
International Journal of Hydrogen Energy 38(5), 2443-2454 (2013) 
 

In-plane Neutron Radiography for Studying the Influence of Surface 
Treatment and Design of Cathode Flow Fields in  

Direct Methanol Fuel Cells 
 

A. Schrödera, K. Wippermanna*, T. Arltb, T. Sandersc, T. Baumhöferc, N. Kardjilovb, J. 
Mergela, W. Lehnerta, D. Stoltena,d, J. Banhartb, I. Mankeb 

 
aInstitute of Energy and Climate Research, IEK-3: Fuel Cells, Forschungszentrum Jülich 

GmbH, 52425 Jülich, Germany 
bHelmholtz-Zentrum Berlin GmbH, Institut für Angewandte Materialforschung, Hahn-

Meitner-Platz 1, 

14109 Berlin, Germany 
cInstitute for Power Electronics and Electrical Drives (ISEA), RWTH Aachen University,  

Jägerstraße 17–19, 52066 Aachen, Germany 
dChair for Fuel Cells, RWTH Aachen University, Germany 

 

The influence of surface treatment and design of cathode flow fields in direct methanol 
fuel cells was investigated by in-plane neutron radiography and measurements of cell 
performance and pressure drop along the cathode channels. A specially designed test cell 
and neutron radiography set-up allows for studying the water distribution in an in-plane 
viewing direction. A temporal resolution of down to 10 s was used while an image 
resolution of approximately 80 µm could be obtained. The cathode flow fields were either 
impregnated by a hydrophobizing or hydrophilizing agent or left untreated. It turned out 
that hydrophobic channel walls lead to the formation of large water droplets, which 
partially block the air flow in the cathode channels. Their periodical growth and 
discontinuous removal leads to an unstable and fluctuating operation. Hydrophilized 
cathode flow fields, on the other hand, ensure a stable operation due to removal of excess 
water by a continuous water film. Two different cell designs including untreated cathode 
flow fields with either dual-channel or grid design were compared. The grid flow field 
was superior with regard to the stability of cell performance and less prone to the 
formation and removal of water droplets.  

 

1. Introduction 
The continuous removal of liquid water from the cathode channels of direct methanol fuel 
cells (DMFCs) is a critical issue. For example, large water droplets formed in the channels 
hinder the transport of oxygen to the active sites [1]. This may not only cause a substantial 
loss of performance but also an uneven current distribution and unstable operation and 
eventually enhance degradation [2-4]. From the literature it is known that the wetting 
properties of the cathode channels of polymer electrolyte fuel cells (PEFCs) largely determine 
the process of water removal [5-21]. A recent study of ours revealed that hydrophilic DMFC 
cathode flow fields are advantageous with regard to higher power densities, suppression of 
local current fluctuations and substantial reduction of pressure drop along the cathode 
channels [12].  

Several methods have been reported in the literature to observe the CO2 and water distribution 
in situ under operating conditions of PEFCs and DMFCs. Some authors used cells with a 
transparent cover to observe the carbon dioxide evolution and the two phase flow behaviour 
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visually (see e.g. [5, 22-24]). Applying transparent covers is a straight-forward method, but 
requires substitution of flow field materials like graphite or steel by acrylic glass. Another 
method is magnetic resonance imaging (MRI) [25-27]. However, this method is not suited to 
investigate water in a large metallic containment and is also strongly distorted by the large 
amount of Pt used in DMFC catalysts.  

