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Abstract

In-depth understanding of the effect of compression on the water management in polymer electrolyte
fuel cells (PEFCs) is indispensable for optimisation of performance and durability. Here, in-operando
neutron radiography is utilised to evaluate the liquid water distribution and transport within a PEFC
under different levels of compression. A quantitative analysis is presented with the influence of
compression on the water droplet number and median droplet surface area across the entire electrode
area. Water management and performance of PEFCs is strongly affected by the compression: the cell
compressed at 1.0 MPa demonstrates ~3.2% and ~7.8% increase in the maximum power density over
1.8 MPa and 2.3 MPa, respectively. Correlation of performance to neutron radiography reveals that the
performance deviation in the mass transport region is likely due to flooding issues. This could be
ascribed to the loss of the porosity and increased tortuosity factor of the gas diffusion layer under the
land at higher compression pressure. The size and number of droplets formed as a function of cell
compression was examined: with higher compression pressure, water droplet number and median
droplet surface area rapidly increase, showing the ineffective water removal, which leads to fuel

starvation and the consequent performance decay.
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1. Introduction

Polymer electrolyte fuel cells (PEFCs) operating on hydrogen have several advantages compared to
conventional hydrocarbon-based power sources. They have shown significant advances in terms of
performance, efficiency and durability for a wide range of applications. However, there is scope for
further improvements. One of the long-standing challenges to ensuring efficient and reliable fuel cell

performance is accomplishing effective internal water management [1]-[3].

PEFCs require adequate compression to reduce the contact resistance, primarily between the flow-field
lands and the gas diffusion layer (GDL) [4]. Low compression pressure can cause high contact
resistance and gas leakage. On the other hand, excessive compression can lead to higher mass transfer
resistance, resulting in deteriorated cell performance [5]. Thus, an in-depth understanding of the

compression effect is required for optimisation of PEFC performance.

Different methods have been applied to study the compression effects on PEFCs. Polarisation tests [6]-
[8] have shown that the fuel cell performance has a strong dependence on compression, with generally
a lower performance observed at higher (excess) compressions. Electrochemical impedance
spectroscopy (EIS) has been applied to distinguish and separate the different loss mechanisms of the
fuel cell system under different compression states [5] [9]. Generally, high compression ratio results in
lower high-frequency resistance due to lower contact resistance, whereas the low-frequency resistance

increases, as a result of depreciated mass transport.

During the compression process, GDL undergoes a significant morphological change [4], [5]. X-ray
computed tomography (XCT) allows one to resolve the internal structure and inhomogeneity under
controlled conditions. This method has been used to analyse the effects of compression on the
morphological properties of GDL materials, such as porosity, pore size distribution, and tortuosity [10]-
[13]. Studies report that the porosity of GDLs decreased with compression, leading to reduction in
mass transport properties and subsequent cell performance. Numerical simulations have been applied
to investigate the compression effect. Pore networks extracted from synchrotron-based micro-computed
tomography images of compressed GDLs [ 14] were employed to simulate liquid water transport in GDL

materials over a range of compression pressures. They reported an optimum compression state for Toray



GDL material with respect to water management and oxygen diffusion, which are directly associated
with the performance of the PEFC. XCT was used to determine the GDL morphology, which was then
used to generate the pore-network realizations for the numerical model [15]. Their investigations show
that doubling the anode GDL thickness with the increase in interior porosity (similar to the lower
compression ratio) allows more liquid water transport through the membrane and out of the anode. X-
ray micro-tomography has been combined with Lattice Boltzmann numerical modelling [16] to analyse
the pore-scale water transport behaviour under different compression levels. They suggested that the
internal pressure exerted on the carbon cloth GDL should be within 0.3-10.0 MPa to achieve the
optimum transport properties of a PEFC. Above this range, the in-plane and through-plane permeability
of the GDL decrease. In addition to this, several authors have used ex-situ techniques (e.g., XCT [17],
synchrotron X-ray imaging [18], optical visualisation [19] and fluorescence microscopy [20]) to
visualise water content within the compressed GDL. The results indicated reduced water saturation

within the GDL at lower compression ratio.

