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U3YYEHUE ®U3NKO-XMMUYECKUX CBOUCTB HAHOYACTUL,
®PEPPUTOB NEPEXOAHDBIX METAJIJTOB (Cu, Mn), NOJIYMEHHDbIX
TEPMUYECKUM PA3JTOXXEHMEM OKCAJTATHbBIX NMPEKYPCOPOB
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B nocnepHime rogst 60/1bIIOe BHYMaHIE
YAeNAeTCS U3YYEeHNIO CBOVICTB MarHUTHBIX
HaHOMAaTepyuaioB Ha OCHOBe (heppuUTOB Ie-
PEXOIHBIX MeTa/IoB. VIHTepec y4eHBIX K
HaHOYACTMI[aM Ha OCHOBe (eppuTOB 00-
YCTIOB/ICH BO3MOXKHOCTBIO MX IIMPOKOTO
IpUMeHeHus B OumoMenuuuHe (focTaBKa
JIeKapCTBEHHBIX IIPENapaToB, Je4eHle OH-
KOJIOTMYeCKUX 3a00JIeBaHNUIl, B KadyecTBe
KOHTPACTOB /11 MarHUTHO-PE30HAHCHON
tomorpaduu) [1], co3maHUM MarHUTHBIX
YCTPOMCTB  3aIlCH, KOCMMYECKOM IIPO-
MBIIIEHHOCTH [2]. DeppuThl MMUPOKO UC-
IIO/Ib3YIOTCS B XMMMYECKOJ IPOMBIIIJIEH-
HOCTY B KaueCTBe KaTann3aTropos [3].

Llenbio paboThI ABNIsAETCS M3ydeHue pu-
3MKO-XVMMYECKMUX CBOJICTB HaHOYACTUI]
dbeppuTOB MapraHia ¥ Megy, OTyIeHHBIX
TePMMYECKMM Pa3/I0XKeHNMEeM OKCalTaTHbIX
IIPEKypPCOpOB.

B kadyecTBe XMMMYECKUX peareHTOB
JICTIONIb30Ba/IM  C/IEAYIOIIME PeaKTUBBI:
CuSO,-5H,0, FeSO,7H,0, MnCl,-4H,0,
HaTpuil IjaBe/eBOKUC/BIL.  OTHenbHbIe
BOJIHbIe PAcTBOPbI OKCA/JATHBIX IIpeflle-
CTBEHHMKOB TOTOBM/IM IIyTeM CMeIIMBa-
HIsA BOJHOTO PpacTBOpa OKcajlaTa HaTpUs
u BogHoro pactsopa FeSO,-7H,0 ¢ conbio
nepexongHoro metamta: MnCl,-4H,O (precl
mns nonydenus MnFe,O,) n CuSO,-5H,0
(prec2 pna monyuenus CuFe,O,). Otpe-
JISIM BBINIABIINME JKEITble OCAfIKM ITyTeM
LeHTpUPYTUPOBaAHNUSA, IIPOMBIBAIN BOJOI
[0 HENTPa/NbHOV peaKkUuy M BHICYLIMBa-

mm npu 100°C. 3areM HpoKaauBaau Npu
300°C, noka 11BeT MOPOILKOB He 3MEHMUI-
€A C XKEJITOTO Ha YEPHBDIIL.

[Tpoueccsl 06pa3oBaHMs 1 pasioxe-
HUST precl MOXXHO TPeNCTaBUTb PeaKIys-
Mmu (1) u (2) COOTBETCTBEHHO.

XMnClz + (1'X)F€SO4 + Na2CZO4 =

+(1-x)Na,80, (1)

MnXFel_XC204+02=M1’1XF61_XO4 + C02 (2)

[Tpoueccsl 06pa3oBaHMsi 1M pasmoxe-
HISI prec2 MOXKHO TIPEICTaBUTb PeaKIys-
M1 (3) u (4) COOTBETCTBEHHO.

