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Synthesis of Waterbourne Fluorinated Acrylate

Copolymer for Textile Surface Modification
Su—vong Yoo

Department of Chemical Engineering
Graduate School of Industry

Pukyong National University

Abstract

The surface properties of fluoropolymers are unique in their
very low surface energies combined with chemical resistance and
good  mechanical  properties.  Perfluoroalkyl  polymers  show
extremely low surface energies. and are 1mportantly utilized in
industry for the production of various surface functional chemicals
such as water and oil repellents {or textile, surface modifiers for
plastic, paper, and metal.

Waterborne [luorinated acryvlate copolymer dispersion{WFAC) for
surface modification of textile was synthesized from perfluoroalkyl
ethyl acrvlate, octadecyl acrylate. glycidyl methacrylate, surfactant
and 3, 3 methyl—methoxy butanol.

The structures of the synthesized WFAC were determinated by
FT-IR and '""F=NMR analysis. The thermal properties investigated
with DSC and TGA were decreased with increasing the content of
fluorinated acrylate in the copolymer. The particle sizes of WFAC
were increased with increasing the content of fluorinated acrylate in
the copolvmer. The surface energies were calculated with measuring

contact angles of WFAC, and were in the range of 29.80 ~ 13.41

7Vi*“



dyne/cm. The surface of textile treated with WFAC was observed
with scanning electron microscope. The waterborne fluorinated
acryvlate copolymer synthesized in this study showed a good water

repellency.
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Table 2. Twvpical per{luoroalky] acrylate

monomer

Structure of monomers Assignee References
CHL=CIHOOCC o) (n=3-9) S| U8, 2592069 (1952)
Cly=CHCOOCTLC oy (n=3-19) 3N US, 2642416(1952)
CIL=CTIOCILC ey (n=3-11) 3 M| ULS. 2732370(1956)
Colon s (SOSNR (L) o COOL ‘ i ~
z 3N 1S, 2841573(1958
(= 1-12. m=1-6. R=H or C1 to C§ alkyn| =M | U5 284157301955
- Br.O71732(1964)
Gor. 1236787 (1964)
Fr.84578(1965)
ClL=CRCOOCHCHC s B pong | Br1011612(1965)
(n=1-6. R=H or CH3) UM S 3939557 (1966)
U.S. 3282905 (1966)
U.S. 3462296 (1969)
U.S. 34911651970
Cl1=CRCOO(CIL) NR'O2S—Coli 1 , N _
! ¢ 2 1S 932 967
(R=0, CH3 @ R'=CH3, C3H7 : n=2-11) M U5, 3520661 (1567
CHo=C (CH3) COOCILCHL0.CCFLCF (CF ) IC] | Br. 1118007 (1968)

FCICED 0 (CTL) :0COCH=ClH.

LS Dept,

of Agric

U.S. 342478501969

(CuF 7). CC(CI ) =CI1y

CuF s SON(CH C ) HL0,CC (CL L) =CH

CH.=C(CH1) OCSCH.CHsNHOCC, F

3 M U.S. 352999501970
3 M LS. 35629995(1970)
Geigy | U.S. 34975751970
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olt}, Z3lo] A& e whel monomer droplet®] Sz 9 H3l7F P A4S
conversion®] ©]>= ALY 7} ¥ monomer droplersEo] i‘?—’iﬂﬂl ] o]
interval 117} #u}7A $ck o] 213 %¢F monomer®] transfer ratess %
3] el polymer particle el monomer sx7F 2lASHA St
[28].

Monomer dropletZb AR5 530582 interval 1112 A ¥ o]
AL AbEs wEAEe] Sl oeb ohE AW styrene?] 4
conversion® ¢F 40%°9) u] ojvitt  Interval 1I9)A = polymer
particlefl monomer?7} ANE wj7bA Fge] dojipu] FE Hwis Hi)

2%tc}. Interval [ITelA 223 1A “5F monomerZ <748} ofi=
*l%*l]ﬂ gk, i wkgo] AP mwel branching & & cross—linking %
Babgo] Qlojulis olvk 0|28 Bal BHuyold EA Hu FE &

9 A&} chain—transfer agent®] AbS, 8% YayE 9 58 ol &

pr
1

H
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Fig., 5. Emulsion polymerization during interval I.



