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, gl 7]uke] thEulubA =1 (layer-by-layer assembly method)2
o}, % A4 = poly(allylamine hydrochloride)(PAH)®} poly(acrylic acid)(PAAYS ©]-8-5} ‘:]’—‘i,hﬁg A
PAA‘:- Ha A5 10000034 1500 g/molS 2] H|&E &E3tste] tputuhs Al s Alzd o
’&‘131 perﬂuorooctanmc acid(PFOA) st thad FxoF dedS §31 E]- PAA &3} H]&, pH
b 5o 2kxE] 2 w2 11 Fulo} EYESS 2] }Oj‘:]' 2ExE] pH 2.4%1 7%, 1500 g/mol PAA
}‘POﬂ wet 3 2%k HE7bo] HAsA, pH 2.0%1 7%, 1500 g/mol PAAS] $Hgo] 25-50% G4l
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Abstract: Recently, aqueous-based environment-friendly layer-by-layer (LbL) assembly method has received great inter-
est in the fabrication of superhydrophobic surface. In this study, LbL film consists of poly(allylamine hydrochloride)
(PAH) and poly(acrylic acid) (PAA). PAA mixture of average molecular weights of 100000 and 1500 g/mol was used
to prepare the LbL film. The films were treated in acid and perfluorooctanoic acid (PFOA) solution to induce porous
structure and hydrophobicity. Effect of PAA mixing ratio and acid treatment condition on surface morphology and water
contact angle (WCA) was studied. When acid treatment pH was 2.4, roughness and WCA decreased with the increase
of 1500 g/mol PAA. However, when pH was 2.0, roughness and WCA showed a maximum at the 1500 g/mol PAA range

of 25-75%.

Keywords: layer-by-layer, acid treatment, porous, surface morphology, hydrophobic.
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FH2, 78 7o R oM oY THA] B A8 E
< 8ol ZHE + U= A a5 (layer-
by-layer assembly method)o] &4~ EHE| &l E3]
A EH A Aok e e AH7)HQ) oY, 4
o e FRAY T2 ol&ste] v i), AL
AREEA, Y=gt 55 A5 T Ue Zgyolnh
TS o] gste] FAFRE WEIL, 254 AdEE 5
ZeAL 24 ol2sttES BA7ARI H o R FAA

A U5 B 78T 5 9k,
SRR ASES olgslel £HTEE YEE /MY A
Aol e Vb i vlo] AR AAHE ol 85k el

FRANR=GAID B 25 0] YAEI2 HS o] 547

A B f71SE RS ol &ste] FAHERE Ve
ATH WA FTEAAFEA e SIREAAHEGA S BA|
£ Az, o] HEAS st thE E tE RS
2 AFste] 7S 7R LEAVEFA v Al
Z% o Stk B tE WReR, vEa veatts A B
A7 Agsie] g F+2E fEste] FATRE MEe
Wro|t}, Poly(allylamine hydrochloride)(PAH)* ™ == poly
(ethylene imine)(PED)**° 52| ol & A9} poly(acrylic
acid)(PAA) 52] o] Al e ks dS o]-8alo]
tatets sk, A S Eel v e Az
= QAT Zacharia -2 PEVPAA TR ubute] 207 AkxE]
£ &3t Yiomte|A2 A719] A FRE P, B4
L FE FYste vl EW(liquid infused slippery

71d 2] PAHPAA THHIee] FAF2E WTHEl o AT
A& S8t 2 1S AU

U8 S o] 83t RG2S THEDL, W2 1My
A& FsP] S8l & A gEo], o] AW
A} perfluroalkyl acid(PFA) 52| 254 o] L3l5HEo] Eo|
AHEEo] $it. PFAE o] &3ate] 2k BH ¥Rk ofug},
1t e, 219 By 5A00] REEA O R A= #
HEHH S = Il Egt IR =R} tisatEte]
B ol AgAA Al Fste] a8 AT A
2E F¥] g8 235/ IHE AREJTS F
2o, 9] 725 FAGle] tEutete] PFA A g

