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- Preparation of the Carbon/PVC Composite Electrode
and application to All-Vanadium Redox Flow Battery -
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Astract

All-vanadium redox flow battery(VRFB) has been studied actively as one of the most
promising electrochemical energy storage systems for a wide range of applications such as
electric vehicles, photovoltaic arrays, and excess power generated by electric power plants
at night time. CPCS has been shown to have the characteristics as an excellent current
collector for VRFB and electrochemical properties of specific resistivity 0.31 Qcm, which
were composed of G-1028 80 wt%, PVC 10 wt%, DBP 5 wt% and FS 5 wt%. Energy
efficiencies of VRFB with the CPCE and the existing electrode assembly were 84.14 % and
77.24 % respectively, in charge/discharge experiments at constant current of 200 mA, and
the CPCE was confirmed to be suitable as the electrode of VRFB.

1. 4 &

AY F8FL NG FF9 FAH AT 3534 wet fid F532
ov A F7L, %Zl 2 A- "5 09 WEol AdA HAUD. ol LALAA
B3iEd g2 3L &7 dEd /1EEY ASFE ey, bEA AT A7)
A e FFH &S =o7] Y3ty HEE FH3 AFHAY HEE £ JE £
&o] L& Ay AFA 2" ML FHo|th, FF o] AE7}F ol A48}
d AEEE Fx e HIEF € T 4Ad 57 22 dAdUAE o] &3 AR 2
o] AE FFFX (remote area power supply system) A-&3E AT &9
Fix] AgGr)xwo] QFH T gITH1,2].
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ol3ig EAl AZe  WPoez FFA, flywheel, $FF 79 ol&, AT AY
2 &Y DELY 234X AL Fo] Gwd] AFHI vt o F 2xHA &} ¢

Aol A 71 FFE oyA MIAA2geR AFHI oy, FFLHE ¥
gt kWF 9 AulE Yaixe 92 49 A FAAQ] FEo] 27 H &
23 AR o e A7 EET Aok dEF HEAZE AT 2AMARAE
AR, Na/SAA, Zn/Brdz 2 d52-5FHAA 5o Ut o] F #A52-3FH
2o Bo] FEELT e E&F9 2xAAZA v]F9 NASA(National Aeronautics
and Space Administration), 52 NSWU(New South Wales University) 2 d&<] F4t
A Ab8l ETL(Electro Technical Laboratory) $ol4 & A3/t #3H1 g #%43 94y
A A 25 o|tH34].

VRFB(all Vanadium Redox Flow Battery)? 74 84 % ol2n@da A5 A
Ao Aso A Fod 9L Y, AU|AEE, VA X, FHE, H7|35HH
A 2 AR WolMe 318 A Fo] FE 3 carbon/polymer HFH AT A
% ¢} carbon felt®] @A 3= VRFBY AT /Lol A JAZ d3x Jdoh. 2
AP AE HE& TERQA PVCY graphite powderg °l43te A7|A=Erst $53 1
AHfA E3E XY & e MZE VRFBE JAAMZ CPCS(carbon PVC
composite sheet)E& A2 Gtk F3 7]€9 VRFBE AFLZ ARHI UE
carbon feltZ € 2 33t3 FA 3o nlsle] st Ar|ggH oz FF et I
F4 #A%57) E97 FHe 928 W 58 gotEgttd. A2 JFAHAQYL CPCS
o} %= A3t Fo| carbon felt& ZEFsted VRFBE E3¥ M= CPCE(carbon PVC
composite electrode) A Z39 2 VRFBE FA3td /43 H48& T3t & @+
o AZz¥ CPCE’} VRFBY HARE&, AYEE 2L A & oy I
FREAE GolR .
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2. 49