XCUSO4 + (l-X)FeSO4 + N32C204 =

:CuXFel_XC204 + Nast4 (3)
CuxFel_XC204 + 02 =

= CuXFel_XO4 + C02 (4)

PeHTFeHOFpaMMbI, INOJTy4Y€HHbIE  [/IA

precl (pmcynox 1A) m prec2 (pucyHOK
16)  COOTBETCTBYIOT  pEHTTeHOTpaMMe
FeC,0,2H,0. MbI nomaraeM, 4To Mapra-
Hell U Mefib M30MOP(HO 3aMelaloT YacTb
XKerme3a B precl m prec2 COOTBETCTBEHHO.
3amellieH1e BO3MOYXHO BBUAY O/M3KUX pa-
nuycos nonos Cu?t (0,73 A), Fe?* (0,78 A),
Mn?* (0,83 A) [4]. Pasmep obmactu kore-
PEHTHOTO paccesHMs i precl cocTaBul
86,87,8 HMm, fy14 prec2 — 43,6 3,9 HM.
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PucyHok 1 — PeHTreHOrpaMmbl okcanaTHbix npekypcopos: A) precl; B) prec2
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PucyHok 2 — TepMorpaMMmbl okcanaTtHblx npekypcopoB: A) precl; B) prec2.

TepMudeckoe pasyo>keHe OKCalTaTHBIX
IPEeKypCOPOB OCYILECTB/IAETCA B [iBE CTa-
nuu. [TepBas craus COMpoOBOXAETCA IIO-
tepeit 20,6 % u 18,5% maccel o TT-xpuBoii
ms precl (pucyHok 2A) u prec2 (pucyHOK
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2B) cOOTBETCTBEHHO, U SHIOTEPMIYECKN-
mu sddexramu Ha [ICK-3aBucumoctsax
(ymaneHye KpUCTA/UIOTMIPATHON BOJBI).
Ha BTOpoit cragymm, Oe3BopgHas CMech
pasnmaraerca ¢ norepen 34,1% maccel s



I[Tp. rp. Fd-3m
a= 8.390+0.009
D =7.3+0,3 um

[Tp. rp. Fd-3m
a= 8.357+0.009
D=12.3+0.6 am

PucyHok 3 — PeHTreHorpamMmbl HaHou4a-
cTuL, GeppUTOB NePEXOAHbIX MeTaIoOB!
A) MnFe204; 5) CuFeZO4

20, rpajycos

precl, u 37,7% pna prec2. JKcHepuMeH-
Ta/IbHaA IOTEps Beca, Kak B caydae precl,
TaK U B C/Iy4ae prec2, COOTBETCTBYeT Te-
OpeTMYeCKV PacCUNTAHHOMY 3HAYEHNIO
00e3BOXKMBaHNS AUTUAPATOB 0Opa3oBaB-
IIXCS OKCAJIaToOB.

B crarpe [5], pasnokeHue OKcaaaToB
HEKOTOPBIX IePeXOJHbIX METaj/UIOB B art-
Mocgepe a3oTa COIPOBOXKJAETCS IHJO-
tTepmmaeckuM apdexrom. B manHoit pabo-
Te pas/IoKeH)e NPOBOAMIM B arMocdepe
BO3JIyXa ¥ HaOMIOfanm 9K30TepMIYeCKIil
apdekr. Takum obpazom, Kak B ciydae
precl, Tak u B cly4ae prec2, BTOpOil MK
Ha JICK-3aBUCHMMOCTM COOTBETCTBYET CO-
BMEIIeHHbIM 3HJI0- U 9K30T€PMUYECKOMY
a¢pdekram, KOTOpbIe OOYC/IOBIEHBI, COOT-
BETCTBEHHO, Ppa3/IO)KeHMEM OKCa/JIaTHOTO
IIpeKypcopa ¥ OKNC/IEHVEM IPOAYKTOB
pas/IoKeHMs KUCIOpopoM Bospyxa. Ilpnm
temneparype Bbime 300°C  3ameTHOro
M3MeHeHNs Macchl oOpasia He IIPOVC-
xomuT. OTHOCKHTENIPHO HM3KON TeMIlepa-
Type PpasJoOXeHUs OKCAJaTOB IIO-BUIM-
MOMY CIIOCOOCTBYET KUC/IOPOJ BO3AYXa.
ABTopbl pabotel [5] HabmrOmamM CHIDKe-
HJIe TeMIIepaTyphl Pas/Io>KeHNsI OKCATaTOB
B BO3JYIIHOI aTMocdepe IO CpaBHEHUIO
C MIHEPTHOIA.
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[Tocrne TemneparypHoit 06paboTKM Ipu
300°C mpopyKT npokanubaHuA precl mc-
cnepoBamu MeronoM PDA (pucyHok 3A).
CorlacHO J[JaHHBIM PEeHTIeHO(a30BOTO
aHa/IM3a, TPORYKT IpencTaBIAeT coboit
yicTyo ¢asy ¢peppura MapraHia. Pazmep
0071acTV KOT€PEHTHOIO paccesHus, oIpe-
JleIEHHbIIT TI0 MeTOAy PuTBenbma coctaBun
7,30 £ 0,3 HMm.