T Wy o] 7hFsgho] BarEATE

Zan, Al4478 A43, 202013

B A7oA= PFA X128 o4 PAH/PAA T=ulule]
FHO| Fejot 23 S-S ATaIiTh PAH/PAA THEM
Az Al BteArge] the 2572 PAAS E3at v
kS Azt thsEhke] Akxe] Al PAAS] Al
el 7] 2] Z7|7F TE A0 F HuEy Qomg s B
AgFo] THE PAAS] &3 3 tiutete] AkAe] 24 24
Fell 715 T2E AL Alofstaat it 4 A2
£ 98 PFAZ perfluoroooctanoic acid(PFOAYS ARE-S1o.H,
PFOA 5%, A7k, pH 59| A2] 21& #43ls9ith. PAH
EHE, pH 2 AZF 59 AHAE] 271 2 PFA A2 =1
of & FH Fx, 2% 9 E2HF7 ¥zt ARt

Al
=

ot

M Z. Poly(allylamine hydrochloride)(160000 g/mol)(PAH)
S Alfa AesarZ2 HE FYsIGo, H Exjgo] thE 3
Z7(100000, 15000, 1500 g/mol)2] poly(acrylic acid)(PAA)
9} perfluorooctanoic acid(PFOA)= Aldrich2 58 3+
oh @A} FASPUES, obMlE, ¢EES galsisto
B st

ChE4tat M=, osatete As v 93E HT-17, )
Ay ol&ste Sl Ziel AFsldint ETtel= 2
e oplE, dEE, el YL, 253 AH7]E o
&ste] 1584 MFsta, QB Hxd & vt A3
Azl 1087 Z2)=r} #|2](Plasma Cleaner 32G-2, Harrick)
E Nt o8 Lalo|= F2E PAH £ (10 mM,
pH 7.5)0l 15%7F T2, 378¢] e &0 248, 13, 1
B st ok Salol= FHAE PAA €910 mM,
pH 3.5)0l 153%7F 2237, 379 24 &0l 22, 13, 1
A A H AT 919] AbelEE 208 RHEakAL, mhx]ute]
PAH -&lof] ghH © § Z2FFE A5t (PAH/PAA)y
PAH t}5utet AES Axsisitt Alxd HE3 80°C &
Bol| A 3087 A=At PAA £ 9 Z o) uje}
Wit A 100,000 g/mol¥} 1500 g/mol®] PAA &9
100000 g/mol:1500 g/mol = 0:100, 25:75, 50:50, 75:25, 100:0
of ujul= E3ate] AHESIL

ChSHlate] MXfE] X PFOA Hal. Alzs tEules pH
2024 ol 5% Ex N7 9 eSSBS F F
T2 27 ARk AR 4B Fold pHet 5
9] PFOA o] LB A7H B2 B, 7HHAA1E 7}
71 PFOA7} v vhefel] 32 5= Q== slith. PFOAS
ZAIZ] &, vk A2l AR 3] 2E, 13,
I3 &Rt SRl MAEL, 80 °C EolA 30i7F AAxa}

oot

Atk M2 {r)=HA] &2 79, PFOA €92 30 mM, pH
7.601H, A7) A7k 30iE0]t).

St g3utete] A9 2= w3l 3471 (Alphastep
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D-100, KLA-Tencor)& ©]8-3to] 24313t 2= Al
oA (root mena square, RMS) =78 ARSIt A
28 1) 7 (SEM) ©] 1A= Quanta 600(Hitachi)S ©]&a}o]
15KV 27014 23315t} PFOAAIZ] o), F28 BA(F)
9] A} F5== Quanta 6002] energy dispersive spectropmeter
(EDS) 7155 ARE-et] S =AU 8572 HEASA
7)(Pheonix 150, SEO)E o] &-5to] =451t 4 uLe] &%
< o] "Wojme i, 20% $ol] FES S48
Z% g BRSS9 ARl theliA 7zt s SA =S
o}, 2z o] ol ulerror barys ¥FHa}olt}

