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Abstract: In this feasibility study, high-resolution neutron tomography is used to investigate the 

water distribution in polymer electrolyte membrane fuel cells (PEMFCs). Two PEMFCs were built 

up with two different gas diffusion layers (GDLs) namely Sigracet
®

 SGL-25BC and Freudenberg 

H14C10, respectively. High-resolution neutron tomography has the ability to display the water 

distribution in the flow field channels and the GDLs, with very high accuracy. Here, we found that 

the water distribution in the cell equipped with the Freudenberg H14C10 material was much more 

homogenous compared to the cell with the SGL-25BC material. 
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1. Introduction 

The Fuel cell technology plays a major role in offering a pollution free alternative energy supply 

in contrast to burning fossil fuels [1–6]. Fuel cells are an applicable technology for mobile and 
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stationary applications. A common example of mobile systems is the automotive sector, where 

polymer electrolyte membrane fuel cells (PEMFC) are considered the most favorable fuel cell type 

due to their high output power density and flexible operating conditions [7,8]. They are also suitable 

to provide combined heat and electric power in stationary energy systems to maximize  

efficiency [9,10].  

Especially under critical operating conditions where accumulated product water causes flooding 

an optimization of the water transport in the PEMFC leads to an improved efficiency. Such 

conditions include temperatures below 60 ℃ as well as high current densities that both lead to 

increased water agglomerations [11–13]. 

There are many different materials used in PEMFCs, which affect the water transport in the 

cells. Through the material properties the interaction with liquid water during operation influences 

the cell performance. Optimization of the water transport in the fuel cell layers leads to enhance the 

efficiency especially under critical operation conditions that promote flooding. Such as temperatures 

below 60 ℃ as well as high currents. A more detailed understanding of the influence of material 

types was obtained by analyzing several materials [14–17]. So far, X-Ray based imaging methods 

have been applied to study the liquid water evolution and distribution also during cell  

operation [18–26]. 

Neutron imaging can be used as complementary method for fuel cell research because neutrons 

are strongly affected by hydrogen, imaging methods based on neutrons are very helpful to study 

hydrogen distributions within the cell materials [23–27]. For the same reason, neutron imaging is 

used to study the water distribution in operating fuel cells [14, 28–33]. 

In this study, High-resolution neutron tomography has been used for the investigation of the 

water distribution in PEMFCs. The detector system was set to a pixel size of ~6.5 µm, which is 

enough to resolve even smaller water droplets in the GDL of the cells in sufficient detail. Even the 

catalyst can be observed, which is hardly possible with X-Rays due to the high absorbing  

platinum [11]. 

2. Method and experiments 

The neutron imaging beam line CONRAD II (COld Neutron Radiography) is used in order to 

investigate material structure as well as dynamic processes of the water transport in the cell [27–30]. 

It allows to create radiographs using cold neutrons, which are product of the 10 MW research reactor 

BER II and moderated in a cold neutron source containing liquid hydrogen. Subsequently they are 

transported through a neutron guide to the experiment. The neutron beam at CONRAD is 

polychromatic mainly with wavelengths between 2 and 6 Å and a maximum intensity at about 3.0 Å. 

The tomography measurements of the fuel cells discussed here are performed 5 m from the end of 

the neutron guide as shown in Figure 1 [31]. 

Behind the sample as close as possible a detector system consisting of a scintillator, mirror, lens 

and CCD camera is placed [31–33]. When neutrons, which are transmitted and scattered by the 

sample, hit the scintillator, photons in the visible spectrum are emitted. The scintillator used for the 

tomography measurements is a gadox screen (Gd2 O2S(Tb) with 20 µm thickness. 

The photons are projected onto the camera by a mirror/lens combination. The used Andor 

DW436 camera contains a 16 bit chip with (2048 × 2048) pixels, each corresponding to a size of  

6.5 µm. The CCD sensor is continuously cooled to –50 °C to ensure thermal noise being as low as 
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possible. With the used optics an imaging field of view of (13 × 13) mm² is chosen. Each projection 

is acquired with an exposure time of 15 s then the projections collected for each tomographic scan.  

 

Figure 1. Schematic drawing of the imaging setup at the CONRAD instrument. 

2.1 Fuel cell setup 

In both cells the regulation of the cell temperature is carried out by using a cooling circuit with 

deuterium oxide (D₂O). Compared to hydrogen, the attenuation coefficient of deuterium is much 

smaller [34–36]. As a result, D₂O hardly attenuates the neutron beam and can only be seen faintly in 

radiographs and tomography. The flow field of the cooling circuit is embedded in the backside of the 

bipolar plates and is connected with a secondary water coolant circuit via a heat exchanger to 

maintain a stable temperature distribution. 

The two tomography cells have an active area of 5.4 cm². One contains Sigracet
®

 SGL 25BC 

GDLs and the other Freudenberg H14C10 GDLs.  

