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Final Report

Portable fuel cells with high energy density liquid fuels are an alternative to batteries for
extended mission lengths. An advantage of fuel cells versus batteries is that the increase in weight
required for longer mission lengths is entirely fuel weight, particularly when using collapsible methanol
reservoirs. The show-stopper is membrane-electrode-assembly durability.

Toward the end of the project NuVant Systems has attempted to deliver both one-at-a-time and
high throughput prepared catalysts at Northeastern and the University of Notre Dame respectively.
Unfortunately, none of the catalysts produced were capable of challenging the commercially available
Johnson-Matthey catalyst. In order to keep up with the stated target of delivering a better MEA and in
the light of the oncoming program focused on DMFCs operating on concentrated methanol, NuVant had
decided to focus on MEA optimization rather than persist with catalyst discovery and screening.

However, to show some results with the alternative catalysts under investigation the following
figure is provided.
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Figure 1. Life test under constant potential for various DMFC catalysts.

It can be easily noticed that the Johnson Matthey PtRu/C catalyst outperforms all the others
over the entire life test. However, even that catalyst shows intense degradation over the life of the test.
One reason for the decay can be attributed to the un-optimal way the MEA was prepared. NuVant has
prepared the MEAs shown in the picture above by depositing the catalyst onto the diffusion layers and
then hot-pressing them onto the membrane of choice (Nafion 117 in this case). The MEAs prepared in
this way are known as catalyst coated diffusion layer MEAs or 5 layer MEAs. This technique is adequate



for initial tests of catalyst activity but the resulting MEAs are subject to rapid degradation due to the
weak bonding between the membrane and the catalyst that is deposited onto the diffusion layer. In the
process of hot-pressing the pressure at which the catalyzed diffusion layer is subjected is not very high
or it would collapse the porosity of the diffusion layer.

The better alternative is to deposit the catalyst directly onto the membrane. The MEAs prepared
in this way are known as catalyst coated membrane MEAs (CCMs) or 3 layer MEAs. The following are the
advantages and disadvantages of the two techniques:

1) Catalyst Coated diffusion layer MEAs

Advantages
» easy to employ, no special equipment needed
» easy to account for the catalyst loading
» can easily be automated

Disadvantages
» MEA prone to delamination
»  high ohmic losses

2) Catalyst coated membrane MEAs

Advantages
> electrodes in intimate contact with the membrane
> lower degradation, lower ohmic losses (because of the more intimate interface)
> can be automated

Disadvantages
» more difficult to account for the catalyst loading
» requires special equipment to hold the membrane down (vacuum tables)
» longer preparation times

For more robust MEAs the CCM technique is unavoidable in spite of its somewhat more difficult
implementation. Certainly, once the optimum recipe for the catalyst ink is established the process of
coating the membranes can be automated using screen printing techniques. The catalyst loss that is
encountered when using screen printing is significant though and the technique is suitable once a large
number of MEAs is required. For the scope of this project manual painting of the catalyst onto the
membrane is preferred due to the minimal loss of catalyst that is encountered. In order to be able to
directly paint onto the Nafion membrane a device is required to hold the membrane down. Nafion
membranes will swell when touched by liquids and that would make the painting uneven or even
impossible. The most often used devices are vacuum tables. NuVant designed vacuum tables are shown
in the following pictures.



In order to illustrate the performance differences between MEAs prepared with the two
techniques mentioned above we present first the performance of MEAs prepared with the catalyst
coated diffusion layers technique.

Figure 2. Baseline Legacy Cell Performance at t=0 hours. Left 0.3M MeOH, Right 0.75M MeOH

Both the anode (red) and the whole cell (blue) polarization curves are presented in figure 2. It
can be noticed that when operating with 0.3M the anode becomes mass transport limited as the anode
polarization curve in the left hand side graph starts curving upwards. This is normal as 0.3M is a very low
concentration. Utilizing 0.75M one can extend the operating regime beyond 100 mA/cm”.

Some of the MEAs were subjected to 1000 hr life tests and their performance was assessed after
the test. The result is shown in figure 3.



24% lossin

currentdensity
% (irreversible)

Figure 3. Polarizations of Baseline Cells at t = Ohrs and t = 1000hrs during 100mA/cm? soak; little
anode loss but significant whole cell loss. Catalyst coated diffusion layer MEA. Red: anode polarization,
Blue: whole cell polarization

It can be seen from figure 3 that the cell degrades irreversibly after 1000 hours with most of the
degradation coming from the cathode. This can be from electrode delamination and/or Ru crossover. A
plot of the 1000 hr life test is shown in figure 4.

