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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHBIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukachl ¥ ITTBIK FRUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankachl:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XUMUS FHIIBIMAAPBIHBIH
JoKTOpBI, podeccop, KP ¥FA akagemuri, «Dutoxumusdy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOIIUHTTHIH
mupexropsl (Kaparanner, Kazakcran) H =11

ATI'ABEKOB Buaagumup EnokoBuu (6ac penaxTopiblH OpBIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
nokTopsl, npodeccop, berapycs ¥YFA akanemuri, JKana marepuaniap XUMUsICbI HHCTUTYTBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Yexust FhUIBIM aKaJeMHUSICHIHBIH DKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUIBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Mapadu areiHgarsl Ka3¥Y Y-npiy Oipiamn npopexropsl (Anmarsl, Kazakceran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®apmauesruxa daxysnpreTinin Papmakornosust
KadenpacsHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpus) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, @apmanust Mektebinin npodeccops! (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus mokropst (PhD, (apmarerr), Pequnr yHuBepCHTETIHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Barnat Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpEI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kazakcran PecnyOmukacer WHaycTpust koHe WH(PAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa IIsFpic MeunuHa KoJulepKiHIH Tpodeccopsl, Xamaaps
yauBepcuteTiHig LLsrpic Mmequimnaa akynsreti (Kapaun, [Tokicran) H =21

®DA3bIJIOB Cepik IpaxmeTy.ibl, XUMHs FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XMUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp >KOHIHIET
opsiabacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FBUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust skoHe XUMESUIBIK TexXHONOTHsS HMHCTHTYTHI (Bimkek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun arernarsr Xumust nHCTUTYTHI ([ymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akanemuri
(baky, O3ipoaiixan) H =13

TFAPEJIMK Xempa, ¢unocodus nokropsr (PhD, xwmmus), Xanplkapalblk Taza jKOHE KOJIIaHOAIBI
XMW OJIaFBIHBIH XMMHUS KOHE KOpIIaraH opTa OemnimiHiH npe3uaeHTi (Jlornon, Aarmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3ueHT HaronansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
Hayk, podeccop, akagemuk HAH PK, nupekrop MexayHapoHOro Hay4HO-IIPONU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), JOKTOP XMMHUYECKHX
Hayk, npodeccop, akanemuk HAH Benapycu, noderHslii aupexrtop MHCTUTYTa XMMHUH HOBBIX MaTepHaoB
(Munck, benapycs) H =13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB MyxameTKaan, JOKTOp XMMUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopexrop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyrommii kapenpoit ®apmaxornozun dapmareBTHiyeckoro (akyisrera
Vansepcurera Cerena, upekTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuy HAIMOHAILHOTO IEHTPa HAYYHBIX
WCCIICJOBaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTra Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop dunocodun (Ph.D, dapmanesr), mpodeccop Yuusepcutera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraat Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Mpodeccop, WieH-KOPPECIIOHACHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutus PecryOnuku Kazaxcran (Anmarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommiemka Bocrounodd memmmmubel Xampaapia ans-Mapkuzaa,
¢axynsreT BocTouHoit MenuuuHbl yHuBepeutera Xamaapaa (Kapaun, [Takucran) H =21

®DA3bIJIOB Cepuk /IpaxmeToBUY, JOKTOp XHMHUYECKHX Hayk, npodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHOH paboTe MHcTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, UactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB J[Ixxypa6aii XaJaukoBU4Y, JOKTOp XHMHYECKHX HayK, mnpodeccop, axkazemuk AH
Tamxukucrana, Wuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKUX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aiimxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npezunent Otnena XUMUHM M OKpY’Karomieit
cpensl MexIyHapogHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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M.A. Nurbekova!, 2024.
'Kazakh State Women's Teacher Training University, Almaty, Kazakhstan;
2Siberian Federal University, Krasnoyarsk, Russia.
“e-mail: madiyarova.altynai@mail.ru

SYNTHESIS AND PHYSICO-CHEMICAL PROPERTIES OF A NEW
COMPLEX FERRITE

Mataev M.M. — Doctor of Chemical Sciences, Professor, Kazakh National Women’s Pedagogical
University, Almaty, 050000,Kazakhstan. E-mail: mataev_06@mail.ru, https://orcid.org/0000-0002-9057-
5443;

