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2.2 4A A% WAUFEI Y &4

A ofshA M, B, o 59 Fee o3y 242 o9
At EAe gt fAF ® =
23 54§48 A0 w52 AMET] 98 B3] AeR,

£ ¥ vgo], == o} A= FE meltblown, air—laid, 2 7]%WA}F

o

ol

ks A2 AxIEE T wEdAd IF7] BE owkAad,
37187471, Asa FH Fox &EEHI (28], olyst dH
vtjol=  F2 &2 4 (mechanical filtration), #7134 of 7}
(electrostatic filtration) wWIAYZF odl nAYA, AA doj=E
o dAE e Eds HTT[29].

4y A5 T2 29 dAF ZEHAE ek odd vES

U3h= a8 (efficiency, %) T+ JHAE E943 v]&S U3

rir

238 (penetration, %) 2% &g 4= It} T3 %9t (pressure drop,
Pa, mmH.0)¢lgtx 3= @S AEHAS 7|Fox dx oz Az

Fol Mgt h¥e AolE guistd Re A4e AHE
hvi|

Z AR} (quality factor, Pa !, mmH.0O D &= MY Tolste] AsS

Y 249 IR ofw HAUZES A BAA ouel 474
ofzhz el A7 4 Utk (Figure 3). A4l A43d 557 ¥E

QA9 A T ouAUZY BRAA Fgow mNA A% o3



Mechanical filtration

p A
© Fiber |
l l \;A _____________ v”//
Gravity =~
Interception Gravitational settling

Electrostatic filtration

_ Electrostatical attraction Induced polarization

Figure 3. Illustration of the main mechanisms of particle capture by

fibrous filter [31].
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2.2.1 E87 o3}

ZIAA e S ol Aol oHE= AeE Tt EgHow
AA= 1)  FAk(diffusion), 2)  A%(interception), 3) &4
%= (inertial impaction), 4) &% 37 (gravitational settling) ¢l we}
Aol 1= 4 ArH[30, 31] (Figure 3). 1) kel o3t ]z} LA
o)

°F 0.1 pm o]ate] wi-¢- Z2 SIA7F 7|AAE FAA 0w o=

flo

Brownian #+%& 38t Aol F93 £ H= S Edt 4, 2)

0.1 um ol Z/E 7HAE A7t fAl BFel web gAeln

2 gdoH32].
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Solution 1 Solution 2 Solution 3
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Figure 4. Illustration of the formation mechanism of the mesoporous
structure via electrospinning of polymer blend solutions [36].
ort, 584 2y a&S FAATI7] fE AR e 4=

o|Es/|Ht HA7HE R4t HEZQ AE &8st Ak o
Ass Fdstaxt sheh[(37].
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2.2.2 A7]148 A7

A7 o3 AkE "e A Adwe A4
Q1¥ (electrostatical — attraction)  H+& YA Afol =¥
%= (induced polarization) 2.2 <8 ¥HEH= HAE Dsir}[38].
olg st A714 o7 wWAYEFLS 53] MPPS(most penetration particle
size) g} sk 4719 JAF of ol @A olth. MPPS+= ¢F 0.1 ~ 0.4
pm 7] 235 7 AR =dH o R vAg A7](< 0.1 pgm) 9
At A mAYF] 28, G 0.4 pm) JAES A, A FE
2 S A g8 dA E=HEE AT HolAR MPPSO A=
Al 23 mdo] "ol 54S EAv(39] (Figure 5). A7]1E ]
gt AR oA & g2 of el G Ak F7HATIA oA

[e] p=
= =
Q7 ol3t Y5 ¥ Yk,

Filtration efficiency

0.01 0.1 1 10
Particle diameter (pm)
Figure 5. Filtration efficiency for different particle capture

mechanism of single—fiber and total filtration efficiency [39].
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A2Fdd &

A 12 A& Z A%

A7 wkAl A& AZs] Y8l a2 -AF polylactic acid (PLA, Ingeo
4043D, Mw = 125 kDa) (NatureWorks, U.S.A)9} #7]&0)
chloroform(Daejung  Chemicals, Korea)< A}&st3ict. 99
AsldS FEAIZIZ] f18l PLA S Hrtg I544 1A=
FEol Aol Feidt 719 ARE ST &g PLA ol 7hzhe
A7 &As bgA oz ]yl flall AAEAd Al Span 80(Daejung
Chemicals, Korea) & A3} t}.

