
461
EAST EUROPEAN JOURNAL OF PHYSICS. 2. 461-469 (2026)

DOI:10.26565/2312-4334-2026-2-51 ISSN 2312-4334

STRUCTURAL, MORPHOLOGICAL AND ELECTROCHEMICAL PROPERTIES OF NaFeO₂ 
SYNTHESIZED BY SOLAR MELTING 

M.S. Payzullakhanov1,2, F.A. Giyasova3, M.A. Yuldoshev4*, B.B. Gulyamov5, F.A. Giyasov3,
A.E. Otarbaev6, S.M. Kasimov6, U.A. Nasritdinova7, G.B. Rizamuxamedova8, N.B. Xolboyeva9,

A.A. Abduvakhobov3, A.A. Mamadaliyev3 
1Institute of Materials Science, Academy of Sciences of the Republic of Uzbekistan. Tashkent, Uzbekistan 

2Fergana State Technical University, Uzbekistan 
3Kimyo International University in Tashkent, Uzbekistan 
4Turan International University, Namangan, Uzbekistan 

5Center of Advanced Technologies, Tashkent, Uzbekistan 
6Nukus State Pedagogical Institute Named After Ajiniyaz, Nukus, Uzbekistan 

7Tashkent Institute of Irrigation and Agricultural Mechanization Engineers, National Research University, Uzbekistan 
8Namangan State Technical University, Namangan, Uzbekistan 

9Namangan State University, Namangan, Uzbekistan 
*Corresponding Author e-mail: murod.yuldoshev1993@gmail.com

Received March 4, 2026; revised April 30, 2026; accepted May 2, 2026 

This paper presents the synthesis of tetragonal sodium ferroxide (NaFeO₂) via a solar-furnace melting method. The resulting material 
is characterized by a quasi-spherical morphology, an average particle size of ~1.2 μm, high crystallinity (⁓ 92%), and a polydisperse 
distribution, which ensures efficient transport pathways and uniform electrolyte penetration. SEM analysis revealed the formation of 
porous aggregates of nanogranular particles (200-500 nm) with a developed specific surface area (5-10 m²/g). DTA/TGA demonstrates 
multistage thermal transformations of the Na₂CO₃+Fe₂O₃ system with the formation of NaFeO₂ at 800-850 °C, confirming the thermal 
stability of the material. X-ray diffraction analysis confirmed the high crystallinity of the tetragonal phase with parameters a = 4.47 Å, 
c = 14.4 Å, and a coherent scattering region size of ⁓ 28 nm. The obtained data indicate the high structural stability and electrochemical 
activity of NaFeO₂, making it promising for use in sodium-ion batteries. 
Keywords: NaFeO₂; Solar furnace; Melt synthesis; Crystallinity; Microstructure; Porous aggregates; Scanning electron microscopy 
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INTRODUCTION 
The development of sodium-ion batteries (SIB) is one of the priority areas of modern electrochemical energy, due to 

the high abundance of sodium in the earth's crust, low cost of source materials and a comparatively lower environmental 
impact compared to lithium-ion systems [1-3]. Despite their lower theoretical energy density and less favorable ion-transport 
kinetics, SIBs are considered a promising alternative for stationary and large-scale energy storage systems, where safety, 
service life, and cost-effectiveness are key requirements [4]. The higher standard oxidation-reduction potential of the Na⁺/Na 
pair (≈-2.71 V relative to the standard hydrogen electrode) compared to Li⁺/Li leads to a decrease in the maximum cell 
voltage, but a rational choice of the structure and chemical composition of electrode materials can partially compensate for 
this disadvantage [5]. The cathode material largely determines the specific energy, operating voltage and cyclic stability of 
SIBs. Among the various classes of cathode compounds, NaFeO₂ oxide is of particular interest, combining the availability 
of raw materials, the environmental safety of its components, and structural compatibility with sodium ions. The theoretical 
specific capacity of sodium ferroxide (NaFeO₂) with complete extraction of Na⁺ from the crystal lattice is approximately 242 
mA·h·g⁻¹, which corresponds to one electron transfer per formula unit and can be estimated based on Faraday's law, taking 
into account the molar mass of the compound [6]. However, experimental studies [7, 8], primarily for the layered α-
modification of NaFeO₂, demonstrate significantly lower values of reversible capacity, typically in the range of 80-120 
mA·h·g⁻¹ at an average working potential of approximately 3.3 V relative to Na⁺/Na. These characteristics indicate the 
possibility of reversible sodium intercalation and deintercalation without catastrophic structural failure at moderate charge 
depths, but also highlight a significant gap between the material's theoretical and practical potential. Limiting factors include 
low electron conductivity, limited contact area with the electrolyte, and structural transformations that occur during deep Na⁺ 
extraction. One of the key mechanisms of NaFeO₂ degradation is the migration of iron ions. When charging to potentials 
above 3.4-3.5 V, partial release of the sodium layers occurs, accompanied by the transition of Fe cations from octahedral 
positions to interlayer regions. This leads to blocking of diffusion channels for Na⁺, an increase in internal resistance, and a 
rapid loss of capacity [9, 10]. This effect significantly limits the reversible charge depth and the cathode's cyclic stability. 
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The ionic conductivity of NaFeO₂ is an important parameter that determines the material's kinetic characteristics. For α-
NaFeO₂, the activation energy for Na⁺ transfer is approximately 0.31 eV in the temperature range of 306-498 K, which 
corresponds to the migration mechanism between octahedral sites through adjacent tetrahedral spaces, typical of layered 
oxides. This value indicates the possible but relatively limited transfer of sodium ions within the crystalline matrix [11]. 