di g EE

A, tgEkEe] PFOAS] M &271S ARttt PAH
<} 100000 g/mol®] PAAE ©]g-3te] thdlers Alxsh &,
TEabeS: pH 24004 1A17F B¢t AkAgelal SR Al
A 7, v 725 fAE] S8l 180°C L2ollx] 2417F
dxjg)ate] ol gT FHgALke] Thal Whg-S AJZTPS o]
AZS 90 mM, pH 7.62] PFOA &0l =7} 30827+ A2)st
ATk 2y o] g A A7 EFE 0 F o] FoR] A
oot} 27 BHE7L 50° o]&kith. EDS £ A3} F
AFEEE 1% ©late] ml9- v FXE Yol

olel AAelE theRtekS: 7heskA] @451, PFOA #2513l
ok A, AlzE S pH 24004 5E2F AR EEE
207 Aol FRTE AT 2Ea, o] MES HE
o] AzIHE AXA R BEE pH 7.62] 90 mM PFOA &
dof] G 254 A2lE ST PFOA 2] & M9 S+
4= oA 28, 1&, 184 AlF 3.

PFOA A& A7k W E{573) F YA-sEE Figure
1] YERASIEE. PFOA A2]Al7be] 71t W, F s%r}
7o, 153 73 olFell= F %7} 28%= H| A

160 100
2 140 4 %
o
E 120 - =
= 100 - 60 n;
.LE' 80 - —e— \Water contact angle E
g 60 - —a— F atomic % 40 g
3 40 - o
S 20
= 20 4

0 0
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Figure 1. Effect of PFOA treatment time on the water contact angle
and F atomic%. Concentration and pH of PFOA solution was 30
and 7.6 mM, respectively.
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A A=A Tk E3HEFZ-2 PFOAXE] 5% ol
FA3] S7I e, 15% o] FolE 135° FEo2 vl
LA FA = AT

TS AR E]skal 7hagk o] §- PFOA A& g 739,
PAH®] oF1253F PAASS] 7Hak3-0= Qlsto], PFOAS]
FHgAlske] PAHS] oWl 253} o] A%S FAEHA Rat
7] wjiolH, o] 2 Qlsf W HEZtH F YA st VR
T} Wbk PFOAE 7Ha7t A e8> %R¢] Y- PAH
ol IE o] AE AT AoF HRlrh

HHH, o beS A Eslal 7kaglo] HEE PFOA A2gh
7%, PFOA7} PAHS| o¥l153} H|wA {7 o] AFS
FAsto] A og Ee F YAse BHE24S Ue
WATh o= PFOA7} thhete] gHdut F2te]= Zlo]
olvzl, dF WHdx FFEL ovsth HZ, poly
(diallydimethyl ammonium)/poly(styrene-sulfonate) T3 H+2t
S PFOAR A2|3t 7%, PFOA7} uFet FHel F2H2 Aol
2= o] e] 7ol tEA, PFOA7F BFet W32 poly
(styrene-sulfonate)S thA|SF= A2 R ILE AT} P40

A2 ¢k PFOA A 2708 & t] Aleslste] Ao Rngy
ok AE] & S5 A1A 2 7% {57, PFCA 5% % pH,
tRatEte] FHejzbge] EEt) nixle d3FS ERlsk
THFigure 2). Figure 2(a)= PFOA A2 A, 28] & &/
T AR Az e e EH57S YEITh pH 24
it 2 AT, (A) SR AIES A 3 Ax 9

160 160

(a) (b)
140 1 140
2 120 4 120 4
= 100 100 4
=
il 80
E A B C 30 60 90
g Rinsing protocol PFCA concentration (mM)
NC *Ta
o3 C
= 140 | 140 1
120 4 120 4
100 4 100 1
80 - 80
7 76 8 B85 PAH PAA
pH of PFCA Outermost layer

Figure 2. Effect of (a) water rinsing/dry protocol, after acid treat-
ment, where A: rinse, no dry, B: no rinse, no dry C: rinse + dry at
80 °C; (b) concentration; (c) pH of PFOA solution; (d) outermost
layer of LbL film on the water contact angle. Unless specified, the
samples were acid-treated at pH 2.4 for 1 h, and treated in PFOA
solution of pH 7.6 and 30 mM for 30 min.
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o] PFOA A2, (B) 57 A3 7% lo] ¥kE PFOA A
Y& 3 7 A BT =35 135° A=E e v
H, (C) A $ S/ A1A, 80°C 30i 7=, PFOA A
g8 A%, BEHEZ o] 123°2 &% a3