Fo% Qaolth fEAY e o
WéEQVﬁMHH3@§gAp~1ggﬁﬂlgyw>5§-§quq
FA 5 e B hzdle] 54 (hydrophilico) @b 454 (lipophilic) <
719lstv}, §-3har it AHemulsion polymer) i & A &44be] 2ol 0.06 ~
5.0mo) V)i Fakslo] olv= gl Fpelrh o] ALY wdkAb AR} 2

Aol o] Aol AE-ahd s Al A] s WG kitol e fsho] f-4)¥lvh

olnba] o AHIAG Al R w Aol SPALE E(h\dr()phmc)_’} ul=rAd
W (hydro ph()bi( or lipophilic) & 7 a0 gle] g ahfo| A vhakd 5ol
ebA sl -3k et Al ek AR A ] A7 alkyl-phenol 1

ol ﬂﬁ"‘éﬂ%_’* ethylene oxide$} sulfate, phosphate®} 3H& o]

AnaA: el syl $% Sw aela dwne ehes
QAwe] W AaE Foh A4l i vAlel YHo| AlRE: B

spe] AAEAIAle] kit wleleknl A aAAle] abo] WESE Aol

~

ol ARG, WA AT A S BASE AE AW
of Tirok ool BT =tk A A/)7k gl wk & A4 wY
e A7) Frherch AMBRAlS ostol Al wEA vl YA A3
A ge Fs Aol AnMayAel FFd wet ok YAt
Qoj4 4 elrh el AWBdae] e B AR 85 BFe
el digh g ool Algh whi-th HEEY wkeIA AWEYA

qol Aok ] ee ol Aol 3-6% (A B N

1

s Aopdlc, el 4wl elF, AWMEAA HAsHE 08a AA

ol i, FolA A 2%+t 1 olske] Welolth A @Al H7} HlEo
el Qlabmr 7l ghAagteh sivperd, @Y vido] AL 2

bl
Q¥ gharel A7) wjgolch ol LAl ulo) e ARNBYAZ Etatol

R At FoARMLYAL YAl A 248 desiH 73
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2.3.3. SI#ke] A4

dare] Ao Aol Ao Zellyo] Qe A AIZE wEEE
radical & 4gshd 80 Aol &aiye] i monomere} WEgsto] A
sheh o] w radicalel A Fiis &l &alHol = monomer?] &
w9 radical A4l wkgAdel elste] AW Radicale]l FE3] Aehd
T oE] Mg Tolel A A Ak EFAeke] <k sgte
v AfR QxR sldeh 4 Qluh reu) Hgh 2710 qEgol ajellis
micelle®] #3F27] 1 mtwk 107 455 u$ wWo] 9lo¥m R radicalo]
M yHE Aebr] el micelleof] oslol I o Af=E §IAIE HA

LN
S
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3.1. Ak
MAobarE] wuivjis o] wkyn gkgAlol FL perfluoroalkyl
ethyl acrylate (FA, n=8, |1 A Diken i) Z dAlgle]l 2oz ARE-3FSIcH

WA obz:El wuvel weaekslr] fE W At A stearyl

c&

methacrvlale (SMA, Samchun Pure Chemical Co.), methyl
methacryvizte (MMA, LOJIT Co.), glveidyl methacrylate (GMA, 1.OJIT
Co.), 2—hydroxy ethyl methacrylate(2—HEMA, LOJIT Co.), vinyl
acetate monemer (VAM, LOJIT Co.), ethyl acrylate monomer(EAM,
LOIIT Co., acrylic acid(AAcid, LOJT Co.), methacryvlic acid
(MAAcid, LOJIIT Coo 53 122 ofadldolE wakdlE AAlglo] AR
sholch kgl qlAbAd S flted elvbA o &A1 E Abgstel - aMeHA

virer) 833+ methyl—ethvl—ketone (MEK, Samchun Pure Chemical

.1,

Co.), dipropylene glveol monomethyl ether{TPM, Samchun Pure
Chemical Co.y, 3, 3 methyl—=methoxy butanol{(Samchun Pure Chemical
Co.), 1—methyl—2—pyrrolidone (NMP, Samchun Pure Chemical Co.) &

o AR el

3.2. FEAM E4 olaZdolE 3 F A WFAC) 34

WPAC P4 Fig. 63 el k7], gk 27, dropping funnel, &
CA 7 AEkE 1 ¢ AR EgAE ApgElg o], 2% FAHE heating
mantle®t Aupeo|u 2~ of &3FaL HakE fl8 AL FHuRt7)E AFE-SERLT
w2 950 m ! BlolFle] £a4¢el 3, 3 methyl-methoxy butanol 50 g%
dol FA 56 g¥} SMA 74.7 g, GMA 6.3 g& 45CA &3}t o
2500 m ¢ HlolAH| TG 230 g ol AN AE Yol M3 &
Ak o] & Ho] A @AY FE FEE vhE 45TeAM 2F 92

