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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 Fe,0;-Li,CO;—Sm,0; 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 Lij, ;Fe, O, having
a spinel structure and a perovskite-like SmFeO, phase. An increase in the Sm,0; content from 4.7 to 14.7 wt % in the initial
Fe,0,-Li,CO;—Sm,0; mixture leads to an increase in the amount of the secondary SmFeO, 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 o—f3 phase transitions in lithium
ferrite indicate that the main product in all synthesized samples is the ordered a-Li, sFe, ;O, phase. Subsequent sintering at elevated
temperatures leads to a decrease in the SmFeO, 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-Li, sFe, ;O, 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-Li, sFe, sO, phase during sintering. The density of the sintered samples
decreases to 4.3 and 4.1 g/cm? 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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AHHOTaUuS

TPOHHOI MHKPOCKOIIUH.

KniouyeBbie cnoea

TBepaO0(ha3HbIN CHHTE3, CTIEKaHNE

Ang uMTMpoBaHns

TUTHEBBIN (eppuT, OKCH] camMapusi, TIEPOBCKUT, MUKPOCTPYKTYa,

Lean. VccnenoBanue CTPyKTYphI U CBOWCTB JIMTUEBBIX (PEPPHUTOB, MOIYUEHHBIX ITyTEM IPEBAPUTEILHOTO TBEPAO(PA3HOTO CHHTE3a
00pa3IoB Ha OCHOBE MOPONIKOBBIX cMeceit Fe,0,—Li,CO;~Sm,0; ¢ pasnuunoii KoHneHTpanuei okcuaa camapus (0, 4.7, 14.7 mac. %)
rpu 900°C u nocienyromero UX BeICOKOTeMIIepaTypHoro criekanus npu 1150°C.

Metoapl. CTpyKTypHBIC 1 MOP(OIOTHUECKHE XapaKTePHCTHKN CHHTE3MPOBAHHBIX U CIICUYEHHBIX 00PA3IlOB MCCIIENOBAHBI METOAAMH
peHTreno(}a3oBOro M TePMOTPaBUMETPHUYECKOTO aHAIIN30B, TU(depeHIIaTbHO-CKAaHNPYIOMEH KaJOpUMETPHH W CKaHUPYIOMISH 3IIeK-

PesyabTarsl. B pesynbrare npeaBapuTeIbHOTO CHHTE3a HMPOUCXOAUT 00pa3oBaHUE ABYX(Aa3HOW KOMIIO3HLIMOHHOH CTPYKTYpBI, COIEp-
Kauled HezamemeHHbIi mmrueBbid (eppur Lij sFe, sO, co cTpyxTypoil mmmnenm u neposckutononobuyro dhasy SmFeO,. Yeenuuenne
coneprkanns Sm,0; ¢ 4.7 o 14.7 mac. % B ucxonnot cmecu Fe,0;—Li,CO;—Sm, O, IpUBOIUT K yBENNIEHUIO BO BPEMS CHHTE3a KOJHYE-
cTBa BTopraHOU (azer SmFeO; ¢ 4.9 o 18.2 mac. % B oOpasnax. Beicokue 3Hadenns temmneparypbl Kropu, pasrbie 631-632°C, a Taxke
MOTyYCHHBIE 3HAYCHHS SHTAIBINH (a30BbIX MIEPEXO0B 0i— 3 B TUTHEBOM (heppuTe CBUACTEIBCTBYIOT 00 OCHOBHOM 00pa30BaHUH yIIOPS-
nogenHol a-¢aser Lij sFe, s0, Bo Beex cuaTe3npoBannbix 0bpasuax. [locmeyromee criekanne Mpy MOBBINIEHHOH TEMIIEPATYPE MPUBOIUT
K yMEHBIIEHHIO cofepkanus paszel SmFeO; n yBenuuenuto (asel murueBoro deppura. [pu sToM 06pasen, He MOTU(QHUIMPOBAHHBIA Ca-
MapHeM, COZIEPKUT 3HATUTENBHOE KOMYECTBO pasynopsaoueHHoi B-daser Lij sFe, s0,, 9T0 ObUIO MOATBEPIKIEHO 3aHMKEHHBIMU 3HAYE-
HUSIME Temrepatypbl Kiopu 1 suTansmmum dasosoro nepexona. [oTHOCTB Takoro o6pasua 4.4 r/cv>. BBeieHre HOHOB caMapusi PUBOIUT
K COXPaHEHHIO BO BPEMSI CIIEKAHNS YIIOPSIOIeHHOH oL-hasbr Li, sFe, sO,,. IIpr 5TOM IIOTHOCTH CHIEIeHHBIX 00PA3II0B yMEHBIIMIIACK 110 4.3
n 4.1 r/eM> ¢ yBemITueRneM KORIICHTPAIIHH BBOJMMOTO Ha ITaTle CHHTE3a OKCHIA CAMApHs COOTBETCTBEHHO 710 4.7 1 14.7 Mac. %.