AbAE] @ SHE AH T80 °CoN Axshes Ae, T2
Wel SR57F Saahia] PAAS] FHEAA] SN 9k
87+ 7Hprotonation)= 7AHE bl 253 7H-AA OF
o] o] Afe] T HARHA 7] Fx27F A o]
ol eAgto] E9H A9 PFOA} PAHSIS] o]&4%S &
g 53] oYl =xE7e] v W Ao vk v
9 AE] & A% glo] ulE 1SS PFOA £ Y= 4
5, TRk 3L AR PAAS) o243 33t
UA] e PAHS] o}Hl1Fo] PFOAS] 7544 & o
olalA o] 2A%S FAst, BEXHEFo] dHes &
< Hole Zo& BRIt} o]F, BE ThFuteke A
227 S ARS8kl HEE PFOA A2 SISt

322, PFOA A& wx9 93-S A3 Hltt PFOA
9] pHE 7.60H, AZARE 3022 I3, &
£ 30, 60, 90 mMO2 H3}AA HATHFigure 2(b)). EHE
7te Fxo FAGe] A9 135° FFo2 YEhstt) T3
PFOA®] pH 7-8.59] WSlolA &332+ Ae] o] YE}
WA e¥tth(Figure 2(c)). PHA9RO.R, thgutute] Hejzb 31
A FFS Aufusith A g PFOA A2 x710]
Y A, BHELE He aiA TR 9%
WEA] RS9kt EDS 54 A3, F 94 5% fARRIA o]
= PFOA7} #9125-2] PAHONTE F3== 212 ohet PAA
£ tiAlste] SFE TR ode] =2 & AA|shs Aot}
Figure 2¢] A}l we} o]§ BE thsutute] SAge 4
g - F75 AFH (%) > PFCA A2 (pH 7.6, 30 mM, 30
) - 7 AFHQ-1-18) - 80°C 302 Az 3go=z
R A=d

AUWHA O Z PAH/PAA TS A elshe 7%, 713
TZ 2 3717} PAAL] Al oEshe Zloz dEA 9l
th 2 AP e 3579 Bt EAFS Z2H= PAAE ol§
ste oREateks ZHzh Al zskal A E gk ¥, PFOA 2|7k
A F8yet o] W FelE A3k Figure 32 PAAS]
Bt FAF 2 E] pHel e tsateke] £ SEM ©]
U & BojFET) 2k ] Al sHolQlth 3 FElol o
Sk PAA o 2] 92 pH 24904 FEHZITH
1000003} 15000 g/mol2] PAAE AFE-3F 7%, 1-5um 7]
71%-0] VeRstth whE | 1500 g/mol PAAS AFE-3 79 A
H o g gl nmo] 2 7]Fo] yebsTh pH 2.0 2710
AE 2312 1000002+ 15000 g/mole] PAA AzxH FEo] A
H o2 wjrre) & FHS YERNIT o] g PAA AR
o W 7]FA719] 1A ZF2, PFOA A 2lglo] A
vk Al ojde] AFAel dRghtt, Bgk thEuhs

o K

1

g\i

ZEH, A444 A43, 202083

Figure 3. SEM image of LbL films prepared with 100000, 15000,
and 1500 g/mol PAA and acid-treated at pH 2.4 and pH 2.0. Acid
treatment time was 5 min. The scale bar is 10 pm.