AF7](BRANSON, SONIFIER 450) 2 oF 20 #7F 24kA) 7 #2k5 wk3-4
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G4y Fubaa kg o)el &2 el fEklabE wolstAl skl flel ok
155 A5 wwk 3 5 oF 80CA dropping funnels o] &3to] 7j A}zl <l
APS 1.5 g adel ol o] olde 5712 A48 FdA7IHA g
Aok Aakzp gkgsd kgl b e fElA 2AIRE o e A A
A A obaiwldlol R Al (WFAC) & 6}}“6‘}%4. QA Fdel d
sk ASl FeEnE 10, 20, 35, 00 '8 60 ek vrushAA & ot
Ao, o u gy WIACT: Fdlel ol WFAC-1, WFAC-2.
WEAC—3, WFAC-5, WIFAC—10, WFAC-20, WFAC=35, WIFAC—50,
WIAC=602:2 vk glct,

™

3'3 H/\"

A3 WRFACS wabrzsl wagAel ddoss stz 9l
A7) (FT—IR, FT/IR-5300, Jasco) 8t F=NMRUEOL, JNMECP
—400) 52418 Ak F-NMR #4141 gelait- CDCL(Aldrich) & AR
shadrt, A EAE differential scanning calorimeter (DSC, PERKIN-
ELMER, Pyris 1) & ol &3dte] fre]dol = (Tg) el A#REE 5433
vhoo] wf AlEE ekgu)ir el ol —60TelA 250C7HA 10T /ming)
Gredp g A 7)slel A HASHA T §1A2L7]= Particle  size

analyzer (Zeta Plus, BIC)E o] &3t F7dslgln),

2471 (Pinics pro 300, seo) I AHESto} =45t o, Ald
oo FARZ R FHS 10 wE Eoirmeln 3~ 4% ¥ HEIE SA3
B oddeel WE7 548 dd A8d @EdeR: RS9
n—dodecane 7 7}AEF ALgstd o 7 Alfe] ulste] 5 ol REFZHE
Aol 1 Hgks 3 ol E ol gste] mAawe]
vl Wi KS K 0590(AATCC spray)el &A= FH4skdon
Lelo a2 Aded sl 2 s AEskirh 1 wt® g &

¥
=
ofo
&
o

*23,



A a8kt Eelol AE R ARG AlRg-sled 30TelA 2dip, Znip padderiz 1
3] paddingste] 287F HA A7) 3 wet—pick—up LH5% %2 AT 110T
oA 40%4F o] AZE o 180T 3027 Axelstd AgE wE

ik
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Fig. 6. Picture of experimental apparatus.
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Ll

4. Aat 4l 7z

4.1. FF8A +4

Fig. 79 perflouoalkyl ethyl acrylate(FA)Y8F A4 dristA o>
obziglgolE  FETAAOS TR B4 opmddels ¥ EUA
(WIAC) ] FT=IR &4 38 vheRlioloh Fig, 7oll4] K= wpgp o] o)
S Zhes PAS 9 1736 em oA ZER 2N (C=0) 2] AF
7t UH% AshAl vebLbar 1200 ~ 1300 cm ' A A C-Fe) dF 9]
17k W Rslel AA skl vheReba SlTh %8 FAE FH P 7IA o
ACT: 1000 ~ 1050 cm ™ e]Al CH-Clla— @227} vhehbs, 1736 cm !
o 21 ZFE R 7I(C=0) 7} F5 81 L}EH}E}. WFAC?] FT-IR &4 4}
2o g z)e) C=0717F 1736 em ' CH=CHy—~ 9177} 1000 ~
1050 em'el 7R& ejAel A vpEREAL 1200 ~ 1300 cm el FAE
C—17e) 9lz17) vpepdo sy ghda B Ho)a] FASE ofrrEalo] EelfA] v}
Ehuhis e 71 se) 54 27t wel] gEdAvE S-S o 4 Al
c},

Fig, 82 A% WFAC?S "F-NMR +4 435 vepd Ao 5%
el C-1F 54 ¥zt 80.9(CFa), 113.3(CF2), 121.5(CF2), 121.7
(CI), 125.3(CF») ppmelA 242 hzbs gt o) b vhekao tfalA
-1, H=T, T=T, T-1g o] b K7} A& 7h o= <lske] 574
o] CF 54 9177} XNelvh

f264



AC

WIEAC

\\\\\\\

[Fig. 7. FT—=IR spectra of perfluoroalky! ethyl acrylate (FA),
acrylate polymer (AC), and waterborne fluorinated acrylate
copolymer (WFAC).
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Fig. 8. YF=NMR spectra of synthesized WFAC.
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4.2. AFzh 4 ¥