BbiBoabl. BBeeHne Manbix KOHIEHTpaluii okcuaa camapust (1o 4.7 mac. %) npu cuHTe3e Gpeppura NPUBOIUT K GOPMHUPOBAHHUIO BO
BpeMsI CriekaHust AByX(a3HoH KOMIO3UIIMOHHOM CTPYKTYPBI, XapaKTepPHU3YIOIIeiicsi OCHOBHBIM COZIEPKaHHEM HEe3aMeIeHHOMH JTNTHEeBOM
(beppuToBoii (Basel ¢ Hosee NPaBUILHBIMI MHOTOTPAHHBIMH 3€PHAMH M HEOOJIBIIINM COACPIKAHUEM BTOPHYHOI EPOBCKUTOIONOOHOM
(azbl. PopMupoBaHHEe BTOPUYHOIT (ha3bl, KOTOpas UMEeT OTIIMYHbIE OT (heppuTa CBOICTBA, a TAKKE MOMYUCHHbIC XapaKTePHCTUKH 15
TakuX 00pa3IloB, BKIIOYAIOIINE HE3HAYNTEIbHOE YMEHBIIIEHHE HX INIOTHOCTH C COXPaHEHNEM BBICOKOTO 3HaUeHUs TeMmnepaTypsl Kiopu,
COOTBETCTBYIOLIEI OCHOBHOW MarHuTHOII (hase, 1enatoT GpeppuThl, MOAU(PUIMPOBAHHBIC HU3KUMHU KOHIIEHTPALUAMH PEIKO3EMENIbHBIX
3NEMEHTOB, MEPCIIEKTUBHBIMU AJIS AaNbHEUIIEro U3ydeH s UX MMEKTPOMArHUTHBIX CBOMCTB B CBEPXBBICOKOUACTOTHOM JIMANa30HE.
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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  Lij sFe, O, (or
LiFesOg), 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-carth
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 Fe,0;-Li,CO;~Sm,0,
mixtures, regardless of the conditions of mechanical
activation of the initial powders, gives a two-phase
product consisting of unsubstituted lithium ferrite
Li, sFe, ;O, and SmFeO;. 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 (Sm,05,) 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 la presents the stage of the preliminary
synthesis (ferritization) of lithium ferrite. Prior to their
synthesis, powders of the initial reagents Li,CO; (special
purity grade 20-2, Vekton, Russia), Fe,O, (analytical
purity grade, Vekton, Russia), and Sm,0; (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:

Li2C03 + 5F6203 — (1)
— 4Li, sFe, ;O, + CO, (sample NO),

Li,CO, + 4.88Fe,0, + 0.12Sm,0, — )
— 4Li, {Sm, ,(Fe, ,,0, + CO, (sample N1),

Li,CO; + 4.6Fe,0, + 0.45m,0; — (3)
— 4Li, ;Sm ,Fe, ;0, + CO, (sample N2).

Next, the initial reagents were mixed to obtain
a Fe,0;-Li,CO;~Sm,0; powder mixture in weight ratios
0of 91.5: 8.5 : 0 (sample NO), 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°C for 4 h

Y

Control of properties of synthesized powders

Grinding tablets into powder
and adding a 10% aqueous solution
of polyvinyl alcohol

Y

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

Y

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

\

Control of ferrite ceramic properties

(@)

(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 pm.
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.

' 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 (ICDD'"). 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 NO)
produce a spinel magnetic phase. The X-ray powder
diffraction patterns of sample NO correspond to the ordered
phase o-Li, sFe, ;O, (PDF No. 04-015-5965) and the
disordered phase B-Li, sFe, ;O, (PDF No. 00-017-0114)
with cubic space groups (Fd3m).

In samples N1 and N2, a secondary crystalline phase
identified as SmFeO, (PDF No. 00-039-1490) is formed
along with the spinel phase. SmFeOj; 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
Li, sFe, ;O,and SmFeO, 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 Fe,0;-Li,CO;~Sm,0,
system can proceed in samples N1 and N2 according to
the following equations, respectively:

Li,CO, + 4.88Fe,0, + 0.12Sm,0, — @)
—> 3.808Li, Fe, ;0, + 0.24SmFeO; + 0.048Li,0 + CO,,

Li,CO; +4.6Fe, 05 + 0.45m,0, — (5)
— 3.36Li, sFe, ;0, + 0.4SmFeO, + 0.16Li,0 + CO,.
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Fig. 2. X-ray powder diffraction analysis of (a) synthesized and (b) sintered ferrites NO, N1, and N2

from 4.7 (sample N1) to 147 wt % (sample N2) in
the Fe,0;-Li,CO;~Sm,0; mixture leads to an increase
in the concentration C of the secondary phase SmFeO; in
the synthesized samples from 4.9 to 18.2 wt %. Accordingly,
the content of lithium ferrite decreases (Table 1).