AAF A3 AeS H7IsH] f8l 93 Y EF (sodium chloride,
NaCl) (Daejung Chemicals, Korea) & 1A 29 YA=M ARE-3F3AT
719 H7F 99 A3 dss vlusty] flall 83 Holdle A4 F

}

o>
ofo

Z g2 2949 (PP) meltblown 9 (F5*: AJ Co. Ltd., Korea) &
sttt mRh, SIAb ¥ Adss w2l sl isopropyl
alcohol(IPA, GC grade) (Daejung Chemicals, Korea)& ©¢]&3}¢]

479 AA ALE SATH46].
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A 232 ANgE AF
2.1 PLA 9= A7|9A} 9 A=+

A 7]1%AHESR200PR2D, NanoNC, Korea) & %3] PLA ©5% ¥}
Z3sl7]  <¢kA  chloroformolA  14%(w/v)% PLA £9&
FHEFT &% 256 £ 2 T, A F% 50 £ 3 %9 FHelA 21
+ZE2 9 &9 EEFH 5 ml/min®®E F 6 ml

BAbE gl om ofwf 1819 kVe] s <7bshiA o= Al#rE 9lot,
=5 AYHE FH 10 cm "ol o] AXART AFHE 500
rpmO. 2 A AFE E2Zsrh Ak AR 1> 40 T
QEA 24 AZF FeF A o]F 25 £ 2 T, AY FE 50 £

3 % @7olA HEatalr).
2.2 §A 54 718 H7F 9 A F

wA], MAeA 7]E
Zol &elE] AHZ vHEI 85 TeollA 30 & B¢+ 7tdsqlth. &2
e wAle AAMuEtn AgHstgE o FIAASTY TS

FAIE AFAelA Algutel AFS APsGth JtdE &9
ZEe] £9S 7,000 rpmellA A4 EElEte] HAAES FHsG o oE
1 M& kst YEF &4 3 AIZF 53F 65 CTelA] 7Hdste]
HAel  weld ARs AAsta, HFHoER 7" iR

o gelH Ao HarHel QA 7]

tlo

FEe7) 0 AHG FEolE Bl

r
_OL
32
o
=
-
N
i
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YEF &Y 249 AZ HlEes L3I3MEA &9
AN &4, AZlA

C
HERSESITE AR Ak Abele]
&

HEe 22 AFor 7lelo] b ow G o EAHEE
&kl [48]

HA  f= 71" A7 PLA $1(ChPLA)2  8.7% (w/v) 9]
PLA/chloroform €3} 7]1€l A4l 4S8 AA g A9 A &35}
HlskSith. 8 mle chloroformel X €38t 8.7% (w/v) 2] PLA &
mg® Span 80F FH7}ste] 71®l o] &3to] foldtA sttt o]
Az 719 BEA 98 0.7 ml ¥ol 700 rpmelA 308 E<t
251 o (Figure 6).
ChPLA 1= PLA &= WAF 3t &4 A oM Ut
Pake Aok 13-156 kvem FAsvh WAk AR fe

PA

M

Hf

A
wykate] ChPLA 4 WAF oS

==

Lae PLA/CHL
‘g:__.a!/ _Solution_
. : Deproteinated ||
— . ~ | Chitin Suspension | y=
‘ ‘ ‘ | Low conc.
| . (BT wt%) . .
Centrifuged :
S oy ChPLA
N electrospun
oy

Figure 6. Schematic illustration of experimental procedure of chitin

extraction and ChPLA web electrospinning.
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A 34 ANg F7}
3.1 A& A5 &4 F7}

Aze A7PgAE fe 3W 543 AR F42 AANA
FAPAAFE R 7 (FE-SEM, JSM—7800F Prime, JEOL Ltd, Japan) &%
#AEGITh. SEM #Aell A AmE S (108 Auto Sputter
Coater, Cressington Scientific Inc., UK.)Z 20mA, 160x ZHo=®
e (P A”et] Alg5E FHISIAH. SEM oA Aellx A2 A4
2 A e 7] A7]E i—Solution Lite software (IMT i—Solution

Inc, Canada)E ©ol&3te] Als o 50-70 <H A=t W

ChPLA A2 A% A% yYxeo 78 iy PLA ARS
TR BAFZsr] 9, A2FA ¥33 98 coumarin 3145 PLA

golo] B, AN ¥, WS sl ARE WAL

oft

il
#Au|d (U-HGLGPS, Olympus, Japan) o2 U2 7id  AJio]
BEEo] Q= FAS FQlskdth. 3, Fourier transform infrared—
attenuated total reflectance spectroscopy (FTIR—ATR, Tensor2?7,
Bruker Corp., Germany) & %3 ChPLAY 3}&2 A4S <215ttt
A AR 7l¥E(porosity) & A (1) ol&ste] E=E3H3
Alem?)E A8 W8, Tmm) e AR F, dlg/em®)E 1EA2
4%, m(@> Ax8 AhF A5 FAE vUedH, A €99 7+

thold Qi) A o€ (2046F, Mitutoyo) & =743}l t}.