However, an in-depth study of the compression effect on the water distribution and transport within
operating PEFCs has not been established. Having access to bespoke in-situ and in-operando diagnostic
techniques capable of studying internal water dynamics is key to optimising components and operating
conditions. Of the numerous PEFC water-mapping methods available, neutron imaging is arguably the
most powerful. The high attenuation of neutrons by water [21] and high transparency of neutrons to
other PEFC components, allow for high-resolution measurements of liquid water formation and
transport across the active area. First pioneered by Mosdale et al. in 1996 [22], this technique has been
employed to visualise water in PEFCs for different flow-field designs, current density, temperature,

stoichiometry and relative humidity [23]-[30].

In this work, in-operando neutron imaging is employed to provide a unique insight into the relationship
between the compression pressure and the related internal water management issues. In particular, this
study allows for a detailed quantitative investigation of the effect of compression on the water droplet

number and median droplet surface area across the entire active area. Therefore, this study fills a gap



in the literature and for the first time provides a systematic comparison of the water management within

a PEFC under different levels of compression.

2. Experimental

2.1. Fuel cell design

A closed-cathode PEFC with an active area of 25 cm?® was designed for testing. The cell consisted of
two aluminium current collectors, two graphite flow-fields (Schunk, Germany), a membrane electrode
assembly (MEA), gaskets and two end-plates. The contact angle of the graphite flow-field surface was
measured using a drop shape analyser (Kruss DSA 100, Germany). An 8 puL. drop of deionised water
was placed on the surface of a graphite sample and the static contact angle was measured using built-in
fitting software. The graphite flow-field surface exhibited hydrophilic surface properties with a
measured contact angle of 78.3°. The two current collectors and the anode end-plate were electroless

gold plated to prevent corrosion. An ‘exploded’ view of the fuel cell components is shown in Fig. 1 (a).

A horizontal five-channel serpentine geometry was used for the cathode, and a vertical single-channel
serpentine was used for the anode flow-field, which is shown in Fig. 1 (b). The width, land and channel
depth were all 1 mm. A cross-flow configuration is applied for the gas feed. The anode stream was
directed from the upper left to the lower right corner of the MEA, and the cathode flow direction was
from the upper right to the lower left corner. A 70 um thick sheet of gasket material (Tygaflor) was
used at the interface between flow-fields/current collector and end-plates for electrical insulation. A

Tygaflor sheet was used as gasket to seal the perimeter of the MEA.

The MEA was fabricated in-house by hot pressing Nafion 212 membrane (DuPont, USA) and
ELE00162 Johnson Matthey gas diffusion electrodes (GDL coated with catalyst layer 0.4 mg Pt/cm? at
both sides). The MEA was pressed at 130°C for 3 minutes with an applied pressure of 400 psi. The
GDL contains a Micro Porous Layer (MPL) for enhanced performance of the GDL catalyst layer
interface. The porosity through the medium is ~70% [31]. A laboratory X-ray CT system, ZEISS Xradia
520 Versa (Carl Zeiss, USA) was used to take a longitudinal direction X-ray orthoslice to show the

MEA structure (Fig. 1 (¢)). A source voltage of 40 kV and a field-of-view of 0.67x0.67 mm? were used



for the sample, giving a voxel size of 1.03 pm. A dense phase is observed in the middle region of
orthoslice (Nafion content), and a surrounding much lighter phase (MPL and catalyst). The GDL is at
the both top and bottom of this sample.
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Fig. 1 (a) Exploded view of individual fuel cell components (excluding the MEA, which is between the flow-field plates; (b)
anode and cathode flow-field designs. The channels of the anode flow-field were orientated vertically whereas the cathode flow-
field channels were orientated horizontally; (c) X-ray orthoslice of made MEA.

