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-2 Perfluoroalkoxy(PFA, tetrafluoroethylene®} perfluoroalkylvinylether
Aol o B 549 Qg £71E 95hod, sodium naphthalenide(Na/naphth) ol 2] 3k
o] AFACNA de] A& ok, o9 #e uA-dx BiFd whEolA PFAY #
U= JFS Apsly] Yatel, 22y 2EY PFAS Abedte 4ES @
A(E-PFA) 2] ol A€ & 200C o] &0 B¢t &tsl, Na/naphthel 23k
Fudo]l WEPHU; ok 60 WMES G A B ’3*“4% ol %3}31 A3t
a8a XA ’é%ﬂz} B3 (XPS)E o] 43 E-PFAQ =7t ol ~dEgog BE, fId F9
Aok A #E g gl

.F‘Tﬁ

Abstract : A film and a powder form of perfluoroalkoxy(PFA, a copolymer of tetrafluoroethylene and
perfluoroalkylvinylether) were exposed to sodium naphthalenide(Na/naphth) etchant so as to defluo-
rinate the surface for improved wettability, and hence adhesion. The thermal instability of the etched
layer, compared to the unetched layer, was used to determine the rate of defluorination by thermog-
ravimetric analyzer(TGA). According to the TGA results, the powder form of PFA showed about a
60 times faster defluorination rate than the film form PFA due to a higher surface area. To unders-
tand the molecular structure of the etched layer, X-ray photoelectron spectroscopy(XPS) valence
band spectra were taken before and after Na/naphth treatment. The overall features of the etched
PFA(E-PFA) were almost the same as those of the oxidized carbon fiber. Therefore, the molecular

structure of the etched layer should be very similar to that of the oxidized carbon fiber.
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5 714 polytetrafluoroethylene(PTFE) % &
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g S8Eok] ] AAL | Z 718 A Fol A
s, B4 FAE TEY AR FE ZJAT17) 9
3lad, Na/naphthe} 22 723 "=} Folel] gTto
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Fro] Herdl 25um F49) &3 PFA(Dupon
) et E%a PFA(Rogers Corp.) 2 7}A& 2 A
ol AHg3t%ch HE 2 ¥ Fele] PFAE 24hr
o)At tetrahydrofuran(THF) &2 Soxhlet & 3-
60C AF QBoA HZxste] AL&3lt}h. Naphtha-
lene(Aldrich) & 43l o2 AHAsE 1, Na/na-
phth #)z-8 THF(Omnisolv Co.)E Z3145(99.
999%) AA 7% shollM, LIAIH,Z FE SF3
o}, Sodium wolgl= ZHAl #e}A, dodecaned] A
st ARk

Na/naphth o] 3} &8 | =

500ml 37 &}~ (H A U8, serum w)&,
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Na/naphth §-& A z3Hth. 2ues 24 71
ol 4], 38.45g¢] naphthalene(0.33mol)-g- 500ml
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g B8 F5dnk. ZA ZE 54 sodium
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Na/naphthe] 54 o}F-¢ o] MAYEHA vk
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PFA X9 3 ¥

PFA ¥&(3X5cm) 9] W e 2204 25ml
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Schlenk tube Qtell*] 2§3t%ith, Schlenk tube Fe]
PFA HE& A4 g 108 o] purge $ F, FA}Y]
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&) 923 22y 2% 1333cm e PFA control<]
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449 32 2484
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/\/\/._/13;
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1800

1600
Wavenumbers(cm™)
Fig. 1. FTIR spectra of PFA before and after Na/na-
phth treatment
(a) PFA control(film form) (b) E-PFA(film form)
(¢) E-PFA(powder form).
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5H= 21 Masuda So] 8918 u} gich 0, ol
A AL o] g3l] PFAS] o3 £=2 TGA) 23t g
v 2AMo R 233k

Fig. 29} Fig. 3& 7zt ¥4 2 dE3 PFA
Na/naphth o3 #3¢] TGA GEAHEE Jebdc},
Fig. 2014 BHd, 223 E-PFAE of 230ToA ¥
&7} A== 3, E-PFAS} PFA Al57+9] Hol F7)
HAES ztolE 475T oA 8.71% o] Tt 520C o]
Aol 2t A7 ARy g 343 i
A}, Fig, 3014 B, BE¥ PFAT 200C7A] 7
A Wayl A9 ¢la, 430ToA] ¢ 0.15% ¢ A
A 2o & T 53 PFAS] o] &b
oy &A4e Bud PFA B} Aoz oY=
Z9 FA7} gb7) wiel AzEct.

