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Abstract
Objectives. To study the structure and properties of lithium ferrites obtained by preliminary solid-phase synthesis of samples based 
on Fe2O3-Li2CO3-Sm2O3 powder mixtures having various concentrations of samarium oxide (0, 4.7, and 14.7 wt %) at 900°C and their 
subsequent high-temperature sintering at 1150°C.
Methods. The structural and morphological characteristics of the synthesized and sintered samples were studied by X-ray powder 
diffraction analysis, scanning electron microscopy, thermogravimetric analysis, and differential scanning calorimetry.
Results. The preliminary synthesis gives a two-phase composite structure containing unsubstituted lithium ferrite Li0.5Fe2.5O4 having 
a spinel structure and a perovskite-like SmFeO3 phase. An increase in the Sm2O3 content from 4.7 to 14.7 wt % in the initial 
Fe2O3-Li2CO3-Sm2O3 mixture leads to an increase in the amount of the secondary SmFeO3 phase in the synthesized samples from 4.9 to 
18.2 wt %. The high Curie temperature values (631–632°C) and obtained values of the enthalpy of the a→b phase transitions in lithium 
ferrite indicate that the main product in all synthesized samples is the ordered a-Li0.5Fe2.5O4 phase. Subsequent sintering at elevated 
temperatures leads to a decrease in the SmFeO3 phase content to 3.8 and 16.5 wt % and to an increase in the content of the lithium ferrite 
phase. The sample not modified with samarium contains a significant amount of the disordered b-Li0.5Fe2.5O4 phase, as confirmed by the 
reduced values of the Curie temperature and phase transition enthalpy. The density of such a sample is 4.4 g/cm3. The introduction 
of samarium ions leads to the preservation of the ordered a-Li0.5Fe2.5O4 phase during sintering. The density of the sintered samples 
decreases to 4.3 and 4.1 g/cm3 with an increase in the concentration of samarium oxide introduced at the synthesis stage to 4.7 and 
14.7 wt %, respectively.
Conclusions. The introduction of samarium oxide to low concentrations (up to 4.7 wt %) during ferrite synthesis leads to the formation 
of a two-phase composite structure during sintering, which mainly consists of an unsubstituted lithium ferrite phase having more regular 
polyhedral grains and a low content of the secondary perovskite-like phase. The formation of the secondary phase, whose properties 
differ from those of ferrite, along with the characteristics obtained for such samples, which include a slight decrease in density while 
maintaining a high Curie temperature corresponding to the main magnetic phase, make ferrites modified with low concentrations of rare 
earth elements promising for further study of their electromagnetic properties in the microwave range.
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Аннотация
Цели. Исследование структуры и свойств литиевых ферритов, полученных путем предварительного твердофазного синтеза 
образцов на основе порошковых смесей Fe2O3-Li2CO3-Sm2O3 с различной концентрацией оксида самария (0, 4.7, 14.7 мас. %) 
при 900°С и последующего их высокотемпературного спекания при 1150°С.
Методы. Структурные и морфологические характеристики синтезированных и спеченных образцов исследованы методами 
рентгенофазового и термогравиметрического анализов, дифференциально-сканирующей калориметрии и сканирующей элек-
тронной микроскопии.
Результаты. В результате предварительного синтеза происходит образование двухфазной композиционной структуры, содер-
жащей незамещенный литиевый феррит Li0.5Fe2.5O4 со структурой шпинели и перовскитоподобную фазу SmFeO3. Увеличение 
содержания Sm2О3 с 4.7 до 14.7 мас. % в исходной смеси Fe2O3-Li2CO3-Sm2O3 приводит к увеличению во время синтеза количе-
ства вторичной фазы SmFeO3 с 4.9 до 18.2 мас. % в образцах. Высокие значения температуры Кюри, равные 631–632°С, а также 
полученные значения энтальпии фазовых переходов a→b в литиевом феррите свидетельствуют об основном образовании упоря-
доченной a-фазы Li0.5Fe2.5O4 во всех синтезированных образцах. Последующее спекание при повышенной температуре приводит 
к уменьшению содержания фазы SmFeO3 и увеличению фазы литиевого феррита. При этом образец, не модифицированный са-
марием, содержит значительное количество разупорядоченной b-фазы Li0.5Fe2.5O4, что было подтверждено заниженными значе-
ниями температуры Кюри и энтальпии фазового перехода. Плотность такого образца 4.4 г/см3. Введение ионов самария приводит 
к сохранению во время спекания упорядоченной a-фазы Li0.5Fe2.5O4. При этом плотность спеченных образцов уменьшилась до 4.3 
и 4.1 г/см3 с увеличением концентрации вводимого на этапе синтеза оксида самария соответственно до 4.7 и 14.7 мас. %.
Выводы. Введение малых концентраций оксида самария (до 4.7 мас. %) при синтезе феррита приводит к формированию во 
время спекания двухфазной композиционной структуры, характеризующейся основным содержанием незамещенной литиевой 
ферритовой фазы с более правильными многогранными зернами и небольшим содержанием вторичной перовскитоподобной 
фазы. Формирование вторичной фазы, которая имеет отличные от феррита свойства, а также полученные характеристики для 
таких образцов, включающие незначительное уменьшение их плотности с сохранением высокого значения температуры Кюри, 
соответствующей основной магнитной фазе, делают ферриты, модифицированные низкими концентрациями редкоземельных 
элементов, перспективными для дальнейшего изучения их электромагнитных свойств в сверхвысокочастотном диапазоне.
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INTRODUCTION

