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B cTtaTbe mpuBOaATCS pe3yabTaThl SKCIIEPUMEHTAIBHBIX MCCIeNOBaHUIT COPOIIMOHHBIX CBOMCTB Kele30-
MapraHieBbix Kopok (KMK) raitora KoiieOGy oTHocHUTeIbHO KAaTMOHOB peako3eMelbHbIX MeTauioB (P3M).
YCTaHOBIEHO, YTO KOPKM SIBJISIIOTCSI IIPUPOIHBIM BBICOKOCEJIEKTHUBHBIM COpPOSHTOM KaTHOHOB P3M.
Cop6umsa katmoHoB P3M mnporekaeT Ha pyaHBIX MuUHepanax — Fe-BepHanute, BepHaguTe, Mn-depokcu-
rute, retute. Kopku XxapaKTepusyloTcsl BEICOKOM OOMEHHOI eMKOCThIO — 1.67—3.28 Mr-3KB/T, KOTOpast
Bo3pactaeT B psany: Lu < Gd < Dy < La, Sm < Nd <Y < Eu < Ce. [lomromenue katnoHoB P3M miporekaer
10 MOHOOGMEHHOMY SKBMBAJICHTHOMY MEXaHU3MY, B ciiydae ¢ KaThoHamu Ce>™ — 1o cBepX3KBUBaJIEHT-
HOMY MeXaHU3My OTHOCUTEIbHO KATHOHOB OGMEHHOTO KOMITIEKCa pyIHBIX MIUHepaioB — Na®, K, Ca?*,
Mg?*, Mn?", Ni**, kotopbie BHOCAT 95—98% B CyMMapHYIO eMKOCTb MUHEPAJIOB.

Karouesnie cnosa: XenezomapraHiieBble KOpkU, raitot Koieby, pynHble MUHEpasibl, KATUOHBI PEIKO3eMeb-

HbIX M€TaJIJIOB, COp6LII/ISl, 0OMEeHHAasT eMKOCTb.
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KobGanbToHOCHBIE KeJie30MapraHIEBble KOPKU
(kopk1) MupoBOro okeaHa — yHUKaJIbHbIE€ TIPUPO/I-
HEBIe OTyIOXeHUsI. OHU SIBJISIOTCS HE TOJBKO HOBBIM
PYIHBIM TUIIOM MUHEPAILHOIO ChIPhs (Ha MapraHell,
Menb, HUKEIb, KOOANIET, XeJie30), HO U 00JIafaloT sip-
KO BbIPaXK€HHBIMU COPOLIMOHHBIMU CBOMCTBAMMU OT-
HOCUTEJILHO Pa3JIMYHBIX IO CBOEH XMMMWYECKOM TP~
polie MOHOB MeTaJuloB. B pesynbTare MHOTOJIETHUX
SKCIEPUMEHTAJILHEIX MCCIIENOBAaHUIA yCTAHOBJICHBI
OCHOBHBIE MOHOOOMEHHBIE XapaKTEPUCTUKI PYTHBIX
MUHEPAJIOB KOPOK: €MKOCTh M €€ 3aBUCUMOCTU OT
GUBNKO-XMMUYECKMX IapaMETPOB IIPOBEICHMUS IIPO-
IIECCOB, CEJIEKTUBHOCTh, OOMEHHBII KOMILIEKC, K-
HETUYECKUE U TEPMOJMHAMUYECKUE TTapaMeTPhbl, X1-
MU4YecKass U CTPYKTypHash YCTOMYMBOCThL MUHEpa-
JIOB-COPOEHTOB B BOOHBIX PAaCTBOPAX 3JIEKTPOJIUTOB
u npyrue [Yenumes u ap., 1992; Hosukos, 2018].
OoMmenHag emkocTb KMK 1Mo kaTtrnoHaM IIEJIOYHBIX
U IIEJI0YHO-3EMEIbHBIX METAJUIOB COCTABISIET COOT-
BeTcTBeHHO 0.65—1.05 1 1.12—1.64 Mr-sKB/T, 1O Ka-
TUOHAM TSKEJBIX U penkux metawios (Co?t, Cu?™,
Ni?*, Mn?*, Zn?**, Cd**, Sr?*, Ba?', Pb*") — 1.35—
3.44 mr-skB,/T. OOMEHHAasi EMKOCTb KOPOK IO KaTHOHAM
TSDKEJIBIX U PEIKMX METaJUIOB 3HAYMTEIBHO IIPEeBOC-
XOJIUT €MKOCTb U3BECTHBIX IIPUPOIHBIX MOHOOOMEH -

HUKOB — CUJIMKATOB, AIIOMOCHIMKATOB, CYIb(OUIOB,
KapOOHATOB U IPYTUX.

Katnonsr penkozeMenbHbIX MeTauioB P3M, co-
JIepxkaldecs: B KeJle30MapraHIeBbIX KOpKax, pac-
CMaTPUBAIOTCS KAK MOMYTHBIC U B HACTOSIIIIECE BPEMSI
HE YIYUTHIBAIOTCS B METAJLTyPTUUYECKUX CXEMaX UX T1e-
pepaboTKM, a, claeJoBaTeIbHO, O€3BO3BPATHO Tepsi-
IOTCSI. AHAJIOTMYHAsI CUTyalusl HaOII0oaeTcsl U B OT-
HOIIIEHUM M3Y4YEHUSI COPOLIMOHHBIX CBOMCTB KOPOK
OTHOCHUTEJIbHO KaTuoHOB P3M. M3BecTHO o4YeHb
HE3HAauYUTeJIbHOE KOJMYECTBO pPadOT, B KOTOPBIX
oTMevaeTcs (PaKkT ITOIVIOLIEHUSI OTAEIbHBIX KaTHO-
HoB P3M cuHTEeTMYeCKMMM MapraHLeBbIMU (pazamMu
[Davrancheetal et al., 2005, 2008; Koeppenkastor, De
Carlo, 1992; Ohta, 2001; Quinn, 2006; Tanaka et al.,
2010], Torma Kak OCHOBHBIE XapaKTEePUCTUKU PYTHBIX
MUHEPAJIOB KOPOK — MaKCUMaJjlbHas paBHOBECHAasI
oOMeHHasI eMKOCTh 110 KaTnoHaM P3M, nmoBeneHue
COpOMpPOBaHHBIX KAaTHMOHOB B BOMHBIX pPacTBOpax
2JIEKTPOJIMTOB, XUMHUYecKask (popMa MX HAXOXKICHUS
B PYAHBIX MUHEpaIax U APYTUE OCTAIOTCS HEU3ydeH-
HBIMU.

B ortedecTBeHHOIT NMHUTepaType M3BECTHA €OUH-
CTBEHHas paboTa, MOCBSIIEHHAs U3yYeHUIO COPOLI-

527



528 HOBUKOB wu ap.

OHHBIX CBOICTB XeJIe30MapTraHIIEBbIX KOPOK OTHO-
CUTEIbHO KaTHOHOB pEIKO3eMEIbHBIX METalIOB
[HoBukoB u np., 2019]. M3 sKcrepuMeHTaIbHBIX
JaHHBIX CIIEOyEeT, YTO OOMEHHAsi €MKOCTb DPYIHBIX
MUHepaJioB Kopok — Fe-BepHanuTa, Mn-depokcu-
IUTa, BEPHAAMUTA U reTuta — cocrasiser 1.67 (La’t)—
2.84 (Ce**) Mr-skB/T 1 Bo3pacTaer B psamy La’t < Y3t <
< Ce*. TlonydeHHBIE 3HAYEHUSI EMKOCTU KOPOK IIO
katnoHaM P3M Ttakue ke BBICOKHE, YTO U T10 KaTHUO-
HaM TSKEJIBIX U PEIKUX METaJIOB. PyaHble MuHepa-
JIBI KOPOK B XOJI€ COPOLIMM MPOSIBIISIIOT 00Jiee BhICO-
KYIO CEJIEKTUBHOCTB K KatnoHaM Ce>" o cpaBHeHUIO
c katuoHamu Y>* u La’t.

Llenp HacTosIIEl pabOTHI 3aKiIIOYaach B U3yde-
HUM COPOIIMOHHBIX CBOMCTB KeJIe30MapraHIIEBbIX
Kopok raitora Kouedy MaremiaHoBbIX rop Tuxoro
OKeaHa OTHOCHUTEJIbHO KAaTHMOHOB PeIKO3eMeJIbHBIX
MeTammoB. OcoOyio 3HAYMMOCThb paboTe IIpumaeT
dakT HaXOXIEHUSI JaHHOTO raiiora B Poccuiickom
Pa3zBengouHoM PaiioHe mo M3ydyeHUIO KOOAJIbTOHOC-
HBIX XeJIe30MapraHIlIeBbIX KOPOK, YTO IIPEAIIogaaraeT
HeoOXOAUMOCTb IIPOBEASHUS KaK MOXHO 00J1e€ KOM-
IUIEKCHBIX (DYHIAMEHTAJIbHBIX M IIPUKIIATHBIX MC-
cJIeOBaHUI JISI OLIEHKW JAaHHOIO TUIIA IPUPOIHBIX
OOBEKTOB.