Porosity(%) = (1 - %) X 100 % (1)
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wet, ARe Ao 7% 229 AT 279 PEE 4
L&l capillary flow porometer (CFP—1500AEL, Porous Materials Inc.,
USA) & AFE3I3 11 wetting liquid® Galwick €92 AFE3F3

Ao il U 54 dobry] 98] 25 T, 90% RHE 1%

SN 24 AZF Baste] 2 (2)E olgst FEES SHs,
A%£7 27] (SmartDrop Lab, Femtobiomed, Inc., Korea)E %3l
THT 3.0 £ 03 pLE Alm xWe] Aot 3 = ¥ HEAS
SAsto] d5ds A5kt

) __ Weight of absorbed water

Moisture regain(% X 100 (2)

Weight of oven — dried web

Az 7IAA E4e #lsty]l 918 10 mm X 50 mm =719
AES FHE vHs 24 A8 7] (model 5 ST, Tinius Olsen, USA) &
A s S46em 1 kN 2EAS o] 8319 gauge length 30
mm=Z A3} cross head speed 100 mm/min8] 5% A8 =4 9

3 M4 W A s
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3.2 YA A% 35 B7}

Alzret Ame] 1Ak o3} e A FH EAE (TSI 8130, TSI
Inc., US.A)E gt 1A Aol izt s A7 s
EF2 aerosol neutralizers &3l o4 dst= Agst & 40

cm” WA Alge] W&EE 5.9 cm/sE F3ednh olw Ak A7]=
count median diameter (CMD)°. 2 0.075 g¢m * 0,020 pgmOo=
SAsIP e @9 Ry g FHF Fy AFS 20 + 5 mg/m’E

T AEE 1) ~ 20 TY 50% RHS A& ®H3k 2) 40 C, ~ 3%
RHelA 1 9, 3 2 B3 3) 25 C, 90% RHolA 1 o, 3 o et &

b glon 74740 & - 5% 24 By A ¥ A4 308 T

VA ojat e ARt ABHA Eehn VAL S v
& FEAT B A F @R 4Y AolE
wahe Age Fsgon 4@)% gol Ad du 9 FrES

283 A7 FAQA(quality factor) FHOER  AOgA ASS

lo
)
_0|L
i
4
)

Quality factor(Pa‘l) _ —In(% penetration / 100) (3)

pressure drop (Pa)

F7H ez iR A3 de T =dd Ee A71E dAYSO
AA) S HlES wAsH7] 98] IPAC] FE AEE 10 w3 A5
FAE ol %, Algs 24 A7 FQF = el o

2o} ehs] SRS sl

ol

A718s AA
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A 5.

Advanced Energy Industries, Inc., USA)E AFE3I3th 712 - A=

9 AQE =48] Yl =1 d9 =A 7] (Trek 542A,

ke

o] 10 cm AAMAE A7) Alg vWs For SR Sk
B EF AAE ALt Frreodvk (Figure 7).

10cm . Non-contact voltmeter

— e (TREK 524A,USA)

10 cm

/ \— Probe moving path

Figure 7. Schematic illustration of surface potential measurement.
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A Az RS Belaty] flEl B WiE & A dskE S
ZAsA k. el ES(GEE 12%) S A 7M1= - A2 4o] 5 cm
A4y a719 AE HA 3 S BEY 10 cm ool wFH sk
Ao R#EAT 7Y vtk ARE AFHG FHRFAA A HS

AAST 25 TS 50% RH Z7dolA 24 Azb B 1%

FHlEoth FulE AR FAE FHS F Al Eokel ulsiste]
Atefoll gk A WstE IStk A WEkES A (4) 9 ol
AR om Wis 2719 FA, Wi t AlZF 59 Eoke] uigE $9
Aot

WWt

Weight loss(%) = x 100 (4)
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A3 Ay