The phase composition, morphology, and particle size are considered key factors that determine the electrochemical 
activity of NaFeO₂, according to several studies [12, 13]. In particular, for the β-modification, characterized by a 
tetragonal prismatic structure, specific capacity values of up to 590 mA·h·g⁻¹ were recorded after mechanical grinding 
and extended cycling, which is associated with increased specific surface area and improved contact between the active 
material and the electrolyte. These data emphasize that morphological control and optimization of Na⁺ ion diffusion 
pathways are priority factors for improving the capacitive characteristics of cathode materials [14]. 

An additional effective approach to improving the electrochemical characteristics of NaFeO₂ is cation doping, in 
which the partial replacement of Fe with Mn, Ni, or Mg suppresses iron migration and stabilizes the crystal lattice, thereby 
increasing cyclic stability [15]. A similar effect is observed when protective coatings such as Al₂O₃ or carbon are applied, 
which reduce the intensity of side reactions at the electrode-electrolyte interface [16]. Electrochemical studies of the 
Na><NaFeO2><Al system using metallic sodium Na+/Na as a reference electrode revealed a redox peak at a potential of 
about 0.8 V, accompanied by a specific capacity of about 110 mA·h·g⁻¹. The observed behavior is due to the sequential 
process of leaching and insertion of Na⁺ ions followed by the Fe²⁺/Fe³⁺ redox transition, which determines the 
electrochemical activity of the material [17, 18]. With increasing interest in developing cost-effective and environmentally 
friendly cathode materials for sodium-ion batteries, the use of compounds based on readily available elements is a relevant 
area of research. The tetragonal modification of NaFeO₂ has attracted attention due to the use of iron and the possibility 
of implementing reversible redox processes, but remains insufficiently studied, especially when produced by alternative 
high-temperature synthesis methods [19]. In this context, using a solar furnace (SF) as a source of thermal energy is a 
promising, energy-efficient approach. 

The objective of this study is to synthesize the tetragonal modification of NaFeO₂ by melting in a superconducting 
furnace and to investigate its structural, morphological, and electrochemical properties to assess the potential of this 
material as a cathode for sodium-ion batteries. 

This study aims to establish the temperature-dependent formation of the NaFeO₂ phase, determine the crystal structure 
and degree of crystallinity of the resulting material, analyze the morphology and particle size distribution, and investigate 
the electrochemical activity associated with Na⁺ ion intercalation/deintercalation processes and Fe²⁺/Fe³⁺ redox transitions. 

 
EXPERIMENTAL SAMPLES AND MEASUREMENT METHODS 

The synthesis of NaFeO₂ material was carried out by melting a stoichiometric mixture of Na₂CO₃ + Fe₂O₃ in a stream 
of concentrated solar radiation on a solar panel with a vertical optical axis [20, 21]. The density of the concentrated 
radiation flux was calculated based on the Stefan-Boltzmann equation, which describes the radiation of heated bodies: 

 Q = εσT4 (1) 

where ε is the emissivity of the material, σ=5.67×10-8 W/m2K4 is the Stefan–Boltzmann constant, T is the body 
temperature (K). 