[Tocne TemneparypHoit 06paboTKM Ipu
300°C npopyKT IpoKanMBaHUA prec2 Tak-
xe uccnegosamyu MeropoMm POA (pucyHok
3B). Ilonmy4yenHble pedieKChbl COOTBETCTBY-
10T paze peppuTa Mefy KyOMIeCKoil CTPYK-
Typhl. Pedrexc mpu 38° oTBevaet ¢ase ok-
cupa menu (II), comep>kaHme KOTOpPOro He
npesbimaer 2 macc. %. B GonpummHcTBe
paboT 1o monydeHuto Gpepputa Meay Mpu-
cyrcrByeT npumecb CuO BHe 3aBMCHMO-
CTU OT CTeXMoMeTpum Inpekypcopa. Tod-
Has NpUYMHA 00pa3oBaHMA TEHOPUTA KaK
0OOYHOTO IMPOAYKTa HeM3BeCTHA. Pa3mep
0071aCTM KOT€PEHTHOTO pacCestHNs, OIpe-
JleTIEHHBIN 110 MeTOAY PuTBenbaa coctaBul
12,3+0,6 aM.

Kommonpuete pactBopst (C=1 /1) 10-
JIy4eHHBIX (EeppUTOB CTAOMINM3MPOBAIN
nob6asnennem 100 mxn 0,1 M ogHO3aMe-

IIEHHOro uuTpara HarpudA. Ilo pesynb-
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1 yCTOMYHUBOCTH

CrerneHb CECAMMCHTAIIMOHHO

KOJUIOMOHBIX paCTBOPOB, %
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PI/ICyHOK 4 — 3aBUCUMOCTb Ce,D,MMeHTaLI,IAOHHOIZ yCTOIZHl/IBOCTI/I KONMOUNAHbIX PACTBOPOB OT BPpeEMEHU
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PucyHok 5 — 3aBucumoctb {-noteHuwmana: A) MnFe,O4, B)
B) MnFe,;0y4, I') CuFe;04 vactuy, ot pH.
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CuFe;04 M rupgpoguvHaMmyeckoro guamerpa:



TaTaM BM3YaJIbHOTO HAOIONEHNs, 307Ib
deppurta MapraHma He ob6pasyeT ocajka B
TeyeHNe 6 MecAIleB, 30/Ib peppuTa Meay —
B TeyeHye 20 MUHYT.

[TocTponnu rpaduk 3aBUCUMOCTU Ce-
IVIMEHTAIIIOHHOJ yCTONYMBOCTU OT Bpe-
MeHU (pucyHok 4). He6onblioe n3MeHeHne
CTeNleHM CeMMEHTALMIOHHON  YCTONYM-
BOCTI B C/Iydae 30711 (eppuUTa MapraHIia
TOBOPUT O CTaOM/IBHOCTY MTOTY4eHHOI CH-
cTeMbl. B cirydae koymompgHOro pacropa
depputa Menu HabMOAANTOCh U3MEHEHUE
CEIVIMEHTALIOHHOV YCTOMYMBOCTU pac-
TBOpa B IIMPOKOM JiMana3oHe (9KCIOHEeH-
LJa/bHBII XapaKTep M3MEHEHUS MOXET
TOBOPUTH O CefuMeHTanuu Ooree Kpyr-
HBIX YaCTHUI] B COCTaBe CYCIICH3UN).