A 1A AL 49 JF A 35 54

1.1 A& AF =23 273

ATl AR Al A AR 9 EezEdd
PELEZS (PP MB), PLA w5 A I(PLA ), 7I9& &6k
WAL ChPLA o]t} ChPLA AR5 Al&sty] Sl &3 54=
7}A1%=  PLA/chloroform &<fe] X3t 54 NaOH FE&dqo=
AL 71’ Ak s HTbstel A SE EHESivh
&N AMEGAC] Fu HE&S Table 19} o] xYsin WAL

A =3 719l B4 8939 PLA/chloroform €999 F3 H&S
=

1:5.4(Ax 7]"9:PLA resin® A& H|&= 45:955)=2 43S o,
A71GA7E kg A o2 HQIth oKt} 7]El #AF f-do] W HPox

RFFAJA WAL AFE HAFAOY Y Abe]l=e] A7t FAH
upe} xpeto] EEA HslEo] mpAz AE RO Fgo] FHHEsTha
st gieh webA, 2 Aol A4 940 nm - 4.3 xme] ARE
FAE 7 Sl 164 F3 vl& 20s AHsGlt

A Zs PLA 2 ChPLA €1 14 g/m%e] =3} 0.06 mme F7A=
EA8k0] Walalda A% PP MB €912 40 g/m®e] =3 0.27 mmY

oA ARg3E ARl E5AS Table 29

gl ekt
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Table 1. Electrospinning processability of ChPLA with different pre—

spinning conditions

Surfactant
Chitin:PLA (wt %) Morphology
weilght ratio added in
chitin/NaOH
1:6.2 4.5 Beads on fiber
1:54 4.5 Beads on fiber
Less beads on fiber
1:54 8.0 but low electrostatic filtration
efficiency
Well—defined fibrous morphology
1:4 6.0 W'ithout'beads.
Fiber diameters too small (< 840
nm) producing high pressure drop.
Formulation chosen in this study.
Well—defined fibrous morphology
1:54 6.0 without beads.

Fiber diameter ranges 940 nm -
4.3 pm.
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Table 2. Characteristics of PLA, ChPLA, and PP webs

Basis Thick Porosit Mean fiber
Material Process welght —ness (%) v diameter
(0}

(g/m*)  (mm) (um)
78.7 3.34

PLA electrospun 14 0.06 (+ 2.17) (£ 0.24)
73.9 1.76

ChPLA electrospun 14 0.06 (£ 2.14) (£ 1.01)
84.0 2.51

PP meltblown 40 0.27 (+ 1.58) (+ 0.82)

1.2 AF dw9 Beg &9 54

ChPLA Aol =5 AR 71ee &dshy] 9 454 94
A8 AHgE 3 PLA/chloroform &< 7|9 #4b 95 FH7)stod
A AM=sh AR AR WRoE REEgle W, §9 dnA AelA PLA

pre  zSwow wgsm  sldel  AX®  ¥RS A
3}

s selsts] s BF AR AFnn 2 pEe
&

2 AESlE W 71" gofo] PLAC] Eeie] A8k
Fg dvjdE Bl ofFA #EHE 7" J9n

Foh dAn AdelA oF 2.3 — 48 pm2 AR EIA FEA Ue

B (FHET, puddle) @] A1A7F dAekeE AS g1 F+ AT (Figure

8b).
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Figure 8c® ChPLA <o EAsts &9 32 g4
PLA/chloroform £93 7]€l  EBAF  golo] AR H  Alg] oA
A71AE & @A ustEE AIZEe] ZolzE e A"

ATH49]. 719 Earele]  fwjz  AFgE NaOH  Fg-90]
chloroformX®.t} 7|3} £E7F =g]7|o] HAAAOZE A7t dAAdEH &

AW BAL golo] EAlshs Fire] sy nEs Aaw

(W) Fluorescence Chitin suspension
PLA

Optical

Figure 8. (a) Fluorescence microscopy of ChPLA pre—spinning
solution. (b) Fluorescence (top) and optical microscopy (bottom)
images of large—diameter ChPLA fibers. (c) SEM image of ChPLA

with pores and puddles.
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Azt Alge] AR S 448 SEM olnAE Elg

l:=4d Figure 9° A A4 X9} 34 vebWlith PLA 92 gi&

o

24 pm)o wholAg A7 MHFE
Ao o ChPLA ¢ A9 H+ 1.76 £ 1.01 pm, PP MB
¥ A9 Bt 251 £ 0.82 gme] AfFE o]Fo|A UUTH(Table 2).
ChPLA A7} PLASIS] Afrch 2 A4 Af=E F4dd A