9 ¥ TGA Z=g viwshd, HHHo] & £2¥
E-PFA7} B&3% E-PFA Bt} 60v] A o] & &

1000 ———= — @

x 900 (b)
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Fig. 2. TGA thermograms of PFA powder under oxy-
gen : (a) control (b) after 2 hrs etching.

100.0 ——
< (a)
\.\A
\\
N (b) ™
°*99.31
£ N
s \
= \
\
98.6 1 i
150 250 350 450
Temperature('C)

Fig. 3. TGA thermograms of PFA film under oxygen
> (a) control (b) after 2 hrs etching.
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%). 195¢C ool A thal FAR A A7
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40~275C AN A AAY 4 U A Wbt

Eh}A) gtk

ool d 95C7HA A W et PA &4
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F 4ol tash BEael 448 B3E Yro
AZHETh, 195C ol golae) FAT Wt gat o
%9 drsiel 9% Aoz AzdY. BEY
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Fig. 4. TGA thermograms of PFA powder in 40 to 275
€ : (a) control (b) E-PFA.
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% A Walrt TGAS #& FFHo vo}, 200C
A A = d= FA 2ol & JeR A okt

AQEel oA =4

PFAE Na/naphthZ #g]3}H 70A 2] XPS samp-
ling depth(d,) Wjollr} L4 gaFe] F2A g o
B4 2 s g FA% TP UEve As
olm] ®ug ut gich® B Aol A EHoN 704
42 zlo] whake] 3t A W3l JTES
t}, o]= 95k, Fig. 59} Zo], o]FZ(take-off
angle, TOA), aZ 25°, 62°%} 75°2 wistAA 7}
HA XPS ~HEH S FH¢th TOAS dof @
Ae o (D23 2,

d,=3\ sin a D

o 7]14, A=FHA e Hit 2 $A
95% ¢ 25 2=l YeEhle oz Aol
d,= Al Kao] A$el o 70 Aojmz, 25° TOAS]
XPS ~sjE#L oF 30A B9, 62° TOA AHEHS
ok 62A %W, 75° TOA 2|2 oF 684 HHZS
¥3}74 ®©r}l. Table 12 Na/naphth® 1 A7t o
A% W23 E-PFAS] TOA 7% ®is}o] @& XPS
Fholt}, o] Aol o)hd, ERE T0A A 2
A} ZASE, Has gol £F

2 E-PFAo] 39 EA3}= vl

=

o 2 e
X,
o
S e

Il
AQFe) 72
XPS 97t ) AHERE B2 AT Aol

hy
d k";v

d=3Asina

Fig. 5. Surface sensitivity enhancement by variation of
the TOA.
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2F H] Mo Y&y PFAY) g XPS 94#7) o
~HEQ S ZH3l Fig. 60 JehiAch

Fig. 622 PFA 917} o] Azl PTFEQ#
7} Wi EdT Aol #ekeh M2 F 25, F 2ps} C
2p A=) v F o238} YL 717} 4.2, 1.0, O.
359} 0.0310]2m2,13 35.3 eVollA] m$ o OA
o2 yehles B8l F 259 98 Aotk 4
£AALY C 2s band+= 22,03} 18,1 eVoll A 27}
Boglz Jehdth 11.0 eV B9ele C-F 2%
Axo] #od 8= F 2p -2} leveld)] 71918k Ao

il JIN’

Table 1. Angle-Resolved Depth Profiling of E-PFA

TOA (egree) C% 0% F %
25 836 15.7 07
62 855 133 11
75 860 127 13

3
420 35 21 105 00

Binding energy(eV)
(a)