A promising and widely used method is neutron radiography. [10, 28-39]. A very important 
advantage of this method for fuel cell research is the high sensitivity to hydrogen-containing 
matter. Small amounts of product water can be detected very precisely [40]. A general 
limitation of radiography is that it is only sensitive to the lateral density distribution and 
integrates over the direction parallel to the beam, which is why two different viewing 
directions are used: The radiation can penetrate the measuring cell either from the front 
(through-plane) or from the side (in-plane or cross-section) [34, 41-43]. Neutron (and also X-
ray) tomography – on the other hand – provide full 3D images of the media distribution in a 
fuel cell, but with the disadvantage of very long data acquisition times [44-46]. In spite of 
restrictions with respect to availability and temporal and spatial resolution, neutron 
radiography has a number of advantages. As in low temperature PEFCs, the fluid distribution 
in DMFCs can be analyzed in nearly unmodified measuring cells during operation since the 
attenuation of the beam by the aluminum end plates and graphitic flow fields used in this 
experiment is sufficiently low. Depending on the research interest, priority can be given to a 
short exposure time or a high spatial resolution. 

The in-plane viewing direction allows for a targeted, separate observation of the flow field 
channels and the individual layers of the membrane electrode assembly (MEA) [19, 31, 34, 
36, 41, 47-51]. Due to the low thicknesses of the diffusion layers and the membrane in the 
range of one tenth of a millimeter, the requirements concerning spatial resolution is high. 
Recently, various groups reported on improvements and spatial resolutions around 10 µm can 
now be achieved [2, 41, 47, 52-56]. However, such high spatial resolutions lead to extended 
exposure times of up to several minutes, which can be too slow for studies of the fast water 
exchange processes inside the MEA.  

In addition to processes within the membrane, transport processes can also be observed in the 
diffusion layers and channels that are driven by temperature gradients, see for example Ref. 
[49]. The effects of hydrophobic and hydrophilic channels are discussed in Ref. [19]. Previous 
studies on DMFCs were limited to the impact of the flow velocity and direction on the 
accumulation of carbon dioxide in the anode channels [57-59].  

The goal of this study is to use in-plane neutron radiography for visualizing water removal 
from the channels of cathode flow fields with differently treated surfaces and various designs 
using a specially designed cell and radiographic set-up. Together with measurements of the 
overall performance and the pressure drop between air inlet and outlet, these experiments 
serve for identifying starting points to improve the operating stability of DMFCs. 

 

2. Experimental 
2.1. Preparation  of membrane electrode assembly (MEA) 
As a substrate for the anodes and cathodes, AvCarb 1071 HCB carbon cloth supplied by 
Ballard Material Products was used. In a first step, it was impregnated with PTFE dispersion 
TF 5032 supplied by Dyneon and subsequently dried and sintered at 350°C. A microporous 
layer of carbon particles (VULCAN XC72 from Cabot) and PTFE (TF 5032 from Dyneon) 
was applied to the cloth. In a second coating step, the catalyst layers were applied. Both 
catalyst layers consisted of catalyst material from Johnson Matthey and Nafion. In case of the 
cathode catalyst layer, PTFE was added too. The starting materials of PTFE and Nafion are 
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the PTFE dispersion TF 5032 from Dyneon and the Nafion dispersion LQ1115 from Ion 
Power. As catalyst material for the cathode, Johnson Matthey HiSPEC 13100 (71 wt.% Pt/C) 
was used, while Johnson Matthey HiSPEC 12100 (75 wt.% PtRu/C) was used as the anode 
catalyst. The catalyst loadings were between 1.9 and 2.0 mg Pt/cm² in the cathodes and 
2.7 mg PtRu/cm2 in the anodes. After the catalyst layer had been dried, it was manually 
sprayed with Nafion dispersion LQ1115 manufactured by Ion Power. Finally, the anodes and 
cathodes were shaped as desired (151 mm × 7 mm, A = 10.57 cm²) and pressed into finished 
MEAs for three minutes at a temperature of 130°C and a pressure of 500 N/cm² with a N115 
Nafion membrane manufactured by DuPont. 

 

2.2. Flow field treatment 
The surfaces of the graphite ‘BBP4’ [60] flow fields were treated with different substances in 
order to vary the contact angle of water. The resulting contact angles are given in Table 1. For 
treatment with HPI, droplets with a volume of 0.5 µl were completely absorbed by the surface 
after on average 12 s, reflecting a very low contact angle. 

