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1{(‘(,‘.’16008611{(21 MACHUMNBIE  C8OUICHBA HaHOll(iClel{ MacHemuma, HORVYCHHBIX Memooom
Xusuueckou konoencayuu (XK) u cneyuansno Dpaspabomarnsim cnocobom BLICOKOMEMNEPanyprHozo
meepoodasnozo cunmesa (BIT@C), KOMOP®IIl OCHOGAH HA PAZIOJNCEHUU CONY Wiy cMmecu coneil,
cooepoicaupux ownr Fe’', Fe'™ y Kpucmannusayuonnyio 6o0y. B pabome npumensny memods:
PeHM2eH06CK020 (haz06020 ananuza (PD@4), npocsewusaroweis INEKMPOHHOU MUKPOCKONUY
(II3M) u zazo060ii adcopbyuu. Maznummuwie XAPAKMEPUCTIUKY  USMEDANU ¢ NOMOUBIO
6UbpayUOHHO20 Machumomempa. Memooom XK nonyyenwt oucnepcuu wacmuy FesOy naubonee
6€poamnozo pasmepa om 7,5 0o 11 um, cnocobom BTT®C — om 25 00 75 um. Hoxasano, ymo
npu memnepamypax cunmesa 450-500 °C, obpasyomes Hanovacmuysl FesOy co snauenuem
YOenvnol HamasHudeHnocmu Hacouyenus (Os), Onuskum x 3nauenwio Ons MACCUBHO20
Maznemuma.

Beenenue

B nocnegnwe mecstunerus axrmemo CO3MAIOTCA HOBBIE MATEPHANbl C MOHMIKEHHOMN
PasMepHOCTBIO. Cpemd MX MHOTOOGpasHs MOXHO BBUICTHTL MarHUTHbIE HaHOMATEPHATEL,
HAIDHMEP MarHMTHbIC OJHOJOMEHHBIE YACTHIIEL KOTOpBIC HAalIIM MIMPOKOE NMpPHMEHEHHE B
pasmIHbIX obnactsx Texmuku [1 - 3]. CoBpemenubiit ypoBeHs HaHOTEXHONOTHI HO3BOJISIET
[IPOM3BO/UTE HA OCHOBE MAarHMTHBIX HAHOYACTHI| YHHKATHHbIC CPEeNCTBa JUIS MENNIHHGI H
Ouonornn. WX BHenpeHme B HPaKTHKy sIBIAETCS OCHOBOH COBPEMEHHOIO mporpecca B
00NacTSX JMArHOCTHKH W TepamkH, B ToM UHCIE Ha KIECTOYHOM M FEHHOM YPOBHSX.
MareuTHbE - OIHONOMEHHETE HaCTHIIB, B YaCTHOCTH HAHOYACTHIBI MATHETHTA, HIEPOKO
TPHMCHIOT B Ka9€CTBE PEHIICHOKOHTPACTHBIX, COPGIHORHBIX 1 TPAHCHOPTHEIX CPEJCTB, a
TaloKe Ul MAarHUTHOM runeprepmud. Ocobernuo AKTyalbHBIMH  SBJISIOTCS paboTHl 110
AHATHOCTHKE W Tepanmuy omKo3afoncpanmil. Dukcamms u JICTIOHUPOBAHHE HOCHTEJNEH
JICKapCTBEHHBIX NPENapaToB MArHATHEIM IONEM B 06JIaCTH onyxojm [4, 5] naeT Bo3MOXHOCTE
SHAYWTCIEHO YMEHBIIMTL J03y, a8 HCIONB30BAHAE JIOKATLHOM THIOEPTEPMHUH  TO3BOJISIET
TIPOBOTUTE TEPANHIO OHKO3aboNeBaHnH 6e3 mpHMeHenms XUMHYECKHX TpeniapaToB. Kpowme
TOTO, MArHETHT XapaKTEePH3yeTcs HU3KOH TOKCHYHOCTLIO, BHICOKAM YPOBHEM MYTarcHHOMN
0€30macHOCTH, OTCYTCTBHEM HEraTHBHEIX peakuuii oprammaMa mpu BHYTPHBEHHBIX,
BHYTPHAPTEPHAILHBIX ¥ BHYTPHMBINECUHEIX BBEICHUSIX MATHHTHOLO Komrounpa [6].

Marserar ormocmTes  k Knaccy  eppuros-mmnuHene, KOTOpEIe  06Iafator
KPHCTa/UIM9ECKOH penieTkol INmuHeH Gnaropommoii MgALO, [7] ¢ obmeii popmymoit
MeFe;04. B 3aBucHMOCTH OT Toro KaKue METAITHYCCKAE HOHbI B B KAKOM TOPSKE 3aHEMAIOT
TeTpasapuveckne (A) u oxrasapaueckue (B) Y3IbI B KyOH9ECKOM KPHCTALIHYECKOi penierke,
PaslM9aroT npsvble ImmuHen, Hampumep CdFe,0, (mapamarueruk), ZnFe,0, (cnabrrit
dbeppomaraeTnk) u OOpaIéHrEIe MuHHEH (beppumarnernkn), s KOTOpEIX Me = Mg, Mn,
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Fe,. Co,  Ni..Cu..Pb -I8] Pesynermpyiomas HamarBEMYEHHOCTD HACHICHHS (M)
deppumarsernka Fe;O4 ompenensiercs pasHOCTBIO HaMArHEYEHHOCTENl JBYX MarHUTHBIX
TOAPEIIETOK: EPBOM, COCTOSMEH N3 HOHOB Fe’" u Fe’ ¥, HAXOJSIMXCH B y3nax (B), u Bropoii,
cocrosmelf w3 MoHOB Fe’', Haxomsmmxcs B y3nax (A). Temmeparypa Kropw marmerata
cocrasnser ~ 585 °C [9], mpu KoMHaTHOH TemmepaType oH umeer CTPYKTYPY oOpaménuoit
IIHHENH ¢ KyOUIeCKON CHMMETpHeH KPUCTALINIECKOH PEIeTKY H MEeTALTHIeCKHUil XapakTep
anekTponpoBoaHocTH. Hpu Temnepatype ~ 119 K B MarnetuTe mpoHCXOmuT nepexon Bepsest
[10] — cTpykrypHbIit ha30BBIil Iiepexoa mepBoro posa, COTIPOBOXKIAFOLIMICS YBETHICHUEM Ha
ABa MOPA/IKa STEKTPOCONPOTHBICHHS H H3MCHEHUEM CUMMETPHHE KPHCTAIUIMYECKOH PEIMETKH ¢
KyOwdecko# Ha opropombudeckyto [11].

