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Proton NMR microscopywas applied to investigate in situ the
production and distribution of water in an operating®} polymer
electrolyte membrane fuel cell (PEMFC). The distribution of water
in operating PEMFCs, or a series thereof (i.e., stack), must be
carefully managed to optimize the performance, durability, and
functionality (e.g., freeze-start) of the system. For example, the ionic
conductivity of polymer electrolyte membranes (PEMs) decreases
as membrane hydration is reduced-looding the cathode catalyst
inhibits mass transport and can lead to failure of matefials.
Further, buildup of water in the gas channels (i.e., flow fields) of
a stack of fuel cells will create a nonuniform distribution of pressure
drops across the individual cefls.

Water is present in the flow fields, catalysts, membrane, and
gas diffusion layers of an operating PEMFC. The reported
experimental methods used to study water in the membrane betwee

the catalysts of operating PEMFCs include water transfer measure-

ments?45 conductivity measurementseutron imaging,and'H
NMR imaging’ In recent reports, Panchenko et8aktudied
degradation of the PEM in fuel cells operating in an EPR
spectrometer. To our knowledge, there are only two reports of direct
observations of water in the diffusion layers and flow fields of
operating PEMFCs. Satija et@lised neutron imaging in their study
involving a stack of O, PEMFCs, while Tber et al° constructed

a transparent 10, PEMFC to allow direct visual observation of
water distribution.

Au ring O-ring Au ring

{ ———"Flow Field

.

a

.

" Flow Field

11— s

Figure 1. Images of the fuel cell flooded with water obtained with a SE
sequence, pixel size 133 x 234 um. Labels indicate location of water

with respect to hardware. (A) A 0.8 mm slice containing the flow field
only; outer rings are from water pooling around the Au wire. (B) A 1.0

fnm axial slice illustrating the water-saturated MEA and PEM (obtained

after immersing a conditioned, operated fuel cell in water).

at ambient temperature was stable after conditioHifRgoton NMR
images were acquirétiat 300.4 MHz with a Bruker Avance console
and Micro 2.5 imaging accessory ugim 1 T nT! maximum
gradient strength. Standard gradient echo fast im&g(@EF!) or
multislice?® spin—echo (SE) imaging sequences were used. For
water in Nafion at 293 K, MacMillan et &P determinedH T,
values ranging from 0.2 to 1 s, increasing with the level of
hydration. During fuel cell operation, the amount of water in the
membrane fluctuates. For imaging sequences involving-sgghoes

The nondestructive nature of NMR spectroscopy enables one towith /2 excitation pulses, we determined that repeat times of 2 s

obtain unique in situ information from a multitude of systels.
Babu et al'? have studied the electronic properties of fuel cell
catalysts via electrochemical NMR. Water dynanmig’,electroos-
motic dragt® and the sorption and diffusion of water or methafl
in PEMs have been studied Byl NMR spectroscopy. Proton NMR
microscopy has been used to illustrate the electrically induced
diffusion of water in Nafion membrané8Also, Teranishi et al.
initiated the use offH NMR microscopy for investigating the
distribution of water in Aciplex membranes between Pt on carbon
electrodes operating on,HD,. We now report the use dH NMR
microscopy to examine in a single experiment the distribution of
water throughout an operating,#, PEMFC. The areas investi-
gated include the flow fields, current collectors, membrane electrode
assembly (MEA), and the membrane surrounding the catalysts.
The MEA used for this study was constructed with a standard
Nafion 117 membrane and a hot-press decal transfer métiiéd.

were sufficient to prevent saturation of thd NMR signal. The
performance of the fuel cell measured outside of the applied
magnetic field and during image acquisition was identical. We
believe that the minuscule amount of heat generated by the cell
was dissipated through the flowing gases and the fuel cell/probe
assembly.

Filling the anode and cathode flow fields with water allows rapid
image acquisition to determine the alignment of the fuel cell within
the magnet and to check the system for leaks and blockages. Figure
1 contains images of the water-filled flow field and of an axial
cross-section showing the water-saturated membrane in the region
pressed between the catalysts (MEA) and in the regions surrounding
the catalysts.