AHA2] & ¥lZ PFOAE A2jsidets, tisutete] 7]a-1x
£ 7KWA PFOA7F S3HE S & &+ Sith

tsutte] 39 7)Y 25 & o AEsh 2ds] 9
ato], EA o2 ARE-E 79 W FeollA vlawA] & 2
o]Z eI 1000002+ 1500 g/mol PAAS E3tsto] tl&
ks A Z3512 4F 2 PFOA A 2]E A3 3slSitt. Figure 4
= tHERS pH 240014 AFAE] 3z, PFOA A 2|3t 25
°] ¥ SEM Apzlo|th thA| 2, kA 2] Al 7kel] #AIg10]
1500 g/mol PAAS] o] S7tes, 7|39 2717F A}
Fdgay) ol

Figure 5= TFSEMERS pH 2.00041 AHxE]8kal, PFOA #
Ze 5o BW SEM ARKIolth, AkxE] A7be] 5821 7
T, 7188 2717 AZ A o2 wskelA] 4ttt 100000 g/
mol PAA H|-&°] 100%S<] 73-F-, 250-500 nm =L71¢] 7|5
ZZ YeERATE Z221u 1500 g/mol PAAS] 3HEo] 50%=
7k 7182 27171 0.5-2 um & F7189AL, 1500 ¢/
mol PAA &3] 75%, 100%Z S718HA, 7]&2] =717}k
oA Aokt B3F 1500 g/mol PAAZF 100%2l14] 75%= 7+
28R, 2, 1500 g/mol PAACT 25%2] 100000 g/mol PAA
7F EFERA, 5 um 2719 3 2ge] 71 &l 0.5-
1pum 2719] 7188 71 4 #x71 6 dgd 708 B
. A2l AlZke] 1A17KQ1 73, 1500 g/mol PAA $Hake]
5% W, 7P & 718l UYeRgou, AR 715e] A7)
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Figure 4. SEM image of PAH/PAA LbL films prepared with varying 1500 g/mol PAA amount and acid-treated at pH 2.4 followed by PFOA

treatment. Scale bar is 10 pm.

100,000:1500 g/mol PAA ratio

75:25

50:50

Figure 5. SEM image of PAH/PAA LbL films prepared with varying 1500 g/mol PAA amount and acid-treated at pH 2.0 followed by PFOA

treatment. Scale bar is 10 pm.

7} A BEEA] T

T}eFsl 1500 g/mol PAA 302 A2 thZupukg Ak
9 PFOA 2|t &, thautete] 7 wiskeS 7433t
(Figure 6). b2 Z710] pH 2491 7-%-, Ak 2 PFOA A&
T, AR upeke] FA7F Srhelsith A Alzke] SE<I
45 FA7E 0-20% B SISO, 1M7L A4S A
S7HEO] 0-10% T2 AF FASIATE 28U A
Z710] pH 2.091 A%, tsuhere] FA7F @318 1H2skid
th. pH 2.0, 1417F] 28] 24914 E 1500 g/mol PAA S+
goll JAIgle]l FA7F 20% o)’ 7HAst3iTt. pH 2.09014] AF
2] AJ7ke] 58l A9 1500 g/mole] THEo] 0% F= 100%
2 =Y B AS, FAZE 20% ARSI o, 1500 g/mol
PAAS] &0l 25-75% 1 7% Al Aol o5l

il
5

T} 53] 1500 g/mol PAA Ed°] 50%21 74-F, 23|18 +
7} &F S7bslSlH

ol g 4F & PFOA Aol W& F79 571 e 4
£ SEMC=Z ¥z tsubet o) Hejol AvkE). Figure
404 YepRd wle} 7ho], pH 2.49] kx| 270+ vl
2 7% 27t AmE JeRdtt. o]= 4kAE] A%, PFOA
A PP E 715 F27F o= A= fAES YERH,
ol tHhe 7€) S7FE UEhsth 28y pH 2.09] %
AoM e tEutel FA 7 AAF oz asion, o)s
PFOA7} 53t=]= A thdhdte] 4 falj=m 7]%
o] 27 fFAEA Z3E efnlgitt wEbA pH 2.09] 27
X 71F Fx27F BA okstslditt. oleg AAe] I 7,
tubete] AL FE HalE o] girh i
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60

= pH 2.05m
s nH 2.01h

pH245m

40| ™= pH241h

Thickness change (%)

0 25 50 75 100

1500 g/mol PAA (%)

Figure 6. Thickness change of PAH/PAA LbL films assembled with
varying 1500 g/mol PAA amount after acid and PFOA treatment.

