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INTRODUCTION & AIM

Intermetallic compounds (IMCs) have an ordered structure of active sites with
a regulated electronic structure and atomic ensemble size. IMCs can be used to
create catalysts with high practical performance, including for complex and
environmentally friendly electrochemical reactions such as nitrogen reduction
(NRR), nitrate conversation (NO;RR), and nitrite reduction (NO,RR), which could
potentially could replace the industrial Haber-Bosch process. A current priority is
the development of efficient electrocatalysts using inexpensive non-precious
metals with partial or complete replacement of precious metals [Ref 1]. A
promising strategy is the combination of transition metals with p-block elements
to tune the adsorption of nitrates/protons and essentially improve the NO,RR
performance. Compared to solid solution alloys, intermetallic compounds (IMCs)
possess uniformly dispersed active sites, controllable electronic structure, and
excellent stability. To achieve this goal, it is proposed to use IMCs based on non-
precious metals or with the addition of some precious metals to maintain high
efficiency [Ref 2].

NO;RR is of particular interest, as it allows for the production of a valuable
product and addresses the problem of purifying wastewater from nitrogenous
pollutants. Recent research shows that intermetallic compounds open up new
possibilities for creating highly efficient catalytic systems for this process. In this
work, studies on the use of La-containing IMCs as catalysts in the NO;RR reaction
were conducted for the first time.
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RESULTS & DISCUSSION
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Analysis of Faradaic efficiency
NO, + 6H,0 + 8e - =NH, + 90H-, E® = 0.88 B oTH. RHE [Ref 3]

The Potential for reaction NO,RR (vs. Ag/AgCl)

sample | 3 1v | -12v | -13v | -14v | -15V | -16V | -17V
LaCoSi | 10 5.7 6.5 9.6 7.2 - -
LaCusSi — 2.0 7.1 10.1 18.5 18.6 21.5

—a— | aCoSi Faradaic efficiency

—e— LaCusSi d n(NH,) denotes the amount (mol) of NH,

. Fis the Faradaic constant (96,485 C mol™)

J Qs the total charge passed through the
electrode

[ 8 is the number of electron (n) transfers

required to form 1 mol of ammonia
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CONCLUSION

 Ternary intermetallic alloys (IMCs) based on lanthanum and non-precious metals
Cu(Co) and Si were synthesized. For the first time, bi- and multicomponent alloys
based on lanthanum (containing IMCs) were tested in NO;RR.

(J The use of IMC-based electrocatalysts is promising, as the conducted study
demonstrated good values of both Faradaic efficiency (FE) and ammonia yield.
LaCuSi compound demonstrate higher efficiency compared to La-based IMCs
containing Co.

It was found that when using the LaCuSi alloy as a cathode, the predominant
reaction is nitrate reduction. In the case of LaCoSi alloy as a cathode, the
reactions of ammonia production from nitrates and the hydrogen evolution
reaction occur simultaneously.
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