IR ARE 7F ely T 97 (entanglement) 2] A EE AR EE

ARG RS AZPEAE Al A7) el =E2HE EEEo] AT
o] Figure 1094 =&
WAL &Aol HEE FRlsks o] APS Adgeiglt. 36°
ZIEolx Eepol= ZEkA flel 200 pL&  AsEste] &9
e A ol Fsk= AelE 5748kl dl ChPLA 9] WA o
PLA 9 &5t 22 AF oAt do HE7E Hes
ghalateinh. webA, ChPLA A7F PLA A 2o 7k A= dakd
Ao A5 ¥

Figure 9a—delA A2 E™el vebu= oF 100-500 nme] w] Al
71 (pore) 8] B¢ FET9F BEA WA A% AF7t mE2EHE S

Jal §EH Aow welth fRE AVEA 45 o7t FuewA

>

C
AN WAEWEA FHe] FF77F AR EW
G Fo] AAEWA T]Fo] FAEHE Ao Wty &, ChPLA
A5 e Bt 71Ee A7)7F 342 =2

£ 80 nm)ET A FAFHJT ol AF W 7ld A &y

e £Ele] g% ;A 38k Adde] BEHoR WA 1A

-+
—
—_
(@)
]
3

Aow Atnar
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@ (6)

Figure 9. SEM images of (a,b) PLA, (c,d) ChPLA, and (e,f) PP webs

with fiber size distribution.
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Figure 10. Simple representation of viscosity for PLA and ChPLA

pre—spinning solutions.
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1.3 A% NRS 343 54

FTIR A9 E#HS 3] A7]4AFSE PLA % ChPLA A9 3387
A& sty ChPLA 19 2 3450 cm '9} 1624 cm ™ '9
g A 71812 olnfo]l = (amide) 718] N-H2| 415 &3 C=0 AF
AEs el 935 3 5 AATH52, 53] =8, + Al BF
LA 9 FTIR 33 S B om PLA UF o ~E (ester) 7] 9
C=0 4% A% C-0 4% WFS YehiE 1750 cm '¢F 1083 cm”™
Lo] spabol e 9371 g1 et [53] (Figure 11).

g

A yuh o —

c=0 Cc-0

N-H _ C=0 (ester) (amide) (alcohol)
stretchlpg stretching  stretching stretching

o o< ) j

n Yol o]

< o

o)

A

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1)

Figure 11. FTIR spectroscopy of ChPLA (red) and PLA (black) webs.
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A2 9% o 5 B

Fo1A e, gy 215 ol ok E A (KFDA),
AP R AFEHKOSHA), v=2 NIOSH(US National Institute
for Occupational Safety and Health)s A3 %, T3l wt
AAEE Aes Zles FEstolor @k olw, o3 m& xSk
ANtA 02 trade—off Al Qormz gl A9 tiw] o3 g8
F4 1A} (quality factor) & AAFste] 24t} g&o] thE ol o A

e wad & Ak 7] GE A% J1Fo] 2THE FERET

QoA A3 AZe PLA W71%AL 41, ChPLA 7]} 41,
4g318 FEIA PP MBE 94 of 3 45-& F7stel wlmagieh. PP
MBS 2§ As Azwch o 4.5 W FAS 2.9 W L s
glof we) A il ATAQ 4% AEQ FAAR GOz Frlshark
o] A%, 7t Azl B BAs] wrk Table 3¢ vhehg kgl ol

FAAAL g 02T FEOE FAS] ATE QG
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Z+ A29 A o3} A5S Table 33 Figure 129 uebWich PP
MBS 49 46.2 £ 1.80 Padl ¥ Ast# 0.032 = 0.02%9] 2
F3-8S 7PN FAAAE 0.17 Pa'o® tE AF9 PP MBEU
= P

g
fot
ot
tr
fot
-
10

U BHORFE, dRbAOR A=
0.08 Pa 'olA] 0.19 Pa ' Ato]e] #x3tx vt A&

P
$918 5 9a, ¥ ATelM AL ChPLA 9] FAAG 57

SHFHRS T AFetrta & 4 dth(Table 4).