2.2. Fuel cell compression process

Various compression methods have been established in the literature, such as springs, integrated
bladders and hydraulic or pneumatic presses [4], [5S]. However, by far the most commonly used

technique is applying torque to tie-bolts at the end-plate to compress the PEFC.



Table 1-Parameter change of GDL before and after compression

Compression pressure (MPa) Thickness (pum) Compression ratio (%)
0 (before compression) 210 0
1.0 175 16.7
1.8 155 26.2
2.3 145 31

To study the influence of compression on the water management, three fresh GDLs were compressed
with three different torques; 1.4 Nm, 2.2 Nm and 3 Nm. The corresponding pressure value was
measured using a pressure transducer (Omega, US) as 1.0 MPa, 1.8 MPa and 2.3 MPa, respectively.
This agrees well with previously published works, which uses compression values in the range of 0.5
MPa -2.5 MPa for PEFC assembly [4], [5], [32], [33]. According to the test, 1.0 MPa is the minimum
compression pressure for which no gas leaks occur in the current cell. The thickness change of the GDL
can be used to estimate the change in porosity of the material. A micrometer (RS Pro, accuracy +5 um)
was used to measure the changes in GDL thickness before and after compression (Table 1). The
thickness of pristine GDL (after hot pressing but before compression) is 210 um. Over the compression
range of 1.0-2.3 MPa, the decrease in thickness of the GDL material observed equates to a compression
ratio of ~31%, which is within the range previously reported for single PEFCs (10-60%) [5], [12] [17]

[19] [20].

2.3 Fuel cell testing

In-house designed fuel cell rig and control software (LabVIEW, National Instruments, USA) were used
to test PEFC (air, hydrogen, and the load) and record the data through communicating with a data
acquisition card (DAQ card, USB 6363, National Instruments, USA). The PEFC was operated in the
absence of gas humidification. Such operating parameters are chosen to alleviate excess flooding. The
anode and cathode stoichiometric ratio were maintained at 1.5 and 2.5, respectively. The flow rates of
gas inlets were controlled using two calibrated digital mass flow controllers (Bronkhorst, UK). The
PEFC was operated at ambient temperature. The cell ohmic resistance was measured by
Electrochemical Impedance Spectroscopy. The current was drawn from the fuel cell using a DC

electronic load (PLZ664WA, Kikusui).



2.4 Neutron imaging

All experiments were conducted at the cold neutron radiography (CONRAD) beamline facility at
Helmholtz-Zentrum Berlin (HZB). The beam is formed by a neutron guide and an additional collimation
system, and is transmitted through the PEFC. The detector consisted of a CCD digital camera (Andor
DW436N-BV) facing a LiF/ZnS neutron scintillator screen. The neutron scintillator converts neutron
flux into light emission, which is then detected by the CCD camera. The cell was placed in through-
plane orientation to the beam to visualise liquid water across the entire active area. An imaging field-
of-view of 56x67 mm? with a pixel size of 26 um was attained using the imaging set-up developed by

Kardjilov et al.[34]. Each image was taken with an exposure time of 5 s.

To isolate generated liquid water from the rest of the fuel cell components, images taken during cell

operation were normalised to a dry fuel cell image taken at the beginning of each experiment. &

water
the total water thickness of each image, could be calculated using the following equation by inverting

the Beer-Lambert law:

5 _ /1)

waer: 1
: . ()

water

where ¢ refers to the attenuation coefficient of neutrons in liquid water, measured in the given setup

at 5.3 cm’!, I is the intensity of the reference image (without water), which was taken after the dry gas
was flowing through both sides of the cell for 10 min before each experiment. While / refers to the

intensity of the ‘working’ image, which was taken during cell operation.
3. Results and discussion

To study the effect of compression on the cell performance, current sweep experiments were carried
out in steps of 50 mA c¢cm? for 10 min per point from 50 to 1100 mA cm until the voltage fell below
0.4 V. Each polarisation was repeated twice and averaged. The corresponding cell current density,

voltage and neutron imaging results were recorded simultaneously.
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Fig.2 Effect of compression (1.0, 1.8 and 2.3 MPa) on (a) polarisation performance and (b) ohmic resistance.