 
2.3. Cell design 
The cell design used for the experiments permits neutron radiography in an in-plane viewing 
direction. The designs of both the anode and cathode flow fields are shown in Figure 1. The 
height of 151 mm of the electrode with 10.57 cm2 surface area corresponds to the height of 
the electrodes used for the DMFC stacks developed at the Research Centre Jülich [61, 62]. All 
the current collectors have a width of 12 mm. For cell design #1, a dual-channel flow field 
design (C-CH) was used for both electrodes (Figure 1a). The two parallel channels are each 
1.5 mm wide and deep. Because of the forced flow-through, water droplets in a cathode flow 
field with a single channel would always be removed and a complete blocking of the air flow 
could not happen. In case of the dual-channel design, one of the channels can be blocked by 
water droplets. In this respect, the dual-channel design is more comparable with the multi-
channel design of a stack flow field. As an additional geometry, a grid structure (C-GR) was 
installed on the cathode side with cubes having an edge length of 1 mm. Together with a dual-
channel anode flow field it forms cell design #2 (Figure 1b). The two-dimensionality of the 
grid structure renders it less sensitive to blockage by water droplets. 

Figure 2 shows the assembled cell with a marking plate and mounts for securing it to a base 
plate. Since with neutron radiography only part of the cell is studied, a 2-mm thick acrylic 
glass plate with coding holes (marking plate) is secured to one of the end plates. In the 
neutron radiograph, the rows of holes mark the position within the cell. The end plates, with a 
thickness of 15 mm, are 60 mm wide between the supply connections. This both increases 
their bending stiffness and creates space for taking up heating cartridges and thermocouples. 
A heating cartridge is inserted from the top into each end plate. The mounting brackets are 
arranged such that the rear side of the cell can be brought close to the scintillator. 

 
2.4. Electrochemical measurements 
The electrical cell performance was recorded with a measurement device capable of 
conducting automated test procedures including galvanostatic, potentiostatic and impedance 
measurements. This device, called ‘EISmeter’, was developed by ISEA (RWTH Aachen 
University) especially for the needs in electrochemical measurement setups [63]. All 
measured electrical values are recorded by a computer. Peripheral components can also be 
included in the control and acquisition software. A differential pressure sensor based on the 
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MPX5010DP analog pressure sensor [64] was used to measure the difference in pressure 
between the cathode inlet and outlet. In the pressure range between 0 mbar and 100 mbar the 
differential pressure can be measured with a resolution of about 0.1 mbar. The signal-to-noise 
ratio was found sufficient to distinguish pressure variations as low as 1 mbar from the 
background, making the device suitable for the detection of very low differential pressure 
variations. 

The measuring cell is mounted on an electrically isolated steel plate. A controller uses a 
thermocouple to monitor the temperature of the measuring cell and heating cartridges to 
maintain it at a temperature of 70°C. The anode is supplied with 1.0 molar methanol solution 
via a peristaltic pump (Ismatech BV-GE). To supply the cathode, compressed air combined 
with mass flow meters (Brooks 5850S) are used. A maximum of two pumps and mass flow 
meters with various flow-through ranges can be integrated with the EIScell measurement 
system and automated simultaneously. Before entering the cell, the methanol solution is 
preheated to 90°C. The dissolved gases escaping during the process are separated with custom 
made gas separators. 

The test cells were always operated in a vertical position under counter flow conditions, 
which means methanol flow in the anode compartment from the bottom to the top and air 
flow in the cathode compartment in the opposite direction. In this way, the discharge of CO2 
bubbles in the anode and water droplets in the cathode are supported by gravity. However, 
based on our measurements, the influence of gravity on water removal cannot be quantified. 
In case of hydrophobic (GDL/channel) surfaces, water removal works by the interaction of 
gravity, mass flow and coalescence of small water droplets. It can be assumed that the mass 
transport plays a dominant role. In case of wetted hydrophilic surfaces, gravity is probably 
more important: As soon as a droplet gets in contact with a hydrophilic wall, it will be 
absorbed by a thin film of water and offers little surface for mass flow. Gravity drain then 
removes the water film. 

