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a  b  s  t  r  a  c  t

Water  removal  from  an  idle fuel  cell  is  an  important  issue  for  start-up/shutdown  down  under  cold  tem-
perature  conditions.  In  our study,  we  performed  an  in-situ  neutron  imaging  for  a  PEM  fuel  cell  with
bipolar  plates,  treated  with  a super-hydrophobic  and  super-hydrophilic  coating  on the  flow  channels.
The  coatings  were  applied  to  the  channels  but  not  on the landings  in contact  with  the  GDL.  The  cells
were  run  at a constant  voltage  prior  to  shutdown,  then  sets  of  neutron  images  were  taken  with  purge
eywords:
EM
uel cell
ydrophobicity
ater removal

velocities  varied  from  1  m  s−1 to 4 m  s−1, in intervals  of  1 m  s−1. It was  found  that  changing  the  wettability
of  the  flow  channels  can  improve  the dynamics  of water  removal  during  purging.  The  super-hydrophilic
and  super-hydrophobic  coating  had better  performance  in removing  water  on  the  landings  and  in  the
channels,  respectively.  Based  on our  test  cells,  we  used  the amount  of water  remaining  as  a metric  and
found  no  significant  improvement  by purging  the  cell at velocities  greater  than  3 m s−1.
urging

. Introduction

In an effort to diversify sources of electrical energy, polymer
lectrolyte membrane (PEM) fuel cells have many potential uses in
obile and stationary applications. Concern about carbon footprint

nd improving efficiency, makes PEM fuel cells an attractive can-
idate because they convert fuel into electrochemical power while
nly releasing water as a byproduct, they also can be integrated
nto a combined-heat-and-power systems. With the option of using
enewable and or bio-derived fuel sources, pollution associated
ith such fuels can be shifted from point-of-use to the production

ite. The forthcoming PEM fuel cell applications are in automotive
nd propulsion applications or emergency power generation [1].
till, there are a number of barriers, such as the reliability, cost,
nfrastructure, performance, and system complexity that need to
e improved to enable the wide scale adoption of this technology.

Among the technological barriers, water management is one
ey to improve the performance and reliability of a PEM fuel
ell. A balance between too little water and too much must be
onstantly maintained. The ionic conductivity, a primary driver
f performance, of the PEM fuel cell is dependent on the mem-

rane hydration. Excessively low membrane hydration can result

n high electrical resistance, leading to dry regions and premature
embrane failure, which can reduce reliability. Conversely, exces-
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sively high membrane hydration may  result in the condensation
and flooding of the porous gas diffusion layer (GDL), leading to
gas blockages. Fuel may  be prevented from reaching reaction sites,
causing instability in cell performance. Furthermore, the issue has
other implications for fuel cell operation temperature ranges and
the start-up/shutdown process [2–5].

Literature points to several approaches specific to water man-
agement. These methods fall under the categories of either active
or passive methods. Examples of passive methods are the follow-
ing; using a pressure gradient to drive water from the cathode
through the permeable PEM to the anode [6,7–9],  MEA  designed
with a wicking layer [4,10,11], flow field designed using hydraulic
resistance to drive out excess liquid water [12,13], creating a
hydrophobic and micro-structured flow field [14–16].  Passive
methods make use of inherent design features to rid the flow field
of excess water. Active methods include electro-osmotic pump-
ing [6],  active acoustic wave purging [17,18],  periodic flushing or
purging [13,19,20],  and adjusting pressure between a flow channel
and an adjacent channel [21]. These are active methods since they
usually require auxiliary equipment and/or power. At high current
density operation, a delicate balance of MEA  humidification and
byproduct removal must be maintained to prevent flooding which
is detrimental to cell stability and performance.

The impact of flow channel wettability on fuel cell performance

has also been studied [22,23]. Wettability refers to the contact angle
of a water droplet on a surface. Generally, if the contact angle is
greater than or equal to 90◦ it is referred to as a hydrophobic sur-
face. Conversely, if the contact angle is less than 90◦ is referred to

dx.doi.org/10.1016/j.jpowsour.2011.05.057
http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
mailto:jwpark@ucdavis.edu
dx.doi.org/10.1016/j.jpowsour.2011.05.057
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Table  1
Surface wettability with various surface treatment technique.