MATEPUAJI U METO/JbI UCCIIEJJOBAHWA

MartepuanaoM ISl UCCIENOBaHUS SIBISLTUCH 00-
pasIbl THAPOTEeHHBIX KOOATBTOHOCHBIX KeJle30Map-
raHieBbIx Kopok — 14/167-2, 14477-2, 14MTII-01,
oTtobpaHHBIX ¢ raiiota Koiedby MareanaHOBBIX TOp
Tuxoro okeaHa BO BpeMs peiica HaydHO-MCCIeaoBa-
tenbckoro cynHa (HUC) “Tenenmxuk” (AO “IOx-
Mopreosiorust”) B 2016—2017 rr. [TogpoGHOe ormrca-
HHUE YCJIOBMI 3ajeraHusI, TeKCTYPHO-CTPYKTYPHBIX
0COOEHHOCTEM, MUHEPATBHOTO M XMMHUYECKOTO CO-
cTaBa McClIelyeMbIX KOPOK MpuBeAeHO B pabote [Ho-
BUKOB U Ap., 2022]. B HacTosIIIeli cTaThe IIPUBEIEM
TOJBLKO OCHOBHBIC XapaKTEPUCTUKU MCCIETyeMBIX
KOPOK.

I'aiior Kouedy mnpencrapisieT co00it 1Be ropHbIS
MMOCTPOMKHN, HAXOMSIIHECsS Ha OOHOM OCHOBAaHUM.
CxJI0HBI 00eMX MOCTPOEK 00aJal0T BBITYKIO-BO-
THYTBIM NpoduieM. [alioT OKOHTypuBaeTcs U300aToi
5100 M, HO €ro CKJIOHBI Ha BOCTOKE ITPOCJIEXBAIOTCSI
1o rmyounsl 5300 M, a Ha 1ore 10 5500 M. OcHOBaHUe
nMeeT popMy, B IepBOM NPUOIVKEHUN HAIIOMU-
HAOIIYIO IIPSIMOYTOJIbHUK C IIUPOTHBIM YIUIMHEH-
eM. PazMepnl ocHoBaHus 115 X 95 kM, Tioiaab OKo-
70 10000 kM2. BocTouHas nocTpoiika pacrosoxeHa
B IOTO-BOCTOYHOM YETBEPTHU ITOTO MPSIMOYTOJIbHUKA,
a 3amagHasl — B I0ro-3amnaaHoii. B ceBepHOIi MOI0BU-
He pa3BUTHI KPYIHBIE ByJIKAHUYECKIME KYyII0JIa, KOTO-
pbi€ MOTYT OBITh OTHECEHBI K OCJIOXKHSIIOIIUM CTPYK-
TypaMm.

B cpenneii yacTtu 10r0-3aIragHOrO CKJI0OHA U Cpel-
HEl 4acTU I0TO-BOCTOYHOIO CKJIOHA 3arajHoil Mo-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

CTpOIKHM TaifoTa OBLIN OTOOpPAHBI IIPOOBLI KOOATBETO-
HOCHBIX XXeJe30MapraHIeBbIX KOPOK — 0Opaslibl
14[167-2 1 14MTTIO1, B ceBepO-BOCTOYHOIT YaCTH €ro
BOCTOYHOI TOCTpoifikm — oOpa3sen; 14/177-2. Cy6-
CTpaTOM TIEPBBIX IBYX KOPOK SIBJISUIMCh OMOTEHHBIE
M3BECTHIKM U 3na¢OoreHHbIe OpeKYNU, CyOCTpaToM
TPETbE KOPKU — TaKkKe 31a(oreHHbIe OpeKINN.

B pesynbpTate MUHEpaIOTUYECKUX UCCIETOBAaHUI
YCTAHOBJIEHO, YTO OCHOBHBIMU PYIHBIMU MUHEpaJia-
MU KOPOK SIBJISIOTCSI TNIOXO OKPMUCTJJIM30BaHHBIE,
IUIOXO CTPYKTYPHO yIOpsiAoYeHHble Fe-BepHamur,
Mn-depoKcUuruT, xapakTepHble IjIsI KaXIOTro OT-
JIeJIbHOTO CJIOS, U JOCTaTOUYHO CTPYKTYPHO YIIOPSIAO-
YEeHHBbI BEpHAIWUT, HAXOAMAIIMIACSI, B OCHOBHOM, B
cnoe I-1 (06p. 14167-2, 14MTTII01) 1 B MEHBILIEM KO-
mmuectBe B cioe 1-2 (00p. 14/177-2). B cpaBHUTEIBEHO
MEHBIIIEM KOJIMYECTBE IO CpaBHEHUIO ¢ Mn-depok-
curutoM B citosix 11 (o6p. 14/167-2, 14MTII01) u 111
(06p. 14]167-2) kopoK conmepxutcsd retut. [loayyeH-
HbIE JaHHbIE XOPOIIIO COIIACYIOTCS C paHee OIyOJIr-
KoBaHHBIMHU [bormanoB u ap., 1998; 2Kenezomapran-
neBwle ..., 1990; Kobansroboratsie ..., 2002; Menab-
HukoB, 2005, 2018; MensHukosn, IlmerHes, 2009;
MenbHukoB, CeppliieBa, 2014; HoBukoB u p.,
2014], 9To MO3BOJISIET CUMUTATh U3YYEeHHBIE KOPKU TH-
MUYHBIMM KakK JJIg TaHHOTO railota, Tak U B 1I€JIOM
IIJIsI TaitloToB MaresutaHOBBIX Top Tuxoro okeaHa.

PesynbraThl xXuMmmyeckoro aHanu3sa (Tadiu. 1) cBu-
JIETEIILCTBYIOT, UTO comepxkanue Fe m Mn B uccneny-
eMbIX 00pasliax KOpOK CTaOWJILHO U U3MEHSIETCS B
y3kux npengenax — 10.18—11.31 u 17.52—20.25 mac. %
COOTBETCTBeHHO. bim3kue 3HaueHUsT HaOIIOOAI0TCS
B conepxkaHum Tsekebix — Co, Ni, Cu, Zn, Pb, Ba, Sr—
W IMTOTeHHBIX MeTaJu1oB — Mg, Nau K (cMm. Tab6md. 1).
Cpenm T1ociieTHUX TOJABKO comepzkanue Ca u3MeHsI-
eTCsl HECKOJIbKO 0oJjiee cyluecTBeHHO — oT 2.80 mo
4.51 mac. %.

ITpoBeneHue SKCIIEPUMEHTOB MO COPOIIMOHHOMY
KOHIIEHTPUPOBAHUIO KaTUOHOB PEIKO3EMETbHBIX ME-
TaJIJIOB U UTTPUS TIPOBOAMIMCH U3 OTHO- U MHOTO-
KOMITOHEHTHBIX pacTBOopoB. M3yueHure copOLimm Ka-
THOHOB P3M 13 KOHIIEHTPUPOBaHHBIX (OAHOKOMIIO-
HEHTHBIX) PacTBOPOB MO3BOJISIET, B OTCYTCTBUU
BJIUSIHUSI BO3MOXKHBIX KOHKYPUPYIOIIUX KAaTMOHOB
MeTaioB (kpoMe HY), omnpemenuts MakKCUMaIbHYIO
PaBHOBECHYIO CTaTUYECKYl0 OOMEHHYI0 €MKOCTb
(IOTIOTUTENBHYIO CIIOCOOHOCTh), COCTaB OOMEHHO-
ro KOMIJIeKca U peaklIMOHHYIO0 CIIOCOOHOCTh KaTuo-
HOB METaJUIOB PYyAHbIX MHWHEpaJOB XKeJie30MapraH-
LIEBBIX KOPOK. B MaHHBIX 3KCIEpUMEHTaX UCITOIb30-
BaJIMCh CJIEYIOIIME PACTBOPHI COJIEH peIKO3eMeETbHBIX
Metaiios: 0.5M Y(NOs); - 8H,0; 0.5M LaCl; - 7H,0;
0.15M Ce,(SOy); - 8H,O u 0.25M xnopuiHbie pac-
tBopbl Sm, Eu 1 Lu. YcimoBus npoBeneHUsI SKCIIEpU-
MEHTOB ObUIM aHAJOTMYHBI IPUBEIEHHBIM B padoTe
[HoBukos, 2005]. Ha mepBoM 3Tare KOpKu IpoOu-
JINCh, U3MEJIbYAJIUCh U PACCUTOBBIBAJIUCH MO KJIac-
caM KpynHocTu. Bo Bcex akcnepumMeHTax UCIoJib-
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Ta6mmma 1. Conepxkanue (Mac. %) Mn, Fe u MeTaJIZIoB MFOHOOOMEHHOTO KOMILIEKCa XeJle30MapraHiieBBIX KOPOK Traiiora