ITo panmbim DLS, cpepnee 3HaveHme
(-moreHumana o6OMX 307€ll COCTAaBIISAET
-30 MB (pucynok 5A, 5b5), 4T0 MOXXeT cBU-

JE€TECIbCTBOBATb O CTa6I/IHMSaIU/H/I 3a CUET
INIEKTPOCTATUIECKOTO (baKTopa.

CpenHee 3HaueHUe TUAPOAMHAMUYE-
CKOTO AMaMeTpa JacTull ¢peppura Mapras-
11a cocTaBmwIo 44 HM (pucyHOK 5B), Tuzpo-
AMHAMMYECKIIT uaMeTp JacTul] Gpeppura
Menn — 769 HM (pucyHok 5I). O1Tn 3Haue-
HUSA COOTBETCTBYIOT pa3MepaM arperaToB
HAHOYACTUI] BMECTe C TMJPATHBIM CJIOEM,
KOTOpbIe COREPKATCA B MCCIEAYEMBIX CY-
CIIEH3UAX.

Takum 06pasoM, ObUIM IIOTyYeHBI Ha-
HOYacTUIB! QeppUTOB MapraHlia U Meu.
MeroauKa CUHTe3a XapaKTepus3yeTcs Bbl-
COKOJ1 BOCIIPOM3BOAMMOCTBIO ¥ IPOCTO-
TOJ peanusanyuu, II03BOJIAET II0/y4aTh
HaHovactuubl MnFe,O, u CuFe,0O, 3a oT-
HOCHUTEJIBHO KOPOTKOe BpeMs, 6e3 VICIIOb-
30BaHMs JOPOTOCTOSAIEr0 000PY/IOBaHN.
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In recent years, much attention has
been paid to the study of the properties of
magnetic nanomaterials based on ferrites
of transition metals. Scientists’ interest
in ferrite-based nanoparticles is due to
the possibility of their wide application
in biomedicine (drug delivery, cancer
treatment, as contrasts for magnetic
resonance imaging) [1], the creation of
magnetic recording devices, the space
industry [2]. Ferrites are widely used in the
chemical industry, as catalysts [3].

The aim of the work is to study the
physicochemical properties of manganese
and copper ferrite nanoparticles obtained
by thermal decomposition of oxalate
precursors.

The following reagents were used
as chemical reagents: CuSO,5H,0,
FeSO,-7H,0, MnCl,-4H,0, sodium oxalate.
Discrete aqueous solutions of oxalate
precursors were prepared by mixing an
aqueous solution of sodium oxalate and
an aqueous solution of FeSO,-7H,0O with a
transition metal salt: MnCl,-4H,O (precl to
obtain MnFe,0,) and CuSO,-5H,0 (prec2
to obtain CuFe,0O,). The yellow precipitates
were separated by centrifugation, washed
with water to a neutral reaction and dried
at 100 °C. Then calcined at 300 °C until the
color of the powders changed from yellow
to black.

The processes of formation and
decomposition of precl can be represented
by reactions (1) and (2), respectively.
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+(1-x)Na,SO, (1)
MnXFel_XC204+02:Mane1_XO4 + C02 (2)
The processes of formation and

decomposition of prec2 can be represented
by reactions (3) and (4), respectively.

CuXFeI_XCZO4 + 02 = CuXFel_XO4 + C02 (4)

The XRD obtained for precl (Figure
1A) and prec2 (Figure 1B) correspond to
the FeC,0,-2H,0 radiograph. The absence
of other peaks indicates the monophasicity
of the resulting product. We think that
manganese and copper isomorphically
replace some of the iron in precl and prec2,
respectively. Substitution is possible due to
the close radii of Cu?+ (0,73 A), Fe2* (0,78 A),
Mn?* (0,83 A) [4]. The size of the coherent
scattering region for precl was 86.8 +7.8
nm, for prec2 - 43.6 £ 3.9 nm.