 

2.5. Setup for neutron radiography 
The radiography station CONRAD (COld Neutron RADiography) [65, 66] at the neutron 
source BER II of the Helmholtz-Zentrum Berlin, Germany, was used. As shown in Figure 3, 
the cold neutrons pass a curved neutron guide on their way to the experiment, during which 
fast neutrons and γ radiation are removed since these do not follow the curvature. About 
107 neutrons / s cm-2 are available for the experiment. 

The spatial resolution depends on the L/D ratio, the applied magnification of the optical 
system and the pixel size of the CCD camera [52]. The L/D ratio was optimized with respect 
to the spatial resolution by moving the fuel cell as close as possible to the 50-µm thick 6LiF-
ZnS scintillator. The exposure time per radiographic image was t = 10 s. The CCD chip of the 
Peregrine 486 camera from Fairchild Imaging with 4096 × 4096 pixels was cooled down to 
−50°C to enhance the image contrast [36, 67].  For last performed measurement, an Andor 
436 camera was used. This camera allows for higher temporal resolution but provides a lower 
spatial resolution of 2048 x 2048 pixel2 The opening of the aperture was set to 30 mm. A 
spatial resolution of about 80 µm was achieved. To protect the CCD chip from radiation, a 
mirror was used to deflect the visible light by an angle of 90°. Additionally radiation 
protection applications were installed. 

The fuel cell was fixed on a translation stage positioned on a rotating table to allow e the cell 
to move out of the beam in order to measure the open beam for normalization purposes. 
Furthermore, an exact adjustment of the cell to the neutron beam was possible. To reduce 
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image artifacts, five radiographs were averaged using a three-dimensional median filter. This 
procedure also improved the signal-to-noise ratio. 

 

3. Results and discussion 
The specifications of the four cells investigated by neutron radiography as well as by 
galvanostatic measurements combined with pressure drop experiments are listed in Table 2. 

Three cells (No. 1–3) were equipped with the flow fields A-CH and C-CH and one cell (No. 
4) with the flow fields A-CH and C-GR. The cathode channels of cell No. 1 remained 
untreated. Those of cell No. 2 were hydrophobized and those of cell No. 3 were 
hydrophilized. The surface of the grid structure of cell No. 4 was not changed.  

The three different surface properties of the channel structures bring about significant 
differences in water transport. Figure 5 shows, as an example, images of the entire height of 
cells No. 1–3 at a current density of 150 mA/cm2.  

In order to improve image quality, a three-dimensional median filter was used to combine and 
process several radiographs. This improves the signal-to-noise ratio but lowers the temporal 
resolution of the radiographic series. Averaging was performed over a period of 50 seconds 
(Figure 4a) and 30 minutes (Figure 4b). Each radiograph is represented by a pair of beam-
normalized (left side) and wet-normalized (right side) images; whereas the former are 
normalized to the beam characteristics, the latter are divided by a radiograph where the anode 
channels are flooded by methanol solution.  Beam normalization allows us to better recognize 
the channel back walls, whereas wet-normalization provides insight into changes of the water 
layer thickness compared to the reference image with the flooded anode flow field. The 
maximum of beam intensity is located above the center of the cell, which is why image 
quality deteriorates particularly in the lower area. The distribution of liquid across the entire 
image area can therefore be evaluated only qualitatively. 

