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dlelr] B4 Zen|da|ulZ 20 go]=(PVDF) S &7]81 ¢l N-methyl-2-pyrrolidone (NMP)o| &&+&}o] mielt]
|AE AZ3QTE. 7] vikle] &9 A= F/HAE HUkeE & FUFR £S5, ol AV AE FUHAL
A7 wile] & el PtCo/C (50 wt%, TKK corp.) FHmE #H7lste] vidul-Fu| £3H8H4S A3t o|d,
vRele]-Fm) 388 o Fu) vl o] ZAR(HFH])= 4 ¢ 1o] HES AZIIGITE. Y] bkl -FH £
ghgolo. E(250 rpm) E 1AIZF FoF £33 & ﬂﬁ% T AFES AASAT. A7 AFol AA"E vy
Zu) 2EENS 7| FAZ(GDL, 3.2 x 3.2 en, 320 mm thickness) Aol Hl-318) (bar-coating) ak¢] ZujZ
S AT, o]F WF #Z7|(vacuum oven)E o] &35te] oF 60 © CE AR ARHAE AFE A3
oh. vl ELH(vinylphosphonic acid) & & &ulell E£33ste] =X ENE ATt o), E3x & U H]
¥ 2~ E 2 (vinylphosphonic acid)® = 20 wt%7F HES AT 7] =X &K 0.145 mlE 7] 4
BAAE AFY EZuZ Ao =xsgon, olw] B|YEAEA(vinylphosphonic acid)d @YW AY =T/

Aol 3.1 mg/en 02 FAHUTE. o]F oF 80 ° (2 AXAA 1Ld R A8AAE Cathoded =

9rl. A7) Cathode A= 9)d] PtRu/C &&= UH% ¥} =Anode A, Celtec® Hafld=S Algsle] W=
AEAE A =33t

<A zZd 2 WA 4>

A7 Alzd 1o oA, 7] BELN] XS g2 3 AL AYstas A7) Axd 139 e JHo=
WA= A E A FEG T, oju, AFd 2 WA 4o|A E=ELNAO] TS ZFzF (0,29 ml, 0.387 ml, 0.483
ml7t HEE Azsgrh. oju, Alxd 2 WA 4049 vldEZAEA(vinylphosphonic acid)e] S HAY FF

M/AE 27 6.3 mg/cmz, 8.6 mg/cm“, 10.5 mg/cm o2 FAHYT},

elel 24290 ZdddSAlole-wedx~EL}  FEFA(PPO-MPA)S  N-methyl-2-pyrrolidone (NMP) %
Dimethyl Sulfoxide (DMSO)7} =¥ ¥ &l H7iste] wily] &4E AZxsHTE. 7] vlgly &do He &
THIE A7H 5 F7tR Eeisid. ol % Al & Pt/C (50 wt.%, RIX
corp.) FulE H7lsto] niqly-Fv) 3 ojwf, HRIy-Fr} =& W Fuf ¢ niel o
2N (A=) E 4 1 10] HEF Azt A7) vl ﬂ‘*“ﬂ EEE&NE BE(250 rpmE IAITF F9F &7
5 3AE T AFE AASIT. B7] AFol AAE HRIg-Fu] EFEAE 7)A 4k (GL, 3.2 x 3.2
en’, 320 nm thickness) ol v-38) (bar-coating) o] ZWZ< FAa%h. o] W& A% (vacuun ove
n)E o83l °F 60 ° CE AxsY ASHAAE A5 AZXsATE. ¥ldEAE A (vinylphosphonic acid) & &
fufjol] &3t TEFANS AxdTE. oln, Ex§N W ¥dE~ELH(vinylphosphonic acid)®] FEE 20
wt. %7 HEE Azt 7] ZEEY 0.058 nlE A7) A5AAE AT FulF Ho] =xEgon, ol
H)d E 2~ (vinylphosphonic acid)9 @9HAT FF(M/A)o] 1.03 mg/cm o2 AT, o]F ¢k g0 ° CE
AZAA 128 uEA AR AAE Cathode =S AZsATE. A7) Cathode A= 2lofl PtRu/C F5EME X
sl=Anode A=, Celtec® AsNEUES ALg3te] AT HFAE Az

o T
>
%
N
o
Pn
olN
N
)
Y
©° T d
—_
o
N
s
2
o
_|_,

2

<A Zd 6 H AZFd 7>

7] Azl 5ol oA, 7] LN ExTFS ELE'Jﬂ sk FE AQstas A7) Az b9 FE AAHoR
s AAAE Az, oldf, A7) Az 6 L Az 79 ExgHo xS 717 0.29 ml, 0.386 ml
7} HEE AP, olu, Axd 5 2 701]7\1«] Hd ¥ A~ ZA(vinylphosphonic acid)®] ©9HAT =
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AEAS XS %ﬂﬂ@%gl A= U 5Zﬂ oAEE ERlstE AdS ISt olE 8 d7] Az 1
A= W vdEAF 2 (vinylphosphonic acid)o] FEA)38l=4
gl =<l & FAHE T ¥4 FvE AS oS P-31