Each cell is equipped with three flow field channels on anode and cathode side, respectively.  

0.5 mm wide meander-shaped channels are milled into the graphite composite material, through 

which the supply gases, hydrogen on the anode and air on the cathode side, flow from top to bottom. 

More details of the fuel cell design can be found in previous works [37]. The presented 

measurements are conducted at a current density of 1 A.cm
-
² and a cell temperature of 65 °C, while 

the cell is supplied with gases of 120% relative humidity. Via gas flow controllers λ, the ratio of the 

supplied and consumed gases, is set to 5 for anode (H₂) as well as cathode (air) side. 

3. Results 

Figure 2A–C shows tomographic slices of the fuel cell equipped with Sigracet
®
 SGL-25BC 

material and Figure 2D–F the cell with Freudenberg-H14C10 material. These are parallel to the 

active layer and positioned in the anode flow field (A and D), in the membrane electrode assembly 

MEA (B and E) and in the cathode flow field (C and F). It can be seen in the images of the cell with 

Sigracet® SGL-25BC material that the water accumulates in the corner of the anode channel turnings 

(see Figure 2A), while it blocks one channel on cathode side with a big droplet due to the high 

condensation because of the material type. In the MEA, basically in the two gas diffusion layers, 

water is appearing as small droplets, which are marked in figure 2B with white arrows. The water in 

the cell with the Freudenberg H14C10 material is distributed all over the cell channels in smaller 
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droplets which aid in a homogeneous distribution of the water inside the cell and enhance the 

membrane humidity level (Figure 2D) while it is focused on the corners and edges of the cathode 

channels which will block the channel and reduce the level of the gases supply for a sufficient 

reaction finally that will aid in a reduction in the cell performance (Figure 2F). The water in 

Freudenbergs H14C10 appears more in big droplets compared to the Sigracet® SGL-25BC material 

as in the Figure 2E White arrows. Please note that by using tomography, there is the ability to 

observe the water in the gas diffusion layers separately from the channels, which is not possible by 

using radiography. 

 

Figure 2. Tomographic slices through the fuel cells with Sigracet
®
 SGL-25BC and 

Freudenberg H14C10 GDL materials at the position of the anode (A, D), the MEA (B, E) 

and the Cathode (C, F). 

The graphs in Figure 3 show the water volume in both cells. It can be noted that the water 

volume contained in the Sigracet
®

 SGL 25BC material is less compared to the cell with Freudenberg 

H1410 material, especially in the region of the MEA. The water in the Freudenberg H1410 material 

distributed all over the cell in the anode and cathode sides comparing to the water distribution in 

Sigracet
®

 SGL 25BC material also more water can be found in the MEA region of Freudenberg 

H1410 material which can play a major role in humidify the membrane and enhance the cell 

performance comparing to cell containing the Sigracet
®

 SGL 25BC material. Note that the water 

blocked a complete channel in the cathode side of the cell containing Sigracet
®

 SGL 25BC also 

concentrated in the corner of the channels. 
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Figure 3. water volume of the fuel cells with Sigracet® SGL 25BC and Freudenberg H1410. 

4. Discussion 

Despite the same operating parameters more water was found in the MEA of the cell containing 

the Freudenberg H14C10 material than in the MEA of the cell with Sigracet
®

 SGL 25BC material 

(see Figure 3). This water is also more homogenously distributed. No larger water agglomerations 

were found that may yield as bottle necks either affecting the gas stream (e.g., flooding). As there 

were no bigger areas found without any water, which might affect the membrane humidification 

(dehydration). In contrast, in the MEA of the cell with Sigracet
®

 SGL 25BC less water is found. It 

can be assumed that this may reduce humidification of the membrane in the top area and cause a 

dehydration effect. On the other hand, the larger overall water amount in the MEA of the cell 

containing Freudenberg H1410 material can also improve membrane humidity and thus ion 

conductivity at most locations in the cell. 

5. Conclusions 

Liquid water inside two cells with a specially adapted PEMFC design with a three-channel flow 

field system containing two different GDLs were studied. High resolution neutron tomography has 

the ability to detect the water in the MEA even inside the catalyst of the PEMFCs. The technique is a 

powerful tool to detect liquid water inside the components of PEMFCs. The following points can be 

concluded in this study: 

(1) The spatially resolved water distribution in the flow fields, GDLs and MEA can be detected and 

studied using high-resolution neutron tomography. 

(2) In the presented example we found an overall higher amount of liquid water in the cell 

containing Freudenbergs H14C10 GDL compared to SGLs 25BC GDL material. 

This study provides insights in to the distribution of liquid water in complete operated fuel cells 

and is not hindered at the catalyst layer, which is still an obstacle when using X-Ray CT. High 

resolution neutron tomography may contribute to future simulation studies about the water 

distribution and transport processes in MEAs [38]. 
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