4.2.1. FA 3] mE WFAcoﬂ ot RN A5 % ®AgA
AEe Ak W gl ol As9 e dshy Sy wd
o] A5, aAdE vl 5 ‘ilt+ kg A w452 olvd
side] dadeld gt wmgele] A RueluAs wa s 2lvE
v, e AR ol awle]l marddelu] Ha Al }Uﬂ@*%‘ol Aral
selelu b shee efulshvh dale] anital seRly smiziEviel apel,

swelling A5, 392 shstd BrelA wiiol gFzto] AHskA] oot
SoagEbh ik =3 ko w Mg sfde] whiE e mob: R
g 4= sl

e WEACS] 9k mfde] d5ztel 48 wdst o g4
& W Er] $le) Edbelx webaE AREEE7] W)l Sakgeie] wa sl
TEAR Ao ol mAE Al ste] AbEstalth o9k grol W Aulgh FEfol
Coarpba B WEAC Sdle] whit B A xIE] A @Rl 1087 30TCE

fAstel e AUt BET Sdel g dselAl Faasl

AR FEet ANEES st & A5 FA7E RS 5wl A S
Zto sk

s R = A (2) ¢ Owens/Wendr geometric mean method[29]
& A}gstel Alakstgdoh 19606 Zwube] Fowkes[17] EE Aoy =]
o) e wauE o, oo ww ARl = ofefe] A (1)} 32
o] London H]=t4 @A A2} @ L) 9l =54 (specific @ SP) Q4R L}

5 9k,

y=yl 4 5P (1)

o] 71M, ar EW Afefix, 42 London 1#Hel e van der

Waals 3% vehdim, o= e deaggel v 54 a4ad vd
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oA mEAkel A A o 58 vhE vk olde] A E ARESH
of AEzZFS =AHE ), Owens® Wendt[30], Z7¢]31 Wul31])%
geometric mean method® o128 2)9] Fowkes?| 7S =813ty o

g3 e A 2% fEstad
yi(1+ cos 0) = 205727+ 20y 2 (2)

o 7|4, obel @Ak L& AAE, Sy oaAlE vfERdCh oAl A (2) e o
ek b Ao theke] A& Axlstel EW sk AF sk aA e G
oA A ] gt SR S 7 Ak

Table 41= \-\-fmc,f] FAZFES 1, 3,5, 10, 20, 35, 50, 60wt% =
Wala 2ol Wiz W&z =2 Al ol e A (2)eA Aakek 3t o
WS vbEbA Aotk g, 93 WFACS FA  #h§-3Fo]  35wi%<l
WEAC-35 A2 A57hg Abxlen gidst g slojoh

Fig. 103 Fig. 11+ FA?Q =23 wiste] i g57b 3l mdakfol

vz o] W ek o oloh Fig, 1094 vl FAS ghedo| kg

-

el g E WRACSY ®de] ulst 2559 n—dodecane?] HE7Zbo) &
7balthr FA §heko) 10% o)Ake] 7 §-olly= H& 2ol 7 9] g1t ghol %

& woFw gleh o3 FA @efo] 10wt% ool sj| Ag mwujarol

Zub7) W Fof] 1 olAe) okg Hulstruly mAAHe T gy v] A

A aks) wpio® AbR
At o Havt AAHA e WE ofaHdolE FHEAe Ed

[e]
oVl #] = 39 dyne/cm FEolw, FFH¢H FA wAe] AW A = 5~
10 dyne/cm #& zb:=t} Fig. 11elM wd Fagtagte] 100.¢] u] e
VAR E= ok 9.5 dyne/ecm® WEREL ™, Aol FA2] ghgol =oid

of whe ERGILX7F vobAlE g oF & gtk
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Table 3. Contact angle and surface energy of WIFAC with different

["A content

Contact angle (deg.) Surface free energy
Sample number : ) .
Water n—Daodecane (dyne/em)
WEFAC- 1 3.3.81 19.01 29.80
WEAC— 3 84.5Y 19.37 29.46
WITAC— 5 95.81 38,26 22.59
WFAC-10 106.09 51,97 16.82
WIEIAC—20 108.82 H7.91 16.04
WFAC—-35 108.65 52.53 14.59
WFAC-50 113.39 61,27 E 13.49
WFAC—-60 113.17 64,72 13.41




