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SYNTHESIS AND PHYSICO - CHEMICAL CHARACTERISTICS OF
COMPLEX FERRITE CrNaFezOs
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Abstract: Introduction. The article discusses for the first time the synthesis, radiographic and electron
microscopic examination of CrNaFezOs, synthesized using the high — temperature Sol-gel method. The
phase of complex ferrites was synthesized using Sol-Gel synthesis method at high temperature. Initially,
the structure of CrNaFe2Os composite ferrite was researched by X-ray phase analysis and SEM, the
syngony type, elementary cell parameters, radiographic and pycnometric densities and elemental analysis
were defined: CrNaFe20s -a=5.0289, B=5.0289, c=13.6938 A , pxray.= 5.327 g/sSm?, ppyen.=5.331 g/sme. A
comparative analysis of the connection between the parameters of the Crystal cell of the initial materials
and of the obtained complex ferrites was carried out. Through a scanning electron microscope,
microsystems were taken from different parts of CrNaFe2Os type crystallite, the elemental composition of
crystals was analyzed, and the general type of surface layer of complex ferrite was displayed. As a result,
the fact that the compound consists of a single phase, the clarity of its construction was determined by the
topography and chemical composition of the compound. Consequently, it was discovered that the newly
synthesized complex ferrites correspond to the formula CrNaFe:Os. The particles of the formed
compounds have a large size (between 200 pm, 20.0 um and 5 um). The results of the element analysis
show that the compound is compatible.

Keywords: Sol-gel method; ferrites; syngony; radiography; pycnometric density; elementary cell
parameters.
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Introduction

Magnetic materials, particularly nano-sized ferrites, show a significant
change in physical, electrical, and magnetic properties in contrast to their bulk
counterparts due to their high surface-to-volume ratio of the grains. Ferrite
nanoparticles have scientific and technological importance in recent years due to
their magnetic properties and wide range of applications especially when the size
of the particles approaches to nanometer scale [1]. Among all magnetic materials,
ferrites are the most useful because in addition to magnetic properties, they are
also good electrical insulators [2]. They have been used for high-frequency
transformer cores, rod antennas, and radio-frequency coils [3-4]. Multiferroic
materials that demonstrate a changed electric polarization by a magnetic field or
a changed magnetization by an electric field have recently initiated enormous
interest for their potential applications in the next-generation novel multifunction
devices such as spintronics, data storage, sensors and so on [5-6].

Polycrystalline ferrites are very good dielectric materials which have
numerous applications at microwave frequencies. The study of dielectric
properties gives valuable information about the behavior of localized electric
charge carriers and can explain the phenomenon of dielectric polarization and
electrical conduction in the material. The experimental conditions used in the
preparation of these materials show a strong impact on the properties of the
resultant ferrite nanoparticles. For this reason, several methods have been used in
the preparation of nanoparticles, like the co-precipitation method [7-8] , sol-gel
technique [9-11] , hydrothermal method [12-13] , microwave sintering method
[14] , spray-spin-heating-coating method [15] and auto combustion method [16] .
Out of all these, sol-gel method is promising technique for the synthesis of nano
ferrites in bulk scale due to the production of homogeneous particles. The sol-gel
method is the most convenient technique to synthesize nanoparticles because of
its simplicity, inexpensive precursors, short preparation time, better control over
crystallite size and other properties of the materials [17] . The current effort has
been focused on studying the composition and frequency-dependent dielectric
properties of Cr*? ferrites synthesized through sol-gel technique.

1. Experimental

The Sol-Gel method was used as an efficient way to synthesize a new
composite ferrite with a complex mixed composition. In order to determine the
composition of the new complex mixed ferrite obtained by the Sol-Gel method,
an X-ray phase study was carried out, and a scanning electron microscope study
was executed in order to run a quantitative and qualitative analysis.

X-ray analysis was carried out at the Kazakh National Women's Pedagogical
University on the diffractometer Miniflex/600 (Rigaku). Analysis using a sika
beam (U=30 KV, J=10 MA, rotation speed 1000 pulses per second, time constant
t=5 sec., 20 with an angle interval between 5 and 900) was carried out on the
Miniflex 600 RIGAKU, filtered by a filter.
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A study was carried out using a scanning electron microscope (SEM)
(APPLICATION Note team, Brooker, Germany) to study the spectrum of
distribution of the element, quantitative and qualitative analysis, and the
percentage content of emenets.