Ferrites having a spinel structure are widely used in 
microwave devices, such as isolators, circulators, phase 
shifters, and absorbers [1–5], as well as in magnetically 
controlled photocatalysts [6]. The tightening of operating 
conditions for devices based on such ferrites determines 
the importance of research into the creation of new ferrite 
materials offering a required set of properties, as well as 
the development and improvement of their production 
technology.

Unsubstituted lithium ferrite Li0.5Fe2.5O4 (or 
LiFe5O8), which has a high Curie temperature and 
a high saturation magnetization, is successfully used 
in practice, e.g., as ferrite cores in memory devices, for 
power conversion in electronics, in antennas and high-
speed digital tapes [7, 8]. However, the use of lithium 
ferrites in microwave technology is limited by their 
excessive magnetic and dielectric losses. Therefore, 
lithium-containing ferrites often have more complex 
compositions [9–12] associated lower values of losses, 
anisotropy, and coercivity, as well as higher density, etc.
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Recently, the properties of ferrites with rare-earth 
elements (REEs) have been actively studied. Many 
scientists explored the effect of various REEs on the 
properties of ferrites of Li [13], Ni [14–16], Co [17, 18], 
Li–Ni [19–21], Ni–Zn [22], Ni–Mn [23], Co–Mn [24], 
and Cu–Co [25]. At the same time, it has been 
shown [14, 16, 20, 22, 24, 25] that the properties of ferrites 
can be modified by substituting REE ions in the ferrite 
structure. For this purpose, various chemical synthesis 
methods are used, such as the sol–gel method [14, 22, 25], 
citrate method [16], coprecipitation [18], microemulsion 
method [20], hydrothermal method [24], etc. In other 
works [13, 15, 17, 21, 23], when producing ferrites by 
various methods that include the widespread solid-phase 
synthesis method, it has been shown that the addition 
of REEs simultaneously with substituted ferrite phases 
leads to the formation of a small amount of secondary 
perovskite-like phases based on REEs. Such phases 
can have a significant effect on the properties of the 
synthesized ferrites. However, there is insufficient data 
on the production of lithium ferrites with REEs using 
preliminary synthesis of ferrites by the solid-phase 
method and subsequent high-temperature sintering.

Our previous studies showed [26] that the solid-phase 
synthesis of lithium ferrites from Fe2O3–Li2CO3–Sm2O3 
mixtures, regardless of the conditions of mechanical 
activation of the initial powders, gives a two-phase 
product consisting of unsubstituted lithium ferrite 
Li0.5Fe2.5O4 and SmFeO3. This work is aimed at studying 
the structure and properties of lithium ferrite produced 
using a two-stage technology based on preliminary 
solid-phase synthesis of ferrite with the addition of 
REE (Sm2O3) at various concentrations and subsequent  
high-temperature sintering to obtain ferrite ceramics. 

