_



3-2. &+ A2 A5 34

3-2-1. ol7} &g % A% 57

ool IE 9] A Adshs 7Y Ta% AR FAE A F-E(%)
I 29HPa) 35S Fetshr] 98kl Automated Filter Tester (TSI 8130 (TSI
Inc., US.A)E o]&3lath i Flow rate)< 32 L/min= AAste] 54319
24 "Ae 10025 cnfola WEEE 53 cm/s o|th 24 7)7)¢] A} &
A A9 ZAEE Figure 9¢F Figure 100 YERASL

=Al EF 1SO 29463-3:20112 EPA, HEPA 2 ULPA ZE<] A1g ¥

e sk, ZH eiAle] A Wb Al B8 f(face velocity)S 5.3
cn/s(0.053 m/s)E  AASFEE WAl k. =i 58 ¥F9 BN
1822-3:2019: < 188 Y| Al WS v, IE iAo Ay A v

T52 5.3 an/sz AASIHE wERA B AIRS S A e fre 32
L/min= SA43k3ith

Q=VxA

Q: % (Flow rate, I/min 5= m3/s)
V: % (Face velocity, m/s)

A: Z¥ WA (Filter area, m?)

=74 dele dojz2& B3 gl Ol YA (mass Hit 974
0.33 mEE NaCl YA (mass Hir Y74 0.26 m)E A=HoA =H=E

EH R Filter £33 A, £33} 9] o]z A} 42 =A3o EF
S8y xpeks Hrtsit) olo] AE Y AA AA AS5S H7EE w NaCl
L= Paraffin Oil do]2Z&S A}83l=0], Paraffin Oil& 4 (71&4)Y

J
=
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22, A8 2 52 ULPA €¥ (Ultra Low Penetration Air, 0.1 p
m °]de] HHAE 99.9995% ol AAstE 21T 37 EH) HT

9.
g @b W F2 AL, NaCle 84 Axz, F2 vAax 2y

B Ao EN1822 / 1S029463 A& AL MPPS(Most
Penetrating Particle Size, 714 & &3t 4A 27]) 7152 H7L
a2 2, NaCl YAtel did d5S Ar7tstdnh. AMeEd 7171 54 &8
4L Hdl 99.999%, IF&2> Hd 0.001% G712 FH4o] 7hssid,
obefje] A& 7iwtow ALtdTh

A

N

P: A8 F348(%)
Cl: 28 =3 ¢ NaCl % =(mg/m?)
C2: 9¥ £ %9 NaCl =% (mg/m?)
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Figure 9. 1A} Faka(l9848,%) 3 A H2=E7] (TSI8130).
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9073-2¢] wet 10 S8 Huks Aibste & A 23 74A
#7189

;\}L

3-2-3. Scanning Flectron Microscope =74

FAPAAE M) A(Scanning  Electron  Microscope, SEM), (FE-SEM,
JSM-7800F, JEOL Ltd., Japan)< 7h=t}et AApls Al 350l FAAIA 23}
AAE LA sto] YJATE e AR BWAAS A7) $Isk gH]olt). o]t
EHS W AlRe] aA| Al A2 =718 mAl 223 @4 T H7F
th SEMS Eaf dagh Jugl ojmxu} Aol S48 911 SEMe]
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AR S Ysle], WF F8-7] (Gressington Scientific Inc., UK)Z o]&
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3-2-4. 71 &A7] (PM, Capillary Flow Porometer)

% B R PAE LA H2E W T 0k F i 71

& Ar7]e} Bxolt) 71E A7|= EHY A3 §&, 37 2 A9 F4,
24 AA s Sl AFAe kS nm|ztk PMI Capillary Flow PorometerZ
o] g5t FAE H Iy 4Ale] 7] FRE WA, Ve 27 2 Byt I

FS- BU7bskit) Capillary Flow Porometers= 713 W40l <4
5 gt & HRAHoR TEAE FRste] V|EE HeE WAoo Yy AVE