Koueby
O6paszen
Merann
141167-2 1477-2 14MTTI01
Fe 11.12 11.31 10.18
YMn 17.71 20.25 17.52
Mn?* 0.35 0.56 0.35
Co 0.51 0.53 0.34
Ni 0.43 0.52 0.45
Cu 0.12 0.087 0.15
Zn 0.053 0.057 0.062
Pb 0.12 0.13 0.13
Ba 0.13 0.12 0.16
Sr 0.11 0.12 0.11
Ca 3.32 2.80 4.51
Mg 0.83 0.90 0.87
Na 1.27 1.32 1.23
K 0.41 0.38 0.41

ITpumeyanue. Y Mn — cymma conepxaHuii B o6pasnax kopok Mn(I1V) u Mn2*,

30BaJICd KJIaCcC KPYHIHOCTHM KOPOK pa3MEPHOCTBLIO
0.5—0.25 MmM. YcaoBusg cOpOIMOHHBIX SKCIIEPUMEH -
TOB OBbLIN CJASAYIOIINMMU: BpeMSI TTOJIyIeHUS] KATUOH-
HBEIX (pOpM KeJie30MapraHIEBhIX KOPOK COCTaBIISLIIO
12—14 cyTok, cooTHoteHne ¢a3 x : T = 100, Temrre-
patypa pactBopoB 22 = 1°C. Cop0buus KaTMOHOB
pEIKO3EMEIbHBIX META/UIOB M3 MHOIOKOMITOHEHT-
HBIX COJIEBBIX PACTBOPOB C Pa3IMYHLIMU UX KOHIIEH-
TpalUMSIMU POBOAMIIACH C LICTbIO ONpeaeeHUsT eM-
KOCTHBIX M KMHETUYCCKUX II0Kas3aTesieil IpU COB-
MECTHOM WX U3BJICUEHUN U3 TAKUX PACTBOPOB.

MuHepalbHBI COCTAB Xejle30MapTaHIEBbIX KO-
POK B UCXOIHOM COCTOSIHUM U MX KaTMOHHBIX (hOp-
Max U3y4YeH B CEpTU(PUIIMPOBAHHOM OTIEIe MUHEPA-
sgorun BHUUM munepanbHoro ceipbd uM. H.M. ®Pe-
JIOPOBCKOTO Ha PEHTIeHOBCKOM audpaKkToMeTpe
X'Pert Panalytical, Hunepaanabl, ycaoBUSI ChEMKU:
n3nyaeHne Cu Ko, nHanpstkenune 50 kV, cuia Toka
40 A.

OnpeneneHue colepXXaHUil KaTMOHOB peaKo3e-
MEJIbHbBIX, TSKEJIbIX, IEJIOYHBIX U 1IEJTOYHO-3eMENb-
HBIX METAUVIOB B HCXOOHBIX >KeJIe30MapraHIIEBbIX
KOpPKax U B MPOAYKTaX MOHOOOMEHHBIX peaKlUii Bbl-
nosiHeHo MetogaMu MCIT-ADC u UCIT-MC ¢ uc-
moyib3oBaHueM criektpomeTpoB iCAP-6500 u X-7
cootBeTcTBeHHO (Thermo Scientific, USA) B Ananu-
TUYECKOM CEePTU(MUILIMPOBAHHOM HUCIIBITATETbHOM
neHTpe MHcTUTyTa TIPOOJIEM TEXHOJIOTMU MUKPO-
BJIEKTPOHUKN M 0CO00 4YMCThIX MaTepuanoB PAH.
KoHTponb KoHIIeHTpa1Inii, mepeneammnx 13 TBepIoi
¢a3bl KATUOHOB IEJOYHBIX, IIEJIOYHO3EMEIbHBIX 1
TSKEJIbIX MEeTaJIOB, TPOBOJIMJIM U3 PaBHOBECHBIX
pacTBOpoB. TOYHOCTb U JOCTOBEPHOCTD MOJTYYEHHBIX

JINTOJIOTUA U ITOJIE3SHBIE UCKOITAEMBIE  Ne 6

JaHHBLIX OLICHUBaJIM C WCHOJIb30BaHMEM aHalIn3a
2JIEMEHTHOI'O COCTaBa IBYX aTTECTOBAHHBIX CTaH-
JIapTHBIX 00pa3loB Kejie30MapraHIIEBbIX KOHKpe-
uit OCO Ne 408-10 (KMK 1, 2KMK 2), koTopbie
OBLIN CIIy4aiiHBIM 00pa30oM pacIipeaeieHbl B KaXK 0
cepun TIpoO M3 3KcIiepuMeHTa. PacxoxneHue mac-
IMIOPTHOTO Y MU3MEPEHHOTO COIEpXKaHUs 3JIEMEHTOB
BO BCEX CJIydasix HaXOOWJIOCh B IIpeaesiax IOBepHU-
TeNbHBIX MHTEepBasoB. I[lpemen oOHapyXeHMS s
P3M cocraBun 0.03—0.1 mxr/r. [TorpeiHOCTb U3Me-
peHus1 3yeMeHTOB He mpesblana 10—30 otH. %
st ICP-MS.

PE3VIIBTATHI 1 X OBCYXIEHUNE

Copbuus kKamuoHoé pedKo3eMenbHblX Memaiioe
U3 KOHUEHMPUPOBAHHBIX PACMBOPO8 UX Coell

B3aumoneiicTBue pacTBOPOB COJIeH penKo3eMesb-
HBIX METAJIJIOB C pyAHBIMM MUHEpaJIaMU XKeJie3o0Map-
raHLEeBbIX KOPOK raiiora KolieOy mpuBOAUT K UX UH-
TEHCUBHOMY TomioleHuto. Kak BUIHO U3 JaHHBIX
TabJI. 2, conepxKaHue Bcex KatnoHoB P3M B Kopkax
BO3pacTaeT Ha HECKOJILKO mopsiakoB. Hanborsee 3Ha-
YUMBIE PE3Y/ILTATHI HAOMIONAIOTCS I KAaTUOHOB Eu’*
u Lu’", conepxaHue KOTOPBIX BO3PACTAET OT MEPBBIX
I/T 10 COTEH ThICSY T/T, U, COOTBETCTBEHHO, Hau-
Ooplire Ko3GhOUIUEHTH 000rallleHUsI KOPOK TaK-
K€ XapaKTepHBbI JIs1 3TUX ABYX KATUOHOB METAJLJIOB.

3HauyeHUsT OOMEHHOM eMKOCTU PYIHBIX MUHEpa-
JIOB MO KaXXIOMY COPOMPOBAaHHOMY KaTUOHY pej-
KO3E€MEJIbHOTO MeTajla JOCTATOYHO CTAaOWIbHBI U
OIM3KU MeXIy co00ii B KOpKax JaHHOTIO raiiora (Cm.
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Ta6auna 2. ConepxaHHe KaTMOHOB p€AKO3€MEIIbHBIX METAJIJIOB B KOOAJTbTOHOCHBIX 2KE€JIE30MapraHICBbIX KOpKax raiiora

Koueby no u nociie copouuu

Karuon P3M Conepxanmue, r/T KoadduuueHr O6MeHHas
Ne obpasia 1+
(M3%) 110 COPOIHM ToCIIe COPBIMHI oboraleHuss  |€MKOCTb, MT-3KB,/T

147167-2 Y 206 63866 310 2.16
La 226 87266 385 1.88

Ce 968 149104 155 3.19

Nd 172 104773 609 2.18

Sm 31.7 99372 3135 1.98

Eu 8.2 106721 13015 2.11

Gd 39.6 104682 2643 2.00

Dy 36.0 110377 3066 2.04

Lu 3.4 107043 31483 1.83

141077-2 Y 181 61591 340 2.08
La 219 103803 475 2.24

Ce 847 153186 180 3.28

Nd 175 105314 602 2.19

Sm 34.0 115507 3397 2.30

Eu 8.6 125514 14595 2.48

Gd 41.5 106553 2567 2.03

Dy 36.4 114255 3139 2.11

Lu 3.4 122460 36017 2.10

14MTTI01 Y 227 62450 275 211
La 237 91750 387 1.98

Ce 1102 143645 130 3.07

Nd 172 87347 508 1.82

Sm 31.3 91905 2935 1.83

Eu 8.0 111375 13922 2.20

Gd 40.9 88322 2160 1.69

Dy 36.1 90455 2506 1.67

Lu 3.5 101793 29085 1.75

Taba. 2, puc. 1). CiaemoBaTenbHO, ITOIJIOTUTEIbHAS
CIOCOOHOCTh KOPOK HE 3aBUCHUT OT UX PACITOJIOXKE-
HUSI Ha TaiioTe, a ompenelsercs (QU3NKO-XUMUYES-
CKUMU U KPUCTAIITIOXUMUYECKUMU CBOMCTBAMMU Cla-
ralolInx WX PYIHBIX MapraHLEBBIX U XKEJIE3UCThIX
MUHepanoB. B Toxe BpeMs Hellb3s1 UCKIIIOYAThb M TOTO
¢akTa, YTO Ha MIOHOOOMEHHBIE CBOIICTBA KOPOK MO-
JKET OKa3bIBaTh BIUSIHUE MIPUCYTCTBUE B HUX TEPPU-
TeHHOro MaTepHajia, COAepKalllerocss B Pa3IMYHBIX
kosmmyecTBax (ot 10 1o 25%). [MonrBepXaeHreM BbI-
CKa3aHHOTO Te3uca siBjsieTcs obpasen 14/167-2, 06-
MEHHAas1 EMKOCTb KOTOPOTO 1o KatnoHam La3", Sm3*
n Lu*" Heckonbko meHb1e (Ha 0.2—0.3 Mr-sks/r) 1o
CpaBHEHUIO C OCTAJIbHBIMU OOpa3laMu Xejle3oMap-
TraHIIEBBIX KOPOK.