As a primary raw material, distilled water of the Chromium (111) oxide ("H.
T.") brand, Iron (111) oxide ("H. T.") brand and sodium conbanate ("H. T.") brand
were used. The use of citric acid and glycerin as clarifiers has a positive effect on
the formation of a homogeneous phase of samples. Stoichiometric amounts of
oxides were crushed and mixed in an agate kilt until a homogeneous mixture was
obtained. Purified water, glycerin and citric acid were added to the resulting
mixture. To obtain the gel, the mass was heated in an electric oven. After that,
the formed gel was subjected to repeated annealing in a muffle furnace with an
increase of 100°c per hour in the range of 600-1100°C temperature. The firing
was divided into six stages. The first stage is 600°c, the second stage is 700°c, the
third stage is 800°c, the fourth stage is 900°c, the fifth stage is 1000°c, the sixth
stage is 1100°, the total duration is 39 hours. After each stage of synthesis,
intermediate grinding was carried out [18].

X — rays of synthesized polycrystalline powders are indicative by the method
of Homology (homologue is a distorted structural type of perovskite). The
pycnometric density of ferrites was determined by the method [19].

2. Results and Discussion

In the course of the chromite — ferrite X-ray method, it was observed from
the X-ray taken after the first stage that the process of decomposition of carbonate
in the primary components was not completed and the sample was in an
amorphous state, the crystallization process was not started, and the sol-gel
reaction did not occur. After the first X-ray taken, it showed the need for the
completion of the carbonate decomposition process in the initial components and
the passage of the sol-gel reaction and the extension of the synthesis time in order
for the sample to go from the amorphous state, to the crystallization process. In
the course of X-ray observations of mixed complex chromite-ferrites synthesized
at the second and subsequent stages, in the range of 700-1100°¢, it was noted that
the samples had a decrease in the amorphous state, the crystallization process was
in full swing, the kinetics of the sol-gel reaction was low. In addition, from the
diffractogram shown below, it was proved that the samples changed from an
amorphous state to a completely polycrystalline state, completely forming an
independent phase.
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Figure 1 - X-ray diffractogram of the complex ferrite CrLiFe2Os. Insert: phase ratio diagram.

Below are the results of indexing the diffractogram of the complex ferrite
studied by X-ray analysis using the Rietveld method.

Toluene and distilled water were used as neutral liquids. The density of the
composite materials was measured 5 times and the average values were
calculated.

Table 1 - Values of unit cell parameters for the sample under study.

Sample Phase name a(A) b(A) c(A) o B v V(A™

1 CrNaFe20s 5.0289 5.0289 13.6938 90 | 90 | 120 299.91

Table 2 - Lattice constants.

Calc. Density | Pyc. Density
Sample Phase name Space group z (glem?) (glem?)*
1 CrNaFe20s 167 : R-3c,hexagonal 6 5.327 5331

By the method of X-ray phase analysis, the temperature regime of the
synthesis of complex mixed ferrite in CrNaFe;Os was determined. With the
radiographic method, the syngony type and unit cell parameters are distinguished.
. It was found that complex mixed ferrite is lysed in Crystal cubic syngony (Table
1 is given), and the correctness of the results of X-ray studies of Ferrite was
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confirmed by the correspondence of the values of X-ray and pychometric
densities. The results of the ferrite X-ray indication are presented in Table 2.

A scanning electron microscope (SEM) is designed to obtain a magnified
image of an object by scanning it with an electron beam directed at it and
recording the signal generated by the interaction of electrons with a detector. The
small diameter of the probe, even at low accelerating voltages and high currents,
allows for elemental analysis of samples with dimensions of the analyzed area of
several tens of nanometers. The beam current detector is located on the
microscope column below the aperture of the objective lens, so that the beam
current can be monitored at any time during the analysis.

In order to study the morphology of the surface layer of the new complex
mixed ferrite samples synthesized by the sol-gel method, a study was carried out
using an electron microscope scanning the microstructures of the electric
diffraction image. Electron monographs of the compound taken in an imaging
electron microscope are given in Figures 2 a), b), ).

S h:
TM4000 15kV 7.2mm x200 SE M 02/28/2023

TM4000 15kV 7.2mm x10.0k BSE M 02/28/2023

c)

Figure 2 - Three different micrometer measurements of the new mixed complex ferrite CrNaFe2Os.
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The above images show the results of micrographs taken at magnifications of
200um, 20.0um and 5 um, and also show the general appearance of the complex
ferrite surface layer. As a result, the compound consists of one phase, the clarity
of its structure was determined by the topography and chemical composition of
the compound.

6
SEM MAG: 4000x HV:15kV WD: 7.2:mi

Figure 3 - MAP of the distribution of elements in the composition of the new mixed complex ferrite
CrNaFe20s (order of the elements Cr, Fe, Na, O and color on the MAP).