The process conditions for the synthesis and sintering 
of this group of ferrites are also considered in  
detail.

EXPERIMENTAL

The production of the ferrites under study (Fig. 1) is 
based on the mechanical mixing of oxide powders and 
carbonate powders. Let us consider in more detail the 
process stages of synthesis and sintering of the ferrite 
under study.

Figure 1a presents the stage of the preliminary 
synthesis (ferritization) of lithium ferrite. Prior to their 
synthesis, powders of the initial reagents Li2CO3 (special 
purity grade 20-2, Vekton, Russia), Fe2O3 (analytical 
purity grade, Vekton, Russia), and Sm2O3 (99.99%, 
MOS International Co., China) were dried in a laboratory 
oven at a temperature of 200°C for 180 min and then 
weighed on an AUW-D scale (Shimadzu, Japan) to obtain 
weight proportions in accordance with the proposed 
formulas:

Li2СO3 + 5Fe2O3 →  
→ 4Li0.5Fe2.5O4 + СО2  (sample N0), 

(1)

Li2СO3 + 4.88Fe2O3 + 0.12Sm2O3 → 
→ 4Li0.5Sm0.06Fe2.44O4 + СО2  (sample N1), 

(2)

Li2СO3 + 4.6Fe2O3 + 0.4Sm2O3 → 
→ 4Li0.5Sm0.2Fe2.3O4 + СО2  (sample N2). 

(3)

Next, the initial reagents were mixed to obtain 
a Fe2O3–Li2CO3–Sm2O3 powder mixture in weight ratios 
of 91.5 : 8.5 : 0 (sample N0), 87.1 : 8.2 : 4.7 (sample N1), 
and 77.5 : 7.8 : 14.7 (sample N2) in two steps.  

Preparing powder reagents, including drying in an oven at 200°C  
for 3 h, weighing in certain proportions in accordance  

with the chemical formula of ferrite, mixing

Dry mixing the reagent mixture in a planetary mill using steel balls 
and jars at 300 rpm for 15 min

Compacting samples using a hydraulic press to give them 
the required shape

Synthesis of ferrite powders by heating a mixture of reagents  
in a laboratory oven at 900℃ for 4 h

Control of properties of synthesized powders

Grinding tablets into powder  
and adding a 10% aqueous solution  

of polyvinyl alcohol

Compacting samples using a hydraulic press to give them  
the required shape

Sintering ferrite ceramics  
in a laboratory furnace at 1150°C for 2 h

Control of ferrite ceramic properties

(a) (b)

Fig. 1. Process flow diagrams for the (a) synthesis and (b) sintering of ferrites 
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At the first step, the powders were gradually mixed by 
rubbing through fine steel sieves with a cell size of 100 μm. 
At the second step, for the mixing to be more thorough and 
for the obtained mixture to be more uniform in volume, the 
powders were mechanically ground in a planetary ball mill 
with steel grinding jars and balls at 300 rpm for 15 min.

Next, the samples were compacted into 2-mm-thick 
pellets 15 mm in diameter to create closer contacts 
between particles and thus encourage the synthesis 
reaction to occur better and more completely. The 
samples were synthesized in a laboratory furnace in air 
at a temperature of 900°C for a holding time of 240 min. 
Following synthesis, the phase composition and Curie 
temperature of the obtained samples were determined.

Figure 1b presents the stage of the high-temperature 
sintering of lithium ferrite. First, the synthesized samples 
were ground again and stirred. Then, the samples were 
recompacted into pellets of the described shape.

The compactibility of powders is typically improved 
by adding various binders (plasticizers) to promote 
mutual adhesion of individual particles, followed 
grinding the mass in a mortar. The main requirement for 
all binders is that they should be completely removed 
from the compacted parts when heating to 600°C. In this 
work, a 10% aqueous solution of polyvinyl alcohol was 
used as a binder.