Figure 3 shows the crystal lattices of the identified phases
as generated by the PowderCell 2.4 powder pattern calculation
program?. The quantitative contents of the synthesized
phases presented in Table 1 depend on the concentration of
the introduced Sm,0;. An increase in the Sm,O; content

N2

= Yl e
NN ﬁ
=

v
\NWil, A &Q“ >

S

@

Fig. 3. Crystal lattices of (a) SmFeO, and (b) Li sFe, s0,

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.
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Table 1. Phase composition and properties of synthesized ferrites
Sample Phase composition Lattice parameter, A C, wt % T, °C
NO Li, sFe, 0, a=b=c=28.329 (x0.002) 100.0 632.4
Li, sFe, sO, a=>b=c=28.330(+0.002) 95.1
N1 a=15.592 (£0.002); 632.5
SmFeO, b=7.706 (£0.003); 4.9
¢=15.400 (+0.003)
Lij sFe, sO, a=>b=c=28.331(+0.002) 81.8
N2 a=15.594 (£0.002); 631.9
SmFeO, b=17.705 (£0.003); 18.2
¢=15.400 (+0.003)

Note: C is the concentration; 7. is the Curie temperature.

In the sintered samples (Fig. 2b; Table 2), the
concentration of the LijsFe, O, phase slightly
increases, while the amount of the secondary phase
SmFeO; 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 Lij, sFe, ;O, (o and B) using the
X-ray powder diffraction patterns recorded in this
study is complicated by the angular coincidences of
these reflections (close lattice parameters). Unlike
B-Li, sFe, ;O,, the o polymorph has superstructural
reflections at 20 =~ 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

Table 2. Phase composition and properties of sintered ferrites

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 NO and N1 are
high following preliminary synthesis, their sum being
greater than that for sample N2. This shows a large
amount of a-Li; sFe, O, 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 NO are low, their sum being smaller than
that for samples N1 and N2. This indicates the presence
of a large amount of the B-Lij,sFe, ;O, 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].

Phase . o 3 o
Sample compaditen Lattice parameter, A C, wt % D, um p, g/cm T, °C
NO Liy sFe, 0, a=b=c=8332(0.002) 100.0 7.9 44 622.6
Lij sFe, O, a=b=c=28.327(£0.002) 96.2
N1 a=5.594 (£0.002); 29 4.3 628.5
SmFeO, b="17.706 (£0.003); 3.8
¢=5.401 (+0.003)
Lij sFe, sO, a=>b=c=28.329 (+0.002) 83.5
N2 a=5.592 (£0.002); 1.7 4.1 630.0
SmFeO, b=17.707 (£0.003); 16.5
¢=5.400 (+0.003)

Note: C is the concentration, D is the average grain size, p is the density, and 7. is the Curie temperature.
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Table 3. Intensities of the maxima of superstructural reflections (110), (210), and (211) for a-Li, sFe, sO,

Synthesis Sintering
Sample
(110) (210) (211) > (110) (210) (211) >
NO 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

The SEM results (Fig. 4) demonstrate different
particle morphology in the studied samples. A structure
having high density (p = 4.4 g/cm3, Table 2), low
porosity, and large irregular shaped grains (average grain
size D = 7.9 um, 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 Fe,0,-Li,CO;~Sm,0,
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 SmFeO, (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 Sm,0;, 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 a—f
phase transition in Li, sFe, O, confirm the formation of
a certain amount of ordered a-phase of lithium ferrite
during synthesis and sintering. The areas of these peaks
depend on the amount of lithium ferrite. The enthalpy of
the o—f transition at a high content of a-Li sFe, O, is

HL x5.0k 20 um

@

Fig. 4. SEM images of sintered samples: (a) NO, (b) N1, and (c) N2

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
a-Lij sFe, sO,.

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 B-Li, sFe, ;O, phase. The excessively low
Curie temperature for B-Lij sFe, O, is confirmed by
literature data [33]. The small area (2 J/g) of the DSC
peak for samples NO also indicates a high content of the
disordered P 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 a— [ 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,
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Fig. 5. Thermomagnetometric and differential scanning calorimetric analyzes of samples NO, N1, and N2

obtained by (a) preliminary synthesis and (b) sintering

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 Fe,0;-Li,CO;-Sm,0; 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 Li, sFe, O, (a.and B polymorphs) having a spinel
structure, while the SmFeO, phase had a perovskite-like
structure. The quantity of the latter increased with an
increase in the Sm, O, content in the initial mixture. Along
with the obtained values of the enthalpy of a—f phase
transitions in lithium ferrite, the high Curie temperatures
indicate that the main product in all synthesized samples

wastheordered a-Li, sFe, ;O phase. Sintering atelevated
temperature resulted in a slight decrease in the content of
the SmFeO; 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 B-Li,sFe, O, phase. The
introduction of samarium ions at the synthesis stage led
to the preservation of the ordered a-Li, sFe, ;O, phase
during sintering, whose morphology depends on the
concentration of the secondary phase SmFeO;. In
the case of the introduction of a low concentration of
Sm, 05 (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
REE:s in the microwave range.
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