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Abstract  

The objective of the study is to develop high -performance electrodes for elec-

trochemical devices operating in the intermediate temperature range. In the 
first part of the study, the phase stability of a series of Pr 2NiO4-based mate-
rials is investigated at a relatively high temperature (850  ӛ#ˮ ăþ øóôýăøõĈ þÿˇ

timal candidates for further application in the electrodes operating  in con-
tact with a Sm -doped ceria electrolyte. The most p romising compositions are 

fabricated into electrodes and subjected to 1100 h of accelerated electro-
chemical testing under ambient/wet air with thermal cycling  every 100 h. In 
the second part of the study, the selected Ca/Cu substituted Pr 2NiO4 elec-

trodes a re structurally optimized and then modified with PrO x to further en-
hance performance and achieve  a target polarization resistance of less than  
1  ̕ cm2 at 600  ӛ# ʕ a benchmark for intermediate -to-low -temperature 

SOFCs. The performance stability of the infil trated electrodes is subse-
quently assessed via a 500 -hour electrochemical test at 700  ӛ#, identifying 
the most robust electrode configuration.  
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Key findings  

ǒ Pr2NiO4+  ̥ (PNO) , Pr1.6Ca0.4NiO4+  ̥ (PCNO), Pr2Ni 0.6Cu0.4O4+  ̥ (PNCuO), 
Pr1.6Ca0.4Ni 0.6Cu0.4O4+  ̥ (PCNCuO) , Pr1.6La0.4Ni 0.6Cu0.4O4+  ̥ (PLNCuO), and 

Pr1.6Nd0.4Ni 0.6Cu0.4O4+  ̥(PNNCuO) were  synthesized  and electrochemically  tested . 

ǒ PCNO, PCNCuO, PLNCuO showed superior thermal stability and lowest degradation 

in electrochemical performance during 1100 -÷þĄā ĂăðñøûøăĈ ăôĂă ðă ѕђэ ӛ#˅ 

ǒ DRT analysis revealed that the electrode process associated with surface  exchange 

was most significantly influenced by the PrO x activation . 

ǒ 0ôāõþāüðýòô ðýó óôöāðóðăøþý āðăô þõ ðòăøąðăôó ôûôòăāþóôĂ óĄāøýö ђээ ÷ ðă єээ ӛ# 

were affected by electrode design/catalyst loading level . 

а 2025, the Authors. This article is published in open access under the terms and conditions of the 

Creative Commons Attribution (CC BY) license  (http://creativecommons.org/licenses/by/4.0/ ). 

1. Introduction  

The impact of climate change and the depletion of natural 

resources has intensified the development of sustainable 

technologies, which are essential for transitioning toward 

ð ˔ýôă-ĉôāþ ôüøĂĂøþýĂ˕ Ćþāûó [1,2] . Most of these technolo-

gies are related to energy production and conversion be-

cause energy utilization is constantly rising in modern so-

ciety to meet the ever -growing demands of industry and im-

proved standards of living worldwide [3,4] . Solid oxide 

cells (SOCs) have emerged as a rapidly developing technol-

ogy with applications in energy production and storage, gas 

electrolysis,  and chemical production [5 8ʕ] . Particularly, 

these electrochemical devices are critical for sustainable 

energy solutions, such as producing green hyd rogen 

through gas electrolysis and enhancing overall fuel use in 

combined heat and power (CHP) systems [9] . Combining 

the electrochemical and mechanical systems can increase 

tota l efficiency by 60 6ʕ5% in hybrid power plants [10] . 

One way to improve t he reliability and stability of solid 

oxide electrochemical devices in the long term and reduce 

the cost of generated energy is to decrease their operating 

temperature down to the intermediate -temperature (IT) 

range (600 7ʕ50 ӛC) and  the low -temperature (LT ) range 
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