Wetting property Hydrophilic Super-hydrophilic Super-hydrophobic

Process Sanding Sand blasting + anodizing Sand blasting + anodizing + HDFS coating
Contact  angle 72.2◦ 13.5◦ 152.5◦
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s a hydrophilic surface. There are also techniques to create super-
ydrophobic and super-hydrophilic surfaces with contact angle
ver 150◦ and below 30◦, respectively [22,23]. Table 1 shows some
xamples of the capabilities of our surface treatment techniques.
wejan et al. [3,24] have experimented with both hydrophobic and
ydrophilic flow channels. It was found that while the hydrophobic
oating retains water in the landing area, the coating allows water
o “bead-up” into smaller droplets. These smaller droplets are eas-
er to remove from the flow channel which improves high current
ensity performance. Another study by Yang et al. [25], showed that
ydrophilic flow channels enable water extraction from the GDL.
he water coating the wall was driven out by the gas flow. Long
erm degradation needs to be studied as these coatings may  suffer
egradation from PEM fuel cell thermal cycling and freeze–thaw
ycles which may  cause thermal–mechanical stress in the coating
aterial.
This paper examines another aspect of the benefits wettabil-

ty has on flow channels. In the start-up/shutdown of PEM fuel
ells in sub-zero temperature environments, the condensation in
he flow channels and in the GDL can degrade the life and per-
ormance of the cell. Any remaining water in the fuel cell after
hutdown may  undergo significant volume change due to temper-
ture, which can change the hydrophobicity, electrical resistivity,
ermeability, porosity, and other properties in the GDL, as well
s the ionic conductivity, gas impermeability, and mechanical
trength of the membrane [5,26–28]. Thus, water removal prior
o shutdown can potentially improve the robustness and reliability
f the PEM fuel cell. There have been different visualization works
29–35] and in situ experiments with neutron imaging [3,36,37]
o study water droplets behavior in flow channels, as well as
umerical studies [38,39] and visualization work [23,38,40,41] on
ydrophobic/hydrophilic-coated flow channels. In our study, we
erformed in situ experiments on two sets of parallel flow chan-
els coated with a super-hydrophobic and super-hydrophilic layer,
hile imaging the fuel cell with a neutron beam. While this work

erves as another verification of similar work, it is also an interme-
iate step for developing the technique to study water distribution
nd migration in low temperature operation and cold start. Neutron
maging is a powerful non-destructive testing tool that has shown
o be useful in studying in situ fuel cell operations [42]. Fig. 1 shows
he schematic of our test setup. With the quasi-real time images
f the cell running at various operating point, it is possible to see
he distribution and the rate of water production, as well as water
edistribution during the start-up/shutdown process.

In this study, in situ experiments were performed on super-
ydrophilic and super-hydrophobic flow channels. Two  fuel cells
ere assembled, one using a set of non-coated/super-hydrophilic
ow channels and one using a set of non-coated/super-

ydrophobic flow channels. A series of neutron images were taken
t different stages during the purging of the fuel cell. The results
re presented here and followed by a discussion on the effects of
ettability and the implication of the purging test.
2. Neutron radiography and image processing

Complimentary to X-ray, neutron imaging can penetrate metals
but is attenuated by organic materials. Therefore neutron imaging
is suitable for non-destructive inspection of mechanical devices. Its
set up also allows for in situ experiments to be carried out as a series
of 2D raw images, also called radiographs. The neutron attenuation
coefficient of a material, which is its propensity to prevent neutrons
from passing through, depends on its neutron cross-section and is
independent of the atomic number which varies significantly with
different isotopes. As shown in Fig. 2, the level of attenuation is
much greater by water than aluminum.

In order to detect the thickness of water inside the cell the radio-
graphs, shown in Fig. 3, require additional post-processing. Using
a baseline image of a dry fuel cell, an image subtraction from a wet
fuel cell image will result an image of only the water inside the cell.
This principle is derived from the Lambert–Beer law which shows
the relationship between the attenuation of the neutron and the
thickness of a material:

I  = I0 e−˙x

where I0 is the incident neutron flux and I is the transmitted neu-
tron through the thickness, x, of a given medium with a probability
per unit path length, ˙,  that a neutron will interact as it moves
about in a medium. With an image of a dry fuel cell, I1, and an
image of a wet  fuel cell, I2, given the material properties of the fuel
cell and water, denoted with a subscript C and W, respectively, the
resulting image can be expressed as

I1 = I0 e−[˙C xC ]

I2 = I0 e−[˙C xC +˙W xW ]

After rearranging the terms, the subtraction operation follows
as

[˙CxC + ˙W xW ] − ˙CxC = ˙W xW = − ln
(

I2
I0

)
+ ln

(
I1
I0

)
= ln

(
I1
I2

)

The operation is partially automated in MATLAB using the imdi-
vide command in the Image Processing Toolbox. In addition, a
calibration block filled with a known thickness of water is also
included in the images for estimating the thickness of water to
correct for the power fluctuation of the nuclear reactor. A custom
color map  is used to render the post processed images to enhance
the results.