With the emissivity of rocks being ε = 0.85, the required flux density for melting AMMP metallurgical waste 
(T=1750 K) was Q=50 W/cm². The melt was cooled by pouring it into water at a high cooling rate (~10³°C/s). After 
quenching, the melt was ground to a particle size of about 60 μm and molded into cylindrical samples with a diameter of 
8 mm and a height of 2 mm. The resulting cylinders were sintered at various temperatures [22-25]. 

X-ray diffraction (XRD) analysis of the samples was performed on a PANalytical Empyrean diffractometer with Kα 
radiation in Bragg-Brentano geometry (λ = 1.5418 Å) at a 2θ range of 20–60°. The slit system was selected such that the 
X-ray beam completely covered the sample surface over the entire 2θ range. 

Surface morphology was examined using scanning electron microscopy (JEOL JSM 6510 and HITACHI FLEXSEM 
100), and chemical functional groups were determined using FT-IR (SHIMADZU 8210PK). Electrical conductivity of 
the samples was measured by impedance using an LCR meter (frequency range 20 Hz - 500 kHz). 

The relative density of the samples was calculated using the formula: 

 ρr = ρm/ρdw, (2) 

where, ρm is the density of the sample material, ρd.w= 0.98 g/cm³ is the density of distilled water under normal conditions. 
For NaFeO₂, the relative density was ρr=4.07 g/cm³. 

Thermophysical properties were studied using a synchronous thermal analyzer STA PT 1600/LT (Linseis), 
performing simultaneously thermogravimetric analysis (TGA), differential thermal analysis (DTA), and differential 
scanning calorimetry (DSC). The morphology of the samples was additionally investigated using an SEM EVO MA 10 
(Carl Zeiss, Germany) [26-28]. 

Particle size distribution was determined using a Laser Particle Size Analyzer Winner 2005. Measurements were 
performed using laser diffraction, which is based on recording the intensity of light scattered by particles at different 
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angles. The diffraction pattern was processed using Mie theory [29] to determine the volume distribution of particles in 
the size range from 10 nm to several millimeters. 

 
RESULTS AND DISCUSSION 

To determine the phase transformation temperatures of the studied material (NaFeO2), comprehensive measurements 
were conducted using DTA, TGA, and calorimetry. These experiments were performed on a Na₂CO₃+Fe₂O₃ mixture in 
the temperature range from 27 °C to 1000 °C, and the results are presented in Fig 2. 

Figure 1. TG-DTA/DSC curves of a sample of the Na₂CO₃ + Fe₂O₃ mixture 
In the low-temperature range of 27-150 °C, the thermogravimetric curve shows a small mass loss, while in the range 

of 80-120 °C, the DTA registers a distinct endothermic minimum. This thermal effect is due to the absorption of energy 
during the desorption of physically bound moisture, the removal of low-molecular volatile impurities from the pore space 
and the surface of the sample, and the dehydration of hygroscopic sodium carbonate [30, 31]: 

 Na2CO3 · nH2O → Na2CO3 + nH2O↑ (3) 

In this temperature range, the initial mass loss of the sample is Δm1≈2.8% of the initial mass m0. The mass loss is 
expressed through the ratio: 

 ∆𝑚ଵ ൌ ௠బି௠భఱబ௠బ ൈ 100 % (4) 

where, m150 is the mass of the sample after heating to 150°C.  
The DSC curve shows a pronounced endothermic effect (minimum heat flow) [32] associated with heat absorption. 

The enthalpy of the thermal effect was determined using the formula [33]: 

 ∆𝐻 ൌ ଵఉ ׬ 𝛷మ்భ் ሺ𝑇ሻ 𝑑𝑇 (5) 

The enthalpy of this process, ΔH1, was estimated from the area of the endothermic peak on the DTA curve and is 
ΔH≈20-50 J/g, which corresponds to the typical range for moisture evaporation processes. The presence of the 
endothermic peak confirms heat absorption during desorption and removal of volatile components. 

In the medium temperature range (150-500 °C), a more gradual change in sample mass occurs – 3.5 %, and the total 
mass loss by 500 °C is 6.3%. The TG curve indicates a gradual decrease in mass, which may be associated with the 
thermal decomposition of organic components, dehydroxylation, or the removal of chemically bound water. In the range 
of 200–500 °C, smoothed deviations in heat flow are observed, corresponding to overlapping endo- and exothermic 
processes [34, 35]. The enthalpies of these effects are estimated as moderate, not exceeding 100 J/g. 