53], pH 2.0 5%2] Z7141E 1500 g/mol PAA 3]
50%81 737, wrete] FAVE 0318 &F Skl or, o
B = wlwA AR 71E 727 e o= 21
wARFE] PAAC] E3E A vutEte] EdS Hastst
WA 71FFERE RS BHolEh ¥, 1500 g/mol PAA
Faol 0%01AY 100%1 73, BEe] FA7F 2A 24t
3L R 7 R g oFstE Rl ol aeAke] &4
2 719

o2 71 ASE, T/ Aago] AH, 1500 g/mol PAA T3
o] T+ AEQl A4E 71 T2t Al VERA] edsktt.

2F 9l PFOA A5 53l Alzd dge 258 Tx =
7] (profilometer)& ©]-&-3te] S 31 th(Figure 7). A2
pH7F 2.4 73-%-, 1500 g/mol PAAS] 3] 0%(100000 g/
mol PAA 100%)= Alz¥ tlsatte] &= 120-180 nm ©]
Atk 22]32, 1500 g/mol PAA E=Fo] 100%= S7FshHA,
59 25E 60-70nm o2 AT o] Ade=
Figure 40l WeRd vk} 7Ho], 1500 g/mol PAA7} 571
e} 7] Z27)7F Aol A AdEgith. AE] pH7t
2002 7FAa3k 79 1500 g/mol PAA 0%E A% vyt
o] 2EE 20-35nm FEOE FA AT

k2] 2710] pH 2.0 5521 7, 1500 g/mol PAA &
o] 25¢} 50%= F7Fel weh, =X 80% 62 nm=E S
stk 2#u 1500 g/mol PAATE 100%E Z7H8F 7, %
TE 32nmz U] 24819t o) Figure 50l UERdE SEM
olu|z| 2} g3t} pH 2.0 582 A 28519 S o,
100000 5= 1500 g/mol PAAS] o] 100% 735, 71
717} ZhaL v @A wjize] e FHS Yep o, ol 2
O] PAATE EFE 73T, 7159 2717 ARAY 77
27} ZFskE| ATt A ] 2710] pH 2.0 INZR] A, 2=
o] & WSyt #E=A] Bkt

2F 9 PFOA *{2]3F t}5Hreke] Z5+= 20-180 nm HY =

ZEH, A444 A43, 202083

1
(@ 200
180 - —e— pH 3.4 5 min
160 - —a&— pH241hr

Roughness (nm)
g

0 25 50 75 100

1500 g/mol PAA (%)

—
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—

200
180
160 -
140
120 1
100 A
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Figure 7. Roughness of PAH/PAA LbL films assembled with vary-
ing 1500 g/mol PAA amount and treated at (a) pH 2.4; (b) pH 2.0
followed by PFOA treatment.

AjElskal 7k S8)sk takeke] 2% 100-800 nmell H)
3 A= 2HA] Yelstt o] PFOAZ}F thaatete] 533
WA 7189 71 27t o7 kst S o] gt

4+ 2 PFOA A& B3lo] AzE tsutatel] §24€ F
s E(%)yE 57 sk tH(Figure ).

A2 1500 g/mol PAA ko] 0914 100%=Z Z 71kl
w2} F YAsEs 5-10% A% S78lsinh ole vautat
oA Ez}gko] ZHe 1500 g/mol PAAZ} ATHA 02 T go]
Sl PFOAC] <J3l] thA=]7] sj2 o= BRIt B35k 42| pH
7F 2,020 7ol Hlal, 2491 B¢, B AAEETE 5-10%
A= o =4 Yelsith

AF 8 PFOA #2] §-, thgutete] JE7-5 463tk
pH 2.49} 2,004 2B 2]gk 73-¢-, 1500 g/mol PAAS] 3 W
slof] w2 tiEulute] BHE71S Figure 90 UERNITH pH
24004 A EIE 79, AR E] Al BAIgle] 1500 g/mol
PAA7} S7FshAA tiA| 2 ExE7te] 2Hasiaitt.
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_ 30
$ 25
E 20
= 5| —®— pH245m
B e —s— pH241h
10 1 —a— pH2.05m
51 —o— pH201h

0 25 50 75 100
1500 g/mol PAA (%)

Figure 8. Atomic% of F on the surface of PAH/PAA LbL films
treated by acid and PFOA measured using EDS.

