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Calcium ferrites (CaFe) represent a versatile class of low-cost, low-toxicity multifunctional 
materials, encompassing a rich phase diagram that includes brownmillerite (Ca2Fe2O5), cubic 
spinel (C- CaFe2O4), and post-spinel orthorhombic (O-CaFe2O4) structures. Synthesised via 
different routes, these materials were systematically characterised across a broad range of 
Ca:Fe molar ratios (1:1 and 1:2) and calcination temperatures (300-1200 °C), revealing five 
distinct phase domains, from non-ferrous calcite to brownmillerite/spinel assemblages, each 
associated with well-defined structural, colloidal, and magnetic signatures. Low-temperature 
CaFe 1:2 compositions exhibited specific surface areas exceeding 100 m2 g−1, measurable 
magnetic response, and broad contaminant removal capability. In water remediation, these 
materials achieved 25 mg g−1 removal of both cationic (methylene blue) and anionic (methyl 
orange) dyes under UV irradiation, phosphate adsorption capacities surpassing 130 mg g−1, 
and heavy metal uptake (Cu2+, Zn2+, Cr3+, Sn4+, Mo5+) up to 17 mg g−1, performance 
comparable to or exceeding that of conventional ferrites, TiO2, and activated carbons. Removal 
kinetics followed pseudo-first- and pseudo-second-order models, and equilibrium was well 
described by the Langmuir isotherm, consistent with monolayer chemisorption/physisorption 
on homogeneous active sites. In the thermochemical domain, self- combusted CaFe 1:1 
materials demonstrated measurable CO2 splitting activity at temperatures as low as 550 °C, 
with CO yields exceeding those of benchmark oxygen carriers such as CeO2, NiFe2O4, and 
MgFe2O4 by over one order of magnitude. The intrinsic magnetic properties of selected 
compositions further enable rapid recovery from aqueous media. Collectively, these findings 
establish calcium ferrites as phase-engineered, sustainable platforms bridging photocatalysis, 
adsorption-based water remediation, and low-temperature thermochemical CO2 conversion. 