Enlargements of the radiographs in Figure 4b are depicted in Figure 5. All radiographs show 
the two overlapping channels, i.e. the anode channels on the left and the cathode channels on 
the right side. The MEA is clearly visible as a thin strip in between. In the beam-normalized 
images, the aqueous methanol solution in the anode channels and water droplets in the 
cathode channels on the cathode GDL, respectively, appear black because the raw image is 
divided by the bright field image. In the wet-normalized images, the methanol solution mixed 
with carbon dioxide bubbles in the anode channels appears light and the water droplets in the 
cathode channels dark because the raw image is divided by the image of the same cell with 
completely flooded anode channels but dry cathode channels.  

The temporal development and removal of water droplets is illustrated in Figure 6 (untreated 
surfaces) and Figure 7 (hydrophobized surfaces). At the onset of the measurements, each of 
the cathode channels is dry. With untreated channel surfaces, formation of droplets from the 
GDL occurs subsequently, see Figure 6. In the lower part, droplet formation is also observed 
on the back wall of the channel. The droplets grow and coalesce with adjacent droplets and 
with droplets on the back wall. The droplets in the lower area usually grow faster and are 
more frequently discharged than the droplets further above. If a droplet becomes detached all 
droplets located below it that come into contact with the outflowing droplet are also 
discharged. The period of 50 seconds presented in Fig. 4a shows an above-average water 
volume that substantially decreases once droplets have been discharged (see left side of 
Figure 4a and  Figure 5). In the presentation averaged over 30 minutes, it becomes evident 
that the drops have a tendency to evolve at the same locations (see left side of Figure 4b).  
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For hydrophobic channels, droplets also form on the GDL (see mean values of water 
distribution in the middle part of Figure 4 and Figure 5 and the development and removal of 
water droplets in Figure 7). However, these coalesce less frequently. On the back wall of the 
channel less water is observed and the surface is hardly wetted. The water volume in the 
channels is even larger than in untreated channels. Here too, the water droplets tend to evolve 
at the same locations and are more frequently discharged in the lower area as shown in Figure 
4, Figure 5 and Figure 7.  

Hydrophilic channel surfaces substantially improve water transport, see mean values of water 
distribution on the right of Figure 4 and Figure 5 and temporally resolved radiographs in 
Figure 8. First, droplets without clearly defined contours develop on the GDL and the back 
wall. These droplets quickly coalesce and drain off rapidly. The channel surfaces are wetted 
and a continuous water film can be seen on the back wall of the channel, especially in the 
lower area, see right part of Figure 4 and Figure 8, after which only small droplets evolve that 
are absorbed when they touch the surfaces of the channel walls. In enlarged sections of the 
30-minute recordings the ordered structure of the cathode-side GDL is seen. Especially for 
hydrophilic channels, it can be seen that the sites at which water droplets evolve at the GDL 
correlate with the dimension of the fabric fiber bundles. 

The differences in operating behavior are reflected by the power density and the pressure 
difference on the cathode side as a function of time as shown in Figure 9 for different average 
current densities of 50, 150 and 300 mA/cm2. Untreated cathode channels lead to significant 
fluctuations in the power density. The pressure difference curve show peaks whenever a 
droplet leaves the cathode flow field via the supply tube and the ensuing elevated pressure 
difference is recorded when this occurs. Usually, the pressure difference increases prior to the 
discharge of the droplet. Cathode channels with hydrophobic surfaces lead to an even more 
unstable operation. 

The fluctuation of both performance and pressure drop is less pronounced at higher current 
densities. This is probably due to a more stable operation at elevated air flow rates. 
Hydrophilic surface properties exhibit the most stable operating behavior. With the exception 
of a drop at the outset of the measurements at 150 mA/cm², the fluctuations of power density 
can be explained by fluctuations arising from the measurement equipment. This drop in power 
density coincides with a brief increase in pressure difference. In general, the comparatively 
much more frequent pressure difference peaks indicate a steadier discharge of the water 
droplets. Looking at the average values of the pressure difference, hydrophobic cathode 
channels provide the highest average value, while hydrophilic channels provide the lowest 
(1.3 mbar compared to 0.7 mbar). The value of 0.8 mbar for the untreated channel surfaces 
lies between these two values. With increasing current density and air volume flow, the 
differences in the average pressure difference are reduced in relation to each other. 

