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boundary lfl due to catalyst and 
Visualizing water by neutron has been used over the past decade to 

the water distribution inside operating fuel cells. 

inside 
of working fuel cells and can 

the MEA (Membrane electrode 
the within 

these various components in addition to the channel 
area have been used In ordel' to take 

fuel cells (active 
of the full detector resolution. The cell 

IS illustrated in I where one of the current collectoriend is shown, The 
pattern \Vas machined into a block of aluminum and plated with nickel and then gold to 

form the flow field, The measurements were beam # J and #2 with a 
fluence rate of J ,9 x 106 neutrons . The celis were assembled with MEAs 
and SGL 24 series GDLs (PRIMEA, GORE-SELECT and GORE are trademarks of W. 
L. Gore & Associates, Inc), cells were 80 DC with 1,2 H2 and 2,0 

air flows, 

I Cell hardware used for the All dimensions inmm, 

The water profiles valuable qualitative information about the relative water content in the 
various fuel cell components, We have operated cells With different GDL materials under a variety 
of conditions to better understand the effect of electro-osmotic and water diffusion 
on thc water distnbutlOn In the fuel cell components, The measured water content correlates well 
with data. MEA water content results in lower 

cathode GDL water results due 
limitations. 



Our previous results have shown more water accumulation in the GDLs under the land than GDLs 
under the channels illustrating the importance of water diffusion in the G DL to keep the pores open 
for gas diffusion] The flow field water is also concentrated more toward s the edges of the fl ow 
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Figure 2. Typical water density images o f2.25cm 2 cells operated under two different 
conditions: a) Current Density = 0.2 A cm ·2, cathode inlet RH = 50%, and b) Current Density = 
I A cm·2

, cathode inlet RH =100%, 

field away from the middle , indicating liquid water drainage into the fl ow fields from the GDL 
above the lands. This can be seen in Figure 2 where a typical high -resolution neutron image is 
presented. The higher current den sity operation (Fig 2b .) shows the accumulation of more water 
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Figure 3. Typical water profiles across the various cell components at different current 
densities and inlet RHs 

especially near the outlet (tight side) und er co-flow operations. This ou tlet water is concentrated 
under the land s and on the sides of the flow channels. Typical water profiles across the various cell 
components under different operating conditions are shown in Figure 3. The unit of water thickness 
is in mOl for an entire active length of'" 12mm. Here, it is seen that th e higher current density (1 A 



cm·Z
) results in more anode GDL water indicating that some of the generated water ac tually back 

diffu ses through the thin (18 /-Lm thick) Gore-selecr" membrane and is removed through the anode 
GDL These results al so indicate an accumulation of water on the anode GDL substrate close to the 
flow fields especially near the outlet. This illustrates how low gas velocities (I.I stoich at the 
anode) can lead to poor water removal (by droplet shear mechanism) from the G DL The presence 
of a liquid water peak in the anode GDL near the flow field can also be explained by a heat pipe 
effect due to a temperature gmdient where water is present primarily in the vapor phase in the MPL 
and starts to condense to liquid at the GDL substrate closer to the tlow channels. There is overall 
much more water in all the components when the inlet gases are saturated and this water content 
drops significantly under the drier operating condition (50% anode inlet RH and 0% cathode inlet 
RH). The drier condition also shows an increased HFR and 10IVer fuel cell performance indicating 
membrane dryout. 

The effect of gravity on these small cells with very little pressure drop was also studied. Thi s is 
illu strated in Figure 4 where the water content of the MEA and cathode GDL along the cell lengt h 
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Figure 4 . W ater de ns ity profiles along the ce ll length (counterflow w ith cathode inle ts a t the 
right of the cell) for 2 different configurations: cathode on top (thick lines with square markers) 
and anode on top (thin line with no markers). 

are presented for tlVO different operating conditions. A counter-flow configuration was used in 
these cell s with the cathode inlets at the right of the cell and the anode inlets at the left of the ceIL 
In one configuration the cathode was on top (counter) and in the other the anode was on top 
(gmvity counter). The HFR of both these cells were very similar, consistent with the almost 
identical membrane water content observed along the length of the cell. The cell with the anode on 
top showed significantly better perfolmance at high current densities , which correlated well with 
the I.ower cathode GDL water content (especially near the outlets). The cathode GDL water was 
lower on the cell with the cathode on the bottom indicating the gravity can assist in th e water 
removal from the cathode into the flow channels when the cathode GDL is at the bottom of the cell. 
The peaks in the cathode GDL water correspond to the lands and the valleys correspond to the 
channels again showing the difficulty in getting water from the land to the channel. The higher 
cathode water near the inlets of the cell with the anode on top is due to the back diffusion of 
significan t liquid water near the anode outlet due to the low stoichiometry (J.2) operation. 



The deteomnation of the water 1n membrane revealed the presence of < 10 
volume% « 1.2 mm of in an active of 12 mm of membrane) water even 
hydrated conditions. Moreover, this content wa:; found to decrease as the of the 
MEA decreased (not shown). These results indicate that detector function a role in 
the when the water 
content is over short distances. issue needs to be reso! vcd before 
water content determinations can be this 
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