3. Experimental setup

The experiments and imaging were performed at the McClel-

lan Nuclear Radiation Center (MNRC), a facility operated by
the University of California, Davis, in the facility’s Bay 3 beam
line. The MNRC’s neutron beam has a thermal neutron flux
rate of 4.6 × 106 n cm−2 s−1 and a fast neutron flux rate of
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ig. 1. In situ setup for neutron imaging of a fuel cell. The neutron beam penetrates t
n  MATLAB.

.2 × 106 n cm−2 s−1 at the reactor’s operation point of 1 MW.  The
eam aperture is 4 cm (1.54 in.) with an L/D ratio of 175. A 100 �m
cintillation screen is used for light emission into the Apagee Alta
amera, equipped with a 2048 × 2048 13 �m pixel imaging array
o capture the digital radiograph. The camera is fitted with a Nikon
05 mm f/2.8 lens at 25 s exposure times.

To maximize the contrast of the desired image, aluminum is
sed to construct the fuel cell mono-polar plates since it has a

ow neutron attenuation coefficient. However, there is a trade-
ff between cell performance due to the higher contact resistance

ith the oxide layer and the high neutron penetration to produce
igher contrast images. A cell using untreated aluminum bipolar
lates has a one-third the current density compared to a cell using
ickel-coated aluminum bipolar plates. At the time of this work,

ig. 2. Neutron attenuation of common materials. The x-axis shows the thickness require
uch  higher attenuation than aluminum.
l in the thickness direction. The image is captured by a CCD camera and post-process

the super-hydrophobic and super-hydrophilic coatings were well
developed for applying on aluminum, thus we  decided to proceed
with aluminum bipolar plates for the experiments. Two fuel cells
were prepared, each with only the right-half of the flow field coated
with either the super-hydrophilic or super-hydrophobic coating,
leaving the left-half of the flow field untreated. Fig. 4 shows the
schematic of the steps in the fabrication process. Prior to fabri-
cating the bipolar plates, specimens were made with the same
material to check the wetting characteristics. The contact angle
was measured using the specimens, but not on the bipolar plates.

To prepare the super-hydrophilic surface, the flow channels were
sandblasted and anodized in a 0.3 M concentration of oxalic acid
at 40 V and 25 ◦C over 12 h. This process increases the surface
roughness of the aluminum making the plate super-hydrophilic.

d in cm to remove 50% of the thermal neutron from the beam. Noted that water has
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ig. 3. Raw image captured by the CCD camera. The image includes a calibration
lock for measuring the water thickness inside the fuel cell and to calibrate for the
uctuation of the reactor power.

o achieve a super-hydrophobic coating, a self-assembled mono-
ayer (SAM) was coated on the surface of flow channels using HDFS
heptadecafluoro-1,1,2,2-tetrahydrodecyl) trichlorosilane [43,44].
inally, the aluminum oxide layer was removed along the top of the
anding areas where the plates make contact with the GDL. Fig. 5
hows the SEM images of the hydrophilic bipolar plates after sand
lasting to create micro-size roughness and anodization to create
ano-size roughness respectively. Fig. 6 shows the behaviors of
ater on the bipolar plates with different wettability. The anode

nd cathode channels are 0.8 mm wide and 1 mm deep, as well as
he header and footer channels connecting the parallel channels.
he cells have a 48 cm2 active area with 35 parallel flow channels
orming the entire flow field. The inlets were purposely routed on
he coated sides of the cells to prevent large slug formation which
ould block the exits, therefore creating dissimilar running con-
itions for the two cells. Furthermore, since the coatings on the
anding area where the flow channels make contact with the GDL
ave been removed, the hydrophobicity of the individual channels
hould not have significant impact on the extraction of water from
he GDL when the cell is at idle.

Fig. 5. SEM images of (a) surface after sand blasting, an
Fig. 4. Fabrication steps for producing the super-hydrophobic and super-
hydrophilic coating on the bipolar plates.