Table 3. Pressure drop, penetration, and quality factor of PLA,

ChPLA, and PP webs

Material Pressure drop Penetration Quality Factor
(Pa) (%) (Pa™)
PLA 10.5 £ 2.36 21.9 £ 3.94 0.14
ChPLA 28.0 £ 4.02 3.7 £ 0.53 0.12
PP 46.2 = 1.80 0.032 = 0.02 0.17

Figure 12. Pressure drop, penetration, and quality factor of PLA,

ChPLA, and PP webs.
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Table 4. Filter webs made from bio—derived polymers and

petroleum—based polypropylene meltblown webs for comparison

Basis Efficienc Quality
Polymer weight (%) v factor Degradability Ref.
(g/m?) ? (Pa™h)
PLA and 12% weight ‘
hiti loss from soil Thi
coutin 14 96.3 0.12  burial in a 'S
electrospun study
room
web ..
condition
PLA
electrospun
web, micro- g 98.6 0.03 N/A [8]
and nano—
sized fibers
in 5:1
PLA
meltblown
web with 40 93.2 0.08 N/A [12]
charging
process
Degradation
(erosion)
electrospun 10 99.2 0.02 & [24]
after 7
web , )
days  solil
burial at 60
°C
PLA
electrospun  N/A 98.9 0.05 N/A [11]

web
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Degradation

(erosion)
Zein observed
electrospun 6.7 99.0 0.026 from images [25]
web after 7
days’ soil
burial
Degraded
PBS 100% after
electrospun
b with 45 days of
web w 4.56 98.3 0.10  burial in [23]
chitosan .
. composting
nanowhisker .
. soil at room
coating
temperature
PP N/A 99.6 0.07 N/A [26]
meltblown
web 157 99.7 0.18 N/A [27]

* Note: PLA, poly(lactic acid); PLLA, poly(L—lactic acid); PBS,

35
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geld 4= Atk (Figure 13). 718 % (% porosity) & A2 ¥y %
37178 A EHE vlES P Ao® AAbstel uERd FX|Q1 HEA

capillary flow porometer® =73t Figure 139 7]¥ 7] &¥ & 24

_[(‘_)r
et wEbA, ChPLA= PLACl W8] 22 7]Fo] Wo] Exgo
718 35l Aol A Apsto]l wobgle Ao HA([54-56].

50

—_ —H& PLA
G —a ChPLA
S 40 ‘?
5 ;» ’
2 30+ .
2 [
o 20- 4 .
()] I I
N [ i
-F) ] | ‘ ’i:‘ -
2 10 A
o ! /7w R
o A || /] aa \l'

0 whh s A BAML A E— .

0 2 4 6 8 10 12 14 16 18 20
Pore diameter (um)

Figure 13. The pore size distribution of PLA and ChPLA webs.
g2 gy e 2820 A oAl d7E A o
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stlal A7igo] AAR A= YA o3 &
E8 2 3t9tt. Figure 144 AA &8 o}
A7

a&e] Ao gt =3 ChPLA el

% 2e4 QA

&
Yzt 4714 9%

&2 FSAh @Y AR IPAY AANE e
4

o]}
Sk

AA GEAA 718 QR ofn Tfol AASHE HES ANBS 1

AN
PLA o] 74.1%, ChPLA $l°] 68.4%, PP MBS A% 34.4%%

PLACIY ChPLA €19 A5 A Adeolr 7ol 7]oqst= Fol

achi B 4 glvh ole] wel, 7ElY w8le] /A QIR ol A
folst g vATL W otk

I Mechanical filtration efficiency
[ Electrostatic filtration efficiency
100 4
34.2
o 65.9
&
g 80 +
= i
Q | T
g 60 65.2
()
_5 40 - .
B 27.7 1
= 30.4
Ll_ 20 T
9.7
0 T T T
PLA ChPLA PP

Figure 14. Mechanical and electrostatic filtration efficiencies of

PLA, ChPLA, and PP webs.
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Figure 154 2} AF&29 W AL HeS el 4= Q=4
0] Figure 749 712 - A2 Zo] 10 cm AAMAE =719 A&
¥HE 7R - AZE 10 W Ao FEE oF 200cme #AZFE

oo E3sar. W As 5371: 594 948 s

SHATE FAl SAHEEA AY AU BeE ¢ Q7] wie
Aggel dete] A5 & & AR w3 FHeol LA el e
AjAel vluE 7hss o HEo

PLAS} ChPLA ¢ A% &gt d7|ge] o3 4A EH
AEYS FAT £ 9low PAY HAT A HAHe 2A4E
HEsiA gad 4 ok uEA AEe] PLA(3.2, 1 kHz9
T [57D) 2k 71€1(3.26, 1 kHzS F947[58]) ¢ 4-¢ PP(2.25, 10
kHz® FaF[69]) Bt & F340FE 7HARE, Aztel] & A3}
2 Aok WHlE, PLASE ChPLACA A7HAL 54 &