(@) 140
—&— pH 2.4 5 min
- —a&— pH241hr
= 135 4
&b
=
g 130 -
S
2 125 4
S
120 v T T . .
0 25 50 75 100
1500 g/mol PAA (%)
(®) 149

—&— pH 2.0 Smin
—&— pH 2.0 1hr

125 1

Water contact angle (®)
._'cl)
i

120
0 25 50 75 100

1500 g/mol PAA (%)

Figure 9. Water contact angle of PAH/PAA LbL films assembled
with varying 1500 g/mol PAA amount and acid-treated at (a) pH
2.4; (b) pH 2.0 followed by PFOA treatment.

HHA, pH 2.0 Z7914= 1500 g/mol PAA $hego] 713t
A, SHE2o] STt A st ekl 50%

Fejel A =4 485

Auj BHZ7to] 133°2 Hzke VERATH

o2&t 1500 g/mol PAA §Higoll w2 B3 Fzte] Wsh=
QAR 3 255 Sl AHE 7 Ut} 2H2] pH 2.4
A&, 1500 gmol PAA7 Hgo] 713l wel 2wmr) 7k
st olol mEt EE7e] 1A Zlo® yhdw) ul
™, pH7} 2,021 7%, 1500 g/mol PAA $Ho] 25-75%31 7
&, ddid oz 7lg P27t 2A yEeH, 25 HlwA
A Uebsttt. old mEt EXHE7E o] s PAA T W
Aol HdizkS YehiSlt. ol 53], pH 2.0, 5 min2] A
A2] 27 g8 Yepsth, Eek 2] 276l BAIR
o] 1500 g/mol PAA gHaFo] F7igtell wa} F Atghago] A
Z 7t oy BRETe) 37 43S v ¢S o=
Ho} 25:35%2] F 9AFsE WM E 718 72 ¢ 7}
o & 9 vX= A= v

J

o)
i

4 £
FollME PAH/PAA thEuteke Al xak, A2 S
& frEstal, PFOAA S FollX e 7H
= =

7152l FE= PAA EARe] <Jsl 22k 531, 100000
= 15000 g/mol PAAS AFE-3H TF&8FEks} 1500 g/mol
PAAS ARSRE HstEle] Zerart 2 AlRlE Ui,

PAAS] 71&e] 725 & H AEs Alofsh] S8l H+t
T2 1000007+ 1500 g/mol®] PAAS Esle] thautats:
Az3EATE 0%, 1A e % PFCA Aol whe thsubete
x9 71 5S4 B SRS Wske ARt

#9 7)E e 20 24 PAA SIS Ak
pHe}F A7kl mie} TR Al YERTE pH 24904 = A 2|27k
off FAIFle] AR 1500 g/mole] PAAZF Z713tell whe, 3%
H 71Ee] A7)ek 27h el akxe] pHrE 2,091 7
S, HFAIZbe] 58U W, 1500 g/mole] PAA7F 25-50% Al
ol 7152l A71e 2&7t FA Uit

=HF2 22 pH 2.49] 73, 1500 g/mol PAAS] &
Fol S7hetell weh skl uhd, pH 2.09] B-9-l=
1500 g/mol®] FHeFo] 25-50% Alelox] EHF7o] ks
UEREE AR Zers B 2] AP S5 =4S
zto] A JEpsiTt.

HARR| 2: o] Aate AR F BT Al
2 AFATA T A Y-S wol e E ATU(No. 2018
RICIB5085125). B3, & A4+= 20199% w85-2] Ao
2 =72 A AT H7HATAAA RIS AE 9] A
e 2 72T FYSIANY A ATFALAE 2
A FAA FFFFLA A ATA DA S 2735
FE A4 72 (No. 2019R1A6C1010045).
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