Based on the distribution map of elements, on the basis of solving the nature
of crystallization, the chemical composition with microstructure and distribution
zones of chromium, iron, lithium, and oxygen atoms were studied. As a result of
the numerical elemental composition study, it can be concluded that iron,
chromium, natrium metals, oxygen, carbon atoms are distributed in the 3 pm
regions (Figure 3). In an imaging electron microscope, it is possible to obtain
nanoscale measurements of solids in powder form.
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Figure 4 - Spectrum samples of the CrNaFe20s compound.
The results of the element analysis are built-in.
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To study the spectrum of distribution of the element, quantitative and
gualitative analysis, and the percentage content of emenets, a study was carried
out using a scanning electron microscope. The spectrum samples of the
synthesized new mixed complex Ferrite and the results of elemental analysis are
shown in Figure 4.

3. Conclusions

Summarizing the results of the research, a new mixed complex ferrite
containing CrNaFe.Os was synthesized for the first time by Sol-Gel method. In
order to determine the composition of the obtained new complex mixed ferrite, an
X-ray phase study was carried out, and a scanning electron microscope study was
carried out in order to conduct a quantitative and qualitative analysis.

For the first time, syngony types and parameters of the elementary cells of
complex mixed ferrite synthesized by X-ray phase analysis were determined.
CrNaFe,Os (cubic, a=5.0289, b= 5.0289, c=13.6938 A , Z=2, px-ray.= 5.327 glcm?,
Ppyen-=5.331 g/cmd); The results of X-ray examination showed that the synthesized
compound is polycrystalline. The accuracy of the crystallochemical data is
confirmed by the satisfactory accordance of X-ray and pycnometric densities.

Using a scanning electron microscope, microsamples were taken from
different parts of CrNaFe.Os type crystallites, the elemental composition of
crystals was analyzed, and the general type of surface layer of complex ferrite was
shown. As a result, the compound consists of one phase, the clarity of its structure
was determined by the topography and chemical composition of the compound.
As a result, it was determined that newly synthesized complex ferrites correspond
to CrNaFe,Os formula. The particles of the formed compounds have a large size
(between 200 pm, 20.0 pm and 5 pm).

CrNaFe;Os KYPJAEJII ®EPPUTIH CUHTE3/IEY )KOHE
DPU3UKA - XUMHUAJIBIK CUITATTAMAJIAPBI

M.M. Mamaee', A.M. Maduapoea**, I.C. llampun?, M.P. A6dpaiimosa’,
M.A. Hypobexosa', JK.H. Typcunosa*

YKazax ynmmuix Koi30ap nedazozuxanvix yuusepcumenti, Anmameot, Kasaxcman
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Tyiiinaeme. Makanasia anrann per )OFapbl Temieparypaisl 3071b — ['enb 9/1ici apKbUIbl CHHTE3ASINIHIIT
ansiara CrNaFe2Os cuntesney, peHTreHOrpadusuIbIK SKOHE SJIEKTPOHIbI MUKPOCKOIMSUIBIK 3€pTTey
Kapacteipbirad. Asramt pet CrNaFe20s kypamibl (heppHTiHIH KYPBUIBICHIH PEHTIeHIK (a3aiblk Tannay
KOHE CKaHepJIeyIli 3IeKTPOHABI MHKPOCKOII 9IIiCTepiMEH 3epTTeNi, CHHIOHUS THUII, SIEMEHTAp YSIIBIK
rapaMerTpiepi, PEeHTreHOrpadusIblK >koHE IHMKHOMETPIIK ThHIFBI3BIKTAPbI, DJIEMEHTTIK TalljiayJiapsl
anpikranaei: CrNaFe205 - a=5.0289, B= 5.0289, ¢c=13.6938 A , ppenr.= 5.327 r/cM?, prmar.=5.331 r/em®,
bacrankel 3aTTapAblH KpUCTAIABIK YANIBIK I[apaMeTpiepi MeH ajiblHFaH Kypaen QeppuTIeplin
KPHCTAIIBIK YSIIBIK IapaMeTpiepi apachbIHAAFbl OallaHBICBIHA CATBICTBIPMANBl Talday >KYPTi3iami.
CkaHepieyi »1aeKTpoHabsl Mukpockon apkelibl CrNaFe2Os tMnTi KpucTanuTTiH op Typili GenikTepiHeH
MHKPOCBIHAMAJIAP AJIBIHBIN, KPUCTAIIAPIbIH 3JIEMEHTTIK KypaMblHAa Tallay >KacalblHABI, KypJei
(bepputTiH OeTTIK KaOaTBIHBIH JKaJNbl Typi KepceTimi. HoTwkecinae KochUIBICTBIH Oip (aszanan
TYPATBIHBIFEI, KYPHUIBICHIHBIH AaHKBIHIBUIBIFEI TONOrpa(us MEH KOCBUIBICTHIH XUMHSUIBIK KYpaMbIMEH

