ANTHE I f\f@ﬁﬁﬁﬁrfrffﬁlgs

3 (88), 2017

YK 621.74 THocmynuna 10.05.2017

3PBNN N EFr0 NMPUMEHEHVE B COBPEMEHHOI TEXHUKE
ERBIUM AND ITS APPLICATION IN MODERN TECHNOLOGY

A. B. BACHJIBEBA, A. A. TETbMAH, Boenno-mopckou noaumexnuieckuti UHCImumym,
2. Canxm-Ilemepoype, Poccus. E-mail: a.a.getman.mail.ru

A. V. VASILYEVA, A. A. GETMAN, Naval Polytechnic Institute, Saint-Petersburg, Russia.
E-mail: a.a.getman.mail.ru

Opbuil ucnonvsyrom 6 kawecmee KOMNOHEHMA MASHUTNHBIX CHAABO8, OKCUO IPOUs NPUMEHACMCA 8 0epHOU dHepeemuKe 05
yayuwenus snepeopacnpedenerus u bezonacnocmu pabomel 10epHo20 peakmopa.

Erbium is used as a component of magnetic alloys; oxide of erbium is used in nuclear power to improve energy distribution
and safe operation of a nuclear reactor.
Knrouesvie cnosa. bopam, cmepoicnu peakmopa, no2iowenue HetlmpoHos, KPUOKYIAPb.
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Opbuii OTHOCHUTCS K JTAHTAHOMIaM, KOTOpPbIE BCTPEUAIOTCS OYEHb PeKo. BXOTUT B cocTaB TakMX MHUHEpa-
JIOB, KaK KCCHOTUM, OACTHE3HT, MOHAIINT, PBKCEHUT, Jionaput. x mecropoxknenus B CILIA, Kazaxcrane, Poc-
cuu, Ykpanne, Apctpanuu, bpazwiun, Uaaun, CkaHTnHABUA.

Dp6uii — Genblit (cepedpucTo-6ensiit) Meramt. Conepxkanue B 3eMHOI xope — 3,3-107% Mac.%, B MOpcKoit
Bozie — 6-10~7 mr/n. TekcaroHansHas pemeTka ¢ mapamerpamu: a = 0,35588 um u ¢ = 0,55874 um. Temneparypa
rutasneHust — 1522 °C, temneparypa kurnenust — 2510 °C. Bmecte ¢ moTenyieM U TyiaueM 3pOnii MpUHAICKHUT
K YHCITy CaMBIX TSKEJIBIX ITAHTAHOMIOB — €0 MIOTHOCTH Goibiie 9 T/cM?. JIerko moajaercss MeXaHu4eckoit 06-
pab6otke [1]. Kpome po3oBoii okpacku OOJBIIMHCTBA COEAWHEHHH, B ToM yucie okcuaa Er,Os, apOuit moutn
HUYEM HE OTIIMYAETCs OT MPOYMX JIAHTAHOUJOB UTTPUEBON TPYIIIBI, HECKOIBKO OOJBIINE TPOYHOCTh U TBEp-
JIOCTB BBIICIISIFOT 3TOT AJIEMEHT CPeIH APYTHX JaHTaHOWAOB. [Ipemen mpounocTu »pous Ha cxxarue — 780 Mlla [1].

Opbuii U3 TPUPOAHON CMECH PEeIKO3eMETbHBIX JEMEHTOB BBIICISAIOT METOJaMH IKCTPAKIIMKA U XPOMAaro-
rpadun. JJanpHeHIy0 OYnCTKY, KaK MPaBUiIO, IPOBOAAT XpoMarorpadudeckd. Meramnaeckuil spouil moiy-
YaroT EKTPOIM30M paciuiaa xjopuia (ropuna) spous ErCls (ErFs), a Takke kanbnuiiTepMuieckuM BOCCTa-
HOBJICHHEM 3THX coJeit [2].

Hcnonp3yrot 3pOuii B KaueCcTBE KOMIIOHEHTa MarHUTHBIX ciuiaBoB ¢ Fe, Co, Ni, 00aiaronmx BEICOKOW HH-
JOYKIIMEH 1 MarHUTOCTPUKIIUEH. B coeTMHeHnN ¢ BaHAIMEM U TIPH JOOABIICHUH B Pa3JIMYHBIC CIIIABBI CHIKACT-
Csl X TBEPAOCTh U YBEIMYUBAETCS pab0TOCIIOCOOHOCTD.

Opowuii-nukenesbiii cruiaB (ErNi) nmeer HEOOBIYHO BBICOKYIO TEIIOEMKOCTh M UCIIONIB3YETCSl B KPUOKYJie-
pax; cmech 65% Er;Co n 35% Er gYb, |Ni 110 00bemMy yinydInaer yaenbHyro TemoeMKkocTs [1].

[Ipn HU3KHX TemIiepaTypax 3pOuii mpeacTaBisieT co0oil oueHb CHUIIBHBIN Maruut. llpu mobaBneHun ero
B CIIJIaBBI MX JKECTKOCTh 3HAYUTEIHHO MOHIKACTCS, a KU3HEHHBIN IUKJI MPOAJIEBACTCS. DIEKTPOAHBIN MOTEH-
[[UaJ1 3pOus OTHOCUTENBHO CTaHAAPTHOTO BOJAOPOIHOTO MPU KOMHATHOM TeMmeparype paBeH —2,1 B.