Fig. 2 (a) compares the cell performance under different compression pressure. In general, the cell with
higher compression pressure tends to perform worse, which agrees with other experimental studies [5]-

[7]. At low current densities (<200 mA cm?), the performance difference between the three

compression pressures is minimal, but diverges with increasing current density. The cell compressed at
1.0 MPa exhibits ~0.4% and ~0.9% increase in performance over 1.8 MPa and 2.3 MPa at 50 mA cm
2, and ~3.8% and ~9.9% at 1100 mA c¢cm™, respectively. Fig. 2 (a) shows a decrease in maximum power
density in the PEFC compressed at higher pressure, with the highest value recorded at a cell compressed
at 1.0 MPa (491.4 mW cm?), followed by 1.8 MPa (478.9 mW ¢m™) and 2.3 MPa (458.0 mW cm?).
The performance deviation in the mass transport region is possibly due to flooding or its resultant fuel
starvation. Another possible explanation could be due to the loss of the porosity of the GDL under the

land at higher compression pressure [10]-[13]. Both effects could contribute to the loss of performance.

Fig. 2 (b) shows the ohmic resistance as a function of average current density. In all cases, a higher
current density results in a decrease in ohmic resistance as the membrane hydrates more from elevated
water generation. Additionally, the increasing compression pressure lead to the decrease of ohmic

resistance and this is associated with the improved contact between GDL and flow-field.

This implies that there are two competing factors working in opposition: High compression pressure

could reduce the cell ohmic resistance, but on the other hand, it renders the loss of the porosity of the



GDL under the land and worsen the water accumulation in the PEFC, leading to the higher mass
transport resistance [S]. Therefore, it is a trade-off between ohmic resistance and the mass transport
resistance. However, because the mass transport resistance is significantly larger than the ohmic
resistance [5], it is therefore recommended that a minimum cell compression is required to ensure gas-
tight operation and reduced ohmic resistance, above which further compression leads to mass transfer

limitations and cell performance decrease.

A set of neutron radiographs are presented in Fig. 3 in order to visualise the water evolution with time
in the cell. The PEFC was compressed at 1.0 MPa and operated galvanostatically at 600 mA ¢m™ over
18 minutes. The original neutron radiographs (grey scale) were colored with a yellow/blue mask for

guidance (where blue indicates liquid water).
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Fig. 3 Neutron image series of the water thickness distribution in the PEFC compressed at 1.0 MPa. The cell
was operated at galvanostatic mode of 600 mA cm™,



The horizontal five-channel serpentine geometry of the cathode and vertical single-channel serpentine
at the anode (as seen in Fig. 1 (b)) makes it possible to distinguish which electrode the water belongs
to. Fig. 3a (~50 s after the current was first drawn) shows no water in the flow channels. This is due to
the time required for water generated at the cathode to be transported through the GDL into the channels.
Fig. 3b (~100 s) shows liquid water begins to emerge and distribute in the flow channels in the form of
small droplets and surface film (85-220 pm). Fig. 3b shows that the water is not uniformly distributed
across the active area and it mainly resides in the cathode (horizontal channels). This was identified in
other neutron imaging studies [21], [23]-[28], [35], and is due to water that has been electrochemically
generated at the cathode and that transported from the anode to cathode via electroosmotic drag. Water
accumulation in the anode during dry gas operation only occurs when the rate of back-diffusion
surpasses the rate of water removal [36], [37]. However, the stoichiometry (1.5 at the anode) used in
the current test provides high gas velocity through the channel, leading to effective liquid water removal.
Fig. 3c shows more liquid droplets appearing on the cathode channel walls (solid red arrows, 105-230
um). One explanation for this is that the lands are cooler than the open-channel/GDL areas [27], [38].
Consequently, water vapor preferentially condenses under the land and liquid water starts protruding
into the channel once the region under the land is saturated. Additionally, liquid water was observed
around channel bends (dashed black arrows, 120-260 um). This is a well-known feature of serpentine
flow-fields [39]-[41], and it is attributed to the decreasing channel-to-channel pressure gradient near the
bend and /or flow detachment/instability. With time, water accumulation slows down and approaches

steady-state condition, as seen in Fig. 3 (d-f).

