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Abstract 

 

 

The global demand for clean, efficient, low-cost, and environmentally friendly energy 

conversions solutions presents a significant challenge for engineers and scientists. Among the 

promising technologies, solid oxide fuel cell (SOFC) represents the highly efficient and 

environmentally clean, as they convert the chemical energy of fuel gases directly into electrical energy 

without combustion. So far, a key focus of current SOFC research is reducing both the cost of 

materials and the operating temperature to the intermediate temperature (IT) or low temperature (LT) 

range. Achieving this requires the development of alternative solid electrolytes that offer promising 

features, including high electrical conductivity, structural and thermal stability, and adequate 

densification at reduced temperatures.  

In this context, it has been found that natural minerals, particularly iron-containing materials 

have emerged as promising candidates for energy conversion applications. This thesis presents an 

experimental investigation of solid electrolytes based on iron-cantoning materials: natural minerals 

(NM) and iron-rich mining waste, specifically waste hematite (WHM, Fe2O3). The WHM was 

obtained as a by-product of sulfuric acid (H2SO4) production through the oxidation of pyrrhotite 

(Fe7S8) in a fluidized bed furnace. The first part of this thesis focuses on the use of NM, identified as 

a mixture of hematite, silica, and illite, as a low-cost material. An empirical approach was applied to 

optimize the casting slurry composition for the fabrication of solid oxide pellets via casting method. 

Comprehensive morphological and electrical characterizations revealed that NM-based pellets 

achieved promising densification, electrical conductivity, and thermal stability, making them suitable 

candidates for SOFC electrolyte applications.  

The second part of this thesis, investigates the valorization of mining waste WHM as a 

functional solid oxide electrolyte material. In addition, a composite strategy was employed to develop 

and investigate an intermediate layer suitable a for electrolyte-layer free fuel cell (EFFC) technology. 

The composite material was developed by incorporating a semiconductor La0.6Sr0.4Co0.2Fe0.8O3-δ 

(LSCF), synthesized via glycine-nitrate method, into WHM matrix. The resulting semiconducting-

ionic conductor LSCF-WHM composite demonstrated enhanced electrochemical performance, 

offering a promising pathway for the development of cost-effective materials for intermediate 

temperature EFFC applications. Finally, the initial fabrication attempts of several single cells utilizing 

NM- or WHM-based electrolytes demonstrated the practical feasibility of these materials in single cell 

configurations. Employing conventional techniques such as casting and screen-printing, these 

prototypes confirmed the compatibility of the synthesized electrolytes with standard cell 

manufacturing processes. 

The aim of this thesis is to contribute to the advancement of alternative solid electrolyte and 

intermediate-layer materials by providing insight into their preparation methods, morphological and 

electrical properties. The obtained result paves the way to perspectives for designing high-

performance, low-cost energy conversion systems, allowing broader goal of sustainable and accessible 

energy technologies. 
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