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Charge Storage Behavior of the Carbons Derived from Polyvinylidene
Chloride-resin and Polyvinylidene Fluoride in Different pH Electrolytes

Sang-Eun Chun***"

ABSTRACT: Two polymer precursors, polyvinylidene chloride-resin (PVDC-resin) and polyvinylidene fluoride
(PVDF), are assembled into the microporous carbon by pyrolysis. Microporous carbon is advantageous as an electrode
for supercapacitors that store electric charges through ion adsorption/desorption. The pyrolysis also turns the various
heteroatoms of two precursors into functional groups, contributing to the additional charge storage. The analysis of
the porous structure and function group during carbonization are important to develop the carbon for energy storage.
Here, we analyzed the functional groups of two polymer-derived carbons through X-ray photoelectron spectroscopy.
The electrochemical properties of the functional groups were explored in various pH electrolytes. The specific
capacitance of two carbons in the acidic electrolyte (1 M H,SO,) was improved compared to that in the neutral
electrolyte (0.5 M Na,SO,) due to the faradaic charge/discharge reaction of the quinone functional group. In
particular, the carbon electrode derived from PVDC-resin exhibits a lower capacity than the carbon from PVDF due
to the small micropores. In the alkaline electrolyte (6 M KOH), the highest specific capacitance and rate capability
were obtained among the three electrolytes for both electrodes based on the facile adsorption of the constituent
electrolyte ions (K", OH").

Z &: Polyvinylidene chloride-resin(PVDC-resin)2} polyvinylidene fluoride(PVDF)9] &= &8 A= G&23) =}
e S uto]AE th3 A ©aR HIE o HER o] F/EE 08 AstE AYSts tHAWAIHE A=A
B2 {8ttt gLo], & AGAE A5k 7R o|FHAES ©E & 875 FAste] 14l Ast
Aol 71018 4= Qlong, 73l Al YA == ZE7]o ek 42 A ARG SdLaE st T8
sith 2 Ao A= F EeH AFAE S & A E A8V E XA FH A 23 (X-ray photoelectron
spectroscopy) i} TheFgt pHO| s ol A &4 H=2] 7]3}st A5 32H-s §5to] 2elseltt 4Hd (1 M H,S0,)
Aajdo A ZHE F &4 A9 837|852 B H quinone 2H8-7] 9] o o] S/ ¥ gEo T4
A2 (0.5 M Na,SO ol A et F7Fetglct. 53], PVDC-resin© 2 51 H P E hav= vl 22 nfo|a 2 7]5-0]
FHo| FA =] Qlo] A o] 9] F2& o YA st =, PVDFREH A H ©ha H=of vl F& &S
Helok 4714 Aafd(6 M KOH)ol| A & &4 A= w5 37H4] Hafjd 5 7P &2 w7 &5o] SH ==,
o= A s A o] 2E(K', OH)o] &+ ghao P H npo] AR 7|30 2 F/d2to] go|stA dojuh= &
Aol 2 d e /A v ' F=7FA )l AetrE A=Y witolh

Received 31 October 2022, received in revised form 28 November 2022, accepted 11 December 2022

*School of Materials Science and Engineering, Kyungpook National University, Daegu 41566, Republic of Korea
**Department of Hydrogen & Renewable Energy, Kyungpook National University, Daegu 41566, Republic of Korea
Corresponding author (E-mail: Sangeun@knu.ackr)



Charge Storage Behavior of the Carbons Derived from Polyvinylidene Chloride-resin and Polyvinylidene... 395

Key Words: Polyvinylidene fluoride-resin (PVDEF-resin), Polytetrafluoroethylene (PTFE), micropore), Na,SO,, H,SO,

