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Abstract: Composite bipolar plates for vanadium redox flow battery (VRFB) were fabricated with the expanded graphite
and poly(vinylidene fluoride) (PVDF). Swelling in the 5 M sulfuric acid and surface morphology of the bipolar plates
were measured for the PVDF content of 3, 6, and 9%. Swelling ratio and cracks on the surface of the bipolar plates
decreased with increase of the PVDF content. Swelling ratio was negligible when PVDF content is over 6%. It is because
the hydrophobic and acid resistant PVDF was introduced into porous expanded graphite matrix. Based on this result,
vanadium permeability test, corrosion test, through-plane resistance measurement were conducted for the bipolar plate
with 6% PVDF. Smooth surface and 5 times reduced vanadium permeability was observed for the PVDF added bipolar
plate. And it showed enhanced corrosion resistance and slight increase for through-pane resistance. As these results, it
is considered that this composite bipolar plate is suitable for VRFB.

Keywords: composite bipolar plates, expanded graphite, poly(vinylidene fluoride), vanadium redox flow battery.

MoB

g, 38 5 AR 483 4783t AR-S 9]

g 8% A A% A (ESS)l #F A7E EsiAl 1
=5 itk 2FME vhog dlss 55 FAA(VRFBYE
21, P8, W A HIE elal tigsgst vs A o

Toll AAT) ESSEA FEWT STk VRFBE A4 57

Asigol gae vhhiel Astsl B B FEUt

ol
l

&= )

Sl Belgke

OJ
"l

VRFBY| +8 A& =

"To whom correspondence should be addressed.
kijaekim@konkuk.ac.kr, ORCID®0000-0002-2166-7467
©2021 The Polymer Society of Korea. All rights reserved.

309

42 BeH0E Jusa, Ao FRE AT 98
St} Telme VRFBO| 489 RelRe ¥e A7) A
St A B4L 7bdok s, 24 A WelHE A
F 9l & WA ashde] SFE VREBE 2]
Be] FREE F5 AY, 59 AY, BhTRA B AL
o QItht B4 AY wele) A% 2 A7) AR /1Y
the ol 9AR A WA <8 VREBS 2
§& olggol Atk /12 el g U 59 4G
o el A% EE A7) A=) B3 YL 7K
S 9IEES e A7) A3 9 A oISt ARl ofe]

i

9 e Aol ofAThs Bxo] qlrk. 71 Felwte) o

o BASE Q8 Baaia B 2w A a7k o



310 ot - A -

a7l AayE L QS
B =RolA VRFBY 488 Rouons 44 59

el et Aol =g Ak Bt B 59 Eejdis
ST & AgelM ARE s W S 7S
= Wibd istebdo] ¢35k PVDEZF ARS-EISI. 93
WA g i Tkl tigk AAdel 2 H4 e At
9 2l /s flsl 2 dAollA= PVDF oS WHst
AZIRA ALEAE BeE Eeis Alxsislen Axd e
o] mAlT=, 3FekA P, vhbe TS AlAd R &
gapslen =29 Z3E 7INte s VRFBO 4§ 7Fs3h
el H4 24 E Aelt

-

Al &

A MME. 2 AT AHEE W 3 A(expanded
graphitey> U AE3IsHE= ) S 25 E Ao,
o]2~E X (ARE-310, Thinky, Japan)Z ©]&3lo] =2 U
F= S AN T 23t A ARSI E2(EFL
23} vda]dl)(poly(vinylidene fluoride), PVDF)= Alfa aesar
USA)NA o sttt B4HH,S0,, >98%)S th-d sk (3
=), Bpd Avjo]E 4=8HE(VOSO,-4H,0)> Zhejiang Eazy
Pharmchem(Z=t)0llA] Frl 8ttt Al 25 Hwo] Az}
A glo] ARE-E AT

2213 ME. §94 e 93 543 PVDFE 9%
H&(3, 6, 9wWt% PVDF)Z &3sto] A==t w4 3%
53 PVDFE #lo]2E YA & 2000 rppmel A 302 &<t
B3 & &3 2 038 AE 2ome] 4F AF E=o

WS Azl BT 200 °C, o}=2 EH71004 2217 5
g &, ExH 2 A o83t 0.6 mme] FAR
Gt AZE A 2 em, T 0.6 mme] 2] ¥
& A%, SEM #4, vhvhg Faie A9, Fod A 9 3
T A% H7HE flEl ARE AT

W AIE. Fevte] 3§ Are Algd 283e 5M &
Aol AR & EEie] FAE 19 134 F 59 <t

SAse] Artsioint. welde] Aae2 4 (h= Zold

o)

x 100 )]

A7IM, e Az Fele] 7] T4, T2 n¥d & 8%
o ¥7E ek,

Sa|me| BH 24, A2d Belve] By We) @ 7z
o} A AAE A HEY FAF A v (field emission
scanning electron microscope, FE-SEM, SU8010, Hitachi,
Japan)o 2 A3l

e

Zay, Al454 A25, 20213

g2 - ol - 71

HiLlE oz F3. 23] vhs 5428 S35
138k HAMFC 100.25.1, Adams & Chittenden Scientific
Glass Coop, USA)S AH&-3tITh HA Sl g Zol= 1.5M
VOSO0,8t 3M 2t &9, o gk Zoll= 3M ks 7t
100 mL¥ B3 Z2Abolol] 0.6 mm A9 E2) e 49l aksd
o}, 3Rl g A T 3Y B 3M S Ee] 89 3mLE
ANFH sl ZFe)d 7EAI3A E53AI(UV-Vis spectrophotometer,
Agilent 8453, Agilent Technologies, USA)ES ©]-&3}o] 23
B golo] RS =Hea A ATl AJFYE HPPo
2 g FaE S ARk

LHAl ®IL o] Wade 25 M S galloflA]
= A¥E Fdst HriEAn FAAA AFAA =
polarization cell(597 cell kit, neoscience, Korea), 4] A=
S =2 Pt wire(805/SPG/12)), 715 =22 calomel =303/
SCG/12))°] AHEE ATt F2 AF Dt 72 d9] g2
Tafel fittingel] °Jste] AlAk=| AT,

ZHE M| Mg A, L] dF A 82
19 A|AgE vpe} 7ho] M8 =8-g Farste] Y= AT
TRl & AR TR Alele]l ARlE 449 RS 2 MPa
o] dAg dHo R g5t olwfe] A3} milliohm
meter(MHB-15, Masada Bottle Jack Squat, Japan)E ©]-& 3}

o S & T PHo T F Aol Bl gk A3
& sl welee] e AdE 4 (2), 3), @), OF
F3l Aqk=ch
Rypps =2Rp t4Rpp+3Rppigpt 2R 5 15p 2)
Rypps = 2R 5t 2Rpp T Rppigp T 2R g y1pp 3)
Rygps—Rogp
Rgp= e ) : “4)
Eojzke] W A= Ag = Rpp X Eo HE (5)

71, RupesSt Roppes 242 2] 4783 278l T3k #13,

Pressure

v ‘! Bipolar plates E' A

Au

Pressure

Figure 1. Through-plane resistance measurement setting.
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Figure 2. Surface images of (a) 0% PVDF; (b) 3% PVDF; (c) 6%
PVDF; (d) 9% PVDF.
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Figure 3. EDS results of (a) 3% PVDF; (b) 6% PVDF; (c) 9%
PVDF. Red color indicates carbon and green indicates fluorine.
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Figure 4. Swelling behavior of bipolar plates.
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Figure 5. Vanadium permeability of the bipolar plates.
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Figure 6. Polarization curve of the bipolar plates.

Table 1. I, and E., of the Bipolar Plates

]COIT(ACm-z) ECOI'T(V)
Expanded graphite 1.11x107 0.160
6% PVDF 6.78x10° 0.433

Hbmhm o, 6% PVDF fe]¥o] 953 e WA
E} S 2A19] 7§ edge plane®] vl &2 Qs
LIRS b i S s S = B B A e I R e s
o pFxHow g A9 VAL e ol WY
A0 B¢ F) &35 Y= edge planee] 3ol =
w]7] Wizl F-AA g o] wolxl= W PVDFE 715
e A Aoz e Ao Qs dafjde] =
Z5E edge plane°] 7axd}7] wiol FAAE o] dE
ol AW ¢ v} =3 AhE o= Aol 8= PVDF
7F R 000 F7E o] Eeae] W Ade] FE AT
£ St
S M| MY W, A7 A F2E AlFele g2l
e S AE 7] A% 7Pk dh & Al

r—{E m[o

m

o

T m{Nr

.

T



Table 2. Through-Plane Electrical Resistance of the Bipolar Plates
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