Fig. 9. Picture of contact angle of WFAC-35.
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100 +
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Tt O
£
5 4901 o
&)

20 1O —@— water

O n-dodecane
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FA content (%)

IFig. 10. Contact angle of WFFAC with different FA content.
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Fig. 11. Surface energy of WIFAC with different I'A content.
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4.2.2. 29 3N &o] W WFACY #HEZ4 9 ®BddA

Fig. 129 Fig. 13& 34% WFACEelA FAS dheke]l 35%
WEFAC-355 Abgslol ol & B 314ate] Alg3 7ol 34 nlgel o
=oE7E B A A o] Wk vrkl Tiglel™ Figl 145 & st
WFAC=35 €8 323 Aujsh Zejo) ~el= 252 P57 Aplolth

Fig, 12004 Wl Mo ZAlahi FA2) Shako] S7hglhel upu} ¢hd %l
Woagbe stozaka o] il el i ¢} n—dodecanel] 3 FZbol 1077
~ 108% 607 ~ 62 A2l el virhvbi: 2lE 9 a0 Qlvh Fig
13el 5 A ()l el Aaly ddelu A el 4 A 15 ~ 16 dyne/em
oobadshAl vhehai gl L‘EHW Woolte A #AS WRACHE A o4
of A A 3w A A adRAE A5 A sy B Eeluh A
of 841slo] Abgetrivts %—f%f‘ﬂ M EAS vepdo g 1rbe] A

!

1
P WA BuA o o Hstel AFE T F AL Aoleka A}
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Contact angle (°)

120 1
.Q._‘_///.—\'/.
100 1
80 |
60 {OCO- O o o O O
40 1
20 —@— water
O n-dodecane
0 T . . T .

0 5 10 15 20 25 30 35
wt% of WFAC-35

Iig. 12. Contact angle change when WEFAC—35 was diluted.
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20

10

L

Surface energy (dyne/cm)

0 T T T T T T
0 5 10 15 20 25 30 35

wt% of WFAC-35

Fig. 13. Surface energy change when WFAC—-35 was diluted.
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() 1% (b) 2%

(c) 3% () H%

(e) 10% (f) 20%

(g} 30%
IFig. 14. Picture of contact angle when WFAC-35 was diluted.
() 1%, (bY2%. (¢)3%, (d)5%, (e)10%, (D20%, and (g)30%.
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4.3. YJAA7]
Table 4%} Fig. 155 [FAQ] k2 WA 7)o whE )apz17]9] Wist
T ovbER A eg FA ko] Z7bghe] wheb 53F 9072 7]+ 8lnmel

A 149nmE F7bshe A2 heleic,

4.4 WL =

WoSntell A ARk WEACS WHe i s w7l sgke]l KS K 0590
off elvell RH s FAsklth AR Shabel oF 20 em < 20 cm @] A
S 3AE Aet oy Figo 1629 a4 S Alg s ARgot
of At H-S A 152 em? dlof FiAol obbsl Al FAAl 7|1 spray
o] s Hel b AdXA e vkl el w200 mtE of TR
w]isked o] 2hE A el Waskgior ojufel iR*HH’: 25~30%
ARk 29 o HE el uidie] 1 Ejef g HiEs A
e dor s uE s wEd wde

o] L HytAE skl

Fig. 18% 2 Aol A3t WFAC-36% Huish A9l #dahA
o At v m Al A3 Abdlolth dEelA K= vhel ko] ghAlg
WHFAC—-35% Aalat7] de] debFig. 18-a)& ¢hds] A2 Ao}

WEFAC-3572 2123 et (Fig. 18-h) & B gol #

N
4}
il

it}
1
S
2o
gt}
T
=
I

1
n
N
udtl
/
,P
'S
[

B Fig. 178 W% by 7leids aghs] B el
O

o
7FE 90) oY $4e WSS el vt

Fig. 19 @4dst 35 d454& vhehl= DSC thermogram
& bl Zlor el dol &R (Tg) = vheRlr] 2gtoyt AWLFEE
(TR WbE-E2] AASAML AAnd qolad el 493 Tad

oF 47CelA vhebtout FAZS 609702 A Fvia7 B A3 Ty
whel 45 7 46Tl Ao AT s vEhgich
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Table 4. Particle size of WEFAC with different FA content

Sample number Particle size {(nm)
7 WI*‘AC— 1 “ | Hi
WIAC— 3 33
WEAC— 5 u3
WIFAC—10 110
WFAC—-20 | 114
WEAC—-35 121
WFAC—-50 132
WFAC—-60 149
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Fig. 15. Diameter change of WFAC with different FA content.
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2.

