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Major Goals: The primary goal of the Phase | option was to modifiy the gas diffusion electrodes (GDEs) yield
improved performance in terms of Faradic Efficiency (FE) stability over time in preparation of the Phase Il work.

A variety of experiments were designed and executed to do this including methods to reduce GDE wetting,
increase GDE hydrophobicity via hydrophobic additives to the catalyst ink, adding a Gas Diffusion Layer (GDL),
and changing the reactor hydrodynamic design

Accomplishments: The work done in this Phase | options period helped in making significant optimizations to the
GDE (including the modification of the gas diffusion layer) to enhance its performance, and these optimizations
have been built upon to further the performance of the GDE as reported in the Phase || monthly reports thus far.
Apart from that, the learnings from the unsuccessful methods in enhancing the GDE and reactor performance has
led to a better understanding of the process which will assist in better planning and approach to meet the targets of
Phase II.

Specific Accomplishments Include:

1) Successfully fabricating, applying and testing a gas diffusion layer consisting of a PTFE mixture.

2) Applying a porous polymer layer on top of the GDE to reduce wetting of the GDE

3) Applying a porous structure of the CO2 gas side of the GDE to help gas distribution and increase GDE electrical
contact:

4) Testing several different GDEs were prepared with modified binder content and gas diffusion layer (GDL) with
varying PTFE wt% coatings

The work done in this Phase | options period helped in making significant optimizations to the GDE (including the
modification of the gas diffusion layer) to enhance its performance, and these optimizations have been built upon to
further the performance of the GDE as reported in the Phase Il monthly reports thus far. Apart from that, the
learnings from the unsuccessful methods in enhancing the GDE and reactor performance has led to a better
understanding of the process which will assist in better planning and approach to meet the targets of Phase II.
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Technology Transfer: OCQO's work in improving and scaling the electrochemical synthesis of potassium formate,
supported by the US Army, led to several discussions with several companies and national laboratories including
Pacific Northwest National Laboratory (using formate as a hydrogen carrier in a flow reactor-based energy storage
application, a biochemical organism design company (using formate as a microbial feedstock) an oil and gas
services company (using formate as a drilling/completion fluid).

This interest is indicative of the need for more sustainable and modular ways to make potassium formate for a wide
variety of commercial applications in addition to its major use today as a road de-icing chemical.
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Key Work and Updates

As reported in the month 3 monthly report of the current Phase | options period, electrochemical
tests conducted on modified gas diffusion electrodes (GDEs) yielded improved performance in
terms of Faradic Efficiency (FE) stability over time. In this period, we evaluated methods to
reduce wetting of the GDE to help maintain high CO2 mass transport within the GDE and thus
maintain the electrochemical performance as a function of time. Unfortunately, these attempts
did not yield desired results. However, they helped eliminate these methods as potential
solutions to improving the hydrophobic character of the GDE and help with better uniform CO2
distribution.

Applying a porous polymer layer on top of the GDE to reduce wetting of the GDE:

Some recent literature suggested that application of a porous polymer layer on top of the
catalyst layer (via spraying of a separate layer of dilute polymer solution on top of the catalyst
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layer of the previously prepared GDE) would potentially create a new, hydrophobic barrier that
better assists in keeping the electrolyte from wetting the catalyst layer. This method was
attempted to make PTFE porous layers on nano Sn on C coated toray paper GDEs by spraying
dilute solutions (1% PTFE) of polymer. 3 different electrodes were prepared, where the quantity
of spray polymer volumes were varied to impact perceived thickness of polymer layer (or
improve hydrophobicity). However, contrary to expectation, there was no impact on the %FE
performance as compared to the electrode without the polymer top coating. Possibly, the
polymeric spray, which was made in isopropanol, dissolved the catalyst layer and mixed it with
the polymer, such that, instead of a secondary top polymer layer, a new composite catalyst and
polymer layer was potentially created, which would be quite similar to the original catalyst layer.

Applying a porous structure of the CO2 gas side of the GDE to help gas distribution and
increase GDE electrical contact:

A tin based porous structure attached to a 3-D printed backing was obtained as indicated in
Figure 1 and placed behind the GDE, on the CO2 gas side. The hypothesis here is that the
presence of the fine porous metal structure in contact with the GDE will help with the CO2 gas
distribution and reduce/eliminate wetting of the carbon GDE by maintaining a uniform flux of
CO2 across the height of the electrode, along with providing better electrical contact since the
GDE is in direct contact with the metal porous structure.

After initial setup trial and error, the structure was successfully integrated with OCO’s 100 cm2
cell. Sub-optimal electrochemical full cell performance indicated in Figure 2 point to aspects of
porous structure that need to be significantly modified & optimized to be of value.

Figure 1. Porosity structure integrated on the gas side of the GDE in the 100cm2 cell.

Upon integration and running the electrochemical cell with the porosity structure (Figure 1,
above shows the setup, and Figure 2, below, indicates the results and comparison with and
without porosity structure) the following observations were made:

+ ~15% lower current density at same Vcell > metal porous structure unable to provide
conductive path potentially due to gap between GDE & porous structure
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« Same initial %FE as without porosity structure (<1 hr)

+ Steep fall is FE to low value (<15%) due to electrolyte seeping between porosity
structure & GDE within an hour, causing the CO2 distribution to worsen and hence, low
%FE

~w/o Porosity Structure w Porosity Structure

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
Time (hr)

Figure 2. Comparison for FE performance with and without the porosity structure in
100cm2 cell.

Upcoming Month Tasks.

This is the 4™ and final report of the options period, which marks the end of the Phase | options
work, while the work on the Phase Il continues. The work done in this Phase | options period
helped in making significant optimizations to the GDE (including the modification of the gas
diffusion layer) to enhance its performance, and these optimizations have been built upon to
further the performance of the GDE as reported in the Phase Il monthly reports thus far. Apart
from that, the learnings from the unsuccessful methods in enhancing the GDE and reactor
performance has led to a better understanding of the process which will assist in better planning
and approach to meet the targets of Phase Il.