Thermal decomposition of oxalate
precursors is carried out in two stages. The
first stage is accompanied by a loss of 20.6%
and 18.5% of the mass according to the
TG-curve for precl (Figure 2A) and prec2
(Figure 2B), respectively, and endothermic
effects on the DSC dependencies (removal
of crystallohydrate water). In the second
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Figure 1 — X-ray diffraction of oxalate precursors: A) precl; B) prec2
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Figure 2 — TGA and DSC oxalate precursors: A) precl; B) prec2

stage, the anhydrous mixture decomposes
with a loss of 34.1% of the mass for precl,
and 37.7% for prec2.

Experimental weight loss, both in the
case of precl and in the case of prec2,
corresponds to the theoretically calculated
value of dehydration of the formed oxalate
dihydrates.

In the article [5], the decomposition
of oxalates of some transition metals in

a nitrogen atmosphere is accompanied
by an endothermic effect. In this work,
decomposition was carried out in an air
atmosphere and an exothermic effect was
observed. Thus, both in the case of precl
and in the case of prec2, the second peak
on the DSC dependence corresponds to the
combined endothermic and exothermic
effects, which are caused, respectively, by
the decomposition of the oxalate precursor
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and the oxidation of decomposition

products by air oxygen. At temperatures
above 300°C, there is no noticeable change
in the mass of the sample. The relatively low
decomposition temperature of oxalates is
apparently promoted by oxygen in the air.
The authors of [5] observed a decrease in
the decomposition temperature of oxalates
in an air atmosphere compared with an
inert one.

After temperature treatment at 300 °C,
the calcination product precl was examined
by the XRD (Figure 3A). According to
XRD data, the product is a pure phase of
manganese ferrite. The size of the coherent
scattering region determined by the Rietveld
method was 7.3£0.3 nm.

After temperature treatment at 300°C,
the calcination product prec2 was also
examined by the XRD method (Figure 3B).
The obtained reflexes correspond to the
phase of copper ferrite of cubic structure.
The reflex at 38°C corresponds to the
phase of copper (II) oxide, the content of
which does not exceed 2 wt. %. In most
works on the production of copper ferrite,
there is an admixture of CuO, regardless
of the stoichiometry of the precursor. The
exact cause of the formation of tenorite as

444

Figure 3 - X-ray diffraction of transition
metal ferrite nanoparticles: A) MnFe,Oy;

70 B) Cu F8204

a by-product is unknown. The size of the
coherent scattering region determined by
the Rietveld method was 12.3+0.6 nm.

Colloidal solutions (C=1 g/I) of the
obtained ferrites were stabilized by adding
100 pl of 0.1 M monosubstituted sodium
citrate. According to the results of visual
observation, manganese ferrite sol does
not form a precipitate for 6 months, copper
ferrite sol — for 20 minutes.

A graph of the dependence of
sedimentation stability on time was
constructed (Figure 4). A slight change in
the degree of sedimentation stability in the
case of manganese ferrite sol indicates the
stability of the resulting system. In the case
of a colloidal solution of copper ferrite, a
change in the sedimentation stability of
the solution was observed in a wide range
(the exponential nature of the change
may indicate the sedimentation of larger
particles in the suspension).

According to DLS data, the average
value of the {-potential of both sols is -30
mV (Figure 5A, 5B), which may indicate
stabilization due to the electrostatic factor.

The average value of the hydrodynamic
diameter of manganese ferrite particles
was 44 nm (Figure 5C), the hydrodynamic
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Figure 4 — Dependence of sedimentation stability of colloidal solutions on time
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diameter of copper ferrite particles was 769 allows to obtain MnFe,O, and CuFe,O,
nm (Figure 5D). These values correspond nanoparticles in a relatively short time,
to the sizes of aggregates of nanoparticles without the use of expensive equipment.
together with the hydrate layer contained in  Further work on the separation of
the studied suspensions. nanoparticle aggregates is planned.

Thus, nanoparticles of manganese
and copper ferrites were obtained. The
synthesis technique is characterized by high
reproducibility and ease of implementation,
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