The samples were compacted in a hydraulic press 
using steel molds. It is known that the pressing pressure 
depends on the pellet size and the design of the mold. In 
the work, the compaction parameters of the samples were 
selected experimentally: pressing pressure—200 MPa; 
pressing time—3 min. The set pressure was 20% lower 
than the maximum pressure at which the sample has not 
yet delaminated.

The molded samples were sintered at a temperature 
of 1150°C for 120 min. High-temperature sintering in the 
furnace consisted of three steps: heating at a certain rate 
to the sintering temperature, isothermal holding at this 
temperature, and cooling. The heating and cooling rate 
was 5 deg/min.

The purpose of the sintering stage is to obtain ferrite 
products with a certain set of properties. Sintering is 
known to be accompanied by recrystallization processes 
consisting in the formation and migration of intergranular 
boundaries. This forms a microstructure that largely 
determines the properties of the resulting ferrites. Thus, 
the purpose of the high-temperature sintering in this 
work is to ensure the formation of lithium ferrite of cubic 
structure having a certain grain size and porosity, as well 
as minimum internal stresses in crystallites at a given 
chemical composition.

1 URL: http://www.icdd.com. Accessed October 3, 2023.

The sintered samples were sent for analysis of 
their phase composition, microstructure, and Curie 
temperature. X-ray powder diffraction analysis (XRD) of 
the samples was carried out with an ARL X’TRA X-ray 
diffractometer (Thermo Fisher Scientific, Switzerland). 
Phases were identified using the PDF-4+ powder 
database of the International Center for Diffraction 
Data (ICDD1). The microstructure of the samples was 
studied with a TM-3000 scanning electron microscope 
(Hitachi, Japan). The average grain size was calculated 
from scanning electron microscopy (SEM) results. The 
density of the samples was determined by hydrostatic 
weighing. The Curie temperature of lithium ferrites and 
phase transitions in them were studied, respectively, 
by thermogravimetry (TG) with the application of an 
external magnetic field (thermomagnetometry), as well 
as differential scanning calorimetry (DSC) using an 
STA 449C Jupiter thermal analyzer (Netzsch, Germany).

RESULTS AND DISCUSSION

The results of X-ray powder diffraction analysis 
(Fig. 2) showed that the preliminary synthesis and high-
temperature sintering of REE-free samples (sample N0) 
produce a spinel magnetic phase. The X-ray powder 
diffraction patterns of sample N0 correspond to the ordered 
phase α-Li0.5Fe2.5O4 (PDF No. 04-015-5965) and the 
disordered phase β-Li0.5Fe2.5O4 (PDF No. 00-017-0114) 
with cubic space groups (Fd3m).

In samples N1 and N2, a secondary crystalline phase 
identified as SmFeO3 (PDF No. 00-039-1490) is formed 
along with the spinel phase. SmFeO3 is an orthoferrite 
with a perovskite-like crystal structure and orthorhombic 
space group (Pnma).

Thus, initial reactions (2) and (3) in samples N1 and 
N2 have different forms. In the case of the formation of the 
Li0.5Fe2.5O4 and SmFeO3 phases, the excess lithium, which 
is initially loaded at the stage of mixing the initial reagents, 
is released in the reaction products. Previously [27], it 
was detected that part of the lithium oxide formed by the 
decomposition of lithium carbonate during the synthesis 
of lithium ferrites sublimates at a temperature above 
900°C and volatilizes together with oxygen. Therefore, 
the interaction reactions in the Fe2O3–Li2CO3–Sm2O3 
system can proceed in samples N1 and N2 according to 
the following equations, respectively:

Li2СO3 + 4.88Fe2O3 + 0.12Sm2O3 →  
→ 3.808Li0.5Fe2.5O4 + 0.24SmFeO3 + 0.048Li2O  + СО2 , 

(4)

Li2СO3 + 4.6Fe2O3 + 0.4Sm2O3 → 
→ 3.36Li0.5Fe2.5O4 + 0.4SmFeO3 + 0.16Li2O  + СО2. 

(5)
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Figure 3 shows the crystal lattices of the identified phases 
as generated by the PowderCell 2.4 powder pattern calculation 
program2. The quantitative contents of the synthesized 
phases presented in Table 1 depend on the concentration of 
the introduced Sm2O3. An increase in the Sm2O3 content 

2 Kraus W., Nolze G. POWDERCELL – a program for representation and manipulation of crystal structures and calculations of the resulting 
X-ray powder patterns. J. Appl. Cryst. 1996:29;301–303.

from 4.7 (sample N1) to 14.7 wt % (sample N2) in 
the Fe2O3–Li2CO3–Sm2O3 mixture leads to an increase 
in the concentration C of the secondary phase SmFeO3 in 
the synthesized samples from 4.9 to 18.2 wt %. Accordingly, 
the content of lithium ferrite decreases (Table 1).
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In the sintered samples (Fig. 2b; Table 2), the 
concentration of the Li0.5Fe2.5O4 phase slightly 
increases, while the amount of the secondary phase 
SmFeO3 decreases in comparison with the synthesized 
samples. The lattice parameters obtained in this work are 
in satisfactory agreement with the literature data [27].

The quantitative analysis of the phase content of 
two polymorphs of Li0.5Fe2.5O4 (α and β) using the 
X-ray powder diffraction patterns recorded in this 
study is complicated by the angular coincidences of 
these reflections (close lattice parameters). Unlike 
β-Li0.5Fe2.5O4, the α polymorph has superstructural 
reflections at 2θ ≈ 15° (110), 23.9° (210), and 26.2° (211). 
The presence of high-intensity superstructural reflections 
in the diffraction patterns indicates ordering of the lithium 
spinel structure. Therefore, we assessed and explained 

the obtained results by analyzing the changes in the 
intensities of the superstructural reflections (110), (210), 
and (211) (Table 3). According to these data, the intensities 
of superstructure reflections for samples N0 and N1 are 
high following preliminary synthesis, their sum being 
greater than that for sample N2. This shows a large 
amount of α-Li0.5Fe2.5O4 in these samples, whereas the 
low intensities for N2 samples are likely to be due to an 
increase in the amount of the perovskite phase.

The intensities of superstructure reflections for 
sintered sample N0 are low, their sum being smaller than 
that for samples N1 and N2. This indicates the presence 
of a large amount of the β-Li0.5Fe2.5O4 phase, which 
could have formed during high-temperature sintering 
due to a violation of the stoichiometric composition in 
oxygen within the single-phase composition [28].

Table 1. Phase composition and properties of synthesized ferrites

Sample Phase composition Lattice parameter, Ǻ C, wt % TC, °С

N0 Li0.5Fe2.5O4 а = b = c = 8.329 (±0.002) 100.0 632.4

N1

Li0.5Fe2.5O4 а = b = c = 8.330 (±0.002) 95.1

632.5
SmFeO3

а = 5.592 (±0.002);
b = 7.706 (±0.003);
c = 5.400 (±0.003)

4.9

N2

Li0.5Fe2.5O4 а = b = c = 8.331 (±0.002) 81.8

631.9
SmFeO3

а = 5.594 (±0.002);
b = 7.705 (±0.003);
c = 5.400 (±0.003)

18.2

Note: C is the concentration; TC is the Curie temperature.

Table 2. Phase composition and properties of sintered ferrites

Sample Phase 
composition Lattice parameter, Å C, wt % D, mm ρ, g/cm3 TC, °С

N0 Li0.5Fe2.5O4 а = b = c = 8.332 (±0.002) 100.0 7.9 4.4 622.6

N1

Li0.5Fe2.5O4 а = b = c = 8.327 (±0.002) 96.2

2.9 4.3 628.5
SmFeO3

а = 5.594 (±0.002); 
b = 7.706 (±0.003); 
c = 5.401 (±0.003)

3.8

N2

Li0.5Fe2.5O4 а = b = c = 8.329 (±0.002) 83.5

1.7 4.1 630.0
SmFeO3

а = 5.592 (±0.002); 
b = 7.707 (±0.003); 
c = 5.400 (±0.003)

16.5

Note: C is the concentration, D is the average grain size, ρ is the density, and TC is the Curie temperature.



Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2025;20(1):63–74 69

Structure and properties of Li ferrite  
synthesized from Fe2O3–Li2CO3–Sm2O3 powders

Elena N. Lysenko, 
et al.

The SEM results (Fig. 4) demonstrate different 
particle morphology in the studied samples. A structure 
having high density (ρ = 4.4 g/cm3, Table 2), low 
porosity, and large irregular shaped grains (average grain 
size D = 7.9 μm, Table 2) is characteristic of lithium 
ferrite without the addition of REE.

The results of scanning electron microscopy of 
samples N1 and N2 confirm the previous conclusions 
about the formation of a two-phase product during the 
production of ferrite from the Fe2O3–Li2CO3–Sm2O3 
powder mixture. In the SEM images, two shades can 
be clearly distinguished, one being the main spinel 
ferrite phase (gray), while the other represents the 
secondary phase SmFeO3 (white). The presence of 
the secondary phase leads to a decrease in the density 
of the samples during sintering (Table 2), especially at 
high concentrations of introduced Sm2O3, as well as to 
a decrease in the average grain size. At the same time, 
sample N1 with a small addition of REE has ferrite grains 
having a more regular polyhedral shape characteristic of 
lithium ferrite.

The peaks in the DSC curves (Fig. 5) due to the α→β 
phase transition in Li0.5Fe2.5O4 confirm the formation of 
a certain amount of ordered α-phase of lithium ferrite 
during synthesis and sintering. The areas of these peaks 
depend on the amount of lithium ferrite. The enthalpy of 
the α→β transition at a high content of α-Li0.5Fe2.5O4 is 

known to be 12–13 J/g [29]. In the preliminary synthesis 
of ferrites, the DSC peak areas are approximately within 
this range of enthalpies for all samples (Fig. 5a). The 
Curie temperature range of ~630–632°C obtained from 
derivative TG curves was reported [30–32] to correspond 
to unsubstituted lithium ferrite with the chemical formula 
α-Li0.5Fe2.5O4.

The high-temperature sintering of samples without 
the addition of REE in a dilatometer leads to an increase 
in the weight step in the TG measurements, which is 
related to the high magnetization of the obtained samples 
(Fig. 5b). At the same time, the Curie temperature 
is reduced (622°C), which may be a consequence of 
a violation of the stoichiometric composition of the 
samples due to the release of lithium and oxygen to form 
a disordered β-Li0.5Fe2.5O4 phase. The excessively low 
Curie temperature for β-Li0.5Fe2.5O4 is confirmed by 
literature data [33]. The small area (2 J/g) of the DSC 
peak for samples N0 also indicates a high content of the 
disordered β phase.

The area of the DSC peaks for samples N1 
and N2 (Fig. 5) is 12.2 and 11.6 J/g, which values are 
close to the enthalpy of the α→β transformation in lithium 
ferrite. For sintered sample N2, which contains a large 
amount of REE, the weight step in the TG measurements 
decreases due to a decrease in the concentration of the 
magnetic phase of lithium ferrite. In the studied samples, 

Table 3. Intensities of the maxima of superstructural reflections (110), (210), and (211) for α-Li0.5Fe2.5O4

Sample
Synthesis Sintering

(110) (210) (211) ∑ (110) (210) (211) ∑

N0 51 79 66 196 30 35 29 94

N1 54 83 58 195 50 73 53 176

N2 27 36 30 93 29 45 37 111

HL x5.0k 20 um
(a)

HL x5.0k 20 um
(b)

HL x5.0k 20 um
(c)

Fig. 4. SEM images of sintered samples: (a) N0, (b) N1, and (c) N2
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neither X-ray powder diffraction nor thermal analyses 
revealed the formation of substituted lithium ferrite 
phases during preliminary synthesis or during high-
temperature sintering.

CONCLUSIONS

In this work, the structure and properties of lithium 
ferrite obtained by preliminary solid-phase synthesis 
and subsequent high-temperature sintering from the 
initial reagents Fe2O3–Li2CO3–Sm2O3 were studied 
by XRD, TG, DSC and SEM analyses. The interaction 
between the initial reagents was shown to lead to the 
formation of a product consisting mainly of lithium 
ferrite Li0.5Fe2.5O4 (α and β polymorphs) having a spinel 
structure, while the SmFeO3 phase had a perovskite-like 
structure. The quantity of the latter increased with an 
increase in the Sm2O3 content in the initial mixture. Along 
with the obtained values of the enthalpy of α→β phase 
transitions in lithium ferrite, the high Curie temperatures 
indicate that the main product in all synthesized samples 

was the ordered α-Li0.5Fe2.5O4 phase. Sintering at elevated 
temperature resulted in a slight decrease in the content of 
the SmFeO3 phase and an increase in the lithium ferrite 
phase. As confirmed by the reduced values of the Curie 
temperature and the phase transition enthalpy, the sample 
not modified with samarium contained a significant 
amount of the disordered β-Li0.5Fe2.5O4 phase. The 
introduction of samarium ions at the synthesis stage led 
to the preservation of the ordered α-Li0.5Fe2.5O4 phase 
during sintering, whose morphology depends on the 
concentration of the secondary phase SmFeO3. In 
the case of the introduction of a low concentration of 
Sm2O3 (up to 4.7 wt %), the structure of the samples 
was characterized by the presence of more regular 
polyhedral grains. In this case, the density of the 
samples insignificantly decreased while maintaining 
a high Curie temperature corresponding to unsubstituted 
lithium ferrite. The obtained results can support future 
more detailed studies of the electromagnetic properties 
of lithium ferrites modified with low concentrations of 
REEs in the microwave range.

101.0
100.8
100.6
100.4
100.2
100.0
99.8
99.6

0.4
0.2
0.0
–0.2
–0.4
–0.6
–0.8
–1.0

0.0

–0.2

–0.4

–0.6

–0.8

–0.1
–0.2
–0.3
–0.4
–0.5
–0.6
–0.7
–0.8

1.5
1.0
0.5
0.0
–0.5

1.5

1.0

0.5

0.0

–0.5

3.0
2.5
2.0
1.5
1.0
0.5
0.0
–0.5

101.2
101.0
100.8
100.6
100.4
100.2

101.6

100.2

100.8

100.4

100.0

TG, %

TG

TG

TG

N0

N1

N2

DSC, mW/mg

DSC

DSC

DSC

DTG, %/min632.4°C

632.5°C

631.9°C

–11.2 J/g

–11.2 J/g

–13.3 J/g

754.9°C

767.7°C

768.2°C

0.31%

0.25%

0.35%

Temperature, °C

400 450 500 550 600 650 700 750 800

400 450 500 550 600 650 700 750 800

400 450 500 550 600 650 700 750 800

endo

endo

endo

DTG

DTG

DTG

(a)

102.5
102.0
101.5
101.0
100.5
100.0

0.6
0.4
0.2
0.0
–0.2
–0.4
–0.6

0.4

0.2

0.0

–0.2

–0.4

–0.6

1.5

1.0

0.5

0.0

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

103.5
103.0
102.5
102.0
101.5
101.0

101.4
101.2
101.0
100.8
100.6
100.4
100.2
100.0

TG, %

TG

TG

TG

N0

N1

N2

DSC

DSC

DSC

DSC, mW/mg
622.6°C

628.5°C

630.0°C

–2 J/g

–11.6 J/g

–12.2 J/g

741.5°C

751.4°C

763.7°C

Temperature, °C

0.23%

0.56%

0.40%
400 450 500 550 600 650 700 750 800

400 450 500 550 600 650 700 750 800

400 450 500 550 600 650 700 750 800

endo

endo

DTG

DTG

DTG

DTG, %/min

3

2

1

0

–1

0.8
0.6
0.4
0.2
0.0
–0.2
–0.4

(b)

Fig. 5. Thermomagnetometric and differential scanning calorimetric analyzes of samples N0, N1, and N2  
obtained by (a) preliminary synthesis and (b) sintering
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