HanGonee pacnpocTpaseHHbii crnoco6 mNONYYeHHS HAHOYACTHI MarHeTdTa —
KuAKO(asHbI MeToj XuMmmYeckoi komgexcarmuu (XK), TpeMIOKEeHHBIH Simopom [12], B
OCHOBE KOTODPOTO JIEMT HPOLECC OCAXKICHWsA CONell ABYX— M TPEXBANEHTHOTO 3Keiesa
KOHIEHTPAPOBAHHBIM BOAHBIM pacTBOpoM ammmaka. B [13] coobmaercs o mnomyueHnm
merozioM XK gactuin pasMepoM ot 2 50 20 HM TpH cpeHeM pasmepe ~ 7 aM. ABTOphI [14]
TPUBOJAT NAHHBIEC O TOM, UTO CPEHHY pasMep YaCTHIl MarHETHTa, MOMyIeHHBIX MeTOIoM XK
COLTIACHO M300paXeHUSM DIEKTPOHBOM MAKPOCKONHH, CocTaBmseT 7,5 + 0,5 avm. B pabote [15]
TEM K& METOAOM IOJNYHYEHbI YaCTHIBl MAarHeTHTa CPEJHEr0 pasMepa, PacCUHTAHHOTO IO
YUIUPEHHIO MM(PaKIHOHHBIX OTpaxkernit, Dyzp ~ 11 um. B [16] cpemuii pasMep JacTwil,
CHHTE3HpOBaHHBIX MeToZoM XK, B 3aBHCHMOCTH OT KOHIEHTDAUHH CONelf B PeaKiHOHHOM
pacTBope coctaBnger 7 — 15 HM. B nonasnsromem KolH9ecTBe PaCCMOTPEGHHBIX HAMH pabor
co00maeTCst 0 MoJy4eHHH YaCTHI] MArHETHTA KHAKO(PasHbIM MeToom XK CpeZHero pasmepa
ot 7 no 15 Bm. B 310 0651aCTH pasMepoB YaCTHIIEI MATHETHTA TIpH KOMHATHOW TeMIieparype
HaxOZsTCsi B CyNeplapamMarauTHOM coctosiaud. OHH XapaKTepH3yIOTCs NPaKTHYECKH HYIEBOH
OCTAaTOYHOH HAMATHHYCHHOCTHIO  (M,). Takas XapakTepucTHKa BaXHA Ui MEIUKO-
OuooryyecKux NpUMEHeHNH, HANPUMEp IpH TPAHCIOpTe JIEKapCTBEHHBIX IPENapaToR Mo
KPOBCHOCHBIM COCYyJaM MAlOrTo JMaMeTpa, B KOTOPHIX KpailHe HexenarelbHa arperarus
dactanl. B [4] neransHo npoaHanM3HpPOBAHb! YCIOBHS TPAHCIIOPTA MATHATHEIX HOCHTENEH IO
KPOBCHOCHBIM COCY/IaM H yCJIOBHS HX Y[A€P)KaHHs MarHHTHEIM IONeM. Chna, 06yCIOBICHHAs
OPHTOXKCHHBIM BHEIIHMM HACHINAFONIMM MarHWTHBIM TIOJIeM ¥ yIEP:KHBAIOMAs HOCHTEND B
KpOBOTOKE, NMPONOPUMOHANbHA 00BEMY JACTHIEl M 3HAUCHHIO e O;. Takum ob6pasom, s
3@ exTHBHOTO yAEPKAHAS YACTHILB €€ PasMepHl i 3HAYCHAE G5 HEOBXOMIMO YBEITHYABATE.

Henp nacrosmell paGOTH — M3yYeHHE MATHHTHBIX CBOMCTB HAHOYACTHI[ MarHeTHTa,
TONYHICHHBIX OPHTHHAIBHBIM, CICIUAIIbHO pa3paboTasnsM crnocoboM BTTOC, u CPaBHEHHE UX
CO CBOMCTBAMM YacTHI, CHHTE3UPOBAHHEBIX MeTONOM XK.