[e)
o
Aat7h AL S o8 dFAowE veEbd Zlow FAE =

(a) [C_JchPLA EEPLAEEPP| (D) |C_IchPLA EEIPLA B PP
2.0
20 IPA immersed
< < 1.5
S I
T 104 =
& 2
o [o]
Q [«%
® 54 (0]
3 3
© ©
@ 0 - @ e e e e R i
ﬂ‘v’ﬁ?ﬂ%&,ﬂ"4ﬁ1 0 20 40 60' 80 100 120 140160 18 200
5 -05
Probe moving distance (cm) Probe moving distance (cm)

Figure 15. Surface potential measurement of PLA, ChPLA, PP webs

(a) as is and (b) after being discharged by IPA treatment.
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22 T w5 A F 4A oFH 47

PLAS} ChPLA §1¢] 719 #4 452 & 55 &4olMe B

A F YA ol Yo WMaAE FAstel B APl AEH

T A% (~3% RH) B3I =743 2)
25 C, 90% RHY 1% Z7AS BHAaxAcz AAsgon Ag=
e At} Figure 169423 40 T2

e

77re] z76lA 19, 39 St
¥ % PLASH ChPLA #° @A77 94 o7

X
o] TAIAAT e X+ HAE 1HIFE W As AsHt

1% Z7149 A9 PLA 92t} ChPLA oA & A% A=
RAFEQY, ol T S8 g7 JFS e 154 719 EA4 9
7|1ty ChPLA §19] Eef tfid FHzhe 83 + 4.7° 2% PLA

A(126 £ 3.6° )RTF Wkth Tek 25 T, 90% RHO 7oA 24
AIZb w=EA7) 9 ChPLA FE&0] 29.1 + 2.1 wt%°® PLAY
121+ 0.2 wt% EH ¥& #s HoFSoth =, PLAC 7|€9]
A7t o zH X45s AAS 7IRXA @ Zoz2 Hol=d (Figure 18),

AR ol £Ee Fhel =W 9 mue] e = BA wololr

]
AAEA gh webA, 2145 ChPLA $1> PLA fjEt we 19
2 ZAYYA(Figure 17) A3 Sz 47 AHs A=

B o3t
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[ Mechanical filtration efficiency
[ Electrostatic filtration efficiency

100
PLA
= g0
>
[&]
c
.9 604
2
® ¥ I
< 40| 376 I -
328 T
2 354 1 1313 30.3
©
=
iT 204
0 9.7 9.8 8.7 9.9 8.8
1day 3days

Untreated 40 °C, ~ 3% RH

1 ay lﬁ
25°C90%R

Figure 16. Effects of environmental aging on the mechanical and the

[ Mechanical filtration efficiency
[] Electrostatic filtration efficiency
100
.y + T ChPLA
° 65.9 59.6 1
=807 536 :
§ 407
g 607
® ;
G 404 ) . || 102
£ T | a7 || 383 | |32 | =
= 50| 304 295
0

~ 1day 3days = 1day
Untreated 40°C,~3%RH  25°C 90% Rl

electrostatic filtration efficiency for (a) PLA and (b) ChPLA webs.

(a) [ Untreated "1 40 ‘C M 25 'C 90% RH | (P)
204 PLA
Z 15 z
s S
c <
2 2
8101 g
8 8
‘€ b=
S 54 =]
w (%]

40
Probe moving distance (cm)

80 120

160

200

[ Untreated "1 40 *C [ 25 'C 90% RH

20 A

120 160 200

Probe moving distance (cm)

Figure 17. Surface potential measurement of (a) PLA and (b) ChPLA

webs, with and without 3 days of aging.
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160 40
140 | 3
> F30S
3 ! 2;1 ® 3
. ]
21201 126 >
= 120 g
-g 100 3
S i 102
80 12.1 - =
83
0.02
60 , : T e 0
PLA ChPLA PP

Figure 18. Water contact angle (gray bar) and moisture regain at 25 C

and a 90% RH (blue dot).

