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AHHOTAIUA

B manHO# paboTe omeHeHa BO3MOKHOCTH ITOYYEHHUS 3aMEIIEHHOT0 IIepreM rekcadeppuTa 6apus ¢ ITOMOIIHI0
JIEKTPOXUMHUIECKOTO METOJIa, OCHOBAHHOTO Ha aHOJHOM PAaCTBOPEHHH JKEJIE3HOTO aHOJa, M MOCIeXyromen
TepM00oOpabOTKOIl OcaaKa, MOIyYeHHOT0 B 00BEME pacTBOpa MPH BIEKTPOJHM3E. DJIEKTPONIN3 MPOBOAWIN B
KOaKCHaJbHOM Oe3auadparMeHHOM 3JICKTPOJIM3EPE — PEAKTOPE C KaTOA0M B BHJE IPOBOJIOKH U3 HEPKABEIO-
meit cramu mapku 12X18H10T, miomans KOTOPOro MHOTO MEHBIIE TUIOMAAN aHOAA U3 HU3KOYTIJIEPOIUCTOM
CTayii. AHOJHBIM BBIXOJ 1O TOKY TpH 3JekTpoiu3e mnpessimmaeT 100%, 4To CBUAETENBCTBYET O PACTBOPEHUHU
CTaJIBHOTO AIIEKTPOJA, KAK 110 AIEKTPOXUMUIECKOMY, TaK M XHMHYECKOMY MEXaHN3MY. Y CpeIHEHHAsI CKOPOCTh
AHOJIHOTO OKHUCJIEHHs JJIEKTPOJA COCTaBIsSeT OKOJO 33 mr-cm2-u’l, HeBbicOKas CKOPOCTH 0OYCIIOBJIEHA
3aMeJICHHEM aHOJHOTO PaCTBOPEHUS MeTaljla C TEUCHHEM BPeMEHH 3a CUeT 00pa30BaHMsI Ha €ro MOBEPXHOCTH
MaJIOPaCTBOPUMBIX MPOAYKTOB. KHCIOTHOCTH pEaKIMOHHON cpeabl B 00bEME peakTopa-dJeKTpoim3epa B
TEUCHHUE TIpollecca U3MEHICTCS B MIUPOKUX Mpefenax: oT 1.66 y ucxomHoro aiekrpoiuta ao 12.37 y peax-
IIMOHHOW CMECH C 0CaJIKOM 10 OKOHYaHUH 3JeKTponu3a. [ToBeiienne pH peakiimoHHOM cpeibl MPOUCXOAUT 32
CYeT MOJIICIIaAYMBAHMSI OKOJIOKATOIHOTO TPOCTPAHCTBA U IMEPEMEIIECHHUS TPOJYKTOB KATOJHOW PEaKIuu B
pe3yJibTaTe IBUKCHUS MacC PAacTBOPA BBIIEISIOIIMMUCS ITy3bIPhKaMU BOJIOPO/1a 110 HAIIPABIICHUIO OT IIEHTPA K
nepudeprun peakTopa-d3IeKTponansepa. YacTh MOBEPXHOCTHBIX COSAUHEHUH jKelne3a B BHUJIE TOJHICPHBIX
THAPOKCOAKBAKOMITJIEKCOB MEPEXOIUT B PACTBOP, I/Ie B YCIOBUSIX M3MEeHEHHS pH cpensr mpeBpariaeTcs B
MaJIOpacTBOPUMBIE OCHOBHBIE COCTUHEHHS XKelle3a — MPEeIIIIeCTBeHHUKNA OKCHIIOB. IHTEHCHBHOE BBIJEIICHNE
BOJIOPOJIa Ha KaTOJIE CIIOCOOCTBYET EPEMELIMBAHUIO PACTBOPA BO BCEM 00BEME PEaKTOPa, a TAKIKE OCKICHUIO
KOMIIOHEHTOB PacTBOpa M MPOAYKTOB PACTBOPSHHS aHOJA 3a CUET MOJIIeIauuBaHus IeKTpoauTa. Da3oBblit
COCTaB MPOIYKTa, YCTAHOBJICHHBII PEHTT€HOCTPYKTYPHBIM aHAIM30M, ITOKA3aJ, YTO B CIIy4ae OCaaKa, OIBepr-
HYTOTO HU3KOTemmepaTypHoi odpabotke (100 °C), B ero coctaB BxoauT 1epat oapus (1%), a Takke OKCHIBI
kene3a. BeicokoTemneparyprasi oopadoTka BeicymeHHOTro ocanka mpH 1100 °C mo3BosseT MoIyIuTh ¢ BBICO-
KUM BBIXOAOM (~95%) Tekcadepput 6aprsi ¢ MUHUMAIBHBIM KOJIMYECTBOM TIpUMecel (OKCH IEPHS X MAarTEMUT).