Marepuajibl m METOABI

B paGote juis cHHTE3a MarHeTHTa HCHONB30BAH cymbdar xenesa FeSO,TH,0 «x.u.y
FOCT 4148-66, tpexxmoprctoe xene3o FeCly-6H,0 «xay T'OCT 4147-74, 25 %-mpli
BOJHBIA pacTBOp ammmaka «way ['OCT 3760-64 nus MPOBEACHHS XUIKOPA3HOIO CHHTE3A,
xeneso (II) ykeycnokucnoe 4-sognoe - Fe(CH3C00),-4H,0 1 xeneso ( II) anerunaneronar -
CisH3106Fe mnst mpoBenesust Teepnodasuoro CUHTE3a, HaTpuil ojenHoBokucus CgHij,CH =
CH(CH,);CO — ONa ~ /71t cTabMH3a1i HOBEPXHOCTH CHHTE3HPOBAHHBIX YACTHIT,

HaHOYaCTHUE! MArHETHTA CHHTE3HDOBATH CHENHANBHO pPa3spaGOTAHHBIM CIOCOBOM
BTT®C, xoTophli OcHOBaH Ha Da3iOKEHHH CONH WM CMECH CONel jxenesa OPraHu9IeCKUX
KUCNOT, coiepkammx Katuousi Fe?’, Fe®* u KPHCTaIUIH3a0MORHY 0 BoAy: Colib, HalpuMep,
Fe(CH3CO0),4H,0, marpeBamu 20 (HKCHPOBAHHOMN TEMIOEpaTypsl, B HHTEpBajic 375 —
550 °C, B atMocepe, He cofiepxkammel KHCIOpoa, TIE OHa pasjaraiach Ha yJIeTyYuBaromuecs
ra3bl B OKCHJ XeNle3a — HAHOYACTHIEI MArHETHTE.
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SSCTMIE MarHETHTA [IOIYHaTH TakKe MeTonom XK. Crenyer ckasars, uto peakmiio
JIMOpe mecaenosann paee B paGoTe [17], B xoTopoii cmHTe3 MarmeTwTa IIPOBOJTAIIA B
SENENEEESEE  OHPOTEHHOTO KpemHe3eMa Mapkn  “Buocmr” ¢ VACHBHOH  TIIOLIafbio
BeCTH Sy, ~ 340 M%/r. Bruio HOKa3aHO, YTO KPEMHE3eMHAas MATPHIA IPENSTCTBYET
SRS esOKprCTALTHTOB Fe;O4 u crabmmsupyer ux pasmep Ha ypoBHe 5-8 HM. B pabote
I8 OpEIrEHATEHEIM HHSKOTEMITIEPATYPHBIM CHHTE30M MeTofiomM XK Ha rpanmme pasnena ¢a3z
SRLNH [OJIYYEHEl YaCTHIB! MArHETHTA Cpennero pasmepa ~ 32 M. B nannoM mccnemopannu
STEBHUIACH 33ja¥a modydeHMs dactunm Fe;O4 KOHTPOJNMPYEMOro Haubojiee BEPOSTHOTO
pasmepa.

Jlist npoBesenus peaknuy 5 r FeSO4-7TH,0 (monsipras KoHnenTpanus ¢ = 0,09 M) u
10T FeCl3-6H,0 (¢ = 0,185 M) pactBopsu B 200 mu mucTwiMpoBaHEOH Bomel Ilocie
@HIBTPOBAHMS CTAKaH C IONyYEHHBIM PacTBOpOM pasMeIany Ha MarHATHON Mmemasixe. B
PACTBOD COJNICH JKele3a CO CKOPOCTBIO OJHA KAmid B CeKyHIy mobaBisum 50 M1 BogHOrO
pactBopa NH4OH. Peaxuuro coocaxnenms OCYWICCTBISIA TIPY PA3JIMYHBIX (HKCHPOBAHHBIX
TEMIEparypax pacTsopa comeit xenesa: or 20 10 50 °C. Ocaznox OTIEISIIA U OTMBIBAIH IIATH
Pa3 MCTHIIIAPOBAHHON BOJOH. [lms mpenotspamenus arperalMy YacThl HX NOBEPXHOCTH
CTaORIM3APOBATY HATPHEM OJICHHOBOKHCITEIM.

B pabote [16] peaxmmio OnmMopa NPOBOIMAM TPM KOMHATHOM TeMneg)aType npH
PasIHYHBIX (QUKCHPOBAHHBIX 3HAYCHUAX MOJSDHOH KOHLEHTpamuu HoHOB Fe’'( MOJSIpHOE
otHOmenue Fe’'/Fe’* = 1 - 2) ot 0,05 M 10 025 M u notyyanu gactausl Fe;O4 nanbosee
BEPOATHOTO pasmepa oT 10,0+2,8 am o 14,6+3,2 um. Havm TIPH MOJISIPHOH KOHIEHTpPAI{HA
uoroB Fe?' paeHo# 0,09 M npw pasmmunsix (brKCcHpOBaHHbBIX TEMIIEPATYPax PEaKkIHOHHOIO
pactBopa ot 20 10 50 °C nonydens! sactuims HanGolee BCPOSITHOTO pasmepa ot 7,2+1,0 am 1o
11,1£1,0 mm.

PenTrenodazossiit anams (P@A) nposoauma MetooM IIOPOIKOBOH JH(paKTOMETPHN
Ha aBTOMAaTH3MpPORaHHOM pubope J[POH-YM1 ¢ TeOMETpHEH cheMku 10 bperry-Bpentano B
ustysennd Co K, muamm amoma (A = 1,79021 A)c Fe-punstpom B oTpaxensom Imy4Ke.
3uagenns Dxpp KPHCTALIATOB OKCHIOB KeNesa Obum paccuwTaHbl IO MeTomHKe 9],
OCHOBaHHOH Ha ypaBHenus [Ileppepa [20].

Pasmepsi (Diav) u dopmy uactan s 00pasnax m3y€ami Meromom TIPOCBEYHBAIOIEH
AEKTPOHHOH MuKpockomuu ([TOM) ma mpuGope Transmission Electron Microscope JEOL
2010. B xagecTse Homnoxku s 06pa3sLoB HCTIOIb30BANKCE YITIEPOAHbIC IIEHKH ¢ KPYIIILIMA
OTBEPCTHAIMH Ha MEIHBIX CETOYKAX.