With a further increase in temperature in the range of 500-800 °C, the DTA curve shows an increase in thermal 
effects, which is associated with the rearrangement of the material structure, phase transformations, and the onset of 
crystallization. The change in mass in this range does not exceed 1.7 %, remains moderate, and indicates the relative 
thermal stability of the main inorganic matrix of the sample. The observed exothermic effect is due to the onset of solid-
phase interaction between Na₂CO₃ and DTA with the formation of sodium-iron oxide phases, in particular NaFeO₂ [36]: 
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 Na2CO3 + Fe2O3 → 2NaFeO2 + CO2 ↑ (6) 

The exothermic effect indicates the release of heat during the formation of a new crystalline structure; the magnitude 
of the thermal effect is 50-100 J/g. 

In the region of intense transformations, at temperatures of 800-850 °C, a sharp exothermic peak is recorded on the 
DTA curve, accompanied by a sudden decrease in residual mass of approximately 4.6 %. This effect is associated with 
the intense decomposition of Na₂CO₃ and the active reaction with Fe₂O₃, releasing carbon dioxide: 

 Na2CO3 → Na2O + CO2↑ (7) 

A large peak area indicates the occurrence of an intense phase or structural transformation, and a semi-quantitative 
estimate of the process enthalpy is 100–300 J/g, corresponding to high-energy phase and chemical transformations [37]. 

Upon further heating to 1000 °C, the sample mass stabilizes, and the thermal effects become less pronounced. 
Reaching a residual mass of 88-90 % of the initial mass is associated with the completion of decarbonization processes 
and the formation of thermodynamically stable sodium-iron oxide phases. DTA and TGA data for the initial 
Na₂CO₃+Fe₂O₃ mixture revealed the removal of adsorbed moisture and volatile components in the range of 27-330 °C, as 
well as a pronounced exothermic effect at 850 °C, corresponding to the completion of the NaFeO₂ phase formation [38].  

Next, to determine the phase state and structure of the material, X-ray phase analysis was performed (Fig. 2). 

Figure 3 shows the X-ray diffraction pattern of a NaFeO₂ sample obtained from a melt in a solar synthesis facility. 
X-ray phase analysis of the pattern indicates the formation of a highly crystalline material, as evidenced by the presence 
of intense and narrow diffraction reflections. The set of main diffraction maxima is correctly indexed within the tetragonal 
crystal structure of NaFeO₂, indicating the successful formation of the target phase under high-temperature solar synthesis 
conditions. Based on the experimental positions of the diffraction peaks, the interplanar distances were calculated and the 
reflections were indexed. The interplanar distances d were determined using Bragg's law [39]: 

nλ=2dsinθ, (8) 

where, λ is the X-ray wavelength, θ is the diffraction angle, and n=1 is the reflection order. For the tetragonal crystal 
system, the lattice parameters were calculated using the corresponding relationships between interplanar spacings and 
Miller indices. The calculation results are presented in Table 1. 
Table 1. X-ray structural parameters of NaFeO₂ synthesized from the melt 

Peak no. 2θ, degree Interplanar distance (d), Å Miller indices 
(hkl) 

Half-width at half 
maximum (β), degree 

Relative intensity, % 

1 18.5 4.79 (003) 0.28 100.0 
2 32.0 2.80 (104) 0.30 96,7 
3 37.2 2.41 (110) 0.32 80.0 
4 43.4 2.08 (113) 0.34 53.3 
5 57.4 1.60 (116) 0.36 33.3 

The most intense diffraction maxima were recorded at angles of 2θ ≈ 18.5° and 32.0°, which corresponded to the (003) 
and (104) crystallographic planes. The interplanar distances calculated using Bragg's law were approximately 4.79 Å and 
2.80 Å, respectively. Using the (003) reflection, we determined the lattice parameter c=14.4 Å, while a joint analysis of the 
(003) and (104) reflections yielded a parameter value of a=4.47 Å [40, 41]. Comparison of the obtained unit cell parameters 

 

Figure 2.  XRD pattern of NaFeO₂ synthesized by the melting method in SP 
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with the literature data [42] for tetragonal NaFeO₂ confirms the preservation of structural order during synthesis from the 
melt. The unit cell volume is V=144 Å³, and the degree of crystallinity of the material reaches 92 %. The half-width at half 
maximum (β) of the peak for the most intense reflection (104) is about 0.30°, indicating a high degree of crystallinity of the 
material and a relatively low level of microdeformations of the crystal lattice. Based on the β values, the average size of the 
coherent scattering regions, estimated using the Scherrer formula [43]: 

 D=Kλ/βcosθ, (9) 

where K is the shape factor (0.9) and is 28 nm, which is typical for materials obtained under conditions of rapid cooling of 
the melt. 

Analysis of the diffraction peaks indicates minor distortions in the NaFeO₂ crystal lattice relative to the ideal tetragonal 
structure. The absence of pronounced splitting of the diffraction maxima and the small β value reflect a weak monoclinic 
distortion of the structure. Low-intensity additional reflections were detected in the diffraction pattern, presumably 
corresponding to iron oxides Fe₂O₃ and Fe₃O₄, the appearance of which is likely associated with partial non-stoichiometry 
and local oxidation of iron under high-temperature solar synthesis conditions [44, 45]. However, the low intensity of these 
reflections relative to the main peaks of NaFeO₂ allows us to consider the material obtained as predominantly single-phase.  

Based on these data, a generalized analysis of thermal transformations in the Na₂CO₃+Fe₂O₃ system was also carried 
out using DTA/TGA methods in the temperature range from room temperature to above 850 °C (Table 2). 
Table 2. Characterization of thermal transformations in the Na₂CO₃+Fe₂O₃ system based on DTA/TGA and XRD data 

Temperature 
range, °C Δm, % Thermal effect 

(DTA/DSC) 

Enthalpy of 
the process, 
ΔH, J/g 

The main process Phase state (XRD) 

27-150 2.8 Endothermic 20-50 Desorption of adsorbed water, 
removal of volatile components Na₂CO₃+Fe₂O₃ 

150-500 3.5 Weak 
endo/exothermic ≤ 100 

Dehydroxylation, removal of 
chemically bound water, surface 

activation 
Na₂CO₃+Fe₂O₃ 

500-800 1.7 Exothermic 50-100 
The beginning of the solid-phase 

reaction, structural rearrangement, 
the formation of NaFeO₂ 

Na₂CO₃+Fe₂O₃+NaFeO₂ 

800-850 4.6 Intense 
exothermic 100-300 Decarbonization, active formation 

of NaFeO₂, phase transition NaFeO₂+Fe₂O₃ 

> 850 ≈ 0 Absent - Formation of a thermodynamically 
stable phase of NaFeO₂ NaFeO₂ (main) 

The table presents mass loss values, the nature of thermal effects, the predominant processes, and the phase composition 
determined by XRD. The results obtained allow for a comprehensive characterization of the thermal stability of the system's 
components and the sequence of phase transformations upon heating. 

The microstructural features of NaFeO₂, studied by scanning electron microscopy, are shown in Figure 4 at a 
magnification of ×1000. 

 
Figure 4. SEM micrograph of the surface of a sample of NaFeO2 material 

The image scale corresponds to 1 μm, enabling detailed assessment of the particles' morphological features. As can be 
seen in Fig 4, the particles have a quasi-spherical shape and exhibit a high degree of agglomeration, with their sizes varying 
from 0.5 to 10 μm, with a maximum particle number of approximately 1.2 μm. The surface microstructure is characterized 
by a coarse-grained and porous texture with the formation of aggregates of small crystalline grains approximately 
200-500 nm in size, indicating material growth through crystallization from the melt with subsequent aggregation of crystals 
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into larger aggregates. The high degree of surface roughness provides a specific surface area of approximately 5-10 m²/g, 
which increases the contact area with the electrolyte and facilitates the diffusion of Na⁺. Moreover, the particle distribution 
is relatively uniform, without pronounced defects or cracks, reflecting the high crystalline integrity of the material [46-48].  

To evaluate the particle size and distribution of the synthesized NaFeO₂, laser transmission spectroscopy (LPSA/LD) 
was used, as shown in Fig 5. 

The obtained data showed an asymmetric particle volume distribution with a distinct main peak at approximately 
1.5 μm. Analysis of the particle volume fraction revealed that approximately 70 % of the powder consisted of particles up to 
5 μm in diameter, indicating the predominance of the finely dispersed component. The median particle size (d50) was 1.5 μm, 
which corresponded to the position of the main distribution peak. The particle spread from d10=0.5 μm to d90=7 μm 
corresponds to a wide polydisperse spectrum (PDI ≈ 4.3). This distribution is characterized by the presence of both small 
and relatively large particles [49, 50]. Finely dispersed particles provide a significant reactive surface, which can contribute 
to higher reaction rates in thermal and electrochemical processes. Large particles, including agglomerates up to 20 μm in 
size, are relatively rare, which minimizes potential problems with material homogeneity and deterioration of properties 
during pressing or forming electrodes [51, 52]. 

