CHAPTER 7
FUTURE DIRECTIONS

In my project, | have investigated the chemical constitution of water in
fully hydrated Nafion membranes and probed the water transport in
different PEM membranes using nonlinear Raman spectroscopy. The
structuring of water in the nanoscale-structured ionic water channels is
affected by the surface charge density of the channels. | found that a
nanoscale structure with a larger fractional concentration of under-
coordinated water in Nafion membranes leads to faster macroscale
water transport in the membranes.

Future studies, in terms of water transport in PEMs under real
running condition of PEMFC, determination of water diffusivity in
different membrane materials, as well as investigation of the
degradation mechanism of the membrane, are exciting next steps
directly accessible based on my work. An experimental plan for each
work will be briefly described below.

7.1 Water transport in an operating
PEMFC

There is a discrepancy between the hydration state of the PEM in the
microfluidic cell in this project and that in a real PEMFC operation. In
the real running condition of a PEMFC, the PEM is never fully
hydrated; instead, the hydration state of the PEM is adjusted by the
relative humidity of the hydrogen gas (the fuel) at the anode electrode
of the PEMFC and is affected by the water content produced by the
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electrochemical reaction at the cathode electrode of the PEMFC.
Water transport in a PEM at different hydration states should be
investigated in order to approach the operating condition of a PEMFC,
and this requires modification of the microfluidic cell used in this
project.

Instead of directing a water flow onto the PEM, humidified gas
should be used. The new microfluidic cell can be designed as shown
in Figure 7.1. [48] The H,O/D,O exchange experiment will be
conducted by switching the H,O-humidified gas to D,O-humidified
gas. Identical relative humidity (RH) is required for both of the
humidified gases to reduce the swelling of the sample under
investigation. In addition, the RH of the gas can be controlled by
mixing the wet gas bubbled through liquid water with dry gas, and the
RH will be monitored with a hygrometer. [135]
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Figure 7.1 Schematic of the microfluidic cell using humidified gas.
Gray, Perspex side with multiple channels carved into it; the ribs are
designed for reducing the floating and drifting of the membrane.
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7.2 Water diffusivity in different
membrane materials

The method measuring H,O/D,0 exchange by CARS can be used to
probe water diffusivity in membrane materials other than PEM
membranes where water transport is critical. One example is anion
exchange membranes, and quantifying the water diffusivity in these
membranes is very important in their application in separation science.
| have worked with two types of experimental anion exchange
membranes (shown below) — poly (benzimidazole)-based membranes
(PBI) and poly (phenylene oxide)-base membranes (QPPO) and
performed preliminary measurements on water diffusivity.
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Figure 7.2 Molecular structure of anion exchange membranes: a)
PBI; b) QPPO.

The inferred water diffusivity of these different membranes along with
N212 and N117 is shown in Figure 7.3. The PBI membrane exhibits the
smallest water diffusivity while N117 exhibits the fastest. One can, in
principle, measure the water diffusivity in a wide variety of membrane
materials using the method in this project and create a database of water

111



| CHAPTER 7 Water diffusivity in different membrane materials

diffusivity within the membranes. The database will benefit the evaluation
of water transport properties in novel membrane materials and guide the
membrane development for different applications including PEMFC
[100], AEMFC [136], and for instance, vanadium flow battery (an energy
storage system) [137].
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Figure 7.3 Water diffusivity in different membrane materials: PBI
and QPPO are anion exchange membrane; N212 and N117 are
proton exchange membranes.

7.3 Degradation of membranes

The degradation of the PEM, another critical issue for PEMFCs, was
completely outside the scope of the work in this thesis. One has to
suppress the degradation of PEM in order to obtain a long lifetime of
the PEMFC. [138] The degradation mechanism must be elucidated in
order to prevent or suppress the degradation. Vibrational Raman
scattering spectroscopy can provide chemical information regarding
the degradation of the materials. Molecular information can be
obtained to determine the mechanism of the degradation in the PEM
and could principally be done under in situ operation conditions.
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