3navenme Sy, 06pasmos ONIPEACIAIA O TEPMOJIECOPONHY a30Ta Ha mpubope KELVIN
1042 dupmet “COSTECH Instruments™.

Ilernu rucrepesmca MarHHTHOrO MoMeHTa O0pasiioB H3MEPSTH ¢ MOMOMIBIO
BHOpPaIOBHOTO MarHWTOMETpa Ha uacToTe 228 I'm opu kKommaTHOM Temiieparype. Onucarue
JCTAHOBKM W METOAMKA H3MEPEHHH M3NOXKEHBI B [17]. O6pasmamu mmsa HCCIeIOBAHME
SIVEILIH CyXHe pasMarHM4eHHbIC NOPOMKH. JUis CpaBHEHHS HCIIONB30BAIH HHUKEJIEBbIH
oOpasen u HarouacTums! Fe;O4 (98 %) npoussozctsa bupmel “Nanostructured & Amorphous
Materiais Inc.”, USA.

PesyabTaTe! u obcyxaenne

Ha puc. 1 wusobpaxens: IA(paKTorpaMme o0pasnoB Marmetdta: — [, 2 —
SESRSSspoBasHbx xuaKo(asEEmM MeTogoMm XK 3 - 9 — IOJIyYCHHEIX Ccriocobom BTT®C u
Sipeae cpassenns Fe;ON.& AML” Karwonnsni cocrap HCXONIHHIX COJNCH JaH B
SESEIROSR0R nommmcn. Bee o6pasisl, xpome 7 m 9, conepxanu Toieko ¢aszy Fe;Oy.
Ofpasuss 7 # 9 nonyuany u3 coneit AKeJie3a, MOMMPOBAHHBIX COISIMA HHKEISI U KOOAIbTa B
KoamsecTse ~ 5 9% macc., 4T00H MOMYYHTE BOIMOKHOCTE nocrenyromel Gpysakunonamm3amy
HOBCPXHOCTH KOMIICKCO00PAa3YIONMME 3JIEMEHTAMH.,
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Ha nugpakrorpavmax o6pasinoB, CHHTE3MPOBAHHEIX METOIOM XK, m obpazna
CpaBHEHHsI yKasaHBl 3Ha4eHUs Dxgp . Jlna obpasnos, momyderHsx cnocobom BTT®C,
3HaueHus Dxrp mpuBesiensl B tabmume. Cremyer ckasarh, 9to JubpPaKmHOHHBI MeTon
4YBCTBHTE/ICH K 00/TacTsiM KOTEPEHTHOTO paccesiHus idparupyiommero u3nydenus. B ciaydae
O4eHb MATBIX JacTHI (1-2 HM) STUMH OGIACTSMHM SBISIOTCS NEHTPATbHBIE 0G/IACTH YACTHIEL,
HE CHJIEHO MCK2)KCHHbIE TIPUNIOBEPXHOCTHEIC ¢ior [3]. ITostomy smauenus Dyrp MOryT GBITH
38HIDKEHBI II0 CPAaBHEHHUIO CO 3HAUCHMSIME Dy,
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Puc. 1. ludpakrorpaMmer 00pasiioB MarHeTHTa, CHHTE3NMPOBAHHBIX HKHIKO(DA3HEIM METOAOM
XK mpu remneparype: I — 20 °C, 2 - 50 °C; nonyuennsix cnocobom BTTOC npu: 3 —
375 °C, (xaruomsi Fe™'), 4 — 150 + 375 °C, (Fe™), 5 - 340 °C, (Fe** ,Fe*), 6 - 500 °C,
| (Fe™), 7 - 500 °C (Ni*" Fe™), 8 - 450 °C (Fe™), 9 - 520 °C, (Co>* Fe*"), 10— 375 °C
(aueTHIaneToHaT Kele3a); o0pasua cpapaennsg Fe;04“N.& A.M.L”.

Ha puc. 2 npusenenbl H306pakenns X COOTBETCTBYIONIAE PACTIPENEIEHNS 110 pasMepaM
00pasioB, cuHTesnpoBarHbx MetogoM XK. Ilpn Temmepatype peakmuoHHOTO pactBopa 20 u
50 °C monyJeHs! YacTHIBI CpENHEro pasmepa ~ 7,5 u ~ 11,0 BM coorsercTBeHHO. B [4]
YKa3bIBaeTCs, 9T0 HaubOlee MOIXOMSIUINM PacTpeliclieHHeM YacTHIl 110 pasMepaM SBISCTCS
norapudmugeckn HOpMalbHOe. Jins obpasna / (puc. 2) emy COOTBETCTBYET KpuBas a, it eé
TIOCTPOEHHS B3ATH SMIHMPHYSCKHE NapaMeTPHL: B3BEIICHHAS CPENHsis apudMeTHdecKas — 8,7
HM H ¢ CpEIHEE KBaJPaTHIECKOE OTKIOHEHHE — 3,3 HM.