Fig. 4 (a) compares the averaged liquid water thickness distribution (rather than a particular time) in the
PEFCs under different compression pressures (1.0 MPa, 1.8 MPa and 2.3 MPa, respectively) operated
galvanostatically at 600 mA cm™ (average current density) over 18 minutes. An increase in water
accumulation with compression pressure is observed, with the highest liquid water accumulation
recorded at a cell compression of 2.3 MPa (110-370 um), followed by 1.8 MPa (110-325 um) and 1.0

MPa (105-280 um).
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Fig. 4 Effect of compression (1.0, 1.8 and 2.3 MPa) on (a) averaged liquid water thickness distribution, (b)
evolution of accumulated water mass and (c) potential during galvanostatic operation at 600 mA cm?,

The mass of accumulated liquid water in the PEFC was calculated from the averaged neutron image by
integrating the localised water thickness across the entire active area to evaluate the effect of
compression on total liquid water content. For example, a 25 ¢m? active area PEFC will generate a

water mass of 1.51 g after 18 min of galvanostatic operation at 600 mA c¢cm (average current density).

As seen in Fig. 4 (b), in comparison to the cell compressed at 1.8 MPa and 2.3 MPa, which exhibited
significant liquid water accumulation, much less water is present in the cell compressed at 1.0 MPa for
the duration of the current hold. The total mass of accumulated liquid water in the cell compressed at
1.8 and 2.3 MPa exhibits ~19.5% and ~44.1% increase, compared to the cell compressed at 1.0 MPa.

The result indicates an elevated susceptibility to flooding with increased compression pressure.

One feature shared amongst the three compression pressures is that the dynamics of water accumulation,

which comprises three main stages: a first stage with slow water accumulation (< 50 s), a second stage



with rapid water accumulation (50 s < ¢ < 300 s), and third stage approaching steady-state condition
where the water accumulation slows down or slightly decreases (> 300 s). This trend agrees with a
previous study which examined the liquid water build-up and the time evolution recorded by neutron

radiography [35].

Removal and prevention of liquid water build-up in the PEFC is required to maintain a steady and
reliable performance. Fig. 4 (c) shows the voltage evolution of each cell with different compression
pressure during galvanostatic operation at 600 mA cm?. Correlation of performance to neutron
radiography reveals that the accumulation of excessive liquid water in the cell compressed at 1.8 MPa
and 2.3 MPa is the cause of flooding and subsequent performance deterioration. The cell compressed
at 2.3 MPa showed severe performance deterioration after 440 s, revealing ineffective liquid water
removal. On the contrary, the cell compressed at 1.0 MPa exhibits higher and more stable performance
as a result of effective water management. This feature is in agreement with Fig. 4 (a), which shows
that more liquid water accumulates at higher compression. It is anticipated that the liquid water removal
is partially impeded due to the loss of the porosity and increased tortuosity factor of the GDLs at higher
compression pressure. Compression also affect the capillary transport in the GDL. This relationship

could be extracted using the Young-Laplace equation [42], [43]:
2
P = (—7) cos@ )
r

where r is the pore radius of GDL, y the surface tension and 6 the contact angle of liquid water on the

solid surface of the GDL pore wall.

This implies that capillary pressure is inversely proportional to the pore radius of GDL. Therefore,
higher compression pressure leads to the smaller pore radius of GDL [10] and consequent higher

capillary pressure, hindering effective water removal from the PEFC.