O
N
(@)
&
=t
=
o
a
@
2l
_l
o
=)
=
w2
P =

T 19 (a)E A7) Alxd 1o wel Al%¥ Cathode A=¢] P-31 NMR =4 Z3= vpebdl 28 Zo|t},
%= 19 (b)= HEE2FAH(vinylphosphonic acid)S DMSO-D6o =91 AZ2] NMR peakES e 28X ojc),

T 19 (a), (DS Fxsd, B 2o wE 123 uEA d85dAE AT NR peaks &= 12 (bl EA
H HdE2~E2(vinylphosphonic acid)2] NMR peak®} dA|sh= AL &g 4= oy, webd A ol vd
¥~ F2H(vinylphosphonic acid)e] &8l AS & 4 A

<o 2>

EAENS T FISEEY =X o mE wHT gAY Hes vusles AgS AYsith. o]
E #8) Az 1 WA 4 & vlule 19 mE AxE S AAE AP 128 1EA AsHAAE Ax
stgiom | o9 458 Hwste AYSs Yt

1
VPA loading Pt loading Voltage at 0.2 A/sz Voltage at 0.2 A/mgy
(mg/cm ) (mg/cm ) V) W)

Az 1 3.1 0.93 0.645 0.650

AZFo 2 6.3 0.96 0.656 0.656

Az 3 8.6 1.06 0.660 0.652

A Zd 4 10.5 1.00 0.648 0.648

Hlalo] 1 - 1.00 0.636 0.636
T 2 ¥ =3 #Fxstd, vdE~E4H(vinylphosphonic acid, VPA)o] A=l =XEFX] ¢k Hlnle] 1o H]F]
Hd L A~ ¥ (vinylphosphonic acid, VPA)o] =¥ A Zd 1 WX 49 F$ 5L AF ‘?:lE(A/cmZMV\i A
2 oAdg gro] =& AL Felsk 4 9t}
TFAHeR, ¥ 12 EsE, vdE2AFEA(vinylphosphonic acid, VPA)o] EwjZ Ao “XEA] e Hluld

19] 79 0.2 Aem oA AL 0.636 V& HolT, 0.2 A/mgy oA 0.636 V] 28 Hole Ao F1E 4 9]

CuhA . A Fo] 1 UlA] 49) AS VPA 2HEES 747} 6.3 mg/en’, 8.6 mg/cm, 10.5 mg/em ¢ FHE HoITh.

o

w3, Az 1 WA 49 A 0.2 Aem oA ZHz 0.645, 0.656, 0.660 VO] FH< Holil, 0.2 A/mg, oA 7}
th olelg A Fa FHulT Aol

H)d X ~ ¥ (vinylphosphonic acid,

Gl Ss= Ak 2 A8 #@

Z} 0.650 V, 0.656 V, 0.652 V, 0.648V 2] S Holx= AL &9l

H)d ¥ 232 H(vinylphosphonic acid, VPA)e] =X

VPA)o] =X HA] & 9o Ha] 4% HAF HE(A/c
3lo

— =
o] & AL F F glon, wEkd AB8HA 9 A%

i)
¥
0

|

Fﬂ

re

© tﬂl
Y
By

o

onl

o
12
%
H F
il

s
e

oluf, A7) ABHAAY Mt H AY ke v|dFEAZA(vinylphosphonic acid, VPA)S] w9 AT Fk()M/A) o]
SRS ol SbeY vl fhaste A Holon, o= VPAE AL RxI B w& FHE 24

Astel Zu) BYLS AsAY] W oz wwEch owl, 0.2 Aem oA A @S HHE2EN

(vinylphosphonic acid, VPA)9] ©¢jH A F=(M/A)°]8.6 mg/cmC‘L Aol 7Fd $438kaL, 0.2 A/mg, oA A
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oF ke H|dFEAZAN(vinylphosphonic acid, VPA)Sl ©¢HAT ZF=:(M/A)°] 6.3 mg/cmz?l A 7 s

<AFd 3>
YE2ENS XFetE fUIsEY =X i nE ZEdASAtol -l X ~EA FF A (PPO-MPA) vk
HE d&s gAds JAgAe A vusts AdS AYsAk. olE 8 Az 5 X 7 4 wlale] 29
mE AzE WHT JARAE ARt 123 AEA ASHAE A FsIGon, o9 AFEs vuste A¥S
&Yttt
T 4% Az 5 WA 7 E wlue] 20 wE 9 AFAE ARES 123 1EA AR dF 2=

x 2
VPA loading Pt loading Voltage at 0.2 A/sz Peak power (W)
2 2 ’

(mg/cm ) (mg/cm ) Q)
A Z 5 1.03 1.06 0.393 0.636
AZ 6 5.75 1.06 0.498 0.825
A Z 7 9.45 1.04 0.439 0.692
Hlald 2 - 1.06 - 0.322