Madiyarova.A.M. - doctoral student, Kazakh National Women’s Pedagogical University, Almaty,
050000, Kazakhstan, E-mail: madiyarova.altynai@mail.ru https://orcid.org/0000-0003-3488-5890;
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660000, Russia, E-mail: patrin@iph.krasn.ru, https://orcid.org/0000-0001-5261-0482;
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org/0000-0001-7258-3338;

Abstract: The article discusses the synthesis of new complex ferrite, radiographic
and electron microscopic studies. The phase of complex ferrites was synthesized by
the method of high-temperature sol-gel synthesis. For the first time, the structure of
CrKFe O, Composite ferrite was studied by X-ray phase analysis and scanning electron
microscope methods, the syngony type, elementary cell parameters, radiographic and
pycnometric densities, and elemental analysis were determined. A comparative analysis
of the relationship between the parameters of the Crystal cell of primary substances
and the parameters of the obtained complex ferrite Crystal cell was carried out. Micro-
samples were taken from different parts of the crystallite obtained through a scanning
electron microscope, the elemental composition of the crystals was analyzed, and the
general type of layer of the complex ferrite surface was demonstrated. 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. As a result,
it was found that the newly synthesized complex ferrite corresponds to the Formula
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CrKFe O,. The particle size of the compounds formed is large (between 200 um, 20.0
um, 5.00 um and 2.00 um).

Keywords: Sol-gel method; ferrites; syngony; radiography; pycnometric density;
elementary cell parameters.
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KAHA KYPIEJI ®EPPUTTIH CUHTE3I ) KOHE
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Marpun I'C. — xuMmus FBUIBIMAAPBIHBIH JOKTOpHI, Cibip ¢emepanasl yHUBEpPCUTETIHIH
npodeccopst, Kpacuosipck, PeceiiE-mail: patrin@iph.krasn.ru, https://orcid.org/0000-0001-5261-0482;
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Hyp6exoBa M.A. — XUMUs FBUIBIMAAPBIHBIH KaHAWAATH, Ka3ak YITTHIK KbI3fap MeIarorHKabIK,
YHHBEPCUTETIHIH aFa OKbITYIIbICH], AiMatel, Kazakcran. E-mail: nurbekova.0@qyzpu.edu.kz, https://
orcid.org/0000-0001-7258-3338;