The emergence of excess liquid water into the gas channels can induce local blockage of gas channels
and hinder reactant transport [44]. Therefore, a detailed quantitative investigation of the water droplet

number and droplet surface area in the flow channels is of value. To this end, liquid water needed to be



segmented from the ‘raw’ neutron images. Here, the post-processing and image segmentation were
performed using Avizo 9.0 software (Thermo Fisher Scientific, US). The averaged liquid water
thickness distribution (compressed at 1.0 MPa) during constant current operation over 18 minutes at

600 mA c¢cm™ (same as the one on the left of Fig. 4(a)) is given on the left of Fig. 5 as a sample image.
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Fig. 5 Determination of suitable parameters for the quantitative investigation of the water droplet number and
surface area. A sample neutron image was given on the left (both the complete cell and a magnified cut out).
Right: Cut out of detected droplets using (A) three different threshold values for the water thickness and (B)

three different values of the minimum pixel-based area with a threshold thickness of 100 pm.

The threshold algorithm in Avizo was used to segment the water droplet from the filtered sample image.
By applying a threshold for the water thickness, any water droplets with thickness above this value were
sieved. The thickness value must be chosen appropriately. On the one hand, it is not possible to
distinguish single water droplets from one another for unreasonably small thickness (see red arrows in
Fig. 5 A). On the other hand, if the threshold is too high, some water droplets shown in the sample
image no longer appear in the resulting images (see black arrows in Fig. 5 A). The effect of different
thickness is shown in Fig. 5 A. As a good compromise, a threshold value of 100 um has been used for
the sample image. A minimum lateral pixel-based area was chosen to select the water droplet and further
remove the noise. This value was set to 10 pixels (equivalent to 6.76x10° um?). The effect of different

pixel numbers can be seen in Fig. 5 B.



Note that a water droplet was only selected if both criteria have been satisfied: The thickness of the
water droplet is above 100 um and its lateral pixel-based area is larger than 6.76x10° pm? which means
not all the water is shown in the sample image fits. This method is suitable for qualitative investigation
of droplet size distributions and the transport behaviour from the GDL into the channel, which has been
employed to study the effect of ageing of GDL on the water distribution in flow-field channels of PEFCs,

for example [45].

Subsequently, the number and surface area of the water droplets in the flow channels of PEFCs
compressed at different pressure are determined with the ‘label analysis’ function in Avizo. The data in
Fig. 6 is based on the averaged liquid water thickness distribution (compressed at 1.0, 1.8 and 2.3 MPa
respectively) during constant current operation over 18 minutes at 600 mA cm™ (same as Fig. 4(a)).
The median of the droplet size distribution is indicated by a solid black line in Fig. 6 (a), whereby 50%
of the water surface area appears in smaller and 50% in larger droplets. The median droplet surface area
in the cell compressed at 1.8 and 2.3 MPa demonstrates ~12.9% and ~76.9% increase, compared to the
cell compressed at 1.0 MPa, meaning that larger water agglomerations form with increased compression
pressure. Besides, the dashed red line in Fig. 6 (a) reveal that the number of water droplets in the cell
compressed at 1.8 and 2.3 MPa demonstrates a ~21.2% and ~61.2% increase, compared to the cell

compressed at 1.0 MPa, indicating ineffective water removal.
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Fig. 6 Effect of compression on droplet number and median surface area (a), droplet surface area
distribution in four classes (b), their corresponding location (c¢) and distribution of droplet surface areas in
size order (d). The ‘S’ in (b) and (c¢) denotes surface area of droplets.

Fig. 6 (b) shows the effect of cell compression pressure on the droplet surface area distribution. The
water droplets are categorized into four classes according to their surface area. The number of droplets
within the four surface area classes is plotted on the ordinate axis. Fig. 6(b) shows the surface area of

most droplets (86%, 85% and 84% of droplets in cells compressed at 1.0 MPa, 1.8 MPa and 2.3 MPa,



respectively) falls within the range of 10* to 10° pm?, which is similar to the droplet size distribution in
[45]. Fig. 6 (b) also indicates that the higher compression pressure leads to more droplets in all the four
different surface area classes. Furthermore, the ‘sieve’ function implemented in Avizo was employed
to group averaged liquid water distribution in the cell compressed at different pressures into the same

classes in Fig. 6(b). The corresponding location of droplets is shown in Fig. 6(c).