55 %iﬂ‘?ﬂ, H]d ¥ =22 (vinylphosphonic acid, VPA)o] A=l =X H X e Hlnld 19 7Z$-o H|3|
(vinylphosphonic acid, VPA)o] H=ol] =¥ % A|Zd 5 WA 7149 dd 2 AF Fo] =& A

TFAAeR F 28 Fxsld, v EAFA(vinylphosphonic acid, VPA)o| =X %X & Bluld 19 % 0.2

Men' olHel A)S =4 WA 0.3 V o) oldtel @e mylom, AP 0.322 W 2 ZHHUG,

olo] wkal, HY¥E~E2H(vinylphosphonic acid, VPA)o] =X AZe] 5 UA] 79 A% 0.2 Alen A A

(V)& 247k 0.393 V, 0.498 V, 0.439 V& Ao, A=W ZH2F 0.636 W, 0.825 W, 0.692 W= =45

Atk olH3 A= F&) nldEAE2H(vinylphosphonic acid, VPA)o] ZFujZE Aol X %] ¢k 750 43|

ZulF Aol vld¥E2~EH(vinylphosphonic acid, VPA)e] =X ¥ ZH§ &5
oF

=
W A8 el 2 A2 AW 4 Aou, WA AmaASl o] Th A

-
K

2|
do] = 4, = AES E?i%ﬂ], o]= H|d ¥ AFZAH(vinylphosphonic acid, VPA)<&
BEsHA BxS A 355 FulE 23935t Fu) A4S ASAI7]7] Wi oz dgEn, oju, HdXE

2~¥E 2 (vinylphosphonic acid, VPA)S @ HAT F=H(M/A)°] 5.75 mg/cmz?l S A}t & Aol 7 45
(e}

oluf A7) AmAAY A 2 AY e v)dEAZAM(vinylphosphonic acid, VPA)Sl @A Zk(M/A)o]
Z

ml

Ae HAT F At
<G 4
SERS FRIE A/ E AT BA ARE AAs= AR PR olF s 4] Az 2

w2 Cathode {3% 27 Az, 4] AzE 2719] Cathode M= F dhbe 80T &ER oF 1A &
I s, v el "FL 150C 252 oF 1A17F Bk AXgsgitl. o] A7) 2719] Cathode
FT-1R A& Aastlet. oo HME Az 69 w2 Cathode A=FE 271 AZRAIL, o F 3ot
80T 2:& oF 1M1k &k dAatla, e shtel AL 150C %= oF 143 59k A3

t}. o]l& A7) 2709 Cathode A= thd+ FI- IR 548 [y, o, vd¥FAH(vinylphosphonic
acid, VPA) & E3%3}7] A9 Cathode A=S FT-IR background® A Aste] A¥S 2 ahstgtt.

= 59 (a)&= Axd 20 e} AlxE Cathode A=r2] FT-IR 574 A¥E vephd g Eolr),

o rot

Wl

_12_




[0104]

[0105]

[0106]

[0108]

[0109]

ZIHSd 10-2020-0043155

Y

59 (b)E Az 60 we} AxW Cathode A9 FI-IR =4 ZA#E Yeldl 1=z o|t}.

59 (a) ¥ (0E A

2ol A 242y P-0-H Z23}9] stretching vibration, C=C-H Z3%}9] Scissoring vibration, P=0 A3%<] stretching
vibration, P-0 A%<] stretching vibration, P-0 A%<] stretching vibration, P-0-H Z¥<¢] bending
vibration, C-P A% <] stretching vibrationol 3% peakEo] #EE oW, o]ZFE AV Alxd2 Z
A7) Az 69 wE Cathode A= ol B EAFE2A(vinylphosphonic acid, VPA)S $Hdles AS &4 <+

o}

1z3b, 1621 em |, 1415 em |, 1240 cm, 1070 cm , 960 cm . 751 cm |, 620 cm = 9] -
O]

@ & 59 (h)E s, 150C 2% 232l 4 9P=0 stretching vibrationol 3]@% & 1240 om | Fe]
peakell W37t BAEAE=H, o] A7) A 69 HICIHE AFREE PPO-MPA7F & ZHoA] HlYEAZEAL
d,

|
(vinylphosphonic acid, VPA)S} WFS-3le] UEls Ao = ke,

et o] AW g AF Zoln, & wyo] St vjEEord] 4 AHE VR A & wv
o] N&H Apdoly AEAQ 54 WA duA g2 FAH FeHE 47 dde] ssithE AL old
& s Zolvh. B oA Yed dAldEe BE WA A Fojm o] ophd ow
olgisfepul it oS Be], ddPo R MAWEo e A4 A Q4w BAlHe] AAE FR glon, mbdvt
AR ke Aoz diEol v 74 828E ddd 3 A 5 ol

=
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Voltage (V)
o o
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1
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M=o 1
M Z=0 2
M Z=0 3
K Z=of 4
Hjof 1
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1
(g
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0.72

0.05 010 015 020 025 0.30

0.35 040 045

Current density (A/cm?)
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