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

ITo cpemHnM 3HauyeHUSIM OOMEHHOM EMKOCTH
PYOHBIX MUHEpPAJIOB KOpPOK raitora Koueby cocTtaB-
JIEH CIeAYIOIINIA PsII €€ BO3pacTaHUsI:

(Lu<Gd<Dy<La, Sm<Nd<Y <Eu) <Ce.

W3 npencraBiaeHHOrO psiga BUAHO, YTO MO 3HAYECHU-
sIM OOMEHHOI €MKOCTHU PYIHBIX MUHEPAJIOB KaTHUO-
Hbl P3M paznensitoTcsi Ha ABe TpyInbl (YCIOBHO),
repBas U3 KOTOPBIX COCTOMT U3 KaThoHoB Dy**, Lu®t —
Eu’*, Bropasg — us Ce’". Mcxond M3 NOJIydeHHBIX
JIAHHBIX, MOXXHO CieJIaTh BBIBO O 3HAYUTEIBLHOM ce-
JISKTUBHOCTU PYOHBIX MUHEPAJIOB KOPOK K KATUOHAM
Ce. KpoMme Toro, HeoOXOOUMO TaKxKe OTMETUTH OT-
CYTCTBHE KaKOM-TMOO pa3sHUIBI B ITOTJTIOTUTEIBHOMN
CIIOCOOHOCTHU PYIHBIX MUHEPATIOB MEXIY JETKUMU
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Puc. 1. OGMeHHast eMKOCTb PyIHBIX MUHEPaJIOB KOPOK raiiora Kolieby o kaTmoHaM peaKo3eMeIbHbIX METAJLIOB.

(La**, Nd*") u taxensimu (Dy?*, Lu®") katnonamn
pEIKO3eMeTbHBIX METALJIOB.

CopOuus BceX KaTUOHOB PEIKO3eMEIbHBIX Me-
TaJJIOB COIPOBOXKIAETCI NHTEHCUBHBIM U3BJICYECHU -
€M M3 KaXIoro oopasia Kopok karnoHosB Na*, K,
Ca?*, Mg?", KOTOpbIE U COCTABJISIIOT OOMEHHBIIA KOM-
MJIEKC UX PYAHBIX MUHEpalioB (Tabi. 3, moKa3aHo Ha
npuMepe obpasna 14/177-2). Bknan maHHBIX KaTHUO-
HOB METAJJIOB B €MKOCTh PYIHBIX MUHEpPAJIOB CO-
craBisteT ~97.5—99.0%. Haubosnbiiasa 1o B eMKO-
CTU (B MI'-3KB/T) PyIHBIX MUHEPAJIOB NPUHAIJICKUAT
katuoHaM Na™ u Ca?*. U3 katnoHos Tsxensx (Co?™,
Ni?*, Cu?", Mn?") MeTa/UI0B, BXONAILIMX B PYyIHBIE
MUHepaibl KOPOK, B PACTBOPHI COJIEH peaKo3eMellb-
HBIX METAJUIOB Mepexomar KatmoHbl Mn?' m Ni?t,
0CcOBGeHHO npu copbuuu KatnuoHosB Ce’t, omHako nx

CyMMapHasi 10JisI B 00ILei eMKOCTHU PYyIHBIX MUHEpa-
soB He npeBbimaet 1.0—2.0%. W3 moaydeHHBIX JaH-
HBIX CJIEIyeT, YTO HaMOOJIbIIEH peaKIIMOHHOI CIOo-
COOHOCTBIO B PYIHBIX MUHEpajgax KOpPOK 00JamaroT
KaTUOHHI IIEJIOYHBIX U IIEJIOUHO-3eMEIbHBIX MeTal-
JIOB, HAUMEHbIIIE — KaTUOHBI TSKEIbIX METAJIOB:

2 2 .2
Co" <Cu™ <Ni" =

~Mn’" < K" < Mg’ < Na" = Ca™".

Copbuusi KamuoHoe pedK03eMeNbHbIX MeManl08
U3 MHO2OKOMNOHEHMHbBIX COAEEbIX PACMBOPO8

g penreHust JaHHO 3a1a4y OBUTU ITPUTOTOBJIE-
HBI MOJI€JIbHBIE PACTBOPBI pA3HOTO COCTABA: U3 IILIA-

Taoaunma 3. Conmepxanue (Mac. %) 2JIEMEHTOB B JXejle30MapraHIeBbIX Kopkax raifota Koreby (o6pasern 14/177-2)

mocJjie copoumy KatTnoHoB P3M

HcxomHbie Karnonneie ¢popmbl KOpoK
DneMeHT
KOpkH Y La Ce Sm Eu Lu
Ca 2.80 115 1.42 0.96 0.92 0.92 1.04
Mg 0.89 0.18 0.18 0.13 0.16 0.16 0.16
Na 1.32 0.082 0.044 0.29 0.034 0.066 0.034
K 0.38 0.18 0.080 0.10 0.083 0.10 0.077
Y 0.018 6.16 0.012 0.011 0.013 0.012 0.014
La 0.022 0.020 10.38 0.020 0.022 0.021 0.021
Ce 0.085 0.078 0.082 15.32 0.084 0.077 0.084
Sm 0.0034 0.0031 0.0031 0.0032 11.55 0.0032 0.0033
Eu 0.0009 0.0010 0.0009 0.0008 0.0008 12.55 0.0008
Lu 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 12.25
JIUTOJIOTHUA U TTOJIE3HBIE NCKOMAEMBIE ~ Ne 6 2023
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Ta6muna 4. CocTaB MOOEILHBIX pPaCcTBOPOB IJIAMOBBIX BOJ XBOCTOXPaHMWJIUIIL KaBaI[epOBCKOl"O u HaJ'II)HCFOpCKOl"O

paitonoB (JanbHuii BocTok)

La Ce Pr | Nd | Sm | Eu | Gd | Tb

Ho Er Yb Lu | Ca | Mg | Na K

MKT/J1

MT/JT

KaBanepoBckuii paiioH

13.8 | 28.1 — 16.8 | 0.50| 0.44| 0.61 — 044 - — — 0.23 50 5.0 5.0 1.0
JlanpbHeropckuii paiioH
263  |563 0.37 | 371 |[124 59.1 |110 1.10 | 124 0.20 [0.126 | 1.10 |35 50 5.0 5.0 1.0

Taomuua 5. CpenHue 3HaueHMs1 pH MoaenbHBIX pacTBOPOB LILJIaMOBBIX BoJ XBocToxpaHuuil KapanepoBckoro u Jlanb-
HEropcKoro paiioHa B Te4eHUE BpeMeHU copOIIu KaTuoHOB P3M

Bpewms copouumn
Wcxonnbrii 15 30 3 6 )
pacTBop
MWH qac CYTKU

IIInamoBsie Boabl KaBajlepoBCKOTO paiioHa

6.25 6.50 7.25 6.65 6.72 6.82 6.85
IIInamoBrie Bombl JJalbHErOpCKOro paitoHa

6.53 6.85 7.15 6.95 7.00 7.12 7.10

MOBBIX Y PYTHUYHBIX BOJI ABYX NMpEeAITpusaTuii Jlain-
Hero BocToka 1 oKeaHCKO BOIBI.

MonenbHbIN pacTBOP IIIAMOBBIX BOI XBOCTOXPA-
Hwinin__ KapanepoBckoro  paitoHa  (JlaabHuiA
BocTtok). CocTaB JaHHOTO pacTBOpa colepKas JIer-
KUe, CpeaHME U TsSKeJble KaTMOHBI PEIKO3eMeTbHbIX
MmetawioB — La’t, Ce3t, Nd3*, Sm?*, Eu’*, Gd3*,
Dy** u Lu*", KOHLIEHTpaUUy KOTOPBIX IPUBEICHBI B
ta6:1. 4. Konuentpaunu katnonos Co?", Ni** u Cu?t
B 3TOM K€ PACTBOpPE COCTABIISLUIM COOTBETCTBEHHO
20.4, 10.1 n 44.0 MKT/71. DKCIEPUMEHTEHI 110 COPOLIUN
KaTUOHOB PEeIKO3eMEIbHBIX METAJIIOB IPOBOIUIINUCH
Ha Bcex 3 oOpasiiax Kopok raiiora Komeo0y B cratmue-
CKOM peXHuMe MPU MHTEHCUBHOM IepeMellIMBaHUN
¢da3 1 X COOTHOILIEHNH, paBHOM 125, Temmneparype
22 + 1°C. B TeyeHue BCEro BpeMEHM COPOLIMM KaTh-
oHoB P3M mpoBomuiics KoHtpois pH pactBopos,
3HAYEHUS KOTOPBIX ITPUBEICHBI B TA0II. 5.