23 -5 A F A3 =4 H3}

ChPLA A= 71414 7= %7]9] 18.3 £ 2.53 kg/cm?S. =2
55.3 £ 1.72 kg/cm??] #& 71A= PLA f1Eth dAA38) wod 7)€

EAZE 9 A PLA EAE d¥s Wesily] weddl Zle®

2polE gelsty] oj#l Yt 8, ChPLA 18 F 23 A oA 2%
T x71 A olF 74 = 0.40
kg/cm®o. 2 tE 7439 th ChPLA ASE 71813 PLAS] AMEg] o

EAsI)e] A5e gle] T SRS FHeW B BEAS0 7€
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AP TH64].

Figure 19. Tensile stress of PLA and ChPLA web with different

Ultimate stress (kg/cm?)
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storage conditions for 3 days.
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Al 32 BEHE B

PLA®} ChPLA Alg° E AL 25 C, 50% RHO
B304 56 A Fok APHAh AR @ 5 Az A

st5 FA38F3th. Figure 20014 #8213k 4= gl%o] PLA 1oy PP

B A W A wAskA ekstout ChPLA 99 A% 56 <

&

o

e oF 1299 WA WIS R UFE B iy F 7 4 el
HAskelth o] whek ChPLA 99 SEM olm|xjefx A EH

T

Hal7b ¥ FlEy PLA  f19] Ae Stex gels]
of gtk (Figure 21). 3, A3 A5 7|A4 BEE SHIAS
gl PLA & 50.1 £ 0.35 kg/em“S2 9.4% %43 wbd, ChPLA
513 o} (Figure
22). 7199 H7IZ fFx® AEel= ChPLA 1] dAZ< 71A4

A= AL FRolu mAEe] ofdt AREE golstA we

F

o

2 105 £ 0.38 kg/cm?O.® 42.6%2 &+ o7 7k

711sk Fom  AtgHe]  sl"e]  H7bb PLAS AR E

MAAZRG B7] ol wd, HES ARE #EE AR
Heel W9 And wAE Gasslds pEat. gebd, 4
AToNA o A 7taA, g4 T Zo] PLA RS &+ ¢
AeAD # Y= A EUL neRe Awdn. w3, BRE
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— ® PLA A ChPLA E PP

® 15 % } o

= it

S 51

é O-i‘:- ] H ¥ :

® [ | e s : Py . % -
01 3 67 14 21 28 35 42 49 56
Time (day)

Figure 20. Weight loss of PLA, ChPLA, and PP with soil burial for 56

days.

__ erosion

after 56 days

Figure 21. SEM images after 7 days and 56 days of soil burial for (a)

PLA and (b) ChPLA.
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Abstract

Application of bio—derived
poly (lactic acid) and fungal chitin

to electret air filter media
Hanjou Park

Department of Fashion and Textiles

The Graduate School

Seoul National University

With the growing demand for particulate filter as daily personal
protection, inevitable problems associated with the filter wastes have
been addressed. Especially, the commercially available filters made
from a conventional petroleum—based polymers pose a serious
environmental problem due to their low degradability. To mitigate
this concern, an eco—friendly alternative filter material is developed
using plant—sourced biomaterials: poly (lactic acid) (PLA) and fungal
chitin. This filter material involved inducing phase separation
between hydrophilic chitin and hydrophobic PLA polymers, resulting
in the formation of heterogeneous electrospun fibers with distinctive
chitin—rich and PLA—rich regions. The filtration performance of PLA
and chitin—incorporated PLA (ChPLA) webs are evaluated against
NaCl nanoparticles by examining the contribution of mechanical and
electrostatic particle capture mechanisms, with and without aging at
two different environmental conditions of 40 C, 3% RH, and 25 T,
90% RH. The ChPLA exhibits a significant adverse effect of humid
treatment on filtration efficiency, and the loss of overall filtration
efficiency is mostly attributed to the reduced electrostatic filtration
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mechanism, as is evidenced by the decreased surface potential
measurement. The ChPLA web displays lower tensile stress than the
PLA web, and the mechanical strength is further reduced when
ChPLA 1is exposed to moisture. In the soil burial test, PLA shows
negligible weight loss during 56 days of burial besides the ChPLA
demonstrates significant degradability. The partial erosion of ChPLA
fiber also shown in SEM images.

This research investigated the phase separation of PLA and fungal
chitin and filtration performance, mechanical properties,
biodegradability of electrospun ChPLA web. This study aims to
provide practical information to design environmentally sustainable
filter media, particularly with bio—based polymers. It sheds light on
electrostatic filtration performance and accelerated biodegradation

via induced phase separation.

Keywords : Fungal chitin, poly (lactic acid), particulate filter, electret
filter, bio—derived
Student Number : 2021—-22912
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