The fourth measuring cell with the cathode flow field C-GR is investigated with a different 
camera set-up that does not require several radiographs to be combined to increase image 
quality but provides less spatial resolution. The resulting higher temporal resolution makes it 
possible to more precisely correlate the pressure difference on the cathode side with the water 
volume in the cathode channels.  

Figure 10 shows the evolving power density and pressure difference along with radiographs 
corresponding to the six times marked by vertical lines in the diagram. The radiograph 
sections were taken at the bottom of the cell. Beam-normalized data is at the top and wet-
normalized below. Initially, the cathode flow field is dry and the pressure difference at its 
lowest value. Droplets preferentially evolve in the side areas of the cubes and the pressure 
difference continuously increases. Starting from the GDL, the droplets reach the back wall of 
the channels. Finally, the local water volume reaches a maximum. With the sudden discharge 
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of most of the water the pressure difference drops, after which the processes of droplet growth 
and water transport are repeated. Throughout these processes a part of the surface of the cubes 
and of the back wall remains wetted, but the maximum water volume is hardly achieved any 
longer.  

Contrary to the untreated C-CH dual-channel flow field, the untreated C-GR grid flow field 
enables stable operation with just slight fluctuations of performance despite the pronounced 
pressure peaks, compare Figure 9 and Figure 10. The main reason is that the two-dimensional 
structure of the C-GR design allows air to by-pass water droplets in the cathode channels. The 
higher pressure drop obtained with the C-GR flow field can be explained by the lower channel 
cross section (1 mm × 1 mm) compared to the channel design C-CH (1.5 mm × 1.5 mm). 
Generally, a high pressure drop is disadvantageous with respect to the overall efficiency of 
DMFC systems because it requires a stronger air blower. This drawback can be encountered 
by using the grid flow field with cube dimensions of 1.5 mm × 1.5 mm × 1.5 mm. A study of 
this matter using through-plane neutron radiography is in progress. 

 

Conclusions 
Specially designed test cells and set-ups for neutron radiography allow for studying the water 
distribution in direct methanol fuel cells (DMFC) in the in-plane viewing direction. The 
camera applied combines a large field of view and a high spatial resolution [67]. The link to 
application-oriented DMFCs is established by adapting the height of the flow fields used in 
this work to the height of large stack cells used in commercial DMFC systems [61, 62]. 

Neutron radiography visualizes the processes of water droplet formation, droplet coalescence 
and water removal. It turns out that the water distribution in the cathode compartment is 
strongly influenced by the hydrophilic or hydrophobic properties of the cathode channel 
walls. An untreated or even hydrophobized surface leads to big water droplets being formed at 
the same locations of the GDL which combine less frequently to larger droplets. Vice versa, 
hydrophilic channels walls are first wetted by droplets of arbitrary shape and then covered by 
a continuous water film which can be seen on the back wall of the channels. Galvanostatic 
cell performance and pressure drop measurements along the cathode channels confirm the 
observed differences in the operating behavior. Growth and removal of water droplets create 
fluctuations or even peaks of performance and pressure drop. These fluctuations decrease in 
the order: hydrophobized > untreated > hydrophilized cathode flow fields.  