CopOums KaTMOHOB PEIKO3eMEJIbHBIX METAJIJIOB
Ha Kopkax raiiora Koie0y xapakrepusyercs Kak 00-
UMY TeHISHLUSIMMU, TaK U CBOUMU OCOOCHHOCTSI-
mu. K miepBBIM OTHOCSITCS IBa acriekTa. Bo-mepBhIx,
C TIEPBBIX XXe MUHYT B3aMMOIEHCTBUSI KOPOK 0OOMX
raiiloToB ¢ MOJEIBbHBIMU PACTBOPAMMU IIAXTHBIX BOI

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

OCYIECTBIISIETCS TPYIIOBasi COPOLIMSI BCeX KATUOHOB
pPEIKO3eMENIbHBIX U TSDKEJIBIX METAJIJIOB Ha UX PYI-
HBbIX MUHepajax (Taba. 6). Bo-BTOpBIX, pe3yJibTaThl
COpOLMM KATUOHOB PEAKO3EMEJIbHBIX METAJIJIOB CBU-
JIeTEeJIbCTBYIOT O BBICOKOM MX U3BJICUCHUH 13 PACTBO-
pa— ot >80 no 100% — B uHTepBaje BpemeHu ot 1 (3)
110 6 9acoB BzanMoeicTeus ¢as. OcoOEHHOCTH IIPO-
lecca copOLMM KaTUOHOB PEIKO3eMeEIbHBIX MeTall-
JIOB U3 MOZECIBLHBIX pACTBOPOB IIAaXTHBIX Boa KaBase-
poBcKoro 1 J1aJbHEropcKoro paiiloOHOB pacCMOTPUM
OTAEIBHO JJIs1 KaXI0TO 06pasiia KOpoK.

Bun kmHeTMYeCKMX KPUBBIX COPOIIMM KaTMOHOB
P3M pymHBIMU MHHEpalaMU KOPOK Ha KaXIou M3
CTaHLIMI OTJINYAETCS MeXIy coboii (puc. 2). Oomum
CBOMCTBOM BceX KaTMoHOB P3M sgBisieTcsT TIpakTh-
yecKu noiHoe (295%) u3BieueHue UX U3 pacTBopa
KOpKaMHM BceX TpexX cTraHOuid 3a mepBble 30 MHWH
COpOIIMH, YTO HAa COOTBETCTBYIONIMX IpadmKax BBI-
pakaeTcs B BHIe MHTEHCUBHOIO MUKa (CM. puc. 2).
B nocnenyroiieM uHTepBase BpeMeHM 30 MUH—6 4
U3BJIeYeHNE KATUOHOB PEIKO3eMEIbHBIX METAJJIOB
M3 pacTBOpa YMEHBIIIAETCS, HO B KaXIOM KOPKe OHO
pasnuuHo. HanMeHblllee CHIDKEHUE U3BICYCHUS Ka-
ToHOB P3M u3 pacrtBopa HaOIrOmaeTCsT Ha PYIHBIX
MUHepanax Kopku craHuuu 14J167-2 (cM. puc. 2a),
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Taomuna 6. CreneHb usBiaeueHUs (%) KATUOHOB PEAKO3EMEIbHBIX U TSIXKEJIbIX METAJLIOB U3 MOJAEIBHOTO pacTBOpa
1IJIAaMOBBIX BOJ XBocToxpaHwiuil KaBanepoBcKoOro paiioHa xkejie3oMapraHiieBbIMU KopKaMu raiiota Korieoy

Bpewmst CopbupyeMble KATUOHBI METAJIJIOB
copoumm La Ce Nd Sm Eu Gd Dy Lu Co Ni Cu
O6paszer 14/167-2
15 MuH 522 | 60.6 | 782 | 74.3 81.8 77.5 57.3 56.5 | 882 | 416 86.3
30 98.5 87.2 | 99.4 | 100 95.5 95.1 93.2 | 100 99.7 51.5 91.1
1 uac 97.1 97.5 97.0 | 80.0 | 932 | 869 | 857 | 930 | 99.5 | 822 | 938
3 956 | 954 | 952 | 80.0 | 913 83.0 | 79.1 9.7 | 99.0 | 772 | 90.5
6 935 | 932 | 934 | 80.0 | 845 | 756 | 723 89.1 99.6 | 752 | 89.3
1cyr 97.1 97.8 | 982 | 100 96.8 | 923 | 905 | 965 | 99.2 | 88.1 95.7
O6pa3zen 14/177-2
15 MuH 96.5 | 950 | 970 | 80.0 | 88.6 | 836 | 795 | 956 | 843 51.5 93.4
30 99.3 | 98.6 | 99.4 | 100 97.7 | 96.7 | 955 | 100.0 93.6 | 52.5 91.2
1 uac 956 | 96.8 | 958 | 800 | 933 | 82.6 | 8.2 | 9.7 | 966 | 80.2 | 92.5
3 964 | 954 | 96.4 | 800 | 920 | 8.9 | 836 | 939 | 96.1 842 | 941
6 99.3 | 99.3 | 99.4 | 100 98.6 | 970 | 964 | 987 | 98.0 | 921 97.7
1 cyr 935 | 932 | 940 | 885 | 909 | 759 | 709 | 882 | 867 | 653 | 89.8
Oo6pa3zen 14MTII01
15 MuH 927 | 836 | 940 | 60.0 | 795 | 454 | 522 | 870 | 89.7 | 475 92.5
30 99.2 | 98.6 | 99.4 | 100 954 | 977 97.7 | 100 97.5 | 66.3 | 94.1
1 uac 848 | 972 870 | 400 | 73.6 | 354 | 227 | 70.0 | 833 | 455 74.3
3 97.1 97.8 97.0 | 80.0 | 859 | 822 | 848 | 948 97.1 87.1 95.0
6 97.8 97.8 97.6 | 80.0 | 950 | 86.3 89.1 96.5 | 98.5 86.1 94.7
1 cyr 99.2 | 98.9 | 99.4 | 100 97.5 950 | 956 | 982 | 999 | 921 97.7

mpuueM i katnoHos Ce’*, La3*t, Nd** u Lu®* ono
YMEHBIIIMIIOCH He OoJiee yeM Ha 2—3%, Toraa Kax aist
katnoHoB Sm*', Gd3" u Dy*" 6onee cymecTBeHHO.
OnmHako 3a BpeMs copbrnu, paBHoe 1 cyTkaM, Bce
KaTtrnoHbl P3M momioialoTcs npakTU4ecKu 10 CBO-
MX MaKCHMAaJlbHBIX 3HAaueHMiI — Kak Tipu 30 MuH
coponnn. Kpome Toro, naHHbIe IT0 COPOIIMM KaTHO-
HoB La’* u Nd>" mpakTryecku coBagaloT MEXILY CO-
60li B TeYEeHUE BCETO BpEMEHU B3aUMOIeCTBUS (a3.

IIpouiecc copbuum katrnoHoB P3M Ha pymHBIX
MUHepasax Kopku crtaHumm 14J177-2 3a mepBbIe
30 MMH TIpOTEeKaeT aHAJOTMYHO KOPKAaM CTaHIIUU
14]167-2 — u3BjeYeH€ KATUOHOB PEIKO3eMeEIbHbIX
KatuoHoB cocTtasisier oT 100% mia Sm*™ u Lu’t no
95.5% s Dy*" (cm. puc. 26). [lanbHeiiniee B3aMMo-
IeiicTBre ha3 COMPOBOXIAETCS TO CHUDKCHHEM, TO

JINTOJIOTUA U ITOJIE3SHBIE UCKOITAEMBIE  Ne 6

yBeIMUEHNEM U3BJIcUeHUST KaTnoHOB P3M wu3 pac-
TBOpa. B muHTepBane Bpemenu 30 MUH—3 U U3BJIeUe-
Hue katnoHos Ce3', La’", Nd**, Eu’* u Lu’* camxa-
ercsa — 10 92.0—96.4%, 3a 6 4 copOLIMK OHO BO3pac-
TaeT 10 CBOMX MaKCHUMAaJIbHBIX 3HAYEHUIA, TOrIa KaKk
3a 1 cyrku wu3BJedeHUe KaTuoHOB P3M BHOBB
yYMEHbIIAETCS U COCTaBIAET OT ~89% (Sm3*, Lu’*) no
94% (Nd**) (cM. puc. 26). Xapaxkrep copOLUY KATH-
oHoB Sm*", Gd*" u Dy>*" HecKoJbKO UHOII OTHOCH-
TeAbHO Apyrux katTuoHoB P3M (cM. puc. 20). Pe3koe
YMEHbIIEHUE MOTIOIIEHUS 3TUX KATUOHOB METAJIJIOB
HabogaeTcs nocjie 60 MUH COpOLIUM, CTEIIEHD U3-
BJIeYeHUsI KOTOPBIX cocraBisier 80% (Ha KpUBOIA
COpOLMM 3TO MPEACTABICHO B BUIE PE3KOro IUKa),
ocJje Yero OTMeYaeTcs TaKoe Ke pe3Koe Bo3pacTa-
HUE UX U3BJICYCHUS U 3a 6 4 OHO JOCTUTAET, KaK U B
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Bpewms copouum