Annoranusi. Makanaza sxaHa Kypaeni GeppHuTiH CUHTe3/eY, PeHTIeHOrpaHsUIbIK
YKOHE DIIEKTPOHII MUKPOCKOITUSUIBIK 3€pTTeY KapacThIpblUIFaH. JKoFraphl TeMIieparypasibl
30IIb — T€Jb CHHTE3 9fici apKbUIbl Kypaeni ¢eppurrepiin ¢asackl CHHTE3IENII.
Amramr per CrKFe,O, Kypamibl (eppuTiHiH KyphUIBICHIH PEHTIEHIIK (hasasbiK
Tanjay >KoHe CKaHepJIeyIli HIEKTPOHIbl MUKPOCKOI d/IiCTepiMEH 3epTTEeil, CHHIOHHS
THUI, DJIEMEHTap YAMIBIK MapaMeTpriepi, PeHTTeHOTpa(UsIbIK JKOHE MUKHOMETPIIIK
TBIFBI3ABIKTApPBl, JJEMEHTTIK Taljaylapbl aHBIKTaIAbl. bactamkel 3arTapAblH
KPUCTAJBIK YALIBIK MapaMeTpiiepi MEH aliblHFaH KypAedi (heppHuTTiH KpPHCTAIIBIK
YAIIBIK TapaMeTpIiiepl apachbiHaarbl OaiIaHbIChIHA CABICTRIPMAIbl TalAay KYpPri3iiii.
CkaHepreylni 3JI€KTPOHABI MHKPOCKON apKbUIbl albIHFaH KPUCTAIMTTIH 9p TYpii
OeJiKTepiHEeH MHUKpOCBIHAMAJAp ajbIHBIN, KPUCTAIAAPABbIH SJIEMEHTTIK KypambIHa
Tangay KacaJblHAbIL, KypAen (GeppHuTTiH OSTTiK KaOaThIHBIH JKaIIbl TYPl KOPCETiIIi.
Hotmxecinae KochUIbICTHIH 0ip (hazagaH TYpaThIHIBIFbI, KYPBUTBICBIHBIH aKbIHIBLTBIFbI
Tonorpadusi MEH KOCBUIBICTBIH XHMUSUIBIK KypaMbIMEH aHbIKTanabl. Hotmxkecinae
KaHa cuHTesneninin anbinran Kypaeni ¢eppurrin CrKFe,O, dopmynaceina colikec
KeJICTiHI aHBIKTAIABI. TY31IreH KOChUIBICTAP IBIH O6JIIIeKTepi YiIKeH enmemre ue (200
um, 20.0 pm, 5.00 pm xone 2.00 pm apanabIFbIHIA).
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Tyiiin ce3mep: 3oms — lenb omici; ¢eppuTTep; CHHTOHHUS; PEHTreHOTpadus;
MUKHOMETPIIIK THIFBI3/IBIK; DJIEMEHTAPIIbI YSIBIKTHIH MapamMeTpliepi
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AHHoOTanuss. B crarbe paccmarpuBaeTCs CHHTE3 HOBOTO CIIOXKHOTO (eppura,
peHTreHorpauueckoe M 3EKTPOHHO-MHUKPOCKOIMUYECKOEe HccienoBanne. Metogom
BBICOKOTEMIIEPATypPHOI'O 30JIb-I'€JIEBOI0 CHHTE3a OblIa CHHTE3MpOBaHa (a3a CIOKHBIX
(eppuros. Brepseie koHcTpykums deppura, comepxamero CrKFe O,, O6buta
HCCIIel0BaHa METOJaMH PEHTIeHO(A3HOro aHann3a U CKaHUPYIOLIETO 3JIEKTPOHHOTO
MHUKPOCKONa, OBUIM BBISIBICHbl CHHTOHMYCCKHI THI, MapaMeTphbl 3JIeMEHTapHBIX
sYEEeK, PEHTreHorpagMuecKkue M I[UKHOMETPHUYECKUE IUIOTHOCTH, 3JIEMEHTHBIN
ananu3. [IpoBeneH cpaBHUTENBHBIN aHANIN3 B3aUMOCBS3H HCXOAHBIX BELIECTB MEXIY
napamMeTpaMyd KpUCTAJUIMYECKOH SYEeHKH W MapaMeTpaMy IOJIY4YEeHHOTO CIIOKHOTO
(eppura. 13 pa3nuyHbIX 4acTel KPUCTAINTA, TOIYYEHHBIX C IOMOLILIO CKAHUPYIOIIETO
3NEKTPOHHOTO MHKPOCKOINA, ObUIM M3BJICUCHBI MHMKPOOOPA3Lbl, MPOBEICH aHAJIN3
3JIEMEHTHOTO COCTaBa KPHUCTAJJIOB, IOKAa3aH OOLIMK BHJ IOBEPXHOCTHOTO CJIOS
CJIOKHOTO (pepputa. B pesysnbrare onpenensiocs, 4To COSAMHEHHE COCTOUT U3 OXHON
(a3pl, 4ETKOCTh CTPOEHHs Ompeaessiach Tornorpaduedl M XUMHYECKMM COCTAaBOM
coeanHeHus. B pesynbrare Ob110 00HAPYKEHO, YTO HOBBIH CHHTE3UPOBAHHBIN CIIOKHBIN
deppur coorserctByeT (opmyne CrKFe O,. Hactuipl 00pasyrommxcs COEIMHEHUN
nMmeroT Oompime pasmeps (ot 200 um, 20.0 um, 5.00 um u 2.00 pm).

KiroueBble cioBa: (eppuTbl, CHHIOHUS, PEHTreHOrpadus, MUKHOMETpHUYECKas
IUIOTHOCTbD, MIAPAMETPhl AIEMEHTApHON STUCHKH
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Introduction

Ferrites are inexpensive magnetic materials that are often used to open up completely
new applications in scientific research, especially in Electrical Engineering. The recent
use of Ferrite cores is due to the peculiarity of reducing eddy currents with increasing
resistance. Methods of preparation, heat treatment and substitution can affect the
properties of ferrites (Valenzuela, 2012). Of all magnetic materials, ferrites are the most
useful, since, in addition to their magnetic properties, they are good electrical insulators
(Mataev, et al., 2024). Spinel ferrites (MFe204) are unique materials with ferromagnetic
and semiconductor characteristics and can be considered as magnetic semiconductors
(Soufi, et al., 2021). Due to their unique and adaptable properties, spinel ferrites have
attracted great interest from researchers around the World (Aravind et al., 2014). In
recent years, ferromagnetism has been discovered-materials containing magnetic and
electrical circuits that are widely used in the field of spin electronics (Mataev, et al., 2024).