Ha puc. 3 npezcrasineHsr MEKpoGOTOrpaduy U COOTBETCTBYIONIAE PACIIPEACICHHS [0
pasMepaM 00pasLoB, CHHTE3MPOBaHHBX crocobom BTTOC. TemmeparypHO-BpeMEHHbIE
[apaMeTphl CHHTE30B, MATHHTHEIC U PA3MEPHBIC XapaKTCPUCTHKU TOJyIEHHBIX MATEpPHANOB
npuseieHsl B Tadimmue 1. Cuenyer otmeruTh pasimume mexay obpasuamu 3 m 4. Tlpu
OJMHAKOBBIX COCTABaX HCXOMHBIX KOMIIOHEHTOB H 3HAYCHHSX MAaKCHMAIBHBIX TEMIEPATYP
cHHTe32 MOpQOIOIHS W DACUpENeNeHHs JacTHIl NO pa3MepaM B 00paslaxX 3HAYHTEIBHO
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Sramsmoncs. Yactans o6pasua 3 umeroT pasmepsl 15 — 85 M u GuMoanbHOS pacnpenienenne
B0 pesmcpam © MakcuMymamu TpHE 33 w65 BM, a gactmusl o6pasua 4 XapaKTepU3yITCs
PESNEpEME 0T 4 210 32 HM ¢ MAKCHMYMOM PaclpeieieHus TPy ~ 8 HM.
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Pac. 2. TIOM n3obpaxenns ¥ COOTBETCTBYIONINE PACHPENCICHAS 110 pasMepaM 9acTHil B
obpasuax / u 2, momydeHHIX Mertozom XK mipu Temmeparype 20 u 50 °C,

COOTBETCTBEHHO. [l 06pasia / SMIMpHIECKOE pachpeelien e anmpOKCHMEPOBAHO
norapuh)MATECKH HOPMATBGHBIM PacIpeieleHHeM — KPUBAS d.

Kpome Ttoro, B ofpasne 4 wacTuubi XapakTepHOTO pasMepa ~ 8 HM OGBEIMHEHHI B
ArJOMEpaTEl CPERHETO pasMepa ~ 74 HM. YMEHBIIEHHe pasMepoB 4acTum B obpasue 4 mo
CpasHEHMIO ¢ 06pasnoM 3 BEIBBIBAET POCT Sy, 0T 27 70 36,8 M/r 1 YMEHBIIEHUE 3HAYCHHS O
or 67,5 no 62,1 I'c cv’/r. CTons 3HAUMTENBHOE pasIiuMe B CIPYKTYyPE MAaTEpHANIOB
OOBACHSIETCH, BEPOSTHO, IPOBECHAEM TIPEIBAPHTEILHON TepMudecKoit 06paboTKn obpasna 4
npa Temmeparype 150 °C, KOTOpast yMEHbBINACT NPOLCHTHOE CONEPIKaHKe BOABI B 0Opasie
SIEpEll BHICOKOTEMIIEPATYHOM cTajueli cuHTesa. Takum o6pasom, ofpasen 4, HOMyUeHHBIH
METOZI0M TBEPAODA3HOTO CHHTE3a, COCTOWT W3 HYaCTHI CpemHero pasmepa Doy ~ 8 HM.
SSCTMILI TAKOIO MAJIOT0 pasMepa MONYYaloT, Kak IIPaBWio, B IIPOLEcCe KEAKO(Da3HOro
CEETCIA.

Oasol ¥3 OTMUHTENBHBIX XapakTepUCTHK crmocoba BTTOC 1o CPaBHEHHIO C
SEedesns Metoziom XK SBISIETCS COCTOSHEE NOBEPXHOCTH, CHHTE3HPOBAHHBIX 9ACTHIL,
Hosepasocts =actan FesOy, MOMydeHHBX CIOCOGOM BTTOC, ofensera B orimume oOT
BOBCPXHOCTE SacTHll, CHHTC3HPOBAHHBIX XKMAKO(Ga3HBM MerofoM XK, THAPOKCHIBHEIMH
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TPyIIaMH ¥ COIEPXKHT TAKXKE aTroOMBl JKele3a, KOTOpBIE SBISAIOTCH - 3(QEeXKTHBHEIME
KOMIDTEKCO00OPa30BaTEISIMU, YTO BAXHO IS JalbHEHINEeH (hyHKITHAIA3AIIH IIOBEPXHOCTH.
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Puc. 3. [IBM wn300paxkeHAs M COOTBETCTBYIONIME DAacHpElNeNeHHs 10 pa3MepaM YacTHIL
00paznos 3, 4, 10 u obpasna cpasuenus Fe;04 N.& AM.L”

MareuTHble W3MEpEHHS [OKa3amy, 9T0 00pasusl / ¥ 2, CHHTE3HPOBAaHHBIE METOIOM

XK, xapakTepu3yloTcs 3Ha4eHHsIMH Kod3pnutuBHOH cmiusl H, 15 uw 40 3 u yzenpHOH
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B mackIIeEns G5 54,9 m 63,9 I'c - oM’ /1, COOTBETCTBEHHO. Marepuansl,
B Saaco0oM BTTOC, aBISFOTCH MarHHTOTBEPALIME co 3HaueHmsMu H, ot 301 no
SR e 50 90 I - oM /r (M. TabmIy).

SIS HcTepesrca MarHHTHOIO MOMEHTa 00pa3noB MprBeNeHbl Ha pyC. 4.

SWeesen / (puc. 4) um3MepaIM B HAMArHMYHMBAIOIIEM [OJE, HAIPABICHHOM
S0 (H') 1 HOpMaTBEHO (HL) x miockocTy obpasua. Paznuyue BenuurH yaeNbHOMN
SR ResenEOCTH 00pasia IS Pa3IMYHEX HANPaBIeHHH HaMarHMYMBAIOINEro moms (puc. 4,
W8 /. BcraBka) OOBACHAETCS pPasNMYHBIM IIOTOKOCLEIUICHWEM, a pasnuuHas (opMa
MEmCHMOCTEH (5(}1] )u G(H-L) — B3aUMOACHCTRAEM YaCTHII.