Puc. 2. UsBneuenne katnoHos P3M 13 Mo#enbHOro pacTBopa IJIaMOBBIX BOJ XBOCTOXpaHwIniLa KapanepoBckoro paiioHa
PYIHBIMU MUHEpaJIaMH KOPOK Taiiora Koleby oT BpeMeH! uX cOpOLH.
a — o0p. 14J166-2, 6 — o6p. 14/177-2, B — 06p. 14MTTIO1.
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cliydae ¢ npyruMn KatmoHamMu P3M, cBomx Makch-
MaJIbHBIX 3HadYeHuit. OmHAKO ITOCIeayIomasi copo-
YsI B Te4eHHEe | CyTOK BHOBB IIPUBOIUT K PE3KOMY
YMEHBUIEHUIO U3BJIe4eHns KaTuoHoB Gd*" u Dy?* —
10 71—-76%. Takum o6pa3oM, MPoOLIECC COPOLINU Ka-
TUOHOB PEKO3eMeIbHBIX METAJIOB XapaKTepu3yeT-
csl IByMSI MUKaMU ¢ MAKCUMYMOM U3BJICYEHUS UX U3
pactBopa — 30 MUH 1 6 4, I ABYMST TUKAMU PE3KOTO
YMEHBIIIEHUS UX ToroleHus — 60 MUH 1 1 CyTKH,
TO €CTh Kp1Basl COPOIIUYU MPEACTABISIET COOOI mepe-
BepHYTYI0 W-00pa3Hy10 KpUBYIO (CM. puc. 20).

Cop6uus KaTuoHOB P3M Ha pynHBIX MUHepaJiax
kopku ctanumu 14JIMTTIO01 B Teuenme 1 yaca ripore-
KaeT aHaJIOTUYHO ABYM IpeabIAyIINM KopKaM. Mak-
cuMmasibHOe uX usBiedyeHue — 95.4% (Eu’")—100%
(Sm**, Lu*") — nabmonaercs 3a 30 MUH B3auMOIEii-
ctBUs da3, mociae 60 MUH clienyeT yMeHbIIeHUEe 13-
BJeUeHMUsT Bcex KatmoHoB P3M, ocobenHo Dyt
(22.7%) n Gd ** (35.4%) (cm. puc. 2B). ITocae 1 yaca
copOuMU Bce KaTMOHBI P3M MHTEHCUBHO ITOIJIONIA-
I0TCSI PYAHBIMU MUHEpaJlaMU KOPKM, U B cjyyae
La’", Nd**, Lu** u Eu*" mocTuraror MakCUMaJIbHBIX
WU3BJICUCHUI U3 pacTBOpa 3a 6 4acoB, OCTaIbHBIC Ka-
tnoHbl P3M — 3a 1 cytku (cM. puc. 2B). OcobeHHO-
CThIO COPOIIMOHHOIO Mpoliecca HAa JAHHBIX KOpKax
MOXHO CUMTaTh IOCTOSTHHO BBICOKOE W3BIIEUCHUE
katnoHoB Ce** u La®" B TeueHue Bcero BpeMeHU 3KC-
nepuMeHTa (CM. Tabi. 6, puc. 2B).

Kunetnueckoif 0COOEHHOCTBIO TIpoliecca copo-
LIUH [JIST U3YYeHHBIX KOPOK SIBJISIETCS BPEMSI, TIPU KO-
TopoM cHavaza (30 MUH) OTMedaeTcss MAaKCUMaIbHOE
n3BieuyeHne KatmoHoB P3M wm3 pacTBopa, 3arem
(60 MuH) B OOJbIICI WJIM MEHBIIEH CTEIIEHU ero
yMeHblIeHne. OOBsICHeHNE JTaHHOTO 3¢ eKTa BhITE-
KaeT M3 aHaJiu3a ABYX XapaKTepucTuk — pH u KoH-
LICHTPALIM KaTHMOHOB METAJIJIOB B pacTtBope. KoH-
TPpOJIb 3HaUeHU pH pacTBOpOB B TeUeHUE BCETO Bpe-
MEHHM OKCIIEPUMEHTOB II0Ka3ajl, YTO pa3HUIA MX
3HAYEHU MOCJIe COOTBETCTBYIOIIETO BpEMEHU COPO-
ouu (15, 30 MUH 1 T.1.) Ha KaXXI0# 13 KOPOK OTIIMYA-
nach He 6oitee yeM Ha 0.05—0.1 enmannel. [1pu saTom
OBLIO YCTAaHOBJIEHO, 4YTO TTocie 30 MUH copOIIMM Ka-
toHoB P3M pH pacTtBopa yBenmumicg Ha 1.0 oTHO-
CUTEJIbHOIO MCXOMHOM BEIUYMHBI — ¢ 6.25 1o 7.25,
rmocye 60 MMH OH CHU3WIICS A0 6.65 1 B KOHIIE SKCIIe-
pumenTa (1 cyrkm) coctaBui 6.85 (cM. TaGa. 5).
Bwmecte ¢ Tem, moserrenuio pH pactBopa no 7.25 co-
OTBETCTBYET MaKCUMAJIbHOE BHIIIEIauMBaHe KaTHU-
OHOB OOMEHHOIo KOMILIEKCA PYIHBIX MUHEPAIOB
KOPOK, UTO MOATBEPKAACTCS YBEIMYCHUEM X KOH-
HeHTpaluii B pactBope. Panee [HoBukos, 1998], mpu
U3YYEeHUN KUHETUKU COPOLUN KATUOHOB TSIKEIbIX
METAJUIOB Ha XeJie30MapTaHLIeBbIX KOPKaX ITOJ00HO-
0 MUHEPAJIbHOIO COCTaBa, ObLI MOJYYEeH aHAJIOTY-
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HbIil pe3ynbTar. ClegoBaTelbHO, MOXHO craenaTh
ellle OOWH BaXXHBI BBIBOI — CEJIEKTUBHOCTD PYIHBIX
MUHEPAIOB KOPOK 3HAYUTEIIHLHO O0JIbIIIE K KATHOHAM
penaKo3eMeIbHBIX METAUIOB, 4eM K KaTuoHam Na*,
K*, Ca?" u Mg?* pacTBopa, KOHLIEHTPALIMU KOTOPbIX
Ha 2—3 mopsiaKa BBIIIE Y KOTOPEIE, TeM HEe MeHee, He
SIBJISTIOTCSI KOHKYPUPYIOIIMMU IO OTHOIIEHUIO K Ka-
toHaMm P3M. Kpome Toro, mpu HaJIM4YMK B pacTBOpE
KaTUOHOB TSIKEJIBIX METAJIJIOB C COIIOCTAaBUMBIMU
KOHIIEHTPALMSIMHU 10 OTHOILIEHUIO K KATUOHAM pPeJl-
KO3EMENIbHBIX METAJUIOB COpOLMSI TOCIECAHUX Ha
PYAHBIX MUHEpallaX KOPOK IMPOTEKAaeT TaKKe MHTEH-
CHUBHO.

Takum ob6pa3zom, HanmboJiee ONTUMAJIbHBIM BpeE-
MEHEM COpOLNY KATUOHOB PEIKO3eMEIbHBIX MeTall-
JIOB C HEBBICOKMMM MX KOHLEHTPALIASIMU B PACTBOPE
PYOIHBIMU MUHEpajgaMUu KOPOK, CKOpee BCEero, CaeayeT
cYyMTaTh 6 4acoB, 3a KOTOpOe HaOIIOdAeTCs] MaKCH-
MaJIbHOE M3BJIeUCHNE BCEX KATMOHOB JAHHBIX Me-
TaJJI0B.

MoienbHBIN PacTBOP IJIAMOBBIX BOI XBOCTOXPa-
Huwmi JlanpHeropckoro paitoHa (JdaneHuii BocTok).
JlaHHBIII pacTBOP XapaKTEPU3YETCs YBEJIUYEHUEM
KoHLeHTpauuii mo La’*", Ce’*, Nd*" B cpennem B
20 pas, mo Sm**, Eu*t, Gd**, Dy*" u Lu*' Ha 3 no-
psIKa 1O CPAaBHEHUIO C aHAJIOTMYHBIM PacTBOPOM
LUIAMOBBIX BOJ, XBOcToxpaHuauia KasanepoBckoro
paifoHa, a TaKKe HAJIMYUEM B €I0 COCTABE 3HAUMMBbIX
KOHILIEHTpauuii karnoHos Pr3*, Tb3", Ho**, Er’*,
Yb3* (cm. Tabm. 4).