Magnetic nanoparticles (MNPS) have been intensively studied because they have
antithetical physical properties compared to their macro and volumetric counterparts
(Gandhad et al., 2019; Tran et al., 2010; Arruebo et al., 2007). The design of new
materials for the production of magnetic, electrical, electronic, microwave and
biomedical devices has stimulated the scientific and technological community to study
the structural and chemical properties of multicomponent inorganic nanostructures. To
modify the physical and chemical properties of materials, various synthesis methods are
used to obtain the necessary material characteristics suitable for specific applications
(Chakradhari, et al., 2019). These include high-capacity batteries, electrochromic
displays and wastewater treatment, low-magnetization Ferro fluids, intercalation
electrodes in rechargeable batteries, and strong oxidizers (Viret, et al., 2012; Batu, et
al., 2012). For nanoscale magnetic particles, new electrical and magnetic behavior is
observed compared to the main counterparts (Kaewmanee, et al., 2019). These ferrites
can be synthesized by various methods, namely the ceramic method (Patil, et al., 2015;
Kulkarni, et al., 2019), the sol-gel method (Sharifi et al., 2012), the microwave method
(Molakeri, et al., 2017), the combustion method (Patan, et al., 2014), the hydrothermal
method (Aydin, et al., 2019), the oxalate method co-deposition method (Shedam, et al.,
2016).

The main goals of this work were the synthesis, physical description and assessment
of potential in magnetic hyperthermia of potassium ferrite particles by the sol — gel
method. Since this ferrite is a non-toxic metal, it can be expected to provide greater
biocompatibility than the ferrites described earlier, as this is one of the main reasons for
studying this material.

Experimental

The sol-gel method was used as an effective method for the synthesis of a new
composite ferrite with a complex mixed composition. To determine the composition of
new complex mixed ferrite obtained by the sol-gel method, an X-ray phase study was
carried out, and a study was carried out with a scanning electron microscope to conduct
quantitative and qualitative analysis.
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As a primary raw material, the grades Chromium (III) oxide (“chemically pure”),
Iron (IIT) oxide (“chemically pure”) and potassium conbanate (“‘chemically pure”) in
the form of grade powder were used as primary raw materials.primary raw materials.
brand. The use of citric acid and glycerin as cleaning agents has a positive effect on
the formation of a homogeneous phase of samples. Stoichiometric amounts of oxides
were crushed and mixed in Agate kilts until a homogeneous mixture was obtained. The
raw materials obtained by stoichiometric calculation were measured with the highest
accuracy in the analytical balance-0.0001 grams, mixed, ground on an agate sieve,
placed in a Crucible and fired in a coupling furnace at a temperature of 1100°c.

The resulting dried gel was poured into the muffler cover for 10 hours at a temperature
of 600 ° C until a black powder was obtained. Finally, the resulting powder was given
in stages for 7 hours at a temperature of 700-1100°C in air.

The pycnometric density of ferrites was determined by the method (Mataev, et al.,
2014). Toluene and distilled water were used in the same way as in different liquids.
The density of composite materials was measured 5 times and the average values were
calculated.

Result and discussion

X - ray phase analysis

Radiophase analysis (RFT) was performed on the MiniFlex/600 (Rigaku)
diffractometer. 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 a filtrated Miniflex 600 RIGAKU.

During X-ray control of the synthesized mixed ferrite, it was observed that the
amorphous state of the samples decreased, the crystallization process was completed,
and the kinetics of the sol-gel reaction was low. In addition, from the diffractogram
shown in Figure 1 below, it was proved that the samples went from an amorphous state
to a full polycrystalline state and an independent phase was fully formed.
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Figure 1 - X-ray diffractogram of the complex ferrite CrKFe,O,. Insert: phase ratio diagram.
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According to Scherrer’s formula, the average size of crystallites can be written as

follows:
KA

d =
B rcos@

where
d - average size of crystals;

(M

K - dimensionless particle shape coefficient (Scherrer constant);

A - is the wavelength of X-ray radiation;

B - half-height reflex width (26 in radians and units)

0 - diffraction angle (Bragg angle)

Below are the results of radiographic analysis of the

diffractogram calculated by the Rietveld method.