CPCSY A%RE 93t Al43 mERQ PVC (Polyvinyl Chloride, Aldrich, Ma
35,000, Mw 62,000)= 6t ¥& 2BZ2AM 717 AYsa, ey, iy, et
A 2 ddgde] 58 EAo] glon, 2L LAdE ¢AFHY. PVCE &uld
THFo] mwrsln]  R3|X71 Fo], CPCSol HFaAHE H7187] 93t 7HAA
(plasticizer)E® 71899, 7t2AE  #H7std  mwkgt ¥ graphite  powder
G-1028(0Osaka Gas, Japan, H|EWA 207 m%/g, particle size 132 g#m, HZF 22) 2
coconut shell#] activated carbon powder¢]! YP-17(Kuraray Chemical, Japan, ¥ @&
2 1,566 m¥g, AZTET 0.76 mL/g, N33 1086 A)F EAAQ FS(fumed Silica,
CAV-O-SIL LM-150, 998 %, Belgium)& #7l8te} 141}, 1,000 rpme.2 WHEEGY
o, FdsA £389 sluryE doctor bladel oA dAZ FAHRZ castingdti, 429l
A Az3d CPCSE AzdPn A2 DC AV|AEEE ZA A}

B @3 A}£E VRFBE carbon felt2E @A 3 E8MAL AFoz AHEHT ¢
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= PAN A¥€9 GF20-3(Nippon Carbon, ¥4 3mm, Japan) ¥ rayon Al¥<% GF20-5
(Nippon Carbon, %7 5mm, Japan) carbon feltZ A}£& 3t A2 A3 A
A Aefd X2 HSO KOHE Zhzh ALgstqth o 9 AlgHE A3 &
e Aoz (.05 M HeSOE AHE3¥ 2, 9712 01 M KOHE A&, 43 4t
32 9% FAE HFAZ A]2"€ o2 M Potentio/Galvanostat(EG &G Princeton
Applied Research, 273A) 71718 AM&sl¥T AT ¥= 45 ¥ Ao 94 §F
W3aleg golry] 93te XPS(VG, Escalab 210)& ©] &34t

CPCS$} %= 4t3} F9| carbon feltE Z¥3stod CPCEE Ax31, VRFBE 74
sto) /A AgE ¥, ¥ 9394 Alz2d CPCEZl VRFBY A{FEE, AR
& 2 o] 8o owd FFE FUASAE YolR YT

3. 43
3.1. Carbon/PVC H A A9 v A7

B dFdqMe WS 133te] VRFBE IAAMZA 1EXZ PVCY AEA o
A2 G-1028 2 YP-17& @5 & Esd CPCSE A X3 A3, CPCS A w
2 uA3L 243¥h. CPCSe HIA TS TEAS AEA YA ko] 2 AHD
AxA gzbe] o] FUtstHEAM Aoz Fiadte BAES Ugudt. i
2ol gFo]l ¥g W YP-178 AHEHE "R G-1028% A RS w9 H[ Mo
wokon AEA AR G-10288 AMEEn PVC &%Fo] 10 wtk € o 7 w&
A8 026 QcmE YEMRATE 10 wt% ol&te] PVC oA CPCS7t AZH=A
gston, ol AYFAZ olE PVCY &FHo] UF oA A=A YAy 2#E
o] A&E zo=z AlRHLY. HAYSE EFH& B A1 CPCS A= A A=A JA=
G-1028% A&3t3 PVC #3Fol 10 wt% ol3td w B A&o] 1 Qcm o|8t2 A7 A
Exo] §4351, BYH EAo] F3sle o|F 9 APAE PVC #§HE 10 wtHh2
1A, CPCSE 723, v+ 4 Helz Axsl7] 43t DBP §#& 5, 10, 20 ¥
30 wt%®2 HIAA FAA. HAYG 53 F3} DBP 3] S8 A=A YA Y
g Fo] Fo]lEo], vlATo] AHFgon, 34T 9 AT WMIE HolxEe Fggkon o
= DBPZ7} PVC AFE Atold] EA18t AEA A7 Boh FYsiA BAHJAZ A&
olgt: Azt At PVCS DBPY wt% H]&o] 1:1 o]dolA CPCSe #HAdol 7
3] F7FetR I CPCEE AlZdte=d ozl fo]l e, HAYE To] F&dtod ofF
o] AgoA DBPY #FHL 5 wthZ ZAJAT. CPCS Ax A EAAZ FSE A
£33 A, doctor bladedll Al casting® o EEEA 9 FAd ++TFE YRR
a2y FSe ko] 10 wt% olAtel A CPCSEWo] FS7F &£ 5 0] o|&¢ CPCS A
Z A FSe| &% 5 wt%z 143ttt DBP 2 FS 59 71 gle] Axd CPCS
o] ANAEEZ 7HE $Faey, HMAE A8t AZE3 CPCSe Az EAo)
*33e] DBP % FSE #H7bstd HAAE Azsach. 438 234 G-1028 80 wt%,
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PVC 10 wt%, DBP 5 wt% % FS 5 wt%e ZAdA CPCSE Azxsym, o #He
S A& 031 QcmP VRFBE IAAZ Abgsed F27F 9l

32. %¥=343t ¥ carbon felte] ¥9 5

Carbon felt®] 3184, A71383 2 B3 FAS & 5o AFTEHEN =45
#5712 C-0% C=0(carbonyl group), C~OH(phenol group), C-O-C(ether group)
2 -COOH(carboxyl group) 5& & ¥ Utk olg|& A4 #AF7|E0] &549 &
242 gdd =dHE AdE oA As/3d uEE 488HA vtz deA 3l
t}5]. B AFdME KOH ¥ H;SOE )83t carbon felt& 43 A3 ¥, carbon
felt ¥EWeol Laulel W HAF =YE YolrV] 99 XPS(X-ray
photoelectron spectroscopy)E ©]& carbon felt ¥H-g EAM&9. GF20-3 ¥
GF20-5 carbon felt® wide scan 23 A3 FHAA C9 09 signale] #&FHUXL
A9 signale A9 BZFHA ol AZTFEHA Co O ol2e] U Fgo] nf

&S 4 F YA GF20-3 £ GF20-5 carbon felt 25 09 FFL w$ vt
o E3] rayonA 24 GF20-5 carbon feltolA O¢] &Fol wf$ wigirt,

PAN A€2] GF20-3 carbon felt& HS0:2 4= 43 d S o O 1s/C 1s intensity
H]-&o] 0432804 09004% ¢F 21 ®¥f 71 F7Fsl9 3 KOHE 43 A3y & we
04328414 090752 <& 21 ® 7}¥ F7he A#E JEhlAY.  Rayon ALY
GF20-5 carbon felt® H:SO:2 ¥3 AFAE o O 1s/C 1s v &) 0.2985°04 A
% 085722 < 29 w] 71 Z7FetE 3, KOHE &= AFs3lS of 0.298591 4 0.4818=%
°F 16 ol 71F 71 Z#HE el d¥ ZAF GF20-3 ¥ GF20-5 carbon felt
2F %3 A3 3 O 1s9 intensity7} A A F71EE ¥ 4 AW KOHEGE
H:S07F 98 AFAHYS & & ddceh. ol AHE ¥F 48 o] F 9 carbon felt
Fdo] AtslEo] Axrt TE R/ EYHUSE & F AV