IMpoiiecc copOLMU KAaTUOHOB PeIKO3EeMETbHBIX
METaJJIOB U3 JAHHOTO pacTBOpa PyAHLIMU MUHeEpa-
JlaM¥ KOpok Taiiora KoiieOy mporekaeT oqHaKOBbIM
00pa3oM U XapaKTepU3yeTcsl, aHAJIOTUYHO PACCMOT-
PEHHOMY BbIllIE BapuUaHTY, TPYIIIOBOM COpOIIMEH.
OnHako, OTJIMYMEM COPOLIMU OT MPEabIAYIIEro Bapu-
aHTa SIBJISIIOTCS BBICOKME CKOPOCTU TTOMIOIIEHUS Ka-
TMoHOB P3M, mpuBoasiiue K MpakTU4eCcKU MOJTHO-
My ux m3BiedeHuio (99.n—100%) yxe 3a 15 MuHYyT
B3auMoOAeNCTBUs (a3 U ocTarolecs, B LEJIOM, Ta-
KMMMU K€ BBICOKUMHU Ha TIPOTSKEHUN BCETO BpEMEHU
sKcnepuMeHTa (Tabi. 7).

HcknoyeHne 13 Bcex M3y4YeHHBIX KaTHOHOB P3M
cocrasnsaoTr Pr3*, Ho*" u Er**, xotopblie copoupyior-
Cs1 HECKOJIBKO TI0-UMHOMY B KOpKax cTtaHiuii 14177-2
n 14JAMTIIO1 raiiora Koueby (cm. tadn. 7). Ilpu
3TOM OTMeyYaeTcs 00111asi TEHASHIIUS — Mocie 1 CyTokK
copOLMM M3BJICUEHUE HAHHBIX KaTMOHOB METaJIOB
13 3TOTO pacTBOpa CHUXKAETCS MO CPaBHEHUIO C IIIe-
CThIO YacaMu, B HAaMOOJIbIIIeii CTEIIEHU 3TO XapaKTep-
Ho s Er’t,

Ananm3s pH pactBopa 3a COOTBETCTBYIOIIEE BpEeMsI
COpOILIMM CBUIETENbCTBYET, UTO, KaK M B cllydyae
copoumn kKatnoHoB P3M 13 mpenpIiayInero pacTBo-
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Taomuna 7. CrerneHb usBiieueHusI (%) KaTUOHOB PeAKO3eMEIbHBIX METAJUIOB M3 MOJIEIbHOIO PACTBOPA IIUIAMOBBIX BOI
XBOCTOXpaHWIHUII JlaabHeropckoro paiioHa xejezoMapraHiieBbBIMU Kopkamu raitora Koieoy

Bpemst Cop0bupyeMblie KATUOHEI METAJIJIOB
copoumm La Ce Pr Nd Sm Eu Gd Dy Yb Ho Er Lu
Oo6pasern 14J167-2
15 MuH 99.9 99.9 | 100 99.9 99.9 | 100 100 99.9 | 100 100 100 100
30 99.9 99.8 | 100 99.9 99.9 99.9 99.9 99.9 99.9 | 100 100 99.9
1 gac 99.9 99.0 | 100 99.9 99.9 99.9 99.9 99.9 99.9 | 100 100 99.9
3 98.7 98.6 | 100 98.5 99.2 99.4 99.1 99.2 83.8 | 100 100 99.4
6 99.9 99.9 | 100 99.9 99.9 99.9 99.7 99.9 | 100 100 100 99.9
1 cyr 99.8 99.7 86.5 99.8 99.8 99.9 97.1 99.8 98.4 95.0 80.2 99.9
O6paszen 14177-2
15 MmuH 99.9 99.9 | 100 99.9 | 100 100 100 99.9 | 100 100 100 100
30 99.6 99.6 91.9 99.7 99.7 99.7 99.7 99.7 98.8 96.5 88.1 99.7
1 gac 99.6 99.6 89.2 99.7 99.7 99.7 99.7 99.7 98.4 95.5 49.5 99.7
3 99.9 99.9 | 100 99.9 99.9 99.9 99.9 99.9 | 100 100 100 99.9
6 99.6 99.5 78.4 99.7 99.9 99.8 99.7 99.7 96.8 91.5 60.3 99.8
lcyr 99.8 99.8 91.9 99.0 99.9 99.9 99.9 99.9 99.1 | 100 87.3 99.9
Oo6pa3zen 14MTI101
15 MmuH 99.9 99.9 | 100 99.9 | 100 100 100 99.9 | 100 100 100 100
30 99.8 99.8 94.6 99.8 99.8 99.7 99.8 99.8 99.1 | 100 89.7 99.8
1 gac 99.8 99.8 94.6 99.8 99.8 99.9 99.9 99.9 99.3 | 100 91.3 99.9
3 99.9 99.9 | 100 99.9 99.9 99.9 99.9 99.9 | 100 100 100 99.9
6 99.4 99.2 64.8 99.6 99.6 99.7 99.6 99.6 95.3 86.5 36.5 99.7
1 cyr 99.7 99.7 86.5 99.8 99.8 99.9 99.8 99.8 98.0 95.0 77.8 99.9

pa, MakcuMasibHoe ero 3HaueHue (7.15) Habmomaercs
3a 30 MmuH B3aumoaeiictBug ¢a3 (cMm. Tada. 5). OnHa-
ko yBesmuyeHue pH pacrBopa Ha 0.62 equHALIBL, B OT-
JINYMe OT TIPEbIAYIIEero pacTBoOpa, He CKa3bIBaeTCsI
Ha M3BJIeUeHUU KaTUOHOB P3M 13 Takoro KOHIIEH-
TPUPOBAHHOTO PacTBOpA.

TakuMm o6pa3oM, U3 KUHETUYECKUX JAHHBIX BbI-
T€KaeT, YTO ONTUMAaJbHBIM BpEMEHEM COpPOLIMM Ka-
THOHOB P3M 13 BBICOKO KOHLIEHTPUPOBAHHBIX pac-
TBOPOB CJIEAYeT CUUTATh, MO-BUAUMOMY, UHTEepPBaJ
15—30 MuH, 32 KOTOPBIA JOCTUTAIOTCS MX MaKCHU-
MaJIbHbIE U3BJICUCHMUSI.

Copb6uus katnoHoB P3M u3 okxeauckoii 600bi.
ITpuroTOBNIEHHBIN MOJETBHBINA PACTBOP OKEAHCKOM
BOAbI UMUTUPOBAJ €€ cocTaB Ha miyouHe ~2200 M
MPU COXpaHEHUU COOTHOIIEHUSI MEXIy KaTMOHaAMU
P3M. Coanepxanue katuoHos La*", Ce** u Y?* B Ta-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

KoM pactBope cocrtanisuio 3.50, 3.30 u 14.22 MKr/n
COOTBETCTBEHHO. DKCHEPUMEHTHI ITPOBEACHBI Ha
Kopkax craHuuu 14177-2.

C nepBbIX XXe MUHYT B3auMOAeNCTBIS (a3 1 B Te-
YyeHHe BCEro BpeMEHHU SKCIIEpUMEHTA OCYILECTBIIS-
eTCs TpyImoBasi copoimsa KaTuoHoB P3M pyIHBIMU
MuHepaiaMu Kopku (puc. 3). 3a mepBble 30 MUH
copOLMM HaOMI0gAaeTCsl pe3Koe YMEHBIIEHUE KOH-
neHTpaunmii katnonos La’", Y3* u Ce3* B pacTtBOpe —
CTENeHb U3BJIEYEHNS TTIEPBBIX IBYX KATUOHOB METaJI-
0B cocrasisger 93.4—96.0%, karnonos Ce’t —
87.7—89.5%. Ilpu panbHeillleM B3aUMOICUCTBUU
(a3 mpOMCXOINT CHIKEHNE CKOPOCTH COPOLIH BCEX
katnoHoB P3M, Ho B mHTEpBaje OT 3 10 6 4acoB 10-
CTUTAeTCd MaKCHMMaJbHOE WX ITOIVIOIIEHNE — CTe-
neHb u3BJieyeHus1 coctanisgeT 97.3—99.3%. Copouus
KaTMOHOB PEIKO3eMEIbHBIX METAJUIOB PYIHBIMU MU~

Ne 6 2023
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Bpemst B3auMoneiicTBus (a3

Puc. 3. CreneHb U3BJIeYeHUSI KATUOHOB PEOAKO3CMECIIbHBIX METAJIJIOB U3 MOJC/IbHOI'O pacTBOpa OKEaHCKOU BOJIbI PYAHBIMU MU -

HepajaMu Kopku raiiora Kome6y (oop. 141477-2).

