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Constructing Polymeric Proton Donor and Proton Acceptor in Layer-by-layer Structure
for Efficient Proton Transfer in PEMFC
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Previously, the incorporations of proton conductive species in the polymer
electrolyte membranes are relied on either the functionalization onto the polymer
chains or the blending in the solution followed by casting the membrane. Here, we
apply the simple surface modifications on the PEM to enhance the proton transfer
efficiency by layer-by-layer technique and polymer brush grafted on PEM surface.

A simple layer-by-layer technique was applied to construct a high ordered structure
of proton donor and proton acceptor. SPEEK surface was alternatively soaked with
proton donor, i.e. poly(acrylic acid), and proton acceptor, i.e. benzimidazole derivatives
or benzimidazole substituted PEI in form of layer-by-layer. These works showed that
proton transfer could be enhanced by (i) incorporating proton donors together with
proton acceptors in the system, and (ii) constructing a high-ordered structure of proton
donor and proton acceptor.

Grafting is the effective technique to decorate the PEM surface with functional
polymer brushes. We developed the SPEEK membrane grafted with polymer brushes of
PEG with benzimidazoles terminals. PEG played the role in water absorption and
retention whereas benzimidazole functioned as proton conductive species. The
SPEEK-PEG-BIm membranes obtained showed an increase in proton conductivity with
the temperature in non-humidified system whereas the water absorptivity, proton
conductivity, and cell performance can be maintained up to 90 °C in humidified
condition.

In the future, we will develop PEM with well-defined polymer brushes on the
surface by using controlled radical polymerization, i.e. atom transfer radical
polymerization (ATRP), reversible addition-fragmentation chain transfer (RAFT) to
enhance the proton transfer through further highly-ordered structure. Not only the
surface modification of PEM, we will study the surface modification of the magnetic
particle with proton transfer species and incorporate with the PEM to obtain the PEM
which can tune the direction of proton transfer.
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I would like to acknowledge Eno Science Promotion Foundation, Director General
(Mr.Shin-ichiro Eno), Chairperson of the selection committee (Mr.Kuniko Mori) and all
selection committee members for giving me opportunity with the research grant
1,500,000 JPY to carry out the research in the title of ‘Surface functionalization of
proton exchange membrane fuel cell’. All works have been done from August 2015 to
August 2016. The grant was used for PEMFC single cell units (1 cm? and 5 cm?),
chemicals and UV compartments. Additionally, the research grant brought us to the
research articles i.e., (i) Layer-by-layer proton donor and acceptor membrane for an
effective and efficient proton transfer system in a polymer electrolyte membrane fuel
cell (in preparation), (i1) Constructing polymeric proton donor and proton acceptor in
layer-by-layer structure for efficient proton transfer in PEMFC (published in
International Journal of Hydrogen Energy), and (iii) Polymer electrolyte membrane
with heterocyclic terminated poly(ethylene glycol) brushes: an approach to decorate
proton conductive species on membrane surface (published in Journal of Membrane
Science)

I would like to welcome the Foundation committee members to visit me at the
Petroleum and Petrochemical College, Chulalongkorn University so that I will have
opportunity to show how the research grant was meant to my group. Especially the
equipment that were bought from this grant which are still producing us the research
data. Last but not least, on behalf of Thai research scientist, I would like to express my
deepest gratitude to the foundation and my willingness to see this opportunity given to
other Thai scientists in the future.
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