BbIxoHble JaHHBIE 1J18 HUTHPOBAHUS PYCCKOSI3bIYHON MeYATHOI BEPCHH CTATbH:

Myxamanees A.J., JIpecsaankoB A.D. CuHTE3 3aMernieHHOro Tekcadeppura 6apus ¢ IpUMEeHEHUEM
3JIEKTPOreHEPUPOBAHHBIX peareHTOB. bymaeposckue coobwenus. 2025. T.84. Ne10. C.52-57.

DOI: 10.37952/ROI-jbc-01/25-84-10-52

BrixoaHble JaHHbIE A/l HUTHPOBAHUS PYCCKOA3LIYHOM JJ1€KTPOHHOI BepCHH CTaTbU:

MyxamaneeB A.D., J[IpecesanukoB A.®. CuHTe3 3aMenieHHoro rekcadeppura 0apus ¢ NpUMEHEHHEM
3JIEKTPOreHEPUPOBAHHBIX peareHTOB. bymiaeposckue cooowenus A. 2025. T.11. Ned. 1d.4. DOI: 10.37952/ROI-jbc-
01/25-84-10-52/ROI-jbc-RA/25-11-4-4

The output for citing the English online version of the article:

Artur E. Mukhamadeev, Alexander F. Dresvyannikov. Synthesis substituted barium hexaferrite using
electrogenerated reagents. Butlerov Communications A. 2025. Vol.11. No.4. 1d.4. DOIL: 10.37952/ROl-jbc-01/25-84-
10-52/ROI-jbc-A/25-11-4-4

52 © Bymaeposckue coodoujenusa. 2025. T.84. Nel0. r. Kazans. PeciyOnuka Tarapcran. Poccusi.



CHUHTE3 3AMEIIJEHHOI'O TEKCA®EPPUTA FAPUA C IIPUMEHEHUEM... 52-57

Jlutreparypa

[1] D.A. Vinnik, A.Yu. Tarasova, D.A. Zherebtsov, S.A. Gudkova, D.M. Galimov, V.E. Zhivulin,

E.A. Trofimov, S. Nemrava, N.S. Perov, L.I. Isaenko, R. Niewa. Magnetic and Structural Properties
of Barium Hexaferrite BaFe 2019 from Various Growth Techniques. Materials. 2017. Vol.10. No.6.
DOI: 10.3390/mal0060578

[2] A.B. Tpyxanos, C.B. Tpyxanos, B.I'. Koctumms, JI.B. [lanmaa, M.M. Canewm, 1.C. KazakeBud,

B.A. Typuenxo, B.B. Kouepsunckwuii, JI.A. Kpupuens. MynbTudepponaHbie CBOMCTBA B CTPYKTYPHBIS
ocobenHocTH Al-3amernieHHbIX rekcadepputoB 0apus M-tuna. @TT. 2017. T.59. Ne4. C.721-729.

DOI: 10.21883/FTT.2017.04.44274.328 [A.V. Trukhanov, S.V. Trukhanov, V.G. Kostishin, L.V. Panina,
M.M. Salem, L.S. Kazakevich, V.A. Turchenko, V.V. Kochervinskiy, D.A. Krivchenya. Multiferroic
properties and structural features of M-type Al-substituted barium hexaferrites. F77. 2017. Vol.59. No4.
P.721-729. DOI: 10.21883/FTT.2017.04.44274.328 (Russian)]

[3] M. Zahid, S. Siddique, R. Anum, M. Fayzan Shakir, Y. Nawab, Z.A. Rehan. M-Type Barium Hexaferrite-
Based Nanocomposites for EMI Shielding Application: a Review. J. Supercond. Nov. Magn. 2021. Vol.34.
P.1019-1045. DOI: 10.1007/s10948-021-05859-1

[4] S.V. Trukhanov, A.V. Trukhanov, V.G. Kostishyn, N.I. Zabeivorota, L.V. Panina, An.V. Trukhanov, V.A.
Turchenko, E.L. Trukhanova, V.V. Oleynik, O.S. Yakovenko, L.Yu. Matzui, V.E. Zhivulin. High-frequency
absorption properties of gallium weakly doped barium hexaferrites. Phil. Mag. 2018. Vol.99. No.5. P.585-
605. DOL: 10.1080/14786435.2018.1547431