B 1alivne npuBeieHsl TEMIEPATyPHO-BPEMEHHEIE IApaMeTphl CHHTE30B, 3HaYeHns H,
.. CHHTE3MPOBAHHBIX 00pasHoB u 00pasna cpapHeHus. JlaHbl Takke 3HAYCHUS CPENHErO
sesmepa gactun B ofpasmax, HONYYEHHBIE TPEMS HE3aBHCHMBIME METOZaMHu: Dxrp —
ssecsmrannble 1o ¢Qopmyne Illeppepa mo gammemM POA, Dg — paccumTaHHBIE U3
MENEPHMCHTAIPHBIX 3HAYCHUI [UIOMAH YACIbHOK NOBEPXHOCTH i Diryv — OIIpe/ienéHHEbIe O
MESCHMYMaM PACIPENCICHAN YacTHII IO PasMepaM, KOTOPEIe, B CBOIO OUEpEls, MOJIYIEHb! B
SeNyabTaTe cTaTACTHYECKOH 06paboTKy COOTBETCTRYIONMIX M306paxenuii [I3M.

Crenyer ormeruts, uto o6pasen /() xapaktepusyercs HaMCONBIIAM 3HAYCHHEM Syp.
MOT pe3ynbTar, BO3MOXHO, OOBSCHAETCS TeM, 9TO IPU CHUHTe3e 00pasia, B OTIHMYHE OT
OCTATHHBIX 00pa3noB, MPHMEHUIACE KOMIUICKCHEIE COSNMHEHNS Kenesa. Ilo mammem [1OM
CpelHAM pasMep dacTull oOpasma ~ 25 HM. Bricokas mucmepcHocTs OOBSCHSET Malioe
JHAUCHUE O IOMyYCHHOTO Marepuara.

Kospyumuenas cuna.

Maxkpockonmdeckas deppo- wim ¢eppuMarHuTHas 4YacTHIa oONafaeT JOMEHHOH
CTPYKTYpOH, mHpolecc €€ NepeMarHWYMBAaHUS IPOWCXOJMT B OCHOBHOM  HOCPEICTROM
CMEIEHNUS JIOMEHHBIX TIpaHull, 4ro oO0ycIOBIHMBAeT HEBHICOKWE 3Hauenms H,. Ilpm
YMEHBUICHHY DPasMepa 4YacTHObl pEalu3yeTcs ONHONOMEHHOE COCTOSHME, KOTOpPOe
XapaKTepu3yeTcs MakCHMalbHOR [, NOCKONbKY MEPEeMarHHYWBAHUE OCYIIECTRISETCS
BpaNIeHAEM MarHMTHOTO MOMEHTA YaCTHIIEL.

Hos xaxnoro ¢eppo- H QeppuMarHeTUKa CYIECTBYET KPUTHUECKHU pa3zMep, HUXKe
KOTOPOTO €T0 YaCTHIIEI CTAHOBATCSH OTHOJIOMEHHRIMA.

Kputudeckn#i pasMep OXHOAOMEGHHOCTH (di,) 0OpY KOMHATHON TeMIEparype H
COOTBETCTBYIOMIAA eMy [, OTpe/ieieHHbIE SKCIEPUMEHTANBHO i (PEPPOMATHETHKOB KeJle3a,
HEKENS B K0OanbTa COCTABIIIOT, COOTRETCTBEHHO, 14 — 18 um (650 3) [1], ~ 78 mm (290 D) n ~
20 1M (660 3) [21], a nux peppumarserrka Fe;O4 —> 50 mm (375-440 D) [22].

[Tpu panpHE#IIEM YMEHBUICHHHE Pa3sMEpa YacTHIBL 4O 3HAYCHWS, COOTBETCTBYIOMIETO
CynepnapaMaraaTHOMY Tpesieny (dey), H, OHICTpo yMeHbIIaeTCs JO HyJIs M3-33 BO3PACTaHHS
ponu TeroBsX durykryanuii. Yactana nuametpoM (D) NpH YCHOBUH dey, < D < dyy, Haxomures
B ()eppUMArHUTHOM ONIOKHUPOBAHHOM COCTOSHHMHH, 3 TIpH yCoBHH dp < D < dp, (dp —
(GeppOMarHMTHBIA HpEJeN) — B CyHepHapaMarHUTHOM COCTOSHEY. AHCaMOIb YACTHIL,
HAXOMMIMXCA B CYyNEPIapaMarHUTHOM COCTOSHHM, HMeeT Ge3rHCTepe3HCHBIN BHI KpHBOH
nepeMarHW4uBaHus W, CNe/OBaTellbHO, HYJNEBBIE 3HadeHud J, W OCTATOYHOM
HavarareHBocTH (M,). Hactuna ¢ D < dj Tepsier QeppOMarduTHBIE CBOHCTBRA.

Io nmTepaTypHBIM ¥ HAI¥M NaHHBIM IIOCTpoeHA 3aBucumoctTs Ho(D) (puc. 5) must
qucniepcri MareTHTa npu Temneparype 300 K, roe D — cpexunii quamerp gactunsl. Ha puc.
5, KpOME BKCIIEPHMEHTANBHOTO 3HAYEHNUS dyy , IPUBEIEHBI TEOPETUHYECKIE 3HAYCHUS doyy U dy.

Y
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AR ISP DHO-BPEMEHEBIC  [IADAMETPSI CHHTE30B, MATHHTHEE ¥ pasMepHEIe
SSPSEIEDHCTHIH HOJYSCHHEIX MATEPHANOB H 06pa3ia CpaBHEHHS.,

e C [H.D |o M/M; | Dxzp, | Ds , | Dpoas, | AD, BM | S 0
| T'c HM HM HM M2/r
em/r
1 |20 [~15 54,9 0,00 [105 |12 7.5 2-22 92
=) 1 (H=)
2 50 40 63,9 0,09 |11,0 11 2-23
3. 375 436 67,5 0,381 [31,0 |43 33 (65) | 15-85 | 27,00
4 150+ 381 62,1 0,351 | 29,0 |31 8 (74) |4-32 36,80
375
RED 380** | 847 31,0 |48 33 5-60 24,00
I8 | 450 301 90,0 0,201 [39,0 |54 75 20-150 | 21,40
'8 1504520 | 310%* | 567 38,0 |48 2420
N0* | 375 414 41,7 0,316 [30,0 |9 25 10-40 [127.43
‘xx
11T | 150+500 [ 356 72,5 0,312 | 38,0 |58 19,84
112 | 500 332%* | 891 40,0 |81 14,21
Fe;0,N.& 295%% 183 3 270 |34 28 10-45 | 34,00
AML”

TIpoOKATENBHOCTE CHHTE3a obpasna /7 coctaBiisna 1 9, a 15 BceX OCTANBHBIX — 2 1.
**3HaueHMs HONYYEHBI B3 JACTHBIX HETEND THCTEpE3nCa,

! mzmamsl“p B TIPE/WIONOKCHIH OJMHAKOBBIX YAacTHI BBIYHCISUIM, OPHMEHSS
cootHomenue [3] Ds= 6 /(p Sy,), Iie p — IIOTHOCTS MaTHETHTA.,

| ¥*¥**o6pasen /0 nonyYen TEPMOIH30OM ANETHIALICTOHATA Xenesa, 00pasust 3, 4, 6, 8, 9,

L 11, 12 — TepMONA30M YKCYCHOKHUCIIOTO JKenesa.

Hamaznuuennocme naceiyenus.

HamaruuueHHOCTh HACHINEHMS MATBIX 9ACTHI HHKEIS W JKenesa MOHIKAETCS TIPH
YMCHBIICHIHN KX pasmepa [21]. VMeHbIeHHE €& 3HaYeHNs CTAHOBATCS 3aMeTHEIM LT 9aCTHI]
HuKens D<125 um, nns vacrem xenesa D<98 mm [3]. Ymemsnas wamarmwuenrocTs
HACBILEHMS (G5 = M;/p, TIie p — IUIOTHOCTE) MOHOKpHCTanIa maraeruTa npu 300 K cocrasnser
~ 92 Te - eM/r [9]. Asropamu pabotsr [23] Gsuim CHHTE3MPOBAHBI MOHOAMCIIEPCHY YaCTHI]
MarHeTHTa KyOuueckoil opmsi ¢ pasMepamu pedpa 7.5, 15, 1 30 um. 3HaveHus G YaCTHUIL B
Monoaucrepensix npu 300 K cocranmsm, cootBercTBeHHO, 40, 80 u 82 I'c - eM°/r. B pabote
[16] monygensr chepuieckue YACTHIE MATHETHTA Anametpom 10,0+ 2,8 mvimr 14,6 £ 32 mm ¢
Os, COOTBETCTBEHHO, 65 1 74 I'c - eM/r, a B pabote [25] Metonom XK mpu Temieparype 70 °C
TOCIIE TH/IPOTEPMAYECKOTO BO3NCHCTBAS B aBTOKIABE ITOMYIEHB KaK HEGONbIIHE, JUaMeTpoM
12 £ 2 v, tak u Gonee KpymHEe, JuaMerpom 40+ 5 mM, YacTHIBI MarseTuTa G,
cootBeTcTBeRHO, 59,8 1 82,5 I'c + em/r. OnauM U3 OOBACHEHUY YMEHBINCHNS BeIHYUHED O
[IpH YMCHBIICHAH Pa3sMepa YacTUIl ABISCTCS PAa3OPHEHTAMS MATHETHBIX MOMEHTOB aTOMOR B
gacrunax [1].

AHaNH3 TapaMeTpoB ILETENh TIHECTEPE3NUCa  ITO3BONSET OLPEEIUTs HMHTEPBAI
TeMIeparyp cuaresa (450-500 0C), TIPA KOTOPBIX 00PA3sIbl XapaKTePH3YIOTCS 3HAYCHAEM G =
89 ... 90 Tc cm’/r, 6IH3KAM K 3HAYEHHIO AL MacCHBHOTO MarseTHTa TPU KOMHEATHOM
TeMIeparype. (puc. 4, 06p. 8).

3aBUCHMOCTh OTHOCHTENBHOM OCTATOUHOMN HaMarHwieHHOCTH M,/M; oT pazmepa misa
MaJIbIX  HaCTHI[ JKene3a, HHKeNd ¥ KOOansTa NpOXOmUT —uepes MaKkcUMyM BOIM3H
COOTBETCTBYIOIIETO 3HAYEHHHA d,, [3]. MaxcumansEEIM 3HAUCHHEM M/M; = 0,381
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XapakTepusyercs obpasen 3, noiydeHssi cnocobom BTT®C npu temmeparype cuuresa 375
°C, cpemmuii pasMep YacTHil KOTOPOTO II0 JaHHBEIM AHGPaKIEOHHOTO Merona ~ 31 HM, a
COTNIaCHO H300paKEHUIM 3TEKTPOHHON MUKPOCKOIHH ~ 33 HM.

Buiognt

Paspa6otan croco6 BEICOKOTEMIIEPaTypHOTo TBEPAOPA3HOTO CHHTE3d, O3BOJIIONIHH
I0JTy9aTh (eppHMarBHTHEIC YACTHIIE! MarHETATA 3aJaHHOTO pasMepa B o6nactd 25 — 75 aM
KyOHdecKol CTPYKTYpH! IIIMHEIHM CO 3HAYCHWSAME YIENbHOM NOBEPXHOCTH OT 15 10
127 MP/r.

Oupesieniens! 3Ha4eHus Temmepatyp cuHTesa (450-500 °C), MpH KOTOPEIX 00pasisi
XapaKTepu3yloTcs 3HadeHmeM os (300 K) = 89 ... 90 I'c cv’/r, 4T0 6IH3KO MO BEMUMHE K
TIpeNENLHOMY sl MATHETHTA 3HAYERHMIO G (300 K) = 92 I'c eM’/r.

Ha ocHOBE peakiiy XHMHYECKOH KOHAEHCAMH pa3spaboTana METOMHKa, O3BOJISIOIas
CHHTE3MPOBaTh CylePHapaMarHuTHbIE YacTHIb! KOHTPONHPYEMOIO HauOOJee BEPOATHOTO
pazmepa ot 7.5 mo 11,0 aM, obnagaromye 3HaYeHRIME G5 0T 53,9 10 63,9 T'c eM/r.

OnTAManbHEIME MAarHATOYNPABIACMBIME HOCHTEISIMH JIEKAPCTBEHHBIX NPENaparoB
MOTYT BBICTYNIaTh ()€pPEMArHHTHBIE YACTHIIL MAarHeTHTa pasMepoM 30 — 75 HM, KOTOPHIE 1O
CPaBHCHHIO C CyNEpIapaMarHUTHLIME 9acTHIaMu pasMepa 7,5 — 11 HM HMEIOT HAMHOTO
OoneImmii 00LEM 1 GoIbInee 3HAYEHHE G..
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MATHITHI BIACTHBOCTI HAHOYACTHHOK Fe;04,

OAEPXKAHUX PITMHHO- I TBEPJO®A3ZHUAM CHHTE3IOM

ILIL I'op6uk, B.M. Mimenko, M.B. Abpawmog, /L.T. Ycos,
10.M. Tpoumenxop*

Incmumym ximii nosepxnui in. 0.0. Yyiika HAH Ypainu, eyn. I'enepana Haymosa 17,
03164 Kuis-164, Yxpaina
*IHcmumym maznemuzmy HAH i MOH Vipainu, 6yivs. Bepnadcorozo 3 6-6, 03142
Kuie-142, Yxpaina

Hocnioxnceno maznimui enacmueocmi Hanouacmunox FesOy odepoicanux memodom

ximiunol xonoencayii (XK) ma cneyiansno pospobrenum crocobom GUCOKOMEMNEPaAmypHO20

meepoogasnozo cunmesy (BTTOC), sxuii SPYHMYEMbCA HA PO3KNAOGHHT cONi wu cymiwi
. i 5 . 2+ + . . Y .

coneil, axi micmamo ionu Fe’*, Fe* i Kpucmanisayiuny 600y. B pobomi Gyno euxopucmano
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Memodu penmeeniecbko2o gasoeozo ananisy (P@A), mpancmiciiunoi e/leKMPOHHOT MIKpOCKONIL
(TEM) i 2az060i adcopbyii. Maznimni xapakmepucmuxu 6us4anu 3a 00nomoz2010 8ibpayitino20
maznimomempa Memodom XK 6yno ompumano Oucnepcii uacmunox FesOy cepeoHvozo
posmipy 6id 7,5 0o 11 um, cnocobom BTTOC — cepeOnb020 posmipy 6i0 25 00 75 HMm.
IToxazano, wo npu memnepamypax cunmesy 450-500 °C gopmyiomecs 00HOOOMEHHI
yacmunxy Fe;0y 3i 3HQUeHHAM RUMOMOI HAMAZHIYEHOCII HACUYEHHS, 6AU3LKUM 00 3HAYCHHS
O/ MACUBHO20 MARHEMUMY.

MAGNETIC PROPERTIES OF THE NANO-PARTICLE
OF Fe;04, OBTAINED BY THE LIQUID- AND SOLID-PHASE
SYNTHESIS

P.P. Gorbyk, V.N. Mishchenko, N.V. Abramov, D.G. Usov, Yu.N.
Troshchenkov*

Chuiko Institute of Surface Chemistry of National Academy of Sciences of Ukraine
General Naumov Str., 17, 03164 Kyiv -164, Ukraine
*Institute of Magnetism of National cademy of Sciences of Ukraine
Vernadskogo Avenue, 36-b, 03142 Kyiv-142, Ukraine

The magnetic properties of the nano-particle of magnetite, obtained by the method of chemical
condensation(ChC) and specially developed procedure of high temperature solid-phase synthesis
(HTSPhS) are investigated. The technique of solid state synthesis of magnetite nanoparticles based on
decomposition to one or mixture of salts, containing Fe’', Fé* ions and crystallization water, was
proposed. The X-ray analysis, Transmission Electron microscopy and gas adsorption method were
used. Magnetic characteristics were studied by a vibration magnetometer. By the ChC method the
dispersions of the particles FesOy are collected medium-sized from 7,5 to 11 nm, by the
HTSPHS method — medium-sized from 25 to 75 nm. It was shown that at the synthesis temperatures
of 450-500 °C the single domain of Fe;O, particles with specific magnetization saturation near 10 the
maximum for magneétite value are formed.
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