Intensity

+

420 315 2 105 0.0

Binding energy(eV)
(b)
Fig. 6. XPS valence band spectra (a) before and (b)
after Na/naphth etching.
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F 259} F 2p B2l v @84 v & A9 A}
BRI, A S Eaol o3l oF 40 eVell 2
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217} 18.5 eVol M Astart. = E-PFAS] 17}
o ~2HE-e] AF A AL itstd gadfe}
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PFA2] XA <34
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5o, S/Ng Z7HA1718 4,
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79 PFAT 292.0 eV ZF dyAollA] -CF,0l
sl A3 B9a], 284.6 eVollAe f7] 2F
Ao 9§ off ofg B8] E yekdth, Na/na-
phth o) A¥ WEL 284.6 eVe] 2§ B-9aS
¥ gt 47h9] 8 B2l g Jehdoh 7§
£ C=C, C=C, C-C AFESl ot 284.6 eV
Hoa(er4e] 76.2%) : C-OHe} C-0-C #E71E
of] o3t 286.1 eVl B9-2)(FA9 15.3%) 5 C=0
g 7)o o3k 287.4 eVl B9l (Ao 5.9%) 3
o}F 2+& o] C-Foll <] 288.8 eV ¥-9-2] (&
29 2.6%)2 A7} 9 4 Utk 124 Na/na-
phth ol A& Fole= -CFo EAE Jehis
292.0 eVe] B9-27F JehtA] gistoh

Fig. 8ax= PFAE XAlo 880 :=&3la] =7t
EdS ﬁ—‘" , Aol C 1s XPS AHE

5} MykE g =33t Adfolt}, B2

eV(etAe] 1.,5%), 286.1 eV(¥rA2] 1.7

_\1 rir

. 0=

Eat:

e 18

c’oﬁl
2
ahn
T

e oot 8
o

N M

84,

8

Intensity

2952 2920 2887 2855 2822

Binding energy(eV)
(a)

Intensity

291.0 288.9 286.8 2846 2825
Binding energy(eV)
(b
Fig. 7. Carbon 1s XPS spectra (a) before and (b) af-
ter Na/naphth treatment.

Intensity

2964 2929 2894 2850 2824

Binding energy(eV)
(a)

Intensity

294.0 291.1 288.2 285.3 2824
Binding energy(eV)
(b)

Fig. 8. Post valence C 1s XPS spectra (a) before and
(b) after Na/naphth etching.
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Table 2. Carbon 1s Binding Energies(from ref. 15)

Chemical Binding Stat
emical Binding State Binding Energy (eV)

Assignment
c-C 284.6
C-CF, 285.9
CF-C 2876
CF-CF, 288.9
CF,-CF, 2918
CF; 293.0

%), 287.0 eV(¥t2e] 4.3%), 288.9 eV(&4e]
9.0%). 291.3 eV(&r2o] 69.7%) 9} 293 eV(¥ha
o 13.8%) 9] 67} HLoz HA %F HUAH. D.

T. Clark™ §-& ¥4 u®za 24 38128 4ol
o wp& Ag oLz gk& Table 29} 7o) BYatY

43} PFAL: @4 spade) XA dxe}
%1_ ,,] T’:EH7}- 0&0}\%1\‘]. -

Fig. 8b+= E-PFAES 9 u}o] X4of 1100&
wEAA A2 o AHERDS & T, AR &
A9l C 1s XPS ~HAEAS ZH3le FHALES 3
g s Jehia ok 284.6 eV(EH:9] 64.6
%), 286.3 eV(&t22] 12.8%), 287.9 eV(&t49)
6.6%), 289.3 eV(¥49] 7.6%), 290.7 eV(ErA
2] 6.5% )9} 292 eV(BH42] 1.9%) 2] 6702] B-$-2]

2 FA fit 5Ac}t, Table 20 w1 290.7 eV 2
292 eVe] B9z B4Vt AfEH0] e g@Aol=
2, #Hd BEistd 78] IV A & F
t}, o]9} 22 E-PFA ¥we] AHAL XA beamel
o3 A AE Fo AA Z& H9TH 870 B E
AAE Aske gl LA3td 7]5o] X4 beam
o 42 Qs EHOZ oF3ty] o Azt

4 £

g2 9 29 g9 PFAE Na/naphth# o33
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B 3o o AEA oke 2o Hs PHow R
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At
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o] BA FExE A4tstH %ﬁ: ’é o} 258 gourh
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