115


mailto:madiyarova.altynai@mail.ru

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUH XYPHAJI KA3AXCTAHA

aHbIKTaNAbl. HoTmkeciHne jxaHa cuHTe3/eminin ansinrad Kypaeni dpeppurrep CrNaFe20s popmynaceina
colikec KeNeTiHl aHbIKTaabl. Ty31IreH KOChUIbICTap/AblH Oeniiektepi yikeH enmemre ue (200 um, 20.0
Um KoHE 5 um, apajblFbIHIA). DJIEMEHTTIK Tajgay HOTHIKENepi KOCBUIBICTBIH COHKeC KeJCTIHIIriH
KepceTei

Tyiiin ce3nep: 3omb — ['enb ozici; GpeppuTTep; CUHIOHUSL; peHTreHOrpadusl; MUKHOMETPIIK THIFbI3/IBIK;
JJIEMEHTAPJIbI YAIIBIKTBIH TapaMeTpiepi.
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CHUHTE3 U ®U3UKO - XUMHUYECKHE XAPAKTEPUCTHKH CJIOKHOI'O
DEPPUTA CrNaFe;Os
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Pe3ome. B crathe paccmarpuBaercsi cunTe3 cioxkHoro deppurta CrNaFe20s, pentreHorpaduueckoe u
3JIEKTPOHHO-MHUKPOCKOITMYECKOE HCCIIEA0BaHHEe. METOOM BBICOKOTEMIIEPATypHOTO 30Jb — TIEJIEBOrO
cuHTe3a ObUIa CHHTE3WpoBaHa (pasza CiOXKHBIX (eppuToB. Briepsbie cTpoenue ¢eppuTa, COAEpKaIIETO
CrNaFe20s, wuccienoBand MeETOJAMH PEHTIeHO(A3HOTO aHalu3a M CKaHMPYIOIIEro 3JIEKTPOHHOTO
MHKPOCKOTIA, BBISBUJIN CHHTOHMYECKUHN THII, TAPAMETPHI AIEMEHTAPHBIX SUEEK, pEHTTeHOrpapuIecKue u
MUKHOMETPHYECKHE TIIOTHOCTH, dJeMeHTHEIH anamus: CrNaFez0s - a=5.0289, B= 5.0289, c=13.6938 A,
Ppenr.= 5.327 1/eM3, pru.=5.331 T/cM®, TpoBENEH CPABHMTENBHBIN aHANTM3 B3aMMOCBSA3M HMCXOJIHBIX
BEIIECTB MEXIy MapaMeTpaMd KPUCTAIUIMYECKON SYeHKH M TMapaMeTpaMy KPHCTALTHYECKOW SUCHKH
MOJYYEHHBIX CJOXKHBIX (epputoB. C MOMOLIBI0 CKAHUPYIOMIETO 3JEKTPOHHOTO MHKPOCKOMA U3
pasnuyHbiX 4Yactedd kpuctanura Terna CrNaFe:Os ObuUIM TOJMyYeHbl MHKPOCOCY/BI, MPOBEJICH aHaJH3
JJIEMEHTHOTO COCTaBa KPHCTAJLIOB, MOKa3aH OOLIMH BHJ MOBEPXHOCTHOTO CJIOSI CIOXHOTO (eppura. B
pe3yJbTaTe OnpeAensiach oaHO(a3HOCTh COSMUHEHHS, YETKOCTh CTPOCHMS, TOMOrpadus ¥ XUMHUUSCKUI
cOCTaB coeiMHeHns. B pesynbrare O6bU10 0OHAPYKEHO, YTO HOBBIE CHHTE3UPOBAHHBIE CIIOXKHBIE (hepPHUTHI
cootBercTBYOT Dopmynie CrNaFe20s. YacTuisl 00pas3yromuxcst COeTMHEHHH UMEIOT OOJIBIINE pa3Mephl
(ot 200 MxMm, 20.0 MKM 710 5 MKM). Pe3yapTaThl 3IeMEHTHOTO aHAJIN3a MPEICTaBICHBI B BUJIE TaOINIIBI.

KitroueBble cjioBa: (GeppuThl; CHHIOHHS; PEHTTEHOTpadus; MUKHOMETPHYECKAash TUIOTHOCTB; TapaMeTphl
2JeMEHTapHON STYeHKU
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