HAYKA FOTA POCCHH 2026 T.22 MNe2 C.9-17
SCIENCE IN THE SOUTH OF RUSSIA 2026 VOL.22 No.2 P 9-17

OU3UKA

VJIK 538.9; 539.21
DOI: 10.7868/S25000640260202

CHUHTE3 U KOMIIVIEKCHBIE HCCJIEJOBAHUA
(Co, Cu)-3AMEIIEHHBIX TBEPABIX PACTBOPOB HA OCHOBE BiFeO,
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Annortauus. [To 00pIYHON KepaMUIeCcKON TEXHOIOTHH H3TOTOBJICHBI MaTEepHabl Ha OCHOBE TBEPABIX pac-
tBopoB BiCo Fe, _ O, n BiCu Fe, _ O, npu xoruentpamuax x = 0,00-0,15. IIpoBenensr peHTrenorpadude-
CKHE, MUKPOCTPYKTYPHBIE M CIEKTPAJIbHBIC MCCIEIOBAHMS UX CTPYKTYPHBI, 36PEHHOTO CTPOCHUS U CBOMCTB.
MeTosoM pPEeHTIeHOCTPYKTYPHOTO aHAJIN3a YCTAaHOBJIEHO, YTO JOOABKM MEAN M KOOAJIBTa MO-Pa3HOMY BIIHSIOT
Ha (opMHUpOBaHHE CTPYKTYpHI. B kepamnkax ¢ Co-3aMemeHneM B KauecTBe MPUMECHOH (ha3bl BHICTYIIAET CHII-
nennt Bi, FeO,, a ¢ Cu-3amemenuem — Myt Bi,Fe,O,, mpuaem mipu x = 0,15 €To KOMMYECTBO TPEBOCXOIUT
MIepOBCKUTHYIO (pazy. MccaenoBanne MUKPOCTPYKTYPBI ITOKa3ajI0, 9TO CKOJIBI JJIsl BCEX 00pa3IioB MPOXOIUIN
MIPEUMYIIECTBEHHO 0 TPaHMIaM 3€PEH, a CaMy 3€pHA UMENH Npu3Martudeckyio Gopmy. Ha ocHoBe ananmsa
TTOBEPXHOCTEH CKOJIOB NCCIIEYEMbIX CHCTEM TBEPABIX PACTBOPOB MOYKHO MPEIIOI0KNTH, 9TO KHHETHKA TTPO-
LeccoB (hopMHUPOBaHIS HX 3epeH Takke pasmundaercs. [TosepxHocts ckona BiCug  Fe O, nanbonee HeonHo-
pozHa, MPEAOIOKUTEIEHO, IMEIOTCS CIIEbl BTOPHYHOM NepekpucTamn3anii. Ha ocHOBe cTaTHCTHUECKOTO
aHaJIM3a Pa3MEpPOB MOXKHO CKa3aTh, YTO YBEJIMUEHNE KOHIICHTPAIMH KOOAIbTa IPUBOJUT K PABHOMEPHOMY PO-
CTy 3epHa, a KEpaMHKa, B OTIIMYHE OT TBEPABIX pacTBopoB BiCu Fe, _ O,, onnopoana. Beisenena koppemsmus
MEXIY Pe3ybTaTaM1 UCCIEI0BAHNH CIIEKTPOB KOMOMHAIIMOHHOTO PacCesTHUS CBETA TP KOMHATHOM TeMIepa-
Type, AUANIeKTpudecKuX xapakrepucTuk rmpu 7 =—190... 200 °C u penTreHohazoBoro aHammsa. M3-3a mokanb-
HBIX M3MEHEHUH KpucTammndeckoi ctpyktypsl BFO npu BBenennu nonos Co u Cu 1o 15 moin.% pamanoBckne
CIIEKTPHI CYIIECTBEHHO TPAHC(HOPMHUPYIOTCS B CIIEKTpaTbHOM auarazone 250-900 ¢!, mposBIAIOTCS HOBBIE
MOJIBI, a TaK)Ke€ M3MEHSIOTCSI COOTHOIICHUSI NX WHTEHCHBHOCTEH (o oTHomeHnto K unctomy BFO). Temme-
parypusie 3aBucuMocTi &(7) u tgd(7) moKa3bIBAIOT CHIKEHUE BETNYNH AUIIIEKTPUICCKON MMPOHUIIAEMOCTH U
TaHTEeHCA yIa JUIEKTpIIecKuX noTepb. C pocToM koHIeHTparun Co HaOII0AaeTCs CMEICHNE B BBICOKOTEM-
TepaTypHyIo 00IacTh KaK MMOPOTOBOH TemIreparypsl peskoro pocta £(7), Tak u MakcumyMoB tgd(7). Beenenne
ke noHOB CU PUBOINUT K BO3HIUKHOBEHHIO TOTTOTHUTEIHHBIX aHOMAJHH (TOPOOB MITH MAaKCHMYMOB).

KiroueBble cjoBa: GeppuT BHCMyTa, MyITSTH(OEPPOUKH, MUKPOCTPYKTYpa, JUIEKTPHUECKas CIEKTPO-
CKOTIHSI, PAMAHOBCKasl CTIEKTPOCKOITHS, TeTEPOBAJICHTHOE 3aMeIlleHHE.

SYNTHESIS AND COMPLEX STUDIES
OF (Co, Cu)-SUBSTITUTED SOLID SOLUTIONS BASED ON BiFeO,
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Abstract. The materials based on BiCo Fe, _ O, and BiCu Fe, _ O, solid solutions at concentrations of
x = 0.00-0.15 were fabricated using common ceramic technology. X-ray diffraction, microstructural, and
spectral studies of their structure, grain composition, and properties were carried out. X-ray diffraction analysis
revealed that copper and cobalt substitutions have different effects on structure formation. In ceramics with
Co substitution, sillenite Bi, FeO,  acts as an impurity phase, while in ceramics with Cu substitution, mullite
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Bi,Fe,O, acts as an impurity phase, with its amount exceeding the perovskite phase atx = 0.15. Microstructural
analysis revealed that cleavages for all samples occurred predominantly along grain boundaries, and the grains
themselves had a prismatic shape. Based on the analysis of the cleavage surfaces of the studied solid solution
systems, it can be assumed that the kinetics of their grain formation processes also differ. The cleavage surface
of BiCu, ,Fe, ..O, is the most heterogeneous, presumably with traces of secondary recrystallization. Based on
the statistical analysis of the grain sizes, it can be concluded that an increase in the cobalt concentration leads
to monotonic grain growth, and the ceramics, unlike BiCu Fe, _ O solid solutions, are homogeneous. Studies
of the Raman spectra at room temperature and the dielectric characterlstlcs at 7=-190... 200 °C confirmed the
results of X-ray phase analysis. Due to local changes in the crystal structure of BFO with the introduction of
Co and Cu ions up to 15 mol.%, the Raman spectra are significantly transformed in the spectral range of 250—
900 cm™', new modes appear, and the ratios of their intensities change (relative to pure BFO). The temperature
dependences of ¢(7) and tgd(7) show a decrease in the permittivity and dielectric loss tangent. With increasing
Co concentration, both the threshold temperature for the sharp increase in ¢(7) and the maxima of tand(7)
shift toward higher temperatures. The introduction of Cu ions leads to the emergence of additional anomalies
(humps or maxima).

Keywords: bismuth ferrite, multiferroics, microstructure, dielectric spectroscopy, Raman spectroscopy,
heterovalent substitution.
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