Neutron radiography with a five times higher temporal resolution (10 s instead of 50 s) enable 
a more precise correlation of the water volume in the cathode channels and the corresponding 
pressure drop. These experiments were performed with an untreated grid flow field (C-GR). 
In contrast to a C-CH dual-channel flow field, the untreated C-GR grid flow field ensures 
stable DMFC operation with negligible fluctuations of performance. This advantage is 
discussed in terms of the two-dimensional structure of the C-GR design, which is less 
sensitive to local accumulations of water droplets. However, the smaller channel cross section 
of the grid flow field causes a high, disadvantageous pressure drop. Future work should 
therefore comprise studies of the influence of cathode flow field design and surface properties 
on the operation of direct methanol fuel cells including the time-dependent water distribution 
and pressure drop in the cathode channels as well as the cell performance. 
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Figure 1: Design of the flow fields for neutron radiography in the in-plane viewing direction; a) cell 
design #1: anode (A-CH) and cathode (C-CH) flow fields with dual-channel design, each channel has 
a width and depth of 1.5 mm; b) cell design #2: anode flow field with dual-channel design (A-CH, for 
channel dimensions see cell design #1), cathode flow field with grid structure (C-GR, edge 
length/distance between cubes = 1.0 mm). 
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Figure 2: Cell assembly with marking plate and mounting brackets used for neutron radiography in the 
in-plane viewing direction. The cell always was run at stoichiometries of λMeOH = 4, λair = 4 and a 
temperature of T = 70°C during the presented measurements, while the current density and the surface 
treatment were varied. 
 

 

 
 

Figure 3: Sketch of the neutron source, neutron guide and the camera setup. 
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Figure 4: Neutron radiographs showing the influence of the surface properties on water transport; in-
plane view of cells No. 1–3 with differently pretreated C-CH cathode flow fields: UNT: untreated, 
HPO: treated with hydrophobizing agent, HPI: treated with hydrophilizing agent; a) values averaged 
over 50 seconds; b) values averaged over 30 minutes; each pair of radiographs shows a beam-
normalized image on the left side and a wet-normalized image on the right side; j = 150 mA/cm2. 
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Figure 5: Enlarged sections of the wet-normalized neutron radiographs averaged over 30 minutes 
taken from Figure 4, Δd refers to the periodicity of the woven GDL. 

 

 

 
 

Figure 6: Radiographs at various times of cell design #1 with untreated surfaces (UNT). Periodic 
evolutions of droplets are always visible. 
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Figure 7: Radiographs at various times of cell design #1 with hydrophobized surfaces (HPO). Places 
of development and removal of droplets are marked by arrows. 
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Figure 8: Radiographs at various times of cell design #1 with hydrophilized surfaces (HPI). Water 
adhesions at the back wall of the cathode channel are visible. 
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Figure 9: Cell power density and pressure drop between cathode inlet and outlet showing the influence 
of the surface properties and current density on the time-dependent operating behavior; three cells 
(cells No. 1–3, cell design #1, C-CH flow fields) with differently pretreated cathode flow fields were 
used. UNT: untreated (top), HPO: treated with hydrophobizing agent (middle), HPI: treated with 
hydrophilizing agent (bottom). Current densities are j = 50, 150 and 300 mA/cm2.  
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Figure 10: Time-dependent operating behavior and water distribution in cell No. 4 (untreated C-GR 
cathode grid flow fields, cell design #2); top diagram: measurements of cell power density and 
pressure drop; middle part: neutron radiographs, beam normalized, bottom part: neutron radiographs, 
wet-normalized; only 10 s exposure time; j = 150 mA/cm2. 
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Table 1: Contact angles as a result of surface treatment for the materials used for flow field 
fabrication. UNT: untreated surface, HPO: surface hydrophobized by treatment with ‘Nano 
Holz&Stein’ sealant of Oberflächentechnik Preimeß GmbH, HPI: surface hydrophilized by treatment 
with ‘KLINGERflon-Spray’ of Klinger GmbH. 

 

Surface 
treatment 

UNT HPO HPI 

Contact angle 115.9°± 2.3 126.8°± 2.0 26.2°± 2.7 
 

 

 

Table 2: Specification of the cells used. 

Cell No. Cell design Cathode flow field structure Pretreatment 

1 #1 channel (C-CH) untreated (UNT) 

2 #1 channel (C-CH) hydrophobized (HPO) 

3 #1 channel (C-CH) hydrophilized (HPI) 

4 #2 grid (C-GR) untreated (UNT) 
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