Figure 4. Baseline Legacy Cell Performance at 100mA/cm? for 1000hrs. Catalyst coated diffusion
layer MEA.



It can be easily noticed that the degradation rate is very large. At the beginning of life the cell
voltage was ca. 0.42V at 100 mA/cm?, but by the 1000 hr mark decreased to ca. 0.16V. This equates to a
degradation rate of 0.26 mV/hr. An acceptable degradation rate should be at the most a few tens of
microvolts per hour.

Moving on to the CCM type MEAs and performing the same type of experiments we present by
comparison in figure 5 the performance of a CCM type MEA acquired under the same conditions as the
one shown in with figure 3.

Figure 5. Polarizations of Baseline Cells at t = Ohrs and t = 1000hrs during 100 mA/cm? soak;
almost no loss in performance. CCM type MEA. Red: anode polarization, Blue: cathode polarization

It can be easily seen that there is almost no loss in performance between beginning of life and
end of life (1000 hrs). The whole cell polarization curves start to diverge around 80 mA/cm? but there is
really minimal loss in performance. The anode polarization curves (red) diverge beyond 80 mA/cm?
which, again, indicates that any losses that exist come from the cathode. In the kinetic region there
seems to be no loss in performance.

The same 1000 hr life test that was performed for the catalyst coated diffusion layer type MEA
was performed for the CCM and the degradation rate was determined. The 1000 hr life test at a
constant current of 100 mA/cm? is presented in figure 6.



Figure 6. Baseline Legacy Cell Performance at 100mA/cm? for 1000hrs. Catalyst coated
membrane MEA.

It can easily be seen from the graph that the degradation rate over the 1000 hours of the
experiment is much smaller than in previous case. The cell voltage at the beginning of life is ca. 0.47V
and at the end of 1000 hrs is ca. 0.4V. This equates to ca. 0.07 mV/hr, which is one order of magnitude
lower than in the case of the catalyst coated diffusion layer. The interruption at the ca. 600 hr mark was
due to a power outage.

Not only the degradation rate proves that the coating the membrane yields a better MEA but
the electrical performance in itself. The following figure proves that the performance of the CCM is
much better than the performance of the catalyst coated diffusion layer.
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Figure 7. Performance of the catalyst coated diffusion layer MEA (red) vs. CCM MEA (blue). Left: whole
cell polarization, Right: anode polarization.



The increase in performance is more than double for the CCM compared to the catalyst coated
diffusion layer at 0.45V which is within the operating window of a DMFC. In the right hand side of the
graph one can see that the anode carries a lot of the improvement but not all of it. It is quite clear that
the application of ink to the membrane is benefic for both electrodes.

One of the recommended techniques to reduce degradation is to subject the as-received
catalyst to a series of leaching experiments with the aim to remove oxidized species and stabilize the
electrochemical available area of the electrode. The pretreatment of the catalyst brings it into a similar
environment to that that exists in the MEA, namely corrosive acid environment at elevated
temperatures. Consequently the catalyst mixed with a H,SO, solution under continuous stirring at 80
deg C. We have performed the treatment of the catalyst, made the catalyst into a CCM type MEA, ran
the 1000 hr life test at 100 mA/cm?, after which we measured the polarization of the cell. We compared
the polarization curves of the MEAs with untreated and treated catalyst hoping that the MEA containing
the pretreated catalyst would show lower degradation. The results are shown in figure 8.

CCM technique with untreated catalyst; CCM technique with acid-washed catalyst;
t=0 hours and t = 1000 hours t=0 hours and t = 1000 hours

13.6% loss in 14.3% loss in

current density current density
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Figure 8. Polarization curves with the MEAs with pretreated (right) and as-received catalyst (left).

It can be seen that the acid-wash pretreatment did not really make much difference (if any) as far as the
degradation rate is concerned. The slight difference in the percentage loss of performance is most likely
within the experimental error. Perhaps better recipes for acid washing the catalyst should be
investigated.



Conclusions

While we have not been able to discover novel catalysts that exceed the performance of the state-of-
the-art Johnson Matthey catalysts, we have developed a new MEA preparation technique that doubled
the performance of our DMFC. The degradation rate of the fuel cell was also reduced by a factor of
more than 3 by employing this new CCM technique.

Our attempt to further reduce the degradation rate by acid washing the catalyst before making the MEA
was unsuccessful but we suspect that better pretreatment recipes might yield better results.

We are confident that the newly developed MEA preparation will aid us in the next phase of the project
where we will develop DMFCs that will operate on concentrated fuel, thus increasing the energy density
of the system that they will be implemented into.