=A%t} o] Laplace HJ’@’E.% 7o aby 7y Ar1E AR 5 dd &

Wet Test(22 “JE) 5*3)*‘5 AMES iAol =& HA(LURHA o= Galwick
Liqud)= ¥3A171 & Jx4o= 7IAN, )& FH AlRlek 714 ¢4eo] 718
WA 7)ol def7] Alakeh, ofuf 7]E 7o) wet A

Dry Test(z1x el S4)v s AEFS Axgt Juolx 7AE F9

o]—Oq .]_J_o =3} EJ’VQ%

s
i
)
g
utt
k)
2
v

=
7% A7) W B¥EES =T 5 gtk

_ 4~cost
D P
D= 71 A4 (um)

y = 9A19] ¥ A4 (dyne/cm)
= Ao HEFZF (°)

= 7|4 =4 (psi)
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4-1-1. 43 2& 2 A% 54

PLA MB, PP H13 MB, PP E11 MB, PP SB %%

& 3 AskS TSI 8130 AH|E o] &3to] S48t 24 FAxH=E 53]

HE NS EF JAFpeS =&Yoo, A= ofd Table 29 UE
(o3

Y
X b
1o
£
_a
fol

8%, # 44.6 Pazx, H 14

3 o]= PLA &A1Y A/ +x ¥

Fefol 7113k Aow HAuHtt. 53] PLAE %44 (hydrophilic)
:l

, T AH7)E HoJdtE Charging 488 A

AxE PiF 71§ 8L
wl

_400

dHE g (Electret). 54 FAHo] #i1, HstE kPgH o=z o
& F ol AR 2o g FEE I o2 d Aol A
8 AFoA FEEA =#Hyom, PP HI3 MB %
99.99%, #ket 25.3 Paz® 7F¢ 53 o3 A5S UEUAY. 18 &
H13 &5 ZHEAN 483 7tsAde T83] 2o+

PP E11 MB & ¥+ A a& 95.98%, #t 9.9 Paz, T&
& dYEAN9 53 Hes YTkt E3, PP SB FAEE o3
Aesitdes 72 AAS 9 o L & 7.19%, #<s+ 0.8
Pag ZAHAT. v & A3 262 goy b3 72 f A 571
(e}

[e)
=
4 ong 9 nE zow f48
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Table 3. zt £=lxzo| oz} 81} Xt EM
TSI 8130
&9 T ozt 58 xtof
(%) (Pa)
1 80.2602 44 .4
2 80.7477 45 1
3 81.4776 44 1
PLA MB
4 83.1606 45.0
5 81.2554 44 1
g 81.3803 44.6
1 99.9827 24 1
2 99.9807 237
3 99.9884 259
PP H13 MB
4 99.9924 27.8
5 99.9865 24.9
g 99.9861 25.3
1 96.0206 9.6
2 95.6517 97
3 95.9161 10.1
PP E11 MB
4 96.1523 9.9
5 96.1995 10.4
g3 95.9880 9.9
1 8.8489 11
2 12.3936 0.9
3 2.5484 0.7
PP SB
4 6.1695 0.8
5 6.0253 0.7
g 7.1971 0.8
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4-1-2. $714 2 B84 54 #4

B oA PLA MB, PP H13 MB, PP E11 MB, PP SB¢| £714(¥
TS SAste] o3 Ao B ARG AE BAEltE SU1REE F
X5 T 37PF Eshs AR e, diA o i) g8 S5
= Sl AP Sk A4S JERSITE

=4 AnEHE PLA MB:E #Hir 15.5 cm¥/em?/s, PP H13 MBE 26.9
cm?/cm?/s, PP E11 MBi= 67.5 cm?/cm?/s 12]al PP SB+= 376.6 cm?/cm?/s®
UERdTh PLA MBe 7H8 22 371570 EE Holn, o) Ao wAlg 4
F TR} wde VS AR QlE 7] EFo] ASE] WiEos dAkEch
v, PP SBe 7HE =2 37I1FdEE Uehlislew, ol ARt w7l 2
717} =27] W0 ®Helth PP H13 MBE PLA MBETUF &8 37]|FHES 714
W, HEE A8d 49 diyes vhe akks 7H A
MBE PP HI3 MBHEU} 37|F 37} o, o] vk A9he §A8 5= 9lon), 7]
T A7)l wet o3 g&o] ks vs ik ol Ads
= FHx Af T2 E 7 oF AT #o] glom, o5 st A

o

=
Fe ok gt Agke 248 + 982 Ilskick A0 Fast), uw

N

i

1+

ok N
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e
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g
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o
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RS FAFANE B ot g B 5 RS O 72 A 2
aA 23l a8 slow Ao
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Table 4. 2+ §2|xzo| S7|

ZEEA
3 TE EE =% 7
(cr/cut/s) ( g/m2) (mm)
1 15.5 34.3 0.200
2 15.7 33.8 0.180
3 15.6 34.8 0.200
PLA MB
4 15.5 33.4 0.200
5 15.4 34.4 0.200
iy 15.5 34.1 0.196
1 27.0 38.3 0.300
2 27.6 39.2 0.310
3 26.9 40.4 0.320
PP H13 MB
4 26.4 40.6 0.320
5 27.6 38.3 0.300
B 26.9 39.4 0.310
1 68.2 39.6 0.430
2 70.8 38.0 0.420
3 67.6 40.5 0.400
PP E11 MB =
4 65.7 39.4 0.410
5 65.0 39.0 0.420
i 67.5 39.3 0.416
1 358.0 49.1 0.230
2 400.0 45.5 0.220
3 327.0 48.2 0.240
PP SB
4 360.0 42.2 0.230
5 438.0 49.1 0.230
iy 376.6 46.8 0.230
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4-1-3. EEZZX 4

SB el HES B S8 A7
VIV Aol o BES) HEE 10084 SAGHG, PP MBE RO

Z3ze] A7 PP MBell vlste] i o miAlshy, Ao 37} i A
= HQlth

PPl 749, Hvt AEe 241 ym, Ho] A% 1373 um, H& AEE
0.58 ymo. 2 vepshon, PLARL: oRF 2 A 7ROt o33 miAldk A+
TEE Bt Hd A= Aol PP BAEO A 72 dF o AR F
1

e XL JlEa AARITh

SB §-2 = At %7} 38.58 uym=, PLASH PPl 3l sl & A
S8 Rgor], FE 7um o139 A% Wor TN dom, A4 1
o & Jlgel BATAL o AF Hol e ¥/ EAF=T ehd Ao

2 Btk Hof A% 91.65 ym, HA& A%+ 35.88 pymOE LFERITE
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Table 4. 2} £2|z SEM M= 24 Ao} (MA)
i Ax A A= HAr2 A
HE
(um) (um) (um)
PLA MB 2.02 7.98 0.28
PP MB 2.41 13.73 0.58
PP SB 38.58 91.65 31.88
41.0%
1pmo] 5}
= 1~2pm
2 2~3um
B 3~4um
= 4~5um
11 .40/01 2.4% ] 5-6pm
?ﬁ: u6~7um
L3 3.8% 9 go 7umo] A
~X 29% fo, T
-—
ME 2ZE (SEM).
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38.0%

22.8%
16.5%

10.1%

5-1% 2.5% 2.5% 2.5%

-———
PP MB

1umo] 5}
u1~2pm
2~3pm
u 3~4pm
= 4~5um
u 5~6um
u6~7pum
m7pmo] &

Figure 13. PP Melt=blown F&Ze| MT EEZT (SEM).

100.0%

PP SB

1umo] 5}
m1~2pm
2~3um
u 3~4um
m4~5pm
u 5~6pm
u6~7um
m7pmo] 4

Figure 14. PP SB £&lzo| M EZ T (SEM).
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07-Jan=25

Figure 16. Melt-blown PP F&lxZ2| SEM AR,
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SE 07 =Jan-25

Figure 17. PP SB2| SEM AL
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4-1-4. 713 54 B4

71e 27 2 BXE Hrislr] 98 PMI Capillary Flow PorometerZ
o] g3t PLA MB, PP H13 MB, PP E11 MB, PP SB H-2¥9] 7]F EAS =
sttt 54 %k & Mean Pore Size (MP, v 7] =7]) ¥ Bubble Point
Size (BP, Hu] 7|¥ 27)E 43190, 7} B39 A= Table 50l YERY
ALt
PLA MB H#&¥= MP 7.7961 um, BP 16.9971 ym=, Jjxoz 2k
& 32715 Jehit) o] PLA MB -4 ¥7F A4 27o] v)Als
5 7S drlei, 94 759 o3 dess gEE 7 dsS ondth PP
H13 MB ##32= MP 12.3074 um, BP 26.6601 ymZ SA4%%lom, o= 18
& FE(HI3 T)=A9 Ags uddls w A4dg 718 27] B35 Hole A
o2 JFekEnh PP E1l MB #2829 718 =7 MP 24.1910 um, BP 54.4836
um=, H13 MB #4xnth B 2 7|85 78, Sa&ELl 599 545 v
Qstar ok PP SB 432 MP 152.1890 um, BP 1581.1909 ym=, wi-$- &
71% 2715 UERth ol ARt AATomA Y oiks sk H A%
gk o= FehEch
Figure 189l ek Capillary Flow PorometerZ %3l A o=} o
AUEY AelE 758 = Ak WA, PLA MB FA3E= 4do] ¢ wEg
FE= vehskor, v=7

= PLAL &A1) 713 237h o9 §1 949

N
£l
o
sk
ro
=y
N

_,d
il
)
ol
ox
of»
e
o
T
X
EN
b
ol
I
M
Rl
il
f
3
v
o

& A 5% ARl e £4 5o BAZL AT F glo] T2 AA) uel
4 a5}
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o2, H13 MB F& ¥+ PLAY vl u atAe] Jejrt iy oz

Shilelm, B¥ Z% o] w7 Jepdth o= H13 MB 2-A%7} thakst 7% =7

Rhd, E11 Algs= SAde] ezt 7P evtbsial 4

t} AAHow nEA {7 34 E11 MB 2% 7] =27] B30} vjg- Y
F A71e] J1ge] EATE HeAFEY Fe /13 5 pmelA] 50 um7HA

um ool A 2 xpe]=7x] EdkEo] itk o

F 54e 2 Baalel fE@ TRR, S B B4S gud & g

T g miA AR R s e ARk o glen, 53] W ofubt 4y
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Table 6. 2t 2= PMI (Capillary Flow Porometer) &41 z1}

A= Mean Pore Size Bubble Point
(um) (um)
PLA MB 7.7961 16.9971
PP H13 MB 12.3074 26.6610
PP E11 MB 24.1910 54.4836
PP SB 152.1890 1581.1909

FUKUMLEIKY €11

Pore Size Dis
=

40 50

JANS

Pore Size (microns)

0

Figure 18. PLA MB, PP MB H13 & E11 PMI 7|5 EZEk.
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4-1-5. NAFALEF

A

PLA MB ¥4 PP MB $-& %,
) DSC 418 A3Psllom, PP MB 2 ¥= HI3 55 AFS dx= A5}

I=]
Atk PP MBe| HI3 53 Ell 552 Y3 PP 985 ARsIglon, Alx

5 X
Ell 55 FAX% st 482 + vk dA 4 2= Table 6 e}
iAct.

PLA §-A32] DSC &4 23, fre] do] 2%(Tg)+= 57.3 C, 243t &
E(ToE 95.9 T ¢4(Tme 163.8 T= UEhstth PP A9 MB ¥ SB 7
o] digk DSC w4 A3}, Tgeol Teo] 4%, Tg 5ol vol 34 2ddME HE
7] ekgker, PP MBE: §3(Tm)el 162.6 C, PP SBE 169.1 CT= Uehit)
WA, Tgi PLAS] 81244 (Amorphous)lA Fal el A aaos o)zl doj
U= 2571 57.3 TS u]sit). dwbqoa PLAS| Tgi= 55 ~ 60 C H$lol
A Uehe, 2 43 Azks PLA $2 29 727t A om PAEASS Bl
AAZETE PLAE Tg olake] 2kolX= #4F &Eo] Alghe”] e, J8 54
X2 AR Al 71AIA QdAde] fAlEITh SHAINE 57.3 Tolde] koA & PLA
Af7h AstElA 718 F2o] kAol AskE TFs/de] qivh theo®, ZAAs)
S5(Te)el 95.9 T PLAZE wWE Wzh apdolA wx] A3t dojur] e
AREEC] TN it A xR A3EE 2otk PLAE AAs
b =9 aRAe|BR Wzt Sof uet vAAAY e i AR
48l #ck Tm 163.8 CE PLA9] 24 9o] & 255 vehlH, o
PLAS] g4 W9 160 ColM= Eed W3 glo] 7324 S
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A& ow, PLA F2329 9% 542 Melt-blown %A o= WARE &
gy PRI VA P A%t Bee HAAskels Hl Ta%k dds dth
Tg(57.3 ©) olslelr W 72 eFgAdo] #7158, Tm(163.8 C) o] e
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Table 7. 2t B=|% DSC 24 Z1} (M)
AE Tg (C) Tc (C) Tm (T)
PLA MB 57.3 95.9 163.8
PP MB - - 162.6
PP SB - - 169.1

_38_




Endo

40 60 80 100 120 140 160 180
Temperature (°C)

Figure 19. PLA F&lxo| DSC T2f=.

Endo

Spunbond PP

Melt-Blown PP

60 80 100 120 140 160 180
Temperature (°C)

Figure 20. PP MB % SB £2lxZo| DSC 12i=.
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slo] As ZolE AFIINULE T1 ~ T4E PLA AHE ¥33 A8 (Test
Group)¢|™, R1 ~ R3& A% vHlxE $ 3 H]-PLA thx+(Reference
Group) o= AAHAT. 7} 292 =) 2k

3 HA A2 PP SB Aréh 218491 54 Ad PLA A
& JHlE, 7 TR AAE wxkete] Ay o] ZAA et o) e wst
EE AAEAY &3 1 PP SB/ PLA/ PP SB) PLAw= A&s] 7Fsshka,
e A& ggo] A2 13 ASZ, vAl YA} Awtel] Holdk des Bl

th PP SB A= 724 Py 37 Fade Alesh, PLA A= 2H Y

T WA AL PP SB A9t T =9 PLA 4= 7A4E FE=, I
d Aes g A717] Q1% 23telt)h (=% 2+ PP SB/ PLA / PLA / PP
SB) PLA A& 7 W wix|ete] wAYR} 2t s8a Aslstaat skl

A AR 4L PP SB A4 PLA 459 E1l 539 PP MB A8&
A3 eo|tl. (%% 3 PP SB/ PLA / MB(E11) / PP SB) PP E11 MB
S S

ok 4 :PP SB / PLA / MB(H13) / PP SB) Al A 733
Aeit, MB = H13 SHo2 thAste] Bt w2 w2l 48 dos 78%
1

4]

oAl A AL SB Aol H13 559 PP MB A5 wix s
3% Fxo|n, PLAS A}&a}A] €O uwlug Fxo|th. (fxT 1 : PP
B / MB(H13) / PP SB) =2 o3 &3 AA FF9 2SS gug
EACl B-PLA 12AlS ZH FtZ2= AAE9).

AN W A 742 SB Afrel E12 559 PP MBE + 4 AT
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T3 5o MB Ao olsor diste] a8&& =0
12 e (HEa 2 @ PP SB / MB(E11l) / MB(E1l) / PP SB)

sl 58 2 E7|AA Y AUA AHs 2olE Fots)

A WA A4S PP SB A4 E11 % HI3 5w PP MB A& 2
2 2, 7 7 554l Meltblown 415 wiAIste] BHY Aea A%k
th (diz=t 3¢ PP SB/ MB(E1l) / MB(H13) / PP SB) E113} H13 A= 7t
| o 28< AlEsi, ot dAk 2719 tsl =2 o3 Ao E9Rith
o] 2 53] 1JE AWt 8T &8 wokll A, 53], Ul e
gk o w AFtslr| e gtk

°]
7} % e B el AE GFe RS 8 £ed, A%k
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Table 8. MZ 74 2 ¥3
AET A5 T4 T T
T1 SB / PLA / SB 3 At
T2 SB / PLA / PLA / SB 4 A
T3 SB / PLA / MB(E11) / SB 4 At
T4 SB / PLA / MB(H13) / SB 4 At
R1 SB / MB(H13) / SB 3 o 2= (] -PLA)
R2 SB / MB(E11) / MB(E1l) / SB 4 o] 2= (¥]-PLA)
R3 SB / MB(E11) / MB(H13) / SB 4 o 2=+ (9] -PLA)
SB: &, oHHE PP wA X
PLA : &34 MB H4 %
MB(E11) : E11 grade(Z& 95% °|’)9] MB F2 &

=18z

MB(H13) : H13 grade(E& 99.95% ©]’&)°] MB H-A
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4-3. A+ 74E 4T

4-3-1. £&, A% € V= AT v
NS FHrksk Aap= oheat 2o} TSI 8130 AH|E o] &3ste] =A% o1} 83

g ATk

T1 (SB/ PLA / SB) 782 7P ©@<cst 35 7%=, it o3 382
80.32%, At A% 46.1 Pa, B715E 16.1 cm¥/em¥s® SAHEILL T3 F
A 242 124.2 g/me, 0.57 mm=z 7P v+ T35 2. &8 WA= bga
S ol ARk, B ARt St SIS iR 5 Ade] A2 AEE
kv ZeEHE xR A9 s Aol it

T2 (SB / PLA / PLA / SB+= PLA S5 olso2 743 JH=Z, Ht

TEL 95.63%= sHAE oL 219ke 88.1 Pa, £7]%E 7.9 cm3¥/cm?/sE A
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=
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by
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i
lo
=
x
i
32

Al gigoz we A%kt e BN E AL B0 wE 44g 2go] B

3 47 xR, Wt §8S 9941%, AR 56.7 Pa, BUIEE 126
cm¥/eme/sE AL FH A= 22 1654 g/me, 1.03 mmE UEREe
W, B3 29ke] dEo] gt o w kAT PLAS] 18349 MBe] 2
H dss aHoR AFS vxE, 2483 7FeAdo] =

T4 (SB / PLA / MB(H13) / SB)&= H13 559 145 MBE =93 =
o Hit o3} §8L2 99.93%, *RF>- 72.2 Pa, 571=% 104 cmf/cm?/s®=
ARt TS 167.0 g/me, F7E 0.95 mmz, =& o3 Asy HH3 5

e A s 1ed dEgow 28 TheAo] =tk

s

U

NN o
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R1 (SB / MB(H13) / SB)&= PLAZ} X31A] & o=, vt &
&2 98.85%, At 63.0 Pa, 571%+ 13.1 c¥/em?/sit. &3 F7A= 242t
145.2 g/me, 0.75 mm= WA gr2 5ol PLAS A9 2§ TolM= ¢

e S Bk
R2 (SB / MB(E11) / MB(E1l) / SB)+ E12 55 MBE ol& A3 4+
22, Hit 282 97.30%, A 60.5 Pa, 7%= 14.5 cm¥/ent/s, T
152.0 g/me, T 0.78 mm3Atk. HlA £ 57443 Pl 219ks vEehY
], PLA 7|4t 52 djH] A% 7158 AAshes $3F davre 2 S8l
R3 (SB / MB(E11) / MB(H13) / SB)+= PLA7} ¥3u#] &2 23+ =
7P =2 Aes Bl xR, dHe 882 99.99%, A9b 38.9 Pa, FUIEE
19.0 ecm¥/em?/sAt. T52170.3 g/me, 77+ 1.15 mm= 7 574 =30