Some general points can be noted about the nature of the droplets falling into each size category. For
<10* um?, these droplets are difficult to distinguish in the figure as printed, but are mainly composed
of a thin film primarily located at channel wall locations. For 10* to 10° um? the drops are
approximately spherical in shape and also located at channel wall locations. These drops could be
considered to be the seeds of the larger drops (10° to 10° um?) that are still located at the channel wall
boundaries but have grown / coalesced to form elongated slugs. Finally, the drops above 10°® pm
represent areas where the channel width is completely filled with liquid water; a greater proportion of

the channels are filled over time.

While there is a common trend of greater number of water droplets formed in each droplet size category
with increasing cell compression, the <10* pm? and 10* to 10° um? ranges are similar in the amounts of
water present for each droplet size. Fig. 6(d) shows the distribution of droplet areas in size order for
each cell compression. It can be seen that the smallest ~340 drops in all cell compressions have the
similar surface area size distribution (up to ~2x10° pm?). However, beyond this number, significantly

more drops form in the larger size ranges with increasing cell compression.

There are a number of possible reasons for this drop-size dependence with cell compression behaviour,
involving mechanisms under the lands and in the channels. As the cell is compressed, two general things
occur: the GDL under the land thins and the porosity is reduced; the GDL under the open channel
protrudes into the channel in a process known as ‘tenting’[5]. Increased compression reduces the ability
of the GDL under the land to accommodate water, making it more likely to eject into the channel. The
protrusion of GDL fibers into the channel forms a ‘groove’ at the interface with the side channel walls

which can accommodate liquid water pooling more effectively. Additionally, given the GDL fibers



entrance into the channel, the channel depth is reduced, and therefore a same volume of water will be

expanded in the channel direction resulting in elongated slugs.

Graphite based flow-fields are used in this study, making the system representative of many fuel cell
systems. However, it is well known that the nature of the channel wall material (specifically its
roughness, and hydrophilic/phobic nature, can affect the way in which water wets and accumulates in
channels [46], [47]. This must, therefore, be considered when considering the water management of any

given system.

Conclusion

The liquid water distribution and transport within a PEFC under different compression pressures has
been investigated using in-operando neutron radiography. Subsequently, a quantitative analysis is
presented with the influence of compression pressure on the water droplet number and median droplet
surface area across the entire active cell area. This study provides, for the first time, unequivocal
experimental validation of previously conducted numerical simulation and ex-situ measurements of the

effect of water management in PEFCs as a function of cell compression.

The results revealed that the water management and performance of PEFCs is strongly affected by
compression: the cell compressed at 1.0 MPa demonstrates ~3.2% and ~7.8% increase in maximum
power density over 1.8 MPa and 2.3 MPa, respectively. Correlation of performance to neutron
radiography reveals that the performance deviation in the mass transport region is likely due to flooding
issues or its resultant fuel starvation. During galvanostatic operation at 600 mA c¢cm, the averaged mass
of accumulated liquid water in the cell compressed at 1.8 and 2.3 MPa demonstrates ~19.5% and ~44.1%
increase, compared to the cell compressed at 1.0 MPa. This is possibly ascribed to the loss of the
porosity and increased tortuosity factor of GDL fibre microstructure under channel lands and protrusion
of GDL fibres into open channels. Furthermore, greater insight has been gained about the size, number
and location of droplet formation as a function of cell compression. The median droplet surface area in
the cell compressed at 1.8 and 2.3 MPa demonstrates ~12.9% and ~76.9% increase, compared to the

cell compressed at 1.0 MPa. As for the water droplet number, it increases by ~21.2% and ~61.2%



compared to 1.0 MPa, indicating the liquid water removal is partially impeded at higher compression
pressure. It is therefore recommended that a minimum cell compression is required to ensure gas-tight
operation and reduced contact resistance, above which further compression leads to excess water

accumulation and mass transfer limitations.
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