Images of the operating fuel cell were obtained after flushing
water from the anode and cathode flow fields with humidified H
and dry Q until the amount of water imaged in the membrane was

Pt black (Johnson Matthey HISPEC 1000, specific surface area 27constant. Figure 2 shows images of the membrane region inside

m? g~1) and PtRu black (Johnson Matthey HiISPEC 6000, specific
surface area 70 fg~1) were used as the cathode and anode catalyst,
respectively. The fuel cell assembly was designed to fit in a 30
mm diameter birdcage coil, with the plane of the PEM parallel
with the applied magnetic field. The cell hardware consisted of
Delrin cylinder halves with machined flow fields, gold contacts,

and around the MEA. The image in Figure 2A was recorded with
the fuel cell at a potential of-1 V before current was passed
through the cell; therefore, this image represents the amount of water
in the membrane as established by the humidifigcahtd dry Q.

Figure 2B is an image of the same membrane region acquired
after the fuel cell was operatedrfé h at~52 mA cnt? and~0.73

and Toray carbon paper current collectors. The performance of theV. Comparison of the images in Figures 2A and 2B shows that the

fuel cell, voltage versus current, operating op(ltimidified)/O,
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amount of water in the membrane surrounding the MEA and outside
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Figure 2. Membrane inside and around the MEA: (A) before current was
passed through the cell and (B) after operating the fuel ceft52 mA
cm~2 and~0.73 V for 6 h. Comparison of images A and B demonstrates
the diffusion of water through the Nafion membrane away from the MEA.
GEFI sequence, 0.7 mm slice, pixel size164 x 234 um, acquisition
time = 13.8 min.

Figure 3. Images of the fuel cell operating at52 mA cnt2 and~0.73
V acquired with a SE sequence. (A) A 1.0 mm axial slice aft&0 h,
pixel size= 15 x 234um, acquisition time= 13.65 h. (B) View of partially
blocked cathode flow field after72 h; outside rings indicate pooling of
water around the Au ring; 0.7 mm slice, pixel size172 x 234 um,
acquisition time= 17 min.

the O-ring seals increases during operation of the fuel cell. Thus,
a portion of the water formed at the cathode and brought into the
membrane by electroosmotic drag from the anode diffuses radially
down the concentration gradient through the membrane away from
the MEA. This observation suggests that radial gradient diffusion
will reduce flooding at cathode sites near the edges of MEAs and

decrease the amount of water in the membrane pressed between

the catalysts.

To observe water in the cathode flow field, the fuel cell was
imaged intermittently while operating under a constant lcai
mA cm~2 and~0.73 V) for 96 h. The image in Figure 3A shows

the presence of water in the MEA, the surrounding membrane, and

water pooled around the Au wire. This image clearly shows that
the distribution of water in the membrane was not uniform. Previous
reports demonstrate that the equilibrium concentration for water in
Nafion is higher when the membrane is in contact with liquid water
than when in contact with saturated water vapés shown by

the image in Figure 3A, less water is contained in the MEA than
in the region of the membrane in direct contact with water pooled
around the gold ring contact. Buildup of water in the cathode flow

field was observed to create transient obstructions during operation

of the cell. Figure 3B shows such an obstruction before it was
flushed by the @ stream. Water obstructions were also observed
(not shown) in the anode flow field when the humidity of the H
stream was too high.

The results presented in this study demonstrate that unique

information regarding the distribution of water throughout an
operating fuel cell assembly can be obtained usihigNMR

microscopy. For the first time, radial gradient diffusion of water
from the MEA into the surrounding Nafion membrane was
observed. The results show tiet NMR microscopy is a powerful
technique that will aid the design of fuel cell flow fields and
components to optimize water management. Further research is
underway in our laboratories to better quantify the NMR microscopy
data obtained from operational fuel cells.
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