™, i e taror AAEo] A 23] e val Ve 285U

ole} 2 A= g3l PLA

7
HE SO A5e T £ JeS S Ea -PLA 23910 A 3

(0]

O
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Table 9. 2t A8z Sxz 7ol 52, Aol 2|S1E 9l J|= 24 21}
= o 1o = =

74 |7 | G | B | & | (U | an
1 81.9634 46.6 15.9 124.0 0.57

2 79.8187 45.8 16.0 124.2 0.58

3 81.9842 45.8 16.7 124.0 0.57

T1 4 80.6517 45.9 16.5 124.2 0.57
5 79.6857 46.5 15.5 124.5 0.57

o 80.8207 46.1 16.1 124.2 0.57

1 95.7247 90.6 7.9 159.0 0.80

2 95.0895 90.0 8.3 163.0 0.81

T2 3 95.9845 85.6 8.0 160.0 0.80
4 95.5684 86.6 %8 155.0 0.79

5 95.7848 87.6 7.7 160.0 0.80

o 95.6304 88.1 7.9 159.4 0.80

1 99.2077 57.1 12.4 167.0 1.04

2 99.2898 55.5 13.2 165.0 1.03

3 99.2659 58.0 12.5 160.0 1.03

T3 4 99.6584 57.0 13.0 168.0 1.04
5 99.6321 56.0 12.0 167.0 1.03

o 99.4108 56.7 12.6 165.4 1.03

1 99.9926 70.8 10.4 164.0 0.92

2 99.9943 73.9 10.4 170.0 0.98

T4 3 99.9943 72.0 10.1 167.0 0.95
4 99.9938 73.0 10.4 164.0 0.98

5 99.9935 71.5 10.5 170.0 0.95

o 99.9937 72.2 10.4 167.0 0.95
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Table 10. Z} =7 BXlx FAMo| §8, A, 7|50

S N I O N S
1 98.9542 62.3 13.2
2 98.7695 64.1 13.0
3 99.0128 63.2 13.3
RI 4 98.6487 62.9 12.9
5 98.8594 62.5 13.1
g 98.8489 63.0 13.1
1 97.3975 60.2 14.4
2 97.2158 61 14.6
RO 3 97.1169 60.7 14.5
4 97.5543 60.3 14.7
5 97.1967 60.4 14.3
o 97.2962 60.5 14.5
1 99.9956 37.1 19.9
2 99.9958 40.5 18.2
R3 3 99.9964 38.6 19.1
4 99.9964 37.7 19.5
5 99.9968 40.5 18.5
o 99.9962 38.9 19.0
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99.9500
100 -
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80.8207
S 2 (%)

u X2 (Pa)

30 1
20
10 A

T1 R1

Figure 21. 344 #M MZ(T12} R1)el &8 2 At v|m i =

99.4108 99.9937 99.9879 99.9962
100 5.6304

90
80 -
70
60
50
40
30
20
10

RS2 (%)

m X 2 (Pa)

T2 T3 T4 R2

&

Figure 22. 444 +4 MZE(T2, T3, T4, R2 ¥ R3)e| &8 % X
e =,
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Table 11. 2t 22|= Mo PM &3 Z1}
A= Mean Pore Size Bubble Point
(um) (um)
T1 12.2829 26.7514
T2 9.3513 23.8024
T3 10.3758 24.4389
T4 9.4606 23.1526
R1 11.4744 25.6532
R2 17.1014 44.4823
R3 11.4616 23.8024
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