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Construction of Three—dimensional lon—conducting Channels of
Poly(vinylidene fluoride) Membranes and Their Performance in
Vanadium Redox Flow Battery
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Abstract With the increasing demand of renewable energy, large-scale energy storage technology has attracted extensive
attention. Vanadium redox flow battery (VRFB), benefiting from its adjustable capacity, high safety and long life, has become
one of the fastest developing batteries for large-scale energy storage. Ion exchange membrane is a key component of VRFB,
which notably affects the efficiency, cost and stability of the batteries. However, as the most commonly used membrane in
VRFBs, Nafion shows shortages of high vanadium permeability and high economic cost, which largely hinder the commer-
cial application of VRFBs. In order to develop low-cost, durable and high-performance ion exchange membranes for flow
batteries, in this work, dual-porous poly(vinylidene fluoride) ion exchange membranes have been developed, in which poly-
ethylene glycol (PEG) and polyvinylidene pyrrolidone (PVP) are applied as the template and stabilizer molecules, respec-
tively. As a result, three-dimensional ion-conducting network has been successfully built in the poly(vinylidene fluoride)
(PVDF) matrix which enable fast proton conduction and ion selection. The ion-conducting channels and thereby the proton
conductivity and H/V ion selectivity of the membrane can be finely controlled by simply adjusting the PEG content in the
casting solution. The unique dual porous structure of the membrane is clearly observed by using a scanning electron micro-
scope. Battery efficiency including coulombic efficiency, voltage efficiency and energy efficiency have been characterized in
VREFB single cells and the results show that the prepared PVDF ion-exchange membrane possesses high coulombic efficiency
exceeding 98% and energy efficiency as high as 83.5% at a current density of 100 mAscm 2, which are comparable to that of
Nafion membranes. Moreover, the prepared PVDF ion-exchange membranes illustrate excellent chemical stability after the
chemical stability test lasting for 30 d. In a word, due to the very low cost of the polymer material, excellent chemical stabil-
ity and good performance of the dual-porous PVDF membranes, the novel ion exchange membrane shows great prospect for
the application in VRFBs.

Keywords ion-conducting membrane; poly(vinylidene fluoride); vanadium redox flow battery; large-scale energy storage
technology

1 B|= SR P o U SRR R R L K S ) A R
) ) S AT I, U R, TR %
IERRRS URARHR, ATRERAEAE LB IIONTT R i om0 3%, T BME K HUBLA R i85
N, TEARRUE, WOKPHAE. KEE. WIWRE. HUFAEESE A YIS . FarE R T2 Ve A S,
AR K AR R B RR A X 5 BT LA R R BB A U it T AL —,
SRRV B HOR I SR, 9 IR s

* E-mail: jfjzz@sjtu.edu.cn
Received May 24, 2021; published August 10, 2021.

Acta Chim. Sinica 2021, 79, 1123—1128 © 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1123



e F 5 R

E o WRIE AR . FIER T R E TR 54
PIVERIC. 324 Nk, b AT B A v P EEL v o B A 5
[E A3 A J) B AT A 1 Nafion R4 8 38 #efiE. Nafion
JESHI A 4 i 1 H S R RN e b= A2 e M, 4R 1T Nafion
JIES R A 5 55 (2 500~1000 $/m?). A BB R
WK A 2, BHAS T H A PRI F It b 1) R
P02 bR RE . RRAS . KT I A A FEL T
B R R IR T Rk R VUL R LT i e A3 1 K R
PN FH A BB A .

IR L7 (PVDF) & — Fl - 45 d 3F 5 7 BB K &
SFREW, AT OA KR SCERIRIE T AR R LR R
J5E RO A AT 6 0314, (Rl PVDF #iA A2 A
FH T AT Fa v 25— M 1) v e P A RIS 17 R
M, BT PVDF A& HARRIIGKE, BREMAS
ANREZESE TR, 168 7R & MR 7R A
B PIMERE. DRI, B ST 53 PR ) o B i A A
ATE 177 2 & PVDF BT, Mai S5USIRG 5 A T R 2k
[411¥) Nafion # i 5 PVDF LIk, PVDF #)iil] T Nafion [
%K, 1524 PVDF & & & T 40%I0F, 51 A BRAECR
HL R R AR, Ling 55U £ 1) PVDF/Si0.-SOsH B &
BTG EBIRNAE FBIEZ, £ 60 mAsem? H
B R AR RN 75.6%. Luo Z297E PVDF kL
PRI A ) R OR IR TR (PSSA), AR & R R
FI| 75.8% HAGH 200 X RFFFRE. Li %2UH] A PVDF
SRR, 38 IR RN () 45 6] PVDF & A 4h i il %
Z AL BT, 78 b ge AR B 12T 650 KL L.
Xue 522N T PVDF R AE /AR FR &V
WA, R FEA Wi K R 2R & L T, 76 100
mAscm 2 L% E T RERARIAE] 78%. LiALE IR,
BIRNEET PVDF B T I A RS 7RGt e, (H2
A PR THPERE T oK.

T P R PVDF &7 BEAE i it e
R, A TAE AR 2 B (PEG)E NBAR 2 1 B 24t
&t B (PVP) R e 77, TR LRI % 7 BA =45
TAEHEIE R PVDF &7 M, JEF 7 7 AR PR
A T RE R I

2 ZFR5TR
21 ZHBTrERBENEE

VENAEE TR T K IRAR 2 T, PEG B &S
R e AL 2 e v, I HAE W IR R Nk, fig
TP S IR A — 4 B T e ) g A dn P
1 FizR. PVP K [HR A 55K B 55K R, Frels
PVDF il PEG #8 %& BAF M. BEE R FIMIER,
TERA WK P SR KAR 4> T PEG, U —EK
HeAn 7 R e fE B K &%) PVDF H, MIMTE PVDF 3
PR T PEG FESEAR. 3 VA 77 R BUREAR (R 5 3%, BH
FUBET 1 s S B AT R VR AL PR, PEG R £ R 2 A,

1124 http://sioc-journal.cn

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

TSR X R R T AE L ) = 45 AR . il ek
A2 PVP Ml PEG B &I RECE PVDF JEH (138 18 45 1)
Ao, RTAEWMESHIA PEG & &EXT =48 L4
TS IIVE R, B HS 81 P RE 0 RE .

Heating
olvent
evaporation

Polymer matrix PVDF film

B PVDF @ PVP O PEG % Chamel

1 =4 e dmimii @ fen s s
Figure 1 Schematic diagram of preparation of PVDF membrane with
3D ion-conducting channels
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Figure 2 SEM images of top view of the (a) M-0, (b) M-15, (c) M-20
and (d) M-25 membranes
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Figure 3 SEM cross section images of (a, ) M-0, (b, f) M-15, (c, g)
M-20 and (d, h) M-25 membranes
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Figure 4 Comparison of Water uptake of PVDF membranes
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Figure 5 Comparison of proton conductivity and vanadium permeabil-
ity of PVDF membranes
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Figure 7 Charge-discharge curves of the single cell test of the M-20
membrane at different current densities
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