Figure 5. Particle distribution spectrum of NaFeO₂ by LPSA/LD method 
 

CONCLUSIONS 
Sodium ferroxide (NaFeO₂) was synthesized via solar melting, yielding quasi-spherical particles with an average 

size of 1.2 µm and a crystallinity of 92%. These characteristics facilitate uniform electrolyte penetration and the formation 
of efficient Na⁺ transport pathways. The synthesis method significantly influences the structural and morphological 
properties of NaFeO₂. High-temperature processes, including melt synthesis, enable the formation of a material with a 
high degree of crystallinity and minimal secondary-phase content.  

The resulting NaFeO₂ powder exhibits a polydisperse particle distribution, with a predominance of small and 
medium-sized particles, thereby ensuring a combination of high reactivity and structural stability. The variety of particle 
sizes also affects powder packing and the density of pressed samples, both of which are important to consider when 
developing electrochemical cells. SEM data confirm that the synthesized NaFeO₂ forms a microstructure with porous 
aggregates of nanogranular particles (200-500 nm) and a developed specific surface area (5-10 m²/g), which positively 
impacts its functional properties.  

Thermal studies of the Na₂CO₃+Fe₂O₃ system have shown that the formation of tetragonal NaFeO₂ occurs at high 
temperatures (500-850°C) through successive stages of moisture desorption, dehydration, and solid-phase reactions. Low-
temperature effects (ΔH≈20-50 J/g) are due to the removal of adsorbed and chemically bound water, medium-temperature 
effects (ΔH≈50-100 J/g) are due to gradual structural rearrangement and dehydroxylation, and at 800-850 °C intense 
exothermic processes are observed with the decomposition of Na₂CO₃ and the formation of NaFeO₂ (ΔH≈100-300 J/g). 
DTA/TGA analysis revealed that thermal transformations occur in several stages, with a total mass loss of approximately 
10-12 %, primarily due to dehydration and CO₂ evolution. The highest activity of solid-phase interactions and the 
formation of the target phase are observed at 800-850°C, confirming the material's thermal stability and enabling us to 
determine the optimal synthesis conditions for its functional application. 

X-ray diffraction (XRD) analysis revealed that NaFeO₂ synthesized by solar melting forms a highly crystalline 
tetragonal material with unit cell parameters a=4.47 Å, c=14.4 Å, and a volume V=144 Å³. The presence of the main 
diffraction peaks (003) and (104), their width (0.30°), and the calculated size of the coherent scattering regions (28 nm) 
confirm the high crystallinity of the material and low microstrain. Trace additional reflections of Fe₂O₃ and Fe₃O₄ do not 
disrupt the single-phase nature of the sample. 

These comprehensive data confirm that solar melting enables the synthesis of stable tetragonal NaFeO₂ with high 
electrochemical activity and cycling stability, creating favorable conditions for its application in sodium-ion batteries. 
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У цій статті представлено синтез тетрагонального фероксиду натрію (NaFeO₂) методом плавлення в сонячній печі. Отриманий 
матеріал характеризується квазісферичною морфологією, середнім розміром частинок ~1,2 мкм, високою кристалічністю (⁓ 
92%) та полідисперсним розподілом, що забезпечує ефективні шляхи транспорту та рівномірне проникнення електроліту. 
SEM-аналіз виявив утворення пористих агрегатів наногранулярних частинок (200-500 нм) з розвиненою питомою поверхнею 
(5-10 м²/г). DTA/TGA демонструє багатоступеневі термічні перетворення системи Na₂CO₃+Fe₂O₃ з утворенням NaFeO₂ при 
800–850 °C, що підтверджує термічну стабільність матеріалу. Рентгеноструктурний аналіз підтвердив високу кристалічність 
тетрагональної фази з параметрами a = 4,47 Å, c = 14,4 Å та розміром області когерентного розсіювання ⁓ 28 нм. Отримані 
дані свідчать про високу структурну стабільність та електрохімічну активність NaFeO₂, що робить його перспективним для 
використання в натрій-іонних акумуляторах. 
Ключові слова: NaFeO₂; сонячна піч; синтез розплаву; кристалічність; мікроструктура; пористі агрегати; скануюча 
електронна мікроскопія (SEM); рентгенівська дифракція (XRD); термічний аналіз (DTA/TGA); твердофазні реакції 
 


