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From trash to catalyst: a single-atom strategy
for carbon conversion

GA, UNITED STATES, May 12, 2025

/EINPresswire.com/ -- A recent study Emitted CO, w co
presents a practical approach to pe ‘ | Renewabledneray &
addressing both industrial waste and |

carbon emissions through material Agriculture Bioengineering K% 72 -

innovation. Researchers have
developed a gas diffusion electrode
(GDE) by repurposing waste proteins
and heavy metals from industrial |
wastewater. These components are , ol ':W—."
transformed into nickel single-atom 1 N
catalysts (Ni SACs), which demonstrate
high efficiency in converting carbon
dioxide (CO0) into carbon monoxide
(CO). The electrochemical COO
reduction reaction (ECOORR) achieved a Faradaic efficiency of up to 96% and maintained stability
under high current conditions. This approach not only reduces greenhouse gas emissions but
also provides a resource-efficient use for industrial byproducts, supporting carbon neutrality and
circular economy goals.
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Turning Waste into Catalysts for COO Conversion.

Organic waste and heavy metal-contaminated wastewater continue to pose environmental and
health risks, while also contributing to carbon dioxide (COO) emissions. Current electrochemical
COOD conversion technologies often depend on expensive materials and face limitations related
to mass transfer in aqueous systems. Simultaneously, large quantities of protein-rich byproducts
from the food industry remain underutilized. Many catalyst production methods are complex
and face durability challenges in practical applications. In light of these limitations, there is a
clear need for cost-effective, scalable, and environmentally friendly solutions that can convert
waste streams into functional materials for carbon management.

A research team from Harbin Institute of Technology has explored this challenge in a study
published in Frontiers of Environmental Science & Engineering on February 25, 2025. The team
proposed a method to co-utilize soybean peptide wastewater and electroplating effluent,
forming the basis for a new type of gas diffusion electrode. Using electrospinning followed by
carbonization, they created a nanofiber-based gas diffusion electrode (GDE) embedded with
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nickel single atoms. This process simplifies catalyst fabrication while offering promising
performance in COO-to-carbon monoxide (CO) conversion, contributing to sustainable energy
systems and waste recovery practices.

The developed GDE is produced by integrating nitrogen-rich proteins and nickel ions into a
porous nanofiber structure that promotes COD transport and adsorption. The presence of
nitrogen facilitates the formation of Ni-Nx active sites, which enhance the electrochemical
reduction of COL. The electrode achieved high CO selectivity and Faradaic efficiencies above 90%
across different current densities in both single-chamber and membrane electrode assembly
systems. The structure was also stable under prolonged operation, with no evidence of
nanoparticle aggregation—a common issue in other catalysts. Unlike traditional approaches, the
protein-based GDE retained its performance without acid treatment, highlighting its operational
simplicity and reliability. These findings offer a pathway to stabilizing single-atom catalysts using
low-cost, waste-derived materials.

"Our study demonstrates that waste proteins can serve as effective building blocks for catalyst
development,"” said Dr. Lu Lu, corresponding author of the study. "Through electrospinning and
carbonization, we developed a practical way to prepare single-atom catalysts that combine high
activity with environmental benefits. This method provides a useful strategy for linking waste
utilization with carbon management." Dr. Lu emphasized the relevance of this work to circular
economy frameworks, especially in recovering resources from underused waste streams.

The proposed method holds potential for wider adoption in carbon utilization systems,
particularly in sectors generating organic and heavy metal waste. The protein-derived GDE can
be applied in carbon capture and utilization (CCU) processes to produce CO for use in fuels or
chemicals. On a larger scale, the approach could contribute to the recovery of an estimated 478
million tons of carbon and 5 million tons of heavy metals annually. Given the wide availability of
protein-rich waste, this method offers a feasible and sustainable route for advancing low-
emission technologies and improving industrial waste valorization.
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