[5S] M. Waqar, M.A. Rafiq, T.A. Mirza, F.A. Khalid, A. Khalig, M.S. Anwar, M. Saleem. Synthesis and
properties of nickel-doped nanocrystalline barium hexaferrite ceramic materials. Appl. Phys. A.2018. Vol.124.
No.286. DOI: 10.1007/s00339-018-1717-z

[6] X.S.Liu, P.H. Gomez, Y.X. Deng, K. Huang, X.B. Xu, S.X. Qiu, D. Zhou. Analysis of magnetic
disaccommodation in La**~Co?*-substituted strontium ferrites J. Magn. Magn Mater. 2009. Vol.321. No.16.
P.2421-2424. DOLI: 10.1016/j.jmmm.2009.02.124

[71 E.A. Gorbachev, L.A. Trusov, A.E. Sleptsova, E.S. Kozlyakova, L.N. Alyabyeva, S.R. Yegiyan, A.S.
Prokhorov, V.A. Lebedev, 1.V. Roslyakov, A.V. Vasiliev, P.E. Kazin. Hexaferrite materials displaying ultra-
high coercivity and sub-terahertz ferromagnetic resonance frequencies. Mater. Today. 2020. Vol.32. P.13-18.
DOI: 10.1016/j.mattod.2019.05.020

[8] A. Goldman. Ferrites for Microwave Applications. In: Modern Ferrite Technology. Springer, Boston, MA.
2006. P.375-386. DOI: 10.1007/978-0-387-29413-1 15

[9] J.G. Fisher, H. Sun, Y.-G. Kook, J.-S. Kim, P.G. Le. Growth of single crystals of BaFe 2019 by solid state
crystal growth. J. Magn. Magn. Mater. 2016. Vol.416. P.384-390. DOI: 10.1016/j.jmmm.2016.04.079

[10] K. Huang, J.Y. Yu, L. Zhang, J.R. Xu, Z.Y. Yang, C.C. Liu, W. Wang, X.C. Kan. Structural and magnetic
properties of Gd—Zn substituted M-type Ba—Sr hexaferrites by sol-gel auto-combustion method. J. Alloys
Compd. 2019. Vol.803. P.971-980. DOI: 10.1016/j.jallcom.2019.06.348

[11] J. Carvalheiras, R.M. Novais, F. Mohsenia, J. S. Amaral, M.P. Seabra, J.A. Labrincha, R.C. Pullar. Synthesis
of red mud derived M-type barium hexaferrites with tuneable coercivity. Ceram. Int. 2020. Vol.46. No.5.
P.5757-5764. DOI: 10.1016/j.ceramint.2019.11.025

[12] Susilawati, Doyan, A., Al-Qoyyim, T. M., Ap’aludin, Maemum, P. J., Ristanti, C. L., Ariani, B. I. Synthesis
of Barium M-Hexaferrite Using Co-precipitation Method with Zn Doping Based on Natural Iron Sand at
Tebing Beach, North Lombok as Microwave Absorbent Material. JPPIPA. 2023. Vol.9. No.1. P.498-503.
DOLI: 10.29303/jppipa.v9il.2935

[13] Y. Ahmed, A. Paul, P.H. Bostjancic, A. Mertelj, D. Lisjak D. Zabek. Synthesis of barium hexaferrite nano-
platelets for ethylene glycol ferrofluids. J. Mater. Chem. C.2023. Vol.11. No.45. P.16066-16073.

DOI: 10.1039/D3TC03833E

[14] A.C. Yepnyxa, A.A. 3sepesa, [ .M. 3upnuk, [1.P. [Tammun, K.O. Mycraduna, U.E. benses, O.B. Jlrokosa,
M.B. Aptiokosa, E.B. Manég, B.E. )Kusymun, T.B. Mocynosa, /I.A. Bunnuk. [Tomyderne rekcadeppura
Oapust MeTozioM camoBo3ropanust. Becmuux FOYpI'Y. Cepust «Xumusy. 2021. T.13. Ne3. C.40-48.

DOI: 10.14529/chem210305 [A.S. Chernukha, A.A. Zvereva, G.M. Zirnik, D.R. Pashnin, K.Ye. Mustafina,
LE. Belyaev, O.V. Dyukova, M.V. Artyukova, E.V. Malyov, B.E. Zhivulin, T.V. Mosunova, D.A. Vinnik.
Synthesis of Barium Hexaferrite by the Self-combustion Method. Bulletin of the South Ural State University.
Ser. Chemistry. 2021. Vol.13. No3. C.40-48. DOI: 10.14529/chem210305 (Russian)]

[15] R.K. Verma, R.K. Singh, A. Narayan, L. Verma, A.K. Singh, A. Kumar, P.K. Pathak, A K. Aman. Low-
temperature synthesis of hexagonal barium ferrite (BaFe;,O19) nanoparticles by annealing at 450 C followed
by quenching. J. Therm. Anal. Calorim. 2017. Vol.129. No.8. P.691-699. DOI: 10.1007/s10973-017-6247-y

[16] A.L. Kovalev, D.A. Vinnik, D.A. Zherebtsov, E.A. Belaya. Sol-Gel synthesis of nanodispersed solid solutions
based on SrBai«Fei,0O19 barium hexaferrite. Rev. and Adv. in Chem. 2023. Vol.13. No.1. P.60-65.

DOI: 10.1134/S2634827623700198

© Bymaeposckue coobugerus. 2025. T.84. NelO0. E-mail: journal.bc@gmail.com 53



IosiHas uccenoBaTeIbcKas MyOJJMKANMS Myxamanees A.3., [lpecBsHHUKOB A.D.

[17] E. Mazario, P. Herrasti, M.P. Morales, N. Menendez. Synthesis and characterization of CoFe,Oy4 ferrite
nanoparticles obtained by an electrochemical method. Nanotechnology. 2012. Vol.23. No.35. 355708.
DOI: 10.1088/0957-4484/23/35/355708

[18] TTomos FO.A. Teopus B3anMOIEHCTBIS METAJIIOB M CILIABOB C KOPPO3HOHHO-aKTUBHOM cpenoit. Mockea:
Hayxa. 1995. 200c. [Yu.A. Popov. Theory of interaction of metals and alloys with a corrosive environment.
Moscow: Nauka. 1995. 200p. (Russian)]

The English version of the article have been published in the international edition of the journal

Butlerov Communications A
Advances in Organic Chemistry & Technologies

The Reference Object Identifier — ROL: jbc-A/25-11-4-4
The Digital Object Identifier — DOIL: 10.37952/ROI-jbc-01/25-84-10-52/ROI-jbc-A/25-11-4-4

Synthesis substituted barium hexaferrite
using electrogenerated reagents

© Artur E. Mukhamadeev,” Alexander F. Dresvyannikov*
Electrochemical engineering Division. Institute of Petroleum, Chemistry and Nanotechnologies.
Kazan National Research Technological University. Karl Marx, 68. Kazan, 420015.
Tatarstan Republic. Russia. Phone: +7 (996) 125-58-79. E-mail: m.artur_98@mail.ru

*Supervising author; *Corresponding author
Keywords: anodic dissolution, steel 3, electrochemical synthesis, sediment, heat treatment,
XRD analysis, barium hexaferrite.

Abstract

In this work, the possibility of obtaining cerium-substituted barium hexaferrite by an electrochemical method
based on anodic dissolution of the iron anode and subsequent heat treatment of the precipitate obtained in the
volume of the solution during electrolysis is evaluated. The electrolysis was carried out in a coaxial diaphragm-
free electrolysis reactor with a cathode in the form of a 12X18H10T stainless steel wire, the area of which is
much smaller than the area of the anode made of low carbon steel. The anodic current efficiency during
electrolysis exceeds 100%, which indicates the dissolution of the steel electrode, both by electrochemical and
chemical mechanisms. The average rate of anodic oxidation of the electrode is about 33 mg-cm?h!. The low
rate is due to the slowing of anodic dissolution of the metal over time due to the formation of poorly soluble
products on its surface. The acidity of the reaction medium within the reactor-electrolyzer varies widely during
the process: from 1.66 for the initial electrolyte to 12.37 for the reaction mixture with sediment at the end of
electrolysis. The increase in the pH of the reaction medium occurs due to the alkalization of the near-cathode
space and the movement of the products of the cathode reaction as a result of the movement of the masses of
the solution by the released hydrogen bubbles in the direction from the center to the periphery of the reactor-
electrolyzer. Some of the surface iron compounds in the form of polynuclear hydroxo-aqua complexes pass into
solution, where, under conditions of changing pH of the environment, they are converted into poorly soluble
basic iron compounds — precursors of oxides. Intensive hydrogen evolution at the cathode promotes mixing of
the solution throughout the reactor volume, as well as precipitation of solution components and anode
dissolution products due to alkalization of the solution. The phase composition of the product, determined by
X-ray diffraction, showed that in the case of a precipitate subjected to low-temperature treatment (100 °C), its
composition includes barium cerate (1%) and iron oxides. High-temperature treatment of the dried precipitate
at 1100 °C makes it possible to obtain barium hexaferrite with a high yield (~95%) with a minimum amount of
impurities (cerium oxide and maghemite).
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