The cell used a SGL 10BC carbon GDL and an Nafion 112 MEA
with platinum loading of 0.4 mg  cm−2 on both sides. After the com-
pletion of a break-in cycle to hydrate the membrane, the fuel cell
was brought to a wet initial condition before performing the purg-
ing experiment by running it at 0.3 V constant voltage for 20 min.
This ensured both the MEA  and GDL had sufficient water. Exter-
nal heaters were placed in the cell to maintain 80 ◦C operating
temperature prior and during the purging to avoid the effects of

condensation. The Arbin Fuel Cell Test Station (FCTS) was used to
control the experiment which was programmed to supply fully
humidified fuel and oxidant stream to the fuel cell. At 0.3 V constant
voltage operation, the cell gave a 300 mA cm−2 current density with

d (b) surface after sand blasting and anodization.
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ig. 6. Using water droplet to check wettability in channel: (a) hydrophilic surface –
n  channel, and (c) super-hydrophobic surface – water cannot enter into channel.

he FCTS providing the minimum fuel flow rate at 80 sccm and oxi-
ant flow rate at 160 sccm. The minimum flow rate is limited by
he mass flow controller used and the resolution of the digital-
o-analogue converter of the DSP used in the FCTS. This minimal
ow rate gives an equivalent of 0.05 m s−1 gas flow rate in the fuel
hannel and 0.08 m s−1 in the oxidant channel. This flow rate is not
ufficient to dry the water in the flow channel or from the GDL, and
ooding is expected to occur. After the 20 min, all gas to the cell is
hut-off.

An image was taken of the wet cell, its initial reference state,
nd then the cell was subjected to a sequence of six purge steps,
0 s each, with 20 ◦C nitrogen at various flow velocities. The gas
elocities used in these experiments were chosen from an anal-
sis of related purge test studies [3,19,25,40,45,46].  Borrelli et al.
45] showed the removal of channel area water droplets from a
uperficial velocity of 0.7 m s−1 to 10 m s−1 in a single flow channel
athode mock cell. Though they gained insight into surface water
emoval, such optical methods using Lexan based plates have lim-
ted effectiveness on characterizing internal GDL water migration.
ur test examines these studies’ lower range of purge velocities

panning from 1 m s−1 to 4 m s−1 and analyzes the effectiveness of
DL water removal. The lower range was chosen due to the limi-

ations of our system. After the purging stages, each cell was then
ried thoroughly and a final dry image was taken for post process-

ng purposes. The images were then post processed in MATLAB.
he raw digital radiographs were first transformed into attenua-
ion radiographs. The image of interest was then subtracted by the
ry image to show the remaining water in the cell.

An estimation of water thickness throughout the flow-field was
ttained using calibration block attenuation data. The camera sen-
or is prone to noise during radiation exposure, which tends to
e more detrimental to image quality in regions of lower signal

ntensity. Since the water content in these cells is relatively low
esulting in weaker signals, noise was an initial concern. However,
ased on this data set, the attenuation profiles were very reason-
ble and consistent, containing minimal noise samples, so very
ittle filtering was needed. One observation was that the landing
reas, which have no coating, should have about the same amount
f water trapped over them in both the super-hydrophobic and
uper-hydrophilic cells, at least initially. This trend was  shown
o be consistent and their amounts are graphed in Fig. 7. For the
otal mass calculation of the coatings, only the coated regions were
ccounted for in the MATLAB summing program.

. Experimental results and discussion
Fig. 7 shows one set of images of the two fuel cells purged
ith nitrogen, specifically at 1 m s−1 and 4 m s−1 per chan-
el. The non-coated/super-hydrophobic and non-coated/super-
ydrophilic images at various purge gas velocities are shown
r adhere to channel and land, (b) super-hydrophilic surface – water spreads quickly

side-by-side for comparison. The difference in coatings may  affect
the flow conditions in the non-coated sections, therefore it is
desirable to proceed comparing the coated to non-coated surface
effects first and then examining the differences between the coated
region’s results. The larger manifolds of the cells reduced these
effects by ensuring reasonably even flow distribution [47]. The fol-
lowing examines each scenario.