WccnenoBansl crijiaBbl 3pOUs ¢ OCHOBHBIMU KOMITOHEHTaMH MPOMBIIIIJICHHBIX CIIJIABOB — MarHueM, ajfoMu-
HUEM, kese3oM, TutanoM. [Ipu 5% crutaBnsercs ¢ amOMUHIEM, MarHUEM, KeJIe30M U TUTAHOM ¢ 00pa30BaHu-
€M BO BCEX Cllydasix AByX(ha3HbIX cMecel 3BTEKTHYECKOTO HJIM MEePUTEKTUUYECKOTO THMA. [ uccienoBaHHbBIX
CIUTaBOB 3pOUi ABISAETCS XOPOIINM MOTU(PUKATOPOM U YIIPOYHHUTEIEM, HO C TAHTAJIOM He CIIIaBIseTcs. DpOouii
MCTIOB3YETCS JIIsl TTOJTyYEHUSI MAaTHUTHBIX CIUIAaBOB C KOOAJIBTOM M HUKEJIEM.

Ha Bo3myxe apOuii okucisieTcss MEAJIEHHO, MPU HAarpEeBaHUU BO BIIAXXKHOM BO3yXe HECKOJBKO ObICTpee,
C MMHepaJbHbIMU KUCJIOTaMU oOpa3syeT conu. B3aumopelictByer ¢ O,, razoreHamu, xanpkoreHamu, N, u H,
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npu HarpeBanuu, oopasys coequnenust Er (111). B BomHbIX cpenax spOuii cylecTByeT B BUE THAPATHPOBAHHBIX
noHoB Er**. C pasnmuuHbIMU OpraHudeckHMMH U HeopraHudeckumu juranaamu uos Er (I1I) o6pasyer coenune-
HUSI ¢ KOOPJMHAMOHHBIME yuciaamMu oT 9 1o 15. [To XumMuyecKkuM cBOMCTBaM MOJ00CH PYTUM JIAHTaHOUIAM.
Er (I) u3BecTeH TOIbKO B TMIPOIUTUYECKH HEYCTOMYMBBIX IajJoreHuHbIX kinacrepax tuna ErX, Er,Xs, Er; X,
ErgX,; u T ., rae X = Cl, Br, I, oOpasyrommxcst npu B3anMoAeHCTBIN MeTalTIueckoro spoust ¢ ErXs.

Oxcun Er,O; monyuator paznoxenueM Er(NOs);, Ery(SO,);, Ery(CrOy); mnm npyrux coseil Ha BO3Iyxe
00braHo mipu 800—1000 °C. Oxcun 3pOust mpeacTapisieT co00i MOPOIIOK po30BOro IBeTa. Mcnonb3yercs s
CHEIUANBHBIX KEPAMUK, TIOMHUHO(OPOB, JTa3ePHBIX CTEKOI, a TAKXKE B IMEKTPOHHUKE TIPU KOHTPOJIE HEUTPOHAMHU
B aTOMHOM NPOMBILLIEHHOCTH. JIOMyCTHMAas KOHIEHTpAIMs B BO3AyXe 4 MI/m>.

Tpudropun ErF; nomyuator B3aumoneiicreuem Er,O; ¢ HF-razom npu 500 °C, TepMuYecKUM paziokeHHEM
¢dropammonuebix coneit (NH,4);ErFg mpu 400-500 °C. B armocdepe Ar, N, IpUMEHSIOT [UIsl TOTYYCHUS YH-
CTOTO METaJUIMYECKOTO SpOHUsi METAUIOTEPMUUECKHM CIIOCOOOM B KaueCTBE KOMIIOHEHTa TBEP/BIX AJIEKTPO-
JIUTOB.

Tpuxnopun ErCl; rurpockonuuen; nomydarot B3aumoneictsuem cmecu Cl, u CCl, ¢ okenaom mwin okca-
narom 3p6ust Beime 200 °C, xnopupoBaHreM dpous u ap. [IpuMeHsIoT A TOoTyYeHHs METaUIOOPTaHHYeCKUX
COCAMHEHHI pOUsl 1 METAJUIMYECKOTO 3OS METAITIOTEPMUYECKH WM DJIEKTPOXUMHUUecKH [1].

I'uppokcun spoust Er(OH); po3oBoro nBeta, He pacTBOpseTcsl B Boje, oOpasyercsi Mo 0OMEHHOW peakiuu
mexxay NaOH u BogabiMu pactBopamu coneit apous (111).

Tpubpomuz 3poust ErBrs (¢, = 950 °C) u tpuitonua Erl; (7, = 1015 °C) — BemecTBa (hnoieToBOro useTa,
BE€CbMa I'MI'POCKONUYHBIE, XOPOIIIO PACTBOPSIOTCS B BOJIE, KPUCTAJUIU3YIOTCS U3 PacCTBOPOB B BUJI€ OKTa- U HO-
HaruJpaToB COOTBETCTBEHHO.

OCHOBHBIMH COEAMHEHHSMU dpOust sBisitoTcst okeua Er,O5, Tpudropua ErF;, tpuxnopun ErCl;, ruapok-
cun 3poust Er(OH);, tpubpomun ErBr; u Tpuiionun Erl; apoust.

OnHo U3 BayKHEHIINX HAIIPABJICHUI UCIIONL30BaHUS SPOHSI — ero MpPUMEHEHHE B BUAE OKcuaa (MHoraa bopa-
Ta) B siepHOI dHepreTrke. CMech OKCHIa pOus M OKCUIA ypaHa MMO3BOJISIET PE3KO YIIyUlINTh paboTy peakTopa
oospiroit MmomrHocti (PEMK), MOBBICHB B HUX DHEpropacnpesieieHue, TeXHUKO-9KOHOMHYECKUE MapaMeTphl,
Y 4TO OCOOCHHO BaKHO — O0€30MaCHOCTh pabOThI peakTopos [1].

OpOuil ucnonb3yercss B CTEPIKHSAX PeaKTopa, Perylnupyrolluil mpouece IeJieHus saep aTOMOB B SIIEPHOM
peaxrope. BreimonHeH u3 Marepuana, KOTOpbIi 001agaeT yBeIM4eHHOH ClTIOCOOHOCTBIO TOMIOIATh HEUTPOHBI.

Perynupytommue crep)KHH M3rOTaBIMBAIOT M3 KaaMUs, OOpa, PEAKO3eMEIbHBIX JJIEMEHTOB, B TOM YHCIE
u opOus1. M3MeHeHue MooKEeHUs PEryIUpYIOLIETO CTEPXKHS CIIOCOOCTBYET MOBBIILICHUIO PEAKTUBHOCTH, U3Me-
HEHHIO KOJINYECTBA AIEPHOTO TOIIJIMBA UM aTOMHBIX J1ep, KOTOpbIE MOIVIONIA0T HEUTPOHHI [2].

B Hacrosimee BpemMsi akTHBHBIE 30HBI BOJIOOXJIAXKIAEMBIX SIICPHBIX PEaKTOPOB POPMHUPYIOTCS U3 TETJIOBHI-
JETSIOMUX cOOPOK, ColepKaliX TOIUIMBO Pa3IMYHOrO COCTaBa ¢ A00AaBKOW BBHITOPAIOLIETO MOTIOTUTENS, YTO
MIO3BOJISIET KOMIICHCUPOBATh PEaKTUBHOCTH, BRIPABHUBATH SHEPTOBBIZCICHNE 110 00bEMY aKTHBHOW 30HBI M TIOAI-
Jep)KUBATh TeMIIEpaTypHbIH K03()(OUIIMEHT PeaKTUBHOCTH Ha 3aJIaHHOM ypOBHE. B kauecTBe BBITOpPAIOIIEro Mo-
IJIOTHTEIIS B TOIUUBE Uil peaktopoB PEMK mcnonb3ytoT spOuii, KOTOPBIA BBOIST B BUJE MOPOLIKA OKCHIA dP-
OWsI HETIOCPEICTBEHHO ITPH U3TOTOBJICHUH TOTIJIMBHBIX TaOIETOK.

Hanuume sp6ust B ToruimBe PEMK u yBenmueHne ero conepkanus Mo3BOJSIOT OCYIIECTBUTh 3aMEHY B aK-
TUBHOH 30HE YacCTH JOMOJIHHUTEIBHBIX MOIIOTHTENEH Ha padoune TEIUIOBBLACISIONEe COOPKHU, YTO MOBBIIIAET
IyOMHY BBITOpaHUsI TOTUINBA.

[Ipobnemoii ypaH-3pOHEBOTO TOILIUBA SBISIETCS MPUCYTCTBUE IPOHSI, MEXaHUYECKH CMEILIAHHOTO C MOPOII-
KOM JMOKCHJA ypaHa, YTO OTPHUIlATelIbHO CKa3blBAE€TCsS HA CBOMCTBAX CaMOTrO TOIUIMBA, M3-32 YMEHBLIEHHS
TUIOTHOCTH, YBEIHMUYEHUH OTKPBITOW MOPUCTOCTH, CHIKEHUM BETMYMHBI CPEAHEro pa3Mepa 3epHa TOIUTMBHON
TabJeTKU. YKa3aHHbIE IPUYMHBI OTPAHUYMBAIOT BO3MOKHOCTH MOBBIIICHUSI COJCP KaHusI SpOusl B TOIUIUBE [2].

B sinepHo#t sHepreTuke SpOUil MpUMEHsIETCsl B OCHOBHOM sl ynyuieHus padotsl PEMK, n3rotoBnenus
PETYIUPYIOIUX CTEPKHEH, KOHTPOIUPYIOIIUX aTOMHBIE PEAKTOPBI, BBITOPAIOIETo MOMIOTUTENS B TOTIUBE JUIs
peaktopoB PEMK [3].
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