Table 1 - Symmetry type and unit cell parameters of CrKFe,O,

studied complex ferrite

Sample CrKFe,O,
Space group 62 : Pnma, orthorhombic
Z 4
Parameter cell (A)
a= 7,663 (3)
b= 5,925 (3)
c= 10,400 (6)
V(A™) 472.3 (4)
A 90
B 90
r 90
According to Scherrer's formula, the average size of crystallites is 45.6 um
X-ray density (g/cm?) 2,702
Pycnometric density (g/cm?)* 2,700

A new complex mixed ferrite synthesized by X-ray phase analysis has the number
z = 4 units, CrKFe O; is crystallized in a wall-oriented cubic cell, and the space group
forms 62:Pnma. Cell parameters a=7.663 (3), b=5.925 (3), c=10.400 (6). Through the
X-ray wavelength of Ferrite, it was shown that the average size of crystallites according
to Scherrer’s formula is 45.6 microns, which corresponds to the image obtained in a
scanning electron microscope, and the correctness of the results was confirmed by the
correspondence of X-ray and pycnometric density values in X-ray studies.

Scanning electron microscope

With the help of a scanning electron microscope (SEM) (TM4000), a study was
carried out to study the spectrum, quantitative and qualitative analysis of the distribution
of the element, the percentage content of emenets.

The scanning electron microscope (SEM) is designed to obtain an enlarged 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 the detector. The small diameter of the
probe, even at low accelerated voltages and high currents, allows elemental analysis of
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samples with dimensions of the analyzed area of several tens of nanometers. The beam
current detector is located in the column of the microscope below the aperture of the
objective lens, so the beam current can be monitored at any time during analysis.

To study the surface morphology of new complex mixed ferrite samples synthesized
by the sol-gel method, a study was carried out using an electron microscope that scans
the microstructures of the light image of electrical diffraction. The electron micrographs
obtained in the imaging electron microscope of the compound are presented in Figures
2 a), b), ¢), d).

20.0p

c) 9

Figure 2 - Three different micrometer measurements of the new mixed complex ferrite CrkKFe,O..

The above images show the results of micrographs taken at magnification of 200
pm, 20.0 pm, 5.00 um and 2.00 um, and also show the overall picture of the complex
ferrite surface layer.As as a result, the compound consists of a single phase, the clarity
of its structure was determined by the topography and chemical composition of the
compound.
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Figure 3 - MAP of the distribution of elements in the composition of the new mixed complex ferrite
CrKFe205 (order of the elements Cr, Fe, K, O and color on the MAP).

Based on the map of the distribution of elements, the solution of the nature of
crystallization, the chemical composition with microstructure and the distribution areas
of chromium, iron, potassium, oxygen atoms were studied. As a result of the study
of the quantitative composition of elements, it can be concluded that iron, chromium,
potassium metals, oxygen atoms are distributed in regions of 2 um (Figure 3). In an
imaging electron microscope, nanoscale measurements of solids in powder form can be

obtained.
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Figure 4 - Spectrum samples of the CrKFe O, compound.
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A study was carried out using a scanning electron microscope to study the spectrum
of distribution of the element, quantitative and qualitative analysis, and the percentage
content of emenets. Spectral samples of the synthesized new mixed ferrite complex and
the results of elemental analysis are shown in Figure 4.

4. Conclusions

Summing up the results of the study, a new mixed complex ferrite containing
CrKFe O was synthesized for the first time by the Sol-gel method. To determine the
new complex mixed ferrite content obtained, an X-ray phase study was carried out, and
a scanning electron microscope was examined for quantitative and qualitative analysis.

For the first time, syngonic types and parameters of complex mixed ferritic elementary
cells synthesized by X-ray phase analysis were determined. CrKFe, O, (orthorhombic,
a=7.663 (3), b= 5.925 (3), ¢=10.400 (6) A, Z=4, Py = 2702 g/crn Py =2.700 g/
cm?); X-ray study results showed that the synthesized compound is polycrystalhne The
accuracy of crystallochemical data is confirmed by a satisfactory correspondence of
X-ray and pycnometric densities.

With the help of a scanning electron microscope, micro-samples were taken
from different parts of CrKFe O.-type crystallites, the elemental composition of the
crystals was analyzed, and the general type of complex layer of the ferrite surface
was demonstrated. As a result, the compound consists of a single phase, the clarity
of its structure was determined by the topography and chemical composition of the
compound. As a result of measurements carried out in scanning electron microscopy,
it was found that the newly synthesized complex ferrites correspond to the Formula
CrKFe O,. The particles of the formed compounds have a large size (between 200 pm,
20.0 um, 5.00 pm and 2.00 um). The results of the elemental analysis were presented
in the form of a table.
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