4.1. Super-hydrophilic/non-coated

These images show a progression of water removal as expected
from a super-hydrophilic surface with a 1 m s−1 and 4 m s−1 purge
gas velocity. In both the 1 m s−1 and 4 m s−1 wet cell, no large slugs
are present on the super-hydrophilic side. This may be due to water
forming a thin layer along the channel, rather than a slug, as a result
of water trying to maximize its surface area. The non-coated side
shows a different distribution with the presence of a large slug in
the upper left portion of the flow field under the 1 m s−1 conditions,
a factor that can lead to performance instability in larger stacks
[48–50]. Though both sides show water build up at the channel exits
a closer look shows the super-hydrophilic side to have a very even
distribution of water content in each channel, under both velocity
conditions. This water may  be as a result of gravity induced col-
lection, condensation and or GDL water rejection. The non-coated
exit regions appear much more randomly distributed with some
channels containing close to no water and others plugged more sig-
nificantly. At 30 s in the 1 m s−1 run the slug has been removed and
another has formed in the center of the non-coated side. The super-
hydrophilic side water levels have dropped a bit and continue to do
so over the course of the purge until at 120 s they are basically gone.
In the case of the 4 m s−1 conditions water seems to be sufficiently
removed at 60 s on the super-hydrophilic side. A noted difference
of the non-coated sides is that during the slower velocity purge,
water vacated the super-hydrophilic side channels several seconds
before the non-coated side while at the higher velocity both sides
were dried at a relatively equal rate, with the super-hydrophilic
side actually maintaining traces of small scale water at the exits.
In general the super-hydrophilic layer results in a thin coating of
water along the channel walls, in which purge gas can easily bypass
making it difficult to remove. The non-coated side water, in slug
and droplet form, is more easily pushed out by purge gas. The
hydrophilic layer in the flow channel, while maybe useful for pre-
venting channel flooding during run conditions, is detrimental to
cell purging.

4.2. Super-hydrophobic/non-coated
With the purge gas velocity from 1 m s−1 to 4 m s−1 on the super-
hydrophobic surface, water droplets were easily pushed out of
coated side channels because of the large contact angle between
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Fig. 7. The drying progress of the non-coated/hydrophobic and non-coated/hydrophilic flow channels. These images have been post-processed to enhance the visibility of
the  water remaining in the cell. Green dots indicate inlet while red indicates outlet. The color scale corresponds to the know water thickness taken from the post processing
of  the calibration block is shown on the bottom as reference. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of
the  article.)
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he droplet and the channel wall. Smaller droplets forming on the
uper-hydrophobic channel surface have an increased mobility in
he cell and are easily guided out by gas flow. In addition to the mov-
ng gas, gravity may  have also contributed to removing the water
n the coated channels. The result of these combined phenomena
eft close to no water in the super-hydrophobic cell channel areas
rior to the purge. Regarding the previously discussed effects that
he coated side design has on the non-coated side design; large
lugs seen plugging the non-coated side may  be a result of the
urge gas bypassing the plugged non-coated channels and flow-

ng through the unobstructed super-hydrophobic channels. Slugs
n the non-coated channels are difficult to purge under all velocity
onditions, while the purging of the super-hydrophobic channels is
ery effective. The extent of slug formation in the non-coated chan-
els indicates that hydrogen and air gas velocities from 1 m s−1 to

 m s−1 were insufficient to compensate entirely for these coating
ffects completely. The progression of the purging process shows
he rate of which the water is removed from the cell is similar in all
elocity conditions. Further evidence can be found by computing
he mass of water inside the cell, which will be described in the
ext section.

.3. Super-hydrophobic/super-hydrophilic mass calculation

Fig. 8 shows a schematic which describes how both super-
ydrophobic and super-hydrophilic coated channels tend to
ehave during purging. Water droplets formed in the non-coated
hannels adhered to the walls and blocked the gas flow. This is evi-
ent in the images after 120 s of purge for the non-coated sides,
here water slugs remained in the channels under all velocity

onditions. On the other hand, the super-hydrophobic coated chan-
els cause droplets to bead and shed off the wall quickly, which

s advantageous for preventing flooding. The super-hydrophilic
oated channels reform the droplets into a film along the walls
llowing gas to flow past, though now through a reduced cross
ectional area. To best compare the two, we have estimated the
mount of water in the cell by correlating the attenuation level
o the known water thickness to attain a summation of the water
ass.
Graphs in Figs. 9 and 10 show water amounts in the flow

hannels and over the landings, respectively. The general trends
iscussed in the literature [51–53],  relating increased purge times
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ig. 9. Both cells show the amount of water in the flow channels decreases over time. The
n  improving the removal of water in the channels.
Fig. 8. The behavior of water droplet in the three types of channels in the experi-
ments.