HepajaMu TTociie 1 B 3 CyTOK ocTaeTcst TpaKTHIeCKU
Ha TOM X€ BLICOKOM YPOBHE, UTO M 3a 6 4 (CM. puc. 3).
CremoBaTebHO, BpeMs 6 4 MOXHO CYUTATh, ITO-BU-
IUMOMY, JOCTATOYHBIM TS TPOBEICHUS IIpoliecca
COpOIIMY MUKPOKOJIMIECTB KaTHoHOB P3M mu3 pac-
TBOPOB ITOTOOHOTO COJIEBOTO COCTAaBA.

Takum 00pa3oM, pe3ysIbTaThl MPOBEICHHBIX 3KC-
MEPUMEHTOB CBUIETEIBCTBYIOT O BO3MOXHOM WC-
MOJb30BAHUM KEJIE30MapraHIeBbIX KOPOK TraiioTa
Ko1eby MareanaHOBBIX TOp B KayecTBE COpOEHTa
KaTUOHOB PEIKO3€MEIbHbBIX METAJIOB IJISI U3BJIeYe-
HUS WX U3 PACTBOPOB CJIIOXKHOTO COJIEBOTO COCTaBa.
BaxHBIM UTOTOM MPOBENEHHBIX 9KCIEPUMEHTOB SIB-
Jsietcst aBa dakropa. [1epBblii — pyaHble MUHEPAJIbI
KeJIe30MapTraHIeBbIX KOPOK TIPOSIBIISIIOT BBICOKYIO
CEJIEKTUBHOCTh K KaTMOHAM PEIKO3EMEIbHBIX Me-
TajuioB. BTOpoii — yCTaHOBIIEHO OTCYTCTBUE BIIWSI-
HUSI OCHOBHBIX (POHOBBIX KOMIIOHEHTOB PA3IMYHBIX
pacTBOPOB — KAaTWMOHOB IIEJIOYHBIX U IIEJIOYHO-3€-
MEJTBbHBIX METAJIOB — HA MPOIeCC COPOIIMU KaTHUO-
HOB PEAKO3EMETbHBIX METAJLIIOB.

Lecopbyus copbuposaHHbiX KAmMuUoOH08 peOK03eMeNbHbIX
Memannog u3 pyoHsix MUHepano8 Kopox

B xauecTBe amr0eHTa Mcnioib3oBasics 2 M pacTBop
H,SO,, Bpemsi B3aumopeiicTBus ¢a3 COCTaBIsIIO
4 gaca, Temrneparypa pactsopa 22 = 1°C, cooTHollIe-
Hue a3 x : T = 100. [ToamyaeHHBIC TaHHBIC TTO3BOJISI-
JOT OLIEHUTh MPOYHOCTh XUMUYECKON CBSI3U COpPOU-
POBAHHBIX KATUOHOB METAJNIOB C OCHOBHBIMU KaTU-
OHaMU METaJUIOB PYAHBIX MUHEPAJIOB KOPOK.

PesynbraTthl mcclienoBaHMiA ITOKa3bIBAIOT, 4YTO
MIpoLIeCC DIIOUPOBAHUS COPOMPOBAHHBIX KATUOHOB

JINTOJIOTUA U ITOJIE3SHBIE UCKOITAEMBIE  Ne 6

pEIKO3eMENbHBIX METAJUIOB M3 PYAHBIX MUHEPaIOB
Kopok raitora Koieby nmpotekaeT onmMHaKOBBIM 00-
paszoM. M3BiedyeHue (cpenHue BeJIMYMHbBI) KATUOHOB
P3M u3 pyaHbIX MUHEPAJIOB KOPOK COCTaBJsIET

97.23 (La’*)—98.42% (Dy*") (tabux. 8).

Xapaxrep necopounu katnoHos Ce’t ommuaercs
OT OCTAJIbHBIX U3YYEHHBIX KATUOHOB P3M — ux us-
BJIeUeHUEe HaxoauTcsl B mpeaenax 58.8—71.1%, co-
cTaBisis B cpenHeM 63.9% (cM. Tabi. 8).

INonyyeHHBIC TaHHBIE MO BTIOUPOBAHUIO COPOU-
POBaHHBIX KATUOHOB PEIKO3eMEIbHBIX METAJIJIOB U3
PYOHBIX MUHEPAJIOB KOPOK MO3BOJISIOT CUYUTATh, YTO
MPOTEKAIOUINIA TIPOLIECC UAET IO eAMHOMY MEXaHU3-
My, a KaTuoHBI P3M 3aHMMaroT orpeneaeHHbIe 0~
3UIAU B CTPYKTYPE 3TUX MUHEPAIOB, TOCTYITHbBIE IJIST
MpPOTEKAHUsI XUMUUYECKUX peaKILvii, B JAHHOM CITy-
yae peaKLU ITPOTOHU3ALINMN.

Yemoituusocme pyoneix munepanoe
HCENe30MAPLAHUEBBIX KOPOK
8 BOOHBIX PACMEOPAX INEKIMPOAUMOB

YCTOMYMBOCTD SBISETCS BaXXKHOMW XapaKTEpUCTH-
KO KOpOK, OTBeYalolleii 3a COXxpaHEeHUE KpUCTAIO-
XUMHUYECKOM CTPYKTYPhl M XHMHYECKOIO COCTaBa
PYIHBIX MUHEPAJIIOB B MpPOIlecce B3aUMOIEHCTBUS C
BOOHBIMU pacTBOPaMU 3JIEKTPOIUTOB.

IMocne B3auMoaeicTBUSI KOPOK C OTHO- U MHOTO-
KOMIIOHEHTHBIMM PAacTBOpPaMM COJIeii peaKo3eMellb-
HBIX METAJJIOB, a TAKXKE C OKEAHCKOM BOAOI, TO €CThb
B pactBOpax ¢ pH >6, pynHble MUHEpaJbI Keae3a —
(EPOKCUTUT U TETUT — OCTAIOTCS CTPYKTYPHO YCTOM -
yuBBIMH. B mpomyKkTax necopO1umm KaTHOHOB PEIKO-
3eMEIbHBIX METAJJIOB U3 PYIHBIX MUHEPaJIOB B 2 M
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Ta6mma 8. M3zsieueHue (%) copOMpPOBAHHBIX KATUOHOB PENKO3eMETbHBIX METAJUIOB U3 PYIHBIX MUHEPAJIOB XKeJie30-

MapraHIIeBbIX KOpoK raitora Koreoy

JlecopbupoBaHHble KaTuoHbl P3M (M3T)
Ne obpasira Y La Ce
1 2 3 1 2 3 1 2 3
141167-2 6.38 0.16 97.49 8.72 0.23 97.36 14.91 4.87 67.34
14077-2 6.16 0.13 97.96 10.38 0.28 97.30 15.32 6.31 58.78
14MTII 01 6.24 0.13 97.92 9.17 0.26 97.16 14.36 4.14 71.14
Cpennee 1o raitory, % 97.69 97.23 65.82
JlecopbupoBaHHbIe KaTHOHBI P3M (M3Y)
Ne obpasia Nd Sm Eu
1 2 3 1 2 3 1 2 3
14]167-2 10.48 0.21 98.00 9.93 0.24 97.58 10.67 0.19 98.22
14077-2 10.53 0.24 97.68 11.55 0.23 98.00 12.55 0.23 98.15
14MTII 01 8.73 0.17 98.00 9.20 0.32 96.52 11.14 0.20 98.22
Cpennee 1o raiiory, % 97.89 97.36 98.19
JlecopbupoBaHHble KaTuoHbl P3M (M3T)
Ne obpazua Gd Dy Lu
1 2 3 1 2 3 1 2 3
141167-2 10.46 0.22 97.90 11.04 0.21 98.10 10.70 0.26 97.57
141077-2 10.65 0.22 97.93 11.43 0.23 98.00 12.24 0.30 97.57
14MTTII 01 8.73 0.20 97.73 9.05 0.16 99.18 10.18 0.28 97.20
Cpennee 1o raiiory, % 97.85 98.42 97.44
TTpumeuanusi. 1 — comepxaHue B KaTHOHHOM popme, mac. % (cM. Tab. 7), 2 — coaepKaHue B KATHOHHOM (popMe TocJie 1eCOpOLInn,

Mac. %, 3 — cTereHb U3BJICYCHUST U3 KATUOHHOU (DOPMBI KOPOK.

pactBope H,SO, reTut coxpaHsieTCs MOJIHOCTBIO, TO-
ria Kak coiepxkaHue (pepoKCUTUTa YMEHBIIAeTCs
(~Ha 30%) OTHOCHUTENIBHO €ro COACPKAHUS B UCXOM -
HBbIX KOpKax. Pe3ynbTaThl MCCIIeNOBAaHUN 3TUX Xe
IMMPOAYKTOB OTHOCUTECIIbHO MapraHII€BbIX MUHEPAJIOB —
BepHaguTa, Fe-BepