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Research of Bipolar Plate Materials Used for Vanadium Redox Flow Battery
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[ Abstract]

Bipolar plate is an indispensable multifunctional component of all-vanadium flow battery (VRFB). Bipolar plates

play an important role in all-vanadium flow cells, such as connecting multiple single cells in series/parallel connection, providing

capacity from kW to multi-MW, separating each cell, preventing direct contact between electrodes, providing structural support for

the reactor, etc. These functions are very similar to those of fuel cell bipolar plates. However, unlike fuel cells, bipolar plates in

VRFB encounter highly acidic environments and varying voltage conditions, which severely limit the choice of bipolar plate

materials. Due to the strong corrosiveness of metal media, metal becomes the most unsuitable candidate for bipolar plate in VRFB.

Various types of bipolar plate materials (metal base, graphite base and carbon/polymer composite base) and their processing

methods are introduced in detail. Challenges associated with bipolar plate materials such as interfacial corrosion, interfacial contact

resistance, bipolar plate expansion, and electrolyte leakage are also described.
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Table 1 Properties of metal-based BP of the VRFB

. . . o . Corrosion potential Energy
Base plate materials Coating materials Acidic solution ) Ref.
(Ecorr) efficiency (%)
Titanium Carbon film 2M H>SO4 0.25ImV vs SCE — [12]
) Diamond-like coating (DLC)
Stainless steel alloy 2M H>S04 -0.125 vs NHE — [13]
doped with Titanium

Nanotubular TiO2 0.3M VOSOq4
IrOx 0.930 vs Ag/AgCl 86 [14]

grown on Ti +0.6M H>SO4
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Table 2 Development of kW scale VRFB stacks using different types of graphite as BP

Graphite materials ~ Active area (cm?) VRFB Stack Electrolyte concentration EE (%) CD (mA/cm?)
Expanded graphite 780 1kW 2M V+2M S+5M Cl1 75 320
Flexible graphite 40 16V IMV+4M S 65 20
Graphite sheet 400 2kW 2M V+5M S 80 50
Graphite sheet 780 1kW/1kWh 2M V+2M S+2M Cl1 82 80
Graphite sheet 600 9kW/26kWh 1.6M+4.5M S — 665
Graphite sheet 1600 35kW 1.6M+4.2M S 77.10 180
Solid graphite 780 1kW 2M V+5M CI/S 80, 75 160, 240
Expended graphite 625 1kW 1.L6M V+4.5M S 80 80
Sintered graphite 9kW/26kWh 1.6M V+4.5M S 72 50
Graphite plate 875 10kW 1.5SM V+3M S 82 50
Expended graphite 780 1kW 2M V+2M S+5M Cl 81 160

V: VOSOs; S: HaSOs; EE: Energy efficiency; CD: Current dendity

(b) 6 wt.%PTFE ] (c) 10 wt.%PTFE

(a) 0 wt.%PTFE

1 A[E PTFE & 2 RARIREIF G E &
Fig.1 Cyclic performances of small flow cells with BPs

with different PTFE contents
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Fig.2 The Charge/discharge test result using VRFB single

cell unit with the carbon/graphite hybrid composite
bipolar plate comparing with the conventional graphite

bipolar plate
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Fig.3 The charge/discharge efficiencies with the
carbon/graphite hybrid composite bipolar plate comparing
with the conventional graphite bipolar plate
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