Thin Film Catalysts for Proton Exchange
Membrane Water Electrolyzers: Advancing
Hydrogen Production and Fuel Cell
Technologies

Proton exchange membrane (PEM) water electrolyzers are electrochemical
devices that convert electrical energy into hydrogen and oxygen. They are
a promising technology for producing clean hydrogen for fuel cells and
other applications. However, the efficiency of PEM electrolyzers is limited
by the activity and durability of the electrocatalysts used in the electrodes.

Thin film catalysts are a new class of electrocatalysts that have shown
great promise for improving the efficiency of PEM electrolyzers. Thin film
catalysts are made by depositing a thin layer of catalyst material on a
substrate. This allows for precise control over the composition and
structure of the catalyst, which can lead to improved performance.

This article will discuss the advantages and disadvantages of thin film
catalysts for PEM water electrolyzers. We will also review the recent
progress in the development of thin film catalysts and discuss the
challenges that need to be overcome to commercialize this technology.
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Thin film catalysts offer several advantages over traditional electrocatalysts

for PEM water electrolyzers. These advantages include:

Improved activity: Thin film catalysts can be designed to have a high
surface area and a well-defined structure, which can lead to improved
activity.

Increased durability: Thin film catalysts are less likely to degrade than

traditional electrocatalysts, which can lead to a longer lifespan.

Reduced cost: Thin film catalysts can be produced in a cost-effective
manner, which can make them a viable option for commercial

applications.

Thin film catalysts also have some disadvantages, including:

Limited stability: Thin film catalysts can be less stable than traditional
electrocatalysts, which can make them more susceptible to
degradation.

Complex fabrication: The fabrication of thin film catalysts can be
complex and expensive, which can hinder their commercialization.

In recent years, there has been significant progress in the development of
thin film catalysts for PEM water electrolyzers. Researchers have
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developed new materials and fabrication techniques that have led to
improved performance and durability.

One of the most promising thin film catalysts is iridium oxide (IrO2). IrO2 is
a highly active and durable catalyst for the oxygen evolution reaction
(OER),which is the primary reaction that occurs at the anode of a PEM
water electrolyzer. IrO2 thin films have been shown to have a high surface
area and a well-defined structure, which leads to improved OER activity.

Another promising thin film catalyst is ruthenium oxide (RuO2). RuO2 is a
highly active and durable catalyst for the hydrogen evolution reaction
(HER),which is the primary reaction that occurs at the cathode of a PEM
water electrolyzer. RuO2 thin films have been shown to have a high surface
area and a well-defined structure, which leads to improved HER activity.

Despite the progress that has been made in the development of thin film
catalysts, there are still some challenges that need to be overcome before
they can be commercialized. These challenges include:

= Stability: Thin film catalysts must be stable enough to withstand the
harsh conditions of a PEM water electrolyzer. This includes being
resistant to corrosion and degradation.

= Cost: Thin film catalysts must be produced in a cost-effective manner
in Free Download to be viable for commercial applications.

= Scalability: The fabrication of thin film catalysts must be scalable to

meet the demands of commercial production.

Thin film catalysts are a promising technology for improving the efficiency
of PEM water electrolyzers. They offer several advantages over traditional



electrocatalysts, including improved activity, increased durability, and
reduced cost. However, there are still some challenges that need to be
overcome before thin film catalysts can be commercialized. These
challenges include stability, cost, and scalability.

Despite these challenges, the potential benefits of thin film catalysts are
significant. If these challenges can be overcome, thin film catalysts could
play a major role in the development of clean hydrogen production and fuel
cell technologies.

= Figure 1: A schematic diagram of a PEM water electrolyzer.

= Figure 2: A transmission electron microscope image of a thin film 1rO2
catalyst.

= Figure 3: A plot of the OER activity of thin film I[rO2 catalysts as a
function of the catalyst thickness.
= Figure 1: A PEM water electrolyzer converts electrical energy into

hydrogen and oxygen.

= Figure 2: A thin film IrO2 catalyst has a high surface area and a well-
defined structure.

= Figure 3: The OER activity of thin film IrO2 catalysts increases with

increasing catalyst thickness.

Thin Film Catalysts: The Key to Unlocking the Potential of PEM Water
Electrolyzers
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