KOH

1. M 2 AT e ulE A o o) WS 7] SakS A
542 4= 9k webd, £ Zeo) A7A|RY 2 o
04 Aol A FHAMAEE 5L A B4 A BAS HuANAHE Ao B AL
o oA AR AAZA, B oA WES AW e AR F PAH 713 TR W ANE A8 24
29 5o WiE RS Bete] & 4 Qi oA A A o] WaHolch 55, AME A§7|oA] S kAl Ast A
24 ThoFeh 3-8 Hopoll ZEHT YTHI4L FuATA P uESol Uold S YRS wa AFA S]] B/

B7h 314 3] JHsdt ol WSk A U AU WA WSS el dajde] o] Wasith
Zo| Al oleo] A mHOR WME F/2H wgo] o wh Aol AAE A7)0 BF W LS Aukxo
3 Qoluby] WEolcH256). whebd W MEUAL A 2 XA WA BHE Sl sbssirial. B 24

e
=
LB AT oRA WAt A/ HELS 2 BA

T —

e
o
o
i)
o
Lo
[\®)
&y
N
il
N,
Y
o
Q‘L
I
fu
Iz
2]
o
o

A} Blgo] F7HE 7] 719 f71E AFA (A =
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I Qe ZEY 7|NEe] vhad B 'l BisHA B3
o] 1,000 m? g' 0|3} 2 thA Wr}[10,14,15]. whehA]
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2. Experimental

2.1 Material preparation

S Bas TS g ATA BARA 5 7R
Z 59 21 polyvinylidene chloride-resin(PVDC-resin;
F216, Asahi Kasei)?} polyvinylidene fluoride(PVDEF; Sigma-
Aldrich Inc.)& AF&-35}9ith. PVDC-resind} PVDFA LA =
B FARE] o] F U 7} ZaEo] Qi Weje drd
& &9l ©3H carbonization)HTh. H&E3| FHS $Jsto] =
B RE AVZRE o] &t Ax VAE EHFH (G
300 cm® min?') 700°Ce] R Z oA 2417 & A g5ttt
PVDC-resin AGA= N, 2&]7]o| A 600°C Gx2A] A%t
H ot HEEEA U279 7o) AL TH13]. o
2hA] 2 Aol A= 700°Coll A BA 2 S Foto] 7= 2

s deth 5= A Y A ok AY
Ao g 17 £El 5°C min' o2 1A T4

2 F7HAR AAIRHY glo] A= 2EdE 283
¢ 31 PVDC-resin®} PVDFZ H g A= MEZSE
PVDC-carbon¥} PVDF-carbon® 2 "9 x| ¢lt}.
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2.2 Material characterization

A A W= FAFE 07 (FE-SEM; SU9220, Hitachi, Japan)2-
&5to] 5 kve] 7h< At 10 mmo] 2HE Aol A &
H ga S5 XY B4 9 A4 20)E BERY
2 A MESY HIREA, HA 7] fy, 7] R
=245 93l 7|1AH S217](gas sorption analyzer)& Al
sfel N, 71A0) 4T BYOR F/Here Aote e
elshol (P/P) ZA3hoith 1A FA AW A e S
o] F2hEo] Gl B BA Bl BB A5
gkof 300°Co|A] 3 h FF X5 E917]oA DA elste
7] (degas)sFATh. ©7] & eha AEEo) oo 24 N, 5
L Zzka X (isotherm)© 2 F Bl multi-point Brunauer-
Emmett-Teller(BET) |22 H}g} 0 2 H|EHZALS A5
ok Al 2% a0 AA| 7]3 K3 (total pore volume)= N,
71A419] & 7194(P/Py) = 0.95 F-Lo A O] N, FAFFo =
HE s 7129 37 8 E3EE= Quenched solid
density functional theory(QSDFT) A4 A& o]-8-351o] A
otk BAE HaE PAE 24T AL 487
(functional groups) 42 9I5ko] X-Al FHA}; g £497]
(X-ray photoelectron spectroscopy)(XPS; Quantera SXM,
ULVAC-PHL, Japan)Z AF83}3lch XPS HA]7] thay
(monochromatic) Al Ka X-ray source(24.6 W)S AR2-3143 T}
survey A7 HER =45 AU EY O 2 HE BAS] LA
i AES E445}19 AL, high resolution A7 =04 A
sEEY o RNE B ABo) EASHE chore 44

Bl ol oo H1 CLoox O

M ufl Ho

flo

7] (functional group)E #4135} t}.

2.3 Electrochemical measurement

AT MBS AlssE AE W A BAS 9l
A RE Ba MBS BEAR ol 43S A 2519
A =2 polytetrafluoroethylene(PTFE)(particle size < 350 pm)
vlelr] W A=A B4l carbon black(KETJENBLACK EC-
600JD, AkzoNobel)z+ 317 85 : 10 : 5] Zeku] @ njy-ou}
(agate mortar)¥} ulle-3-3-(agate pestle)S ©]-8-3}0] E8] 4
o2 Eahato 13 BAS Zvlakodch. 17 ske AEL
A} A=+ Al(three-electrode cell)2] HFZ: 21 2] & €] (half-cell
set-up)2 A3t} s A=F(working electrode) .2 3}
A= Ba A2 AL 0w Al A=F(counter electrode)
o7 FY wlFA(coiled platinum wire)S ARE51STH

chabet pHe| Wal Aol A o] H7)3het A% RS
Slstol 37bx) WelH-L ARSI 34 AR 05 M
Na,SO,(ACS, 99.0%, Alfa Aesar)-8-oH-S F0|3} a1, A4 A
= 1 M H,50,(98%, DAEJUNG) 8912 o7]14 Hajad
2 6 M KOH(pellets, 85%, Alfa Aesar) 8-S A2-35}%i ).
AHgshe Al et 2dld S-S At 71 A=
(reference electrode)S &a]sF o, ATt 24 A2
o| = saturated calomel electrode(SCE; -0.241 V wvs.
normal hydrogen electrode(NHE))E AM8-3}% 1 4% &
& A= RE NHEE 7| o &2 A8t
(Bxgre = By + 0241 V). 9714 A dol M= 7|2 3o
2 mercury/mercury oxide electrode(Hg/HgO; -0.098 V vs.
NHE)E AHE-sH3laL, 4% Zdl8 g2 NHES 7|&o =
L}EI'IH gir’}_(ENHE = EHg/Hgo +0.098 V). ﬁﬂﬂfﬂ' A9 /\] A
= 7]l o] FukgS 9] flsiA S |71 A
AoflA= A= 7]HaA = nickel meshS ARE-SFAIL, AHd
A2 2] Aol = stainless steel meshS A}8-3}% ).

A 2= 9] v A 7]-8-F(specific capacitance) 2 171 Z
270 A 9] &4 5/ (rate capability) 57 517] 9]t
cyclic voltammetry ' 02 X FAIS L E & E]s}o]
(5mV s, 10 mV s}, 20 mV 5!, 50 mV s!) 98- A28 =
shelch 07 G A ma FAEE 5mV 5o
A1 9] voltammogram © 2 KL & S5} ch. A =2 A&
Ao A o] H7)8kst jE-g EAZ f15ke] [ 785 o v
H A E33H (electrochemical impedance spectroscopy; EIS)
2 AAIBIR AL B2 A (open circuit potential)Z= 71 of 4]
5 mV ZZ9] x}<l 1} (sine wave)2 7}5}o] 1000 kHz-
0.1 Hzo| Fut5 w9lo] A I3kt
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3. Results and Discussion

% Zg|u AFA 9] PVDC-resin?} PVDFE2HE] § =¥
o] W 4SS FE-SEMO R weh Ay} et e
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Fig. 1. (a) PVDC-resin & 2 ¥ E| §- &= 5] B4 (PVDC-carbon) 9}
(b) PVDF 2 H.E] 9% 5] B4 (PVDF-carbon) ©] FE-SEM
oluA] . £ 744 FAE el sl AT N, T/
22t 5234 (isotherm) I} (d) 7]-5
distribution)
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Table 1. PVDC-resin I} PVDF 2 B ¥| 34 5 B4 9] o 8] 7}]
FHAFstA EAJ7E. *multi-point BET method 2 F-€] A At
SHu|EH . ON, A 7] °*(P/Po)—o 95 o] A 2] N, &2}

o 2 HE AL A 7]F H3). “QSDFT method 2
AlAHgE 7 A micropore 2] _,__L]
SBETa Vtotalb \ImicroC
Sample (m’g") (cm’g?) (em’g)

PVDC-carbon 798 0.49 0.23

PVDF-carbon 969 0.57 0.28
£ BE Sl umo) BUER BE uj2d RWS 25 2
o] 2= it (Fig. 1a-b). PVDC-resin A4 & B4 Y4
B A FALS zha Heb CI7F vige s 3l 4%
S 731 9low, PVDF %3t SARSE GEj 9o Bhar FAREO|
Het P/} 2918 28 23 ook F Eein] A7AS o

A2 shz Eot FARSOl dEE das2 71AY FHE
YEEY F2 AL 7S o2 ddS st Al ©
P T23]. ©ef IFA F DAY Vs "4
éoi‘a“’ﬂE Eokal oA 7] go] WEEA| ¢
= = 1 @l AdEE 7IeeS i A
719} U} A2 715 (*5 < 2 nm) = ”ﬂZ: 7% (2 nm
nm)5o] i AR AzbE

o] MAE 7|ZES AFH oz BASH] g
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Fig. 2. &= 3t/ Ao i3 54 X- A A £33 23t
PVDC-resin © 2 H ¥ § % % &2 (PVDC-carbon) 2] (a)
survey 270 A1} (b) O 1s 9 (¢) N 1s 9] A= A7
A1} . PVDF 2 2 G =% &4 (PVDF-carbon) 9] (d)
survey 2270 A 7}19} (e) O 1s o] A= A 70 A3}

=, uko Abrj o1 9](0 < P/P, < 0.1)0)| A S-&eFo|
3] Z7}stal o] % A—}/\-] 3] 271l A S | o:]_f_oh—,]_
[24]. 7] FAT F2F S7h= Ny7IA7E 4 2o o)
ojAR 7|For FASHY YEhts AR F g &
Aot 713 RS upo]a 2 7|gos FAH A& o

% oleh B3 AT ke WSlolAl B2 24149 of
234 (hysteresis loop)©] 712] LERL}A] @t o] ]
712 o] Hh 9 -2 oju|atth(Fig. 10)[25]. 5L BT
Mo 2HEl QSDFT HHH o 2 Y LAst 7|3 37] ¥ B
(pore size distribution)=5 ®H T EFAMZ HE9] 7]

32 micro 27]9] 7139UL oF % Glrk(Fig 1d). F AZe
S EZ T E H| W H PVDF-carbono] A H vlo]=
|-5-%°] PVDC-carbon®]| %/J%l micropore QFHt} Tl
o} % glon] oz ulEwH W AA B4 7]

F 0] gkl 7]o]5} 9l th(Fig. 1d and Table 1).
THE F BaS P flae) HIET O NE B3

3t A7)0 &S B8] Yate] XPS £4& A
5}AchH(Fig. 2 and Table 2). PVDC-carbon A& &4 0]9]
o= 0%} No| A5+ +=dl, 1 o] <43 PVDC 7}
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Table 2. 3+ 7 ©ao] 4 254 2} (XPS & survey
AN o

PVDC-resin
derived carbon
(PVDC-carbon)

PVDF-derived
carbon
(PVDF-carbon)

Element (at. %)

C 91.27 93.80
(0] 5.12 5.16
N 3.6 0

F 0 1.04
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Table 3. 34 5l % &4 (PVDC-carbon 2} PVDE-carbon) of] &%)

3= 2F-8-7] (functional groups) 2] -4 H] & (XPS ¢ 11
A A mERRE 27)
Peak Functional groups BE. | At%
531.3 | 28.8
Quinone
H
O1s Phenol :: :: 532.5 | 33.0
Carboxylic acid
0}
©)K7H 533.5 | 37.4
. Chemisorbed 5350 | 08
PVDC-resin oxygen and/or water
derived carbon
(PVDC- = |
carbon) \N 398.4 | 31.0
PyridinicN
:N’ 399.7 | 19.0
|
PyrrolicN  H
N Is yrrolic
Quaternary N
‘ 401.0 | 47.1
o
N+
N 403.0 | 2.9
Oxide-N X
@ 5319 | 35.1
Quinone
PVDEF-derived ®—OH
carbon Phenol 53401 213
O1ls
(PVDE- Carboxylic acid
carbon)
(o}
©)‘\)H 533.0 | 37.8
Chemisorbed oxygen 5357 | 58

and/or water

obd resino] 37} PVDC A4 7F AR 91 7] wjiZo|th
(Fig. 2a and Table 2). w}2}4], PVDC-carbonofl&= O &= N
& mets Be717L 248 Ao AzkEcy 3, PVDE-
carbon®] 7 -of| = gk o] 9] o 0} F7} =+l & ¢l th(Fig.
2d). w}e}A], PVDF-carbon 41Z 9] -0l afeide] 4hg
& o 48712 08 Etoh 487 A4 E Aow
71t ¥t} (Fig. 2a and Table 2).

Thio] EAlsHe 287]0) W &e 248712 ke
20 1EAE A0 0 2 HE] L519ITh(Table 3). PVDC-resin
22 fuE BaolA 092 N& Zel 28717} 47]
35t Aol 71012 20| 2R O 1s 9218} N 1s 9|28 2
AAE AfoRRE PR 0F EeHoHe 4875
carboxyl acid, phenol and/or ether, quinone, chemisorbed
oxygen and/or water =41 9] Hl& &2 EA5H= Ao FRIE ]
t}. 3HH, N2 Z&6h= 2-87]= N 1s 1] 3.9] deconvolution
S 2 HE REA3}¢ 11, quaternary N, pyridinic N, pyrrolic
and/or pyridine N, oxide N =41 9] H| &2 EA 5= Zlo] &
2= ¢t} PVDFRRE [ ©hax9] 9ol O3} 2t
£7|= carboxyl acid, quinone, phenol and/or ether,
chemisorbed oxygen and/or water <=2] H|-& =2 Zx||35} % T}
PVDC-carboni} &2] N& 3Z3516l= 227 = 24314 &
AUt E F AE BT OF Xshe 287 = carboxyl
acid7} A|Y wo| A3}, PVDC-carbono]| A+ phenol¢]
= W2 wo] 223131 PVDF-carbono]| A= quinone®] &
WA= wol EA skt

A E ga Ao A Sk 2871 o w2t A7) g)st
A 752 ApolE EAI5H7] flsto] thE pHE 3744 A8
Z(M KOH, 05M NaSO,, 1M H,SO A cyclic
voltammogram A 7|3}st A& AA|sF4 THFig. 3). & 7F
A B BIRoflA 7HE w8 e 2= O 287191 carboxyl
acidi= @71/ AsfdolA Akatehd o] sfzjd o] vkg-&
o 7|m A A Aol A= Whg-5HA] eF=th(26]. whEkA,
T F e A2 g7 Al E ¢l KOH -89 of A

(a) PVDC-carbon
T T

Phenol
Carboxylic acid
Pyrrolic

b) PVDF-carbon
T T T

Phenol
Carboxylic acid
Pyrrolic

N
N

T T
Pyridinic
Quinone

Pyridinic
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——H,S0, |

——Na,SO,
KOH
1

-
T

=

——H,S0,
——Na,S0,
KOH
h

-
T
1

T
-
T

Specific current, I (A g’
- o

Specific current, I (A g™)
o

_2 1 1 1
-1.2 -0.7 -02 03 08 13
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42 07 02 03 08 13
Potential, E (V vs. NHE)

Fig.3. A7} o2 Asf& (1 M H,S0, 0.5 M Na,SO,, 6 M
KOH &% ) oA 743t (a) PVDC-carbon &1} (b)
PVDEF- carbon 4} Z 9] cyclic voltammogram( =AM & ¢ 5
mV sh).
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Table 4. 5 B4 A ZHof oo thoFat pH A ol A 243 )
A7) 4%

1 M H,S0,| 0.5M Na,SO, |6 M KOH

PVDC-resin - =5
E} 4 (PVDC-carbon)

PVDF of Al §-= % &4
(PVDEF-carbon)

81Fg! 21Fg! 178 F g

205F g! 83Fg! 213F g’

capacitive 2% Wh-3- o] 2]o &= sfj gt o] RE-g o = F714
o] A&} A& s Ao 7 AzrE) $13H, PVDC-carbon A
=9 0 2871 & F WA 2 =2 H]=9] phenol groups &
Al A7174d Aol A s ] vEeS do7]al A &
Hof A= Arstete] shA] ¢r=t}. ¥IH, PVDF-carbon A&
oflAl T WA= 2 H&2] O 2-87]<l quinone 4Hd A
s ol it sfzlcle] Wk wcH27]. whehAl, PYDE-carbon
WL A4 WA o] & F/zte] capacitive 24 o]
90| = 37140l sfelu|e] kg o2 HotE A AL
2 7|t

PVDC-carbon &2 N Z+87]|& 3l Qlow 1 =
Quaternary-N9J] H]-go] 7} &=t} Quaternary-Ni} 317
oxide-N-> s} A7} sfjeid]| o] wh-g-ofl= TofshA] ghA|
gk A=9) A7) AxAS S7HIA FEE A= AR
o5& Y& fErH28]. N 2A-87] F F AR =&
H|-& 9] pyridinic-N AHg -§-Hol 4] g2 d Q] §k-3-5 35f
AL, Al MR R =2 H]E<] pyrrolic-N2- &zbe] -g-olof 4] sf
Sk BREEE

Aol ZAISHS chopat 21-87] Sof uket H7|atet A
0] Wake Abu7] 9Jsko] chopgt pHe| Aol A
A Z=o gsf cyclic voltammetryS &3}t (Fig. 3). TF
ek Aol SHHE F e HA=2] v 7] 8552 Table
40]] A2]5}th. PVDC-carbon¥} PVDF-carbon AZ2 7}
7k 798 m* g'7} 969 m* g2 W] <Et W] B AL o=
E-5}al Na,SO, A | A ol 4] PVDE-carbon A&0| oF 44j
2o a9 HYtl PVDCresinC 2 HE §E% B4 A
o 2 v A7 &S Hol= o]l f+= W= B EHA I
T Bl ghhof 25k W F] A2 upo]a R 7]
& W2l Aoz AHZHETh(Fig. 1b). Na,SO, A afjdof 4] 2]
voltammogram- X o] f=of| A kg A7 gho| vl
o Zlo] BRIt o] & A7]9] SO, o] 0] M= &
Holl Ao FAEA| o= A ou|stH, o EAsh=
242 7)go] AFEA o] & A7]9] SO, o] 9] EYS
ofHA s3l7] WEe= gzEh

A1 H,S0, s ol A 5 whas o] ] H7l8eke 1
5 54 Wl Aoll A 9] ¥ 17| S rrh gHabe] 9 h(Table
). £3], F A=2] voltammogram X% 0.43 V(vs. NHE) £
ol AVElE uhge] WS W o] FgthFig 3ab).
0.43 V(vs. NHE) X1o] Akgl/3Y

S~

33+ quinone/

hydroquinone®] redox W& wjFo|n] A E F g4 wE
of &2 n&E EX5H= quinone ZH§7|7L A AY £
5120] H 0] &3} whg-ake] 2712 el sfeld] o] uhg o =

3} A A o] 7]ed3i7] 2o 2 AJzF=E T} 29]. PVDC-carbon
AMEW pyridine-N 2-8-7| %= 4Hd s of| A sfjzie o] ®t
o= StER, Ast A% of 719 & 3 Ao = PZErH26].
PVDC-carbontf E45t= N 2-8-7]7} s} A7o] 7]ofgh
ot 4% 8] 7]|-8=Fo] PVDF-carbon Xt} o W& gk
2 7R = oG += A E BHAho) £A)SF= ultra-micropore
w50 2 AYZHEICE 2, H,50, 4312 1) S0, o] o] A
FHY A2 7| F o & Qe F/E2ehy] o2 fl7] Wi o
2 A=t} (Fig. 3a). H,SO, A3 Ao 4] PVDC-carbon A&
9] voltammogram 7§ &2 Na,SO, s A | A &] 1 7}
I} A3 SAVSHA YER Y, Q] ultra-micropore®
Q18] o]& Fato] ofelg Aok 714G HATTH(Fig,
3a)[30].

ShH, oz e] A sf A ¢l KOH-E-9 of| A= H,S0, 7 3ff & 1}
+ g g Asl/gh oav) ke ] oFqboh(Fig. 3).
KOH g-dof| x| 4% vh3- A77}F vlad JestA vhet
U= olfr= digd ] vhgo] dojube 3kt vEg mlAY
Zo] t}27] fjZEo &2 yZr=h31]. PVDC-carbono] =2
2E&2 ZA5F= O Ag7] 2l carboxylic acid®} phenol->
KOH A 8fj dof EAjst= OH o] 2} s f o] Ri-go =
At AARITH19]. = A= 25 KOH g9 A= H,S0,
Ao Akt S4% v]A7-8Fo] o =4 UYett=dl
I olf+= F €4 AlE 2% phenold} carboxyl acid Zo] ¢
7178 s A of| A WE-g-5h= 2871 9] H]&o] 4bd A s o
Al 285k 2H8-71?1 quinoneXth 27] wjZo] G714 A
Ao A =2 &5l Uehbe Aoz B2 th(Fig. 3).
PVDC-carbono]| ZA|5= pyrrolic-N E3F ¢7]4d A&
A AstAgEEgo 7]o18k317] Wl s Al et

KOH sl Aol A & v 7]-&Fo] Yetu= E thE
o]f+= KOH A& o] 259 AgxH o= F2F wh3-o]
o2 s o) v gA dofwr] o= FzrE
Voltammogramof| 4] ¢F&] #£=2] =2 W3 M fF= S0l
o F2to]l A= xH O 2 A dofuith= A& onjgith
AHg, 54 Aalldol 2Ashe 3abd 221 SO,> o]22
=3}% 37| (hydration ion size)2 T} IX] A& 1321 OH™
o) 3o| 9] A7|7} Afopa| AL 7]F o m o] FAfo] &
o] s}t}(32]. Alth7h, H'@F OH™ o] 22 &ujj ¢l H,00] A
proton hopping ¥} 0 2 E3] H,O" AJE| 2 o]F3dlo] &
o] 2o vlaf uj¥ F o] XA ELEE T BE HotA A &
T =Y 4 AUTH33]. o]0 o] & M9 - K' o]
£.(73.5 S cm® mol')o] Na* 0]2(50.11 S cm?® mol )Xt} T
Eof MotA WS A BE K o] E3t v 7]
|G Tl 7]ott Aoz AHZETH(33].

T B4 A=H(PVDC-carbon, PVDF-carbon)o]| T3l &2
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(a) PVDC-carbon (b) PVDF-carbon
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Fig. 4. (a) PVDC-carbon ¢} (b) PVDE-carbon o] tjj 3} 3 7} %] t}
£ pH 2] A3 2 (H,S0, Na,SO,, KOH) of| A] A} FA}L
252 9g)dle] GmVs,10mVs',20mVs?, 50mVs?)
249 U071 83 H 5 mV s o4 2 U]

8o V| 207 AT G4 EA .

pHO| Hh ol 4] &4 B4 =, mdsolA] u 7] 8kl £
A8 BABHATHEg 4). &%

24 B4 BAIS 9J3) 5 mV 5]
FAE RO A 24T vl H718<F i) 10 WhE A
(50 mV shol A §Fe] HERL HAER AN}
PVDC-carbon AZ3} PVDF-carbon &2 KOH A &}j2l o
A Z¥ZF 69%, 80%2] 7HY w2 &4 5402 Eirt. KOH &

Ao A O] & &EH 52 dollAl At AA" dsfid
< A8 Fol(K) 9] 2 o] 2 EE o F0]2(0H)
o] Ayl L7} M)A o] A=+ FxHoZ T /E=}k
WHSS golal aloly] TEeR A7, Eg BE A
| 21 of| 5] PVDF-carbon A4Z0] PVDC-carbon A1 Z9] &<
541 tt =Uth PVDF-cartbon M &9] =2 &4 T4
A= FHo|| Z2A5+= 7]3<2] =7]7} PVDC-carbon?] 7]&

Bt Addoz o 7] flEoz AztEc F eh A
B H,S0, §0A] NaSO, GO 20 24 E42
ol ol T Had BT 2 H7]e] 2ol &(S0,) 0w
Aol QgolE BT 2 F7]9] H' o] proton
hopping 1-3-0] H,SO, 3} ol 4 Aojut wc} golsh]
S wEgo) oliy] tRee Az,

II

l-lI

4.4 B

FAREO o]FdAEo] gy e X9 PVDC-
restﬂL PVDF & &2 A3A= A&l Qe &2+d
e R gV PR FA o]FdaEel WE
Em upo]|A 2 A7]9] 7|F-& FAote] v BAaRE ©
e T} o] F ot ChRA Bhal =0 | E WA 0 & o] L9
S/l freEfsto] pHATWAIE G T AF02 {o
stoh Akt Eew AAE Lok ol g 7hA] ol 5
25 B3l S 2|2 gol Ao = ARSE of wizj|
outg oz "7}1—4&1 Ast Aol 711 4= Qlrt. PVDC-
resin® 22 E ST F Ao 09 NS Z&sts 28
717} A= AL, PVDF AGA| ] 7 $-oll= 0F 2Fst=

= = 24 A52-(05 M Na,S0,)o|
e ol o]t 37 Txe] 2
2(80, )0] X—’r— 2719 7|5 wfoll S/EE
o] oj= ¢ M7l o]t 3t PVDC-carbon Z=9] H]%
7|87 o] PVDF-carbon A= Ht} ¥ W& ghs 7HA =4,
71 o]fi+= PVDC-carbono] A/d % mj-¢- 22 wjo]== 7]
Fol ol FHE 0% Wakshas] Mo etk 4
A8 A (1 M H,SO,)ol A 9] Bld7] &2 /4 dsfjdol
Al Bt S71stglon o]= ghaxo A% quinone 2187
O] Aka}/gked whg-o] st A7 W30l 7]015}517] wio]
oF. @714 A32el 6 M KOH olollA] 5 ehe 4= 1
o U 8 E"ﬂ%tﬂ ol WE o] ArEe| K’
ol 23} 134 AF Fx¢1 OH 2 FAH Hajay) o] &&
ol M= RHOE F Jﬁol A dolt7] wZolth[32].
KOH 3| 4] folgt ol& F/RAoR 5 thas AT
T+ KOH A &olA =2 &< 5] Yebwth H80, A
she) A% 2o )9 HY ol 2o Aoz Sraaol &
o1o7] W0, Ns SO, ot S 54
H ) weba], PVDC-resini} PVDF Z2|H 2 HE &

s Y ARA Y & AFo =2 ARG HOHHE, Zd
sle] pHol me 13e] H7lseAES vhgow 4
3 W) AS Mestol BEE|olof Bk,

ﬂ mlo

= 7
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