B

(1) funnel (150mm) (2) ring support (3) rubber tube
(4) spray nozzle (5) stand (6) test specimen

(7} specimen holder (&) support

Fig. 16. Experimental apparatus of water repellency.

_42,



L 4
/——\ . §.
. % "y L
* } H
t £

S ;
\, A\ ,m‘
\J ny
Grade 5 Grade 4 (yrade 3

(100 $10)

Grade 2 Grade 1
(70 (50)

Grade 5(100) : no sticking or wetting of upper surface

Grade 4( 90) : slight random sticking or wetting of upper surface
Grade 3( 80) : wetting of upper surlace at spray points

(rade 2( 70) : partial wetting of whole of upper surface

Grade 1( 50) : complete wetting ol whole of upper surface

Fig. 17. Ratings of standard spray test of water repellency

(KS K 0590).
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60
WAC

: . WFAC-10
so4{ WFAC-20
/ — — — - WFAC-35

| A\ — — ——  \WFAC-50
- —— / — — — —  WFAC-60

Heat flow endo. (—)

-50 0 50 100 150

Temperature (C)

Fig. 19. DSC thermograms of WFAC with different FA content.
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4.6. 45 W3t (TGA)

Fig. 20> FAC] k& A7 /b shadsh WEAC series®] % 4
2 TGA thermogram Uk zlejut F@kgbarh sh48] o) s-o) x5
Ao Bl i dFek Ao elEaddA Hogkd Atekel @lskal
o, 195Te) N Aw vastd el Fadh: @48 weoltl
370°C oAl w548 Fakol sk Heloh WefR e Ay ¥
FE A el FAC] Fhgko] Fvshel ubulb ol# Qb Aol whepxis slo

s vhehiket,

4.7. 4 Az Aol dade| @A
Fig, 218 ¥ adAqrela A3k WFAC-352 298 0%, 1%, 5%,

3092 s4stel Azek vl g deld AR mAYH Ao E
A S FARU Ao thebi Zelth vAeE dhe wue

A v BeaH el Rasel Fobel web AfmHel Hd O Aewol
A %s] WA B 309614 WG Abelel AT Fa veld] w

WS AAATE W e,
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Fig. 20, TGA thermograms of WFAC with different FA content.
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(a) (h)

15 kV x58@  GS8.@msm

(c) (d)

Fig. 21. Scanning electron micrographs of the surface of textile
treated with various dilution concentration of WEFAC.

(@) 0%, (b) 1%. (c)5%. and (d) 30%.
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5. 4 &

obsp ol whebAlel dEAaud obAHeolRE FEEE A
A2 ohadldlolr A (WRAC)E 3H4skn 1 &
U g dabE el

FHdeh WEACY 24P IT-IR 9 "I-NMR ZAste] 28k
ChET=IRYA Aol Wl FAL) %—3 3291 1200 ~ 1300 cm 'g)

1736 em 'o] FEskA Lpehuk oy, —NMR &A1 Aap ola} 314
o] £ ¥zl C—Fg wEax oy YEdAz FAHISS o £ 2l

o},

WEACS] FAs] o] 7kl uhel addd vst T2 d57to
2 7F8F ot} perfluoroalkyl ethyl acrylate (FA) 9] &Fo] 10% o] A
Folls= AF2hol vl ol FrbskA ekotvh wEAe] ddoy A $F
rAlel FAae] ghapol wmofytel whel f1 WU A 7L stopA= Ao
LFEFSELE BA - bgol F7hgkel wheb 38§l el =717 81 nmellA 149
nmal F7Fskiz S viERh At

DSC thermogram® A3 A 223 dY 28525 (Th iz
w3 ol FEEAe] A Tad °oF 47TelA vepstov FATHS
10%elX 60%7F4 HakAlA 2 Ak 1,2 ghol 45 ~ 46TelA 7] 2]
AEl AL ehudoh. FEakao] o3 QA AL 195To)|ERE] AT
ulAlsHAl Sel gasks A4 Eeolthrt 370T Feld w438 F
o] Fkarztd o FEgAl Welld Fael dheko] Frbstol uhel 33 <A

#ovhohstTh s WS KS K 0590¢) 9A 53

AT A5 oYl $4E WEEE wYth
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