GF20-5 carbon felt® KOH % HSO.2 ¥ 433 & AIZH =gd #3571
g 24387 989 C 1s peak ¥ O 1s peakE curve fitting %%, Carbon felt &
WA A" & Qe AEY #AFY] peakE 7] TR ddtd ¢FHA Ao,
C-C main peaks 284 eV ALoA #2H}B] C 1s peakE curve fittingdt 23},
AZERNE 4 FF9 #5717 E¥8 Y, main peak2H Ztzb 15, 21, 45 € 59
eV shift o] Uti{6]l. Oxide 1€ hydroxide(C-OH) E3* ether(C-O-C) group®]H,
oxide 2% carbonyl(C=0) group, oxide 3& ether carbonyl(COOH) £+ ester(COOR)
group®] I oxide 4% carbon Ato)le] x-z A% Tt -COs growpdS & F ANATh
O 1s peakS curve fitting® 23 ¥ A3 Fof AT FRHAGAM C-0 2 C=0 =
C-0-C ¥ 79 #5717 A4S U £ AUT 2 89 &S & 211 Fxo|Urh
BA A3 g A3 & AZTEH AAE IEF A @5V EQEES &
ANew, £33 -OH groupd Eeo] F=dxh AFFEHY E4¥ -OH groupd
& C-0 #%F7]E carbon felts] 4544 TEE AFAH 2R HEA7IEA A8 g
ur-go] A A (active site) FIFEAHNE do Foz JAHUD
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3.3 VRFB9 F/%4d a8

71&9] VRFB Al&ad"dlA ALEE W graphite plate IS} F= 43 o] e
GF20-5 A3 & A14% VRFBSY £ d7oM Ax% CPCEE 4/F A2 Ade
VRFBE X8t &/44 282 vinddd. F/4d 48L& 02 A FHF oA A
PR AAHEL 2 M VOSOs & 3 MY HoSO4E AHE3H

AY Az 7129 A= assemblyE A3 VRFBe| v]steq CPCEE 483 VRFB
o A$ FA Al Aol w3, WA Al Ago] Fol F/4A Ao AUFeE 943
Aurth 7]1&e VRFB Al2"oME AFAES 9181 %, AYAEE 8413 % ¥ duyA&E
& 7724 %01 2v CPCEE ©]€% VRFBAAE AFAEE 9412 %, AY¢AE 89.40
% 2 U ETE 8414 %EA 7]€9 VRFB Al2"dHt 2E #go] 5.
CPCEE A # g VRFBolA 7|£9 VRFB A"yt AFEEL 231 %, A¢EELS
527 % 7183, AgE&e] A F7/HlSE € F UUY. ol 43 FAYY
Zaol 7198 Aol carbon feltE ¥ A3I3e w EHAA FFHUH, IAFA
#AE71e =9 Eolgtn Alggch  o]ZMA carbon felt® %= Aoy AxF
CPCE7} VRFBE B AFo2A HFFS A AT 4+ AAd

4. &

71&9] VRFB A|&HdA 2olxn = A= assemblyE hA|s7] 98to, GF A
3} % 9] carbon felt® CPCSE ZA¥ele] CPCEE A %3 VRFBY xeste] 2 A
g EASGET oldd 4 AAERH g3 2L FES AdNUh

o
=

—

AxAd YzAZ G-1028, TEAZ PVC, 7442 DBP ¥ #AMAZ FSE Al4-3t4

283, 271883 EAo] ¥53% CPCSE AFdRxn, 71&9 AAA Az

gt wryd nlsted M @sta foldtA AAAE A=A G-1028 80 wt%,

PVC 10 wt%, DBP 5 wt% ¥ FS 5 wt%2] ZAdA A& 031 2cm $+%

VRFBE HAAE AZX3AT

2. 7129 VRFBYA HZF o=z »o]ld PAN A€ GF20-3 ¥ rayon A|¥9 GF20-5
carbon feltE 0.05 M HSOs9 0.1 M KOH AsjAoNA F= Asatgdtt. GF20-5
carbon feltE HSOs A AolA 0.1 AZ ¥ 233 L o carbon felt T 4t
A BE7F b3 ol ZFubslgth. XPSE EAE Ax u 1A I¢A #E7)7
carbon felt EANA HAHAL FF 3ol €3, 3etx Ao} T &3
g YeEd S & F A

3, 71&Y A assembly® FAE VRFBY CPCEE A €3t VRFB A& F/943
A¥S Fal9 v 3QPth. CPCEE A=€§ VRFBoAIA Y vz 5&L

ol 71&2] A assemblyE Al843F VRFB A"yt AFEEL 2

HEEL 527 % L YA EZEL 1216 % F718t Ao
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