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Water management is important for the bipolar plates of proton-exchange membrane fuel cells (PEMFCs), and
active drainage is a desirable feature for the design of bipolar plate channels. Herein, inspired by natural micro-
nanostructures, a triple bicinspired surface has been fabricated, which combines the advantages of both
superhydrophobic and superhydrophilic surfaces. The superhydrophobic surface (FZnO@CA-GS) is prepared by
PFTS (perfluorodecyl trimethoxysilance) coating on 2n0 nanosheet-decorated arrays of microscale cylinders
manufac-tured by photolithography, and second-round photolithography is used to convert the
superhydrophobic surface into a surface with wedged superhydrophilic patterns (WSPs). Then, the water
transport performance has been investigated for the WSP, where the square of the initial velocity of the droplet is
found to be proportional to the wedge angle from both the theoretical calculation and experimental data.
Subsequently, an index of the R value representing the flow state of droplets has been introduced to determine
the optimal values for the geometrical | of triple-bicinspired surface (TBS) in flow channels. Such a
triple bioinspired strategy affords a promising approach to fabricate bipolar plate channels with the function of

self-driven water transport for PEMFC. The use of the R value in optimization may also offer insights into the
design of other micro-nanostructures.
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ABSTRACT: Water manzgement i important for the bipolar
active drainage is a desirable feature for the design of bipolar plate
bioinspired surface has been fabricated, which combines the
of both supertydrophobic and  soperbydrophilic
surfaces. The superhydrophobic surface [PI.:[)@F.H.-GS_} is
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Fnld decorated arrays of microscale
fured by photolithography, and second-round photo is
wsed b corvert the superhydrophobic surface into a with

wedged superhydrophilic patterns (W5Ps). Then, the water transport perfarmance has been investigated for the WSP, where the
square of the initial velodity of the droplet is found to be o the e fram both the theoretical calcunlation and
cxperimental data. Subsequently, an index of the B value rep the How state of droplets has been introduced to determine the
aptimal values for the prometrical parameters of triple-bioinspired surface (TBS) in fow channels. Such a triple bicirspired strategy
affords a promising approsch to Ghricate bipolar plate channels with the function of self driven water transpost for PEMPC. The use
af the K value in optimization may also offer insights inbo the design of other micro- panostruchanes.
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1. INTRODUCTION

Proton membrane fuel cells [PEMPCs]) are consid
aedaumpnmuchnnhwmmhpkmﬂww
and emvironmental pollution, owing to s high | ERETEY
conversion effsdency and environmental friendliness." 1low
ever, the commerdial application of FEMPCs requires a stable
operation at a desimble performance, which is affected by
variows factors, sach as electrocatalyst activity, mass transhes,
water transport, and electrode condoctivity. Among these
factors, water is an important Ksoe o improne
the perfformance of PEMFC:® The main ressons are as
follows: on the one hand, a certain amoant of water must be
maintzined inside the PEMFC to ensare that the proton
exchange membrane has favorable proton conductiviey. On
the other hamd, excessive water should be draimed out of the
PEMFC o prevent water Hooding, which could impede pas
transfer to the catalytic layer and impair mormal electro
chemical reaction. lence, various irvestigations hawve been
conducted to change the wettability of the channel in the
hipdar?hmufliemwﬂﬁemnplim:lm
remnaoval.

Interestingfy, the published reports on the charmel surface
have shown that esther hydrophilic or Bydrophobic mod
ilications can improve water management for PEMPCS, but
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their intrinsic mechanisms are quite opposite. ™ It has been
demanstrated that the hpdrophobic surface & benehcial m
water removal in the channed of the bipalar plate becanse of
lower adhesion and greater gas shearing. Wang et al™ have
reparted bwo kinds of surfaces on graphite channels, which are
coated with superhydrophobic  silica/ polydimethylsiboaane
composites or supertrpdrophilic slica. The results show that
the superfrydrophobic surface has lower adhesion to water,
leading to easier water removal. Therefore, this sorface can
achiewe better PEMPC perfoemance than the comnterpart of
the hydrophilic surface under the same airflow. Tanigochi and
Yasuda'' have prepared 2 superhydrophobic thin film of

Iyheexafl on the chanmel surface of the

P sropropyl
staindess steel bipolar plate vz plasma polymerization and
sandblasting, which ncreazes the output power of the FIMPC
compared to that of the PIMFC with the original stainless
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Proton exchange membrane fuel cell (PEMFC) requires both sufficient water in proton exchange membrane
(PEM) and fast water drainage in flow channel to achieve a desirable performance, which creates a dilemma for
water management. Herein, we have fabricated a nature-inspired bionic multifunctional surface (BMS)

coating and superhydrophilic groove. The characterizations of water contact

consisting of superhyd
angle, morphology and chemical composition have verified the successful preparation of hybrid wettability
surface. The effects of groove width on droplet capture, storage and drainage have been i igated, which
yields an optimal width of 600 mu m. More importantly, BMS has been fabricated inside the flow channel of
graphite bipolar plate (BMS@BP). The peak power density of BMS@BP cell is 26.3% higher than that of the cell
without BMS. Under a drought-inclined condition of low current and humidity, BMS@BP mitigates the increase
of internal resistance caused by PEM dry-out, whereas under a condition prone to flooding (high current and
humidity), BMS@BP can reduce the voltage fluctuation and pressure drop variation incurred by flooding. Hence,
BMS has demonstrated a capacity to balance the opposite needs of moisturizing PEM and draining channel
water, Our work may afford an i ive hybrid ility-based approach to enhance water management for
PEMFC.
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ARTICLE INFO ABSTRACT

Keypwaris:

Mature-inspired surface

Hyhrd werabiliny

WaLer management

Hipolar plaves

Probon exchanges membrane fuel cell (FEMFC)

Praton exchangs membrane fuel cell (PEMFPC) requires both sufficient water in proton exchange membrane
(PEM) and fast water drainage in flow channel to achieve a desirable performance, which creates a dilemma foc
water management. Hersin, we have fabei ianal surface (BMS) consisting
of superhydrophobic coating and superhydrophilic groowe, The characterizations of water contact angle,
marphelogy and chemical compesition have verified the succesful preparation of hybrid ssettability surface. The
effects of groove width on droplet capture, storage and drainage have been investigated, which yields an optimal
width of 600 pm. More importantly, BMS has been Eabricabed inside the Aow channel of graphite bipolar plate
(BMEmBP). The peak power density of BMSERP call is 26, 3% higher than that of the cell without BMS. Under a
draught-inclined condition of low current and humidity, BMS@BP mitigntes the increass of internal resistance:
caused by PEM dry-out, whereas under a condition prone to flooding Chigh current and humidity ), EMS@BP can
reduce the voltage fAuctuation and pressure drop variation incurred by flooding. Hence, BMS has demonstrated a
capacity o balance the opposite needs of moisturizing PEM and draining channel water, Our work may afford an

1 a nature-i | bionic mul

innovwative hybrid-wettability-based approach to enhance water management for PEMPC.

1. Introduction

Water management [s essentlal for the long-term, rellable operation
of proton exchange membrane fuel cell (PEMEFC) [1-4]. Excessive water
easlly induces flooding in flow channels, hindering mase transfer on
bipolar plates (BP) [5.5], whereas Insufficient water content may reduce
the proton transport of proton exchange membrane (PEM) and increase
Internal resistance |7 5], Hence, researchers have adopted vartous
strategles to lmprove the water management of PEMFC, which include
adjusting cell operating conditions [9.10], developing new cell compo-
nent materlals [11,12] and designing novel flow fields [13- 18],
Although these methods have greatly enhanced water management and
cell performance, some challenges still remain for practical applications,
such as high manufzemring cost and parasitie losses.

Adjusting surface wertability is an effective and thus frequently used
appraach for water management |19, 20]. Both hydrophilic and hydro-
phoble surfaces have been demonstrated with improved water man-
agement. MNishida e al. have compared the cell performance for flow

* Corresponding authors,

channels of different wertability and found thar hydrophilic flow chan-
nels can alleviate flooding and reduce pressure drop [21 ). Conversely,
Kahvect er al. kave shown that hydrophobic flow channels can achieve
better water drainage and reduce fAooding in PEMEPC [22). These
seemingly contradictory results implicate that hydrophilic and hydro-
phoble surfaces may adopt distinct mechanisms to enhance water
management and are sultable for different working conditlons. When
PEMEC works ata low current, only a small amount of water I3 produced
at slow electrochemical reactlon rate. Therefore, the PEM rends to dry
out o Increase resistance. Hydrophilie channels with high surface en-
ergy can capiure liquid water entrained in humidified alr and deliver
uniferm water distribution, thus relieving the drought of PEM (23] In
conteast, excessive Hguld water that eannot be discharged in time at high
current density may accumulate in the gas diffusion layer, obstruct the
path of reactants and impalr the performance of PEMFPC. In this scenario,
hydrophobic channels with low surface energy can facilitate rapid
drainage and restore mass ransfer efficlency [24). Taking these two
cases together, a single adjustment of the wettability in flow channel
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