and higher velocities to increased water removal, were validated
by our results. It was important to keep the running conditions and
exposure time of the cell consistent in the experiment to show the
overall cell behavior, the results reported here are from a single
trial without averaging. The test cell was  pre-run with the same
procedure in order to achieve a similar initial condition. The initial
water content could dramatically impact the results, but the gen-
eral trend and effect of the purging gas velocity were preserved in
the experiment. The dynamics of the water removal were differ-
ent during the various stages of the experiment. For example, in
the first few seconds of the purging, the water slugs were pushed
out by the purging gas. Then, the remaining water was be removed
via diffusion, evaporation, and or dragging of droplets due to fluid
friction from the moving gas. Regarding each cell’s initial condi-
tions just prior to purge, the super-hydrophilic cell contained more
water than the super-hydrophobic cell. This agrees with our predic-
tions, since super-hydrophilic surfaces tend to hold water better.

At high purge gas velocity, the amount of water decreased signif-
icantly during the first 30 s. At low purge gas velocity, the slower
rate of water removal may indicate the water was extracted by the
dry gas rather than being pushed out. It is difficult to judge from the
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 data suggest both hydrophilic and hydrophobic coatings have similar performance
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ig. 10. The hydrophilic coating has better improvement over the hydrophobic cell i
here  they contact with the GDL, the coatings in the channels may  be helping to re

ass data only if the super-hydrophobic or super-hydrophilic coat-
ng is clearly improving the water removal in the channels because
he amount of water initially in the cell may  be obscuring the results
fter 30 and 60 s into the purging, and they achieve compatible
esults after 180 s. However, also taking into account the water over
he landings suggests the super-hydrophilic coating is improving
he water removal. This may  be because as the purge gas draws the
ater away from the land into the channel, the super-hydrophilic

hannels help to pull the water out from the GDL. Qualitatively,
he purge gas velocities at 3 m s−1 and 4 m s−1 have about the same
esults. Table 2 summarizes the results we mentioned above.

There is another important implication to these results. Assum-
ng the ideal purge gas velocity is 3 m s−1 for 60 s, it requires
pproximately 600 L h−1 gas flow rate for the cells in the experi-
ent. This may  require additional equipment or a purge gas system

n order to properly dry the cell. This may  be difficult or infeasible
n many applications including mobile and transportation usage.
n visualizing the non-coated/super-hydrophobic cell, it would
ppear that the cell has inferior performance. This may  indicate that
igh resistance in the flow channel due to blockage is a more severe
roblem. While the super-hydrophilic coating does hold onto a thin

ayer of water during purging, it helps to thin out the water thus
pening the channel for the purge gas. On the other hand, the super-
ydrophobic coating helps to break up large droplets in the channel
mproving the water removal from the channels. Both seem to be
avorable for removing water in the channel by purging, however,
urther consideration is needed, for example high current density

able 2
omparison of the performance of water removal on different surface conditions.

Low current
density operationa

Purging

Over landings In channels

Hydrophilic ©b + ©c

Hydrophobic + − +
Non-coated − © −
a The results refers to the data at the unpurged condition, which is representative

o  the condition during the operation of the cell.
b The coating did not dramatically cause flooding during the experiments.
c It is difficult to purge the thin film of water on the wall, but water does not form

lugs.
oving water from the landings. Although the coatings were removed on the landings
 the water as it is pushed out by the purging gas.

or recycling water from the cathode to the anode by pressure dif-
ferences, when choosing the appropriate coating method.

5. Conclusion

With water in the flow channels potentially creating problems
during start-up/shutdown and operation in cold environment, it is
necessary to purge the PEM fuel cell to remove the water from the
channels. We  investigated the benefit of the super-hydrophobic
and super-hydrophilic surface modification on the flow channels
for removing water by purging with nitrogen gas, and found that
while the super-hydrophobic coating helps to keep the water con-
tent low in the channels and improve the purging of the water
out from the channels, the super-hydrophilic coating helps to pull
water out of the landings area. Although both surface modification
method seem to improve the water removal over the non-coated
channels, further consideration is needed to choose the favorable
solution.

Further studies are needed to investigate the benefit of the sur-
face modification for larger flow field, and the performance stability
in a stack configuration. Much near term studies are the effects of
orientation and gravity in selecting the appropriate coating meth-
ods, and the combine use of super-hydrophilic coating on the anode
side and super-hydrophobic coating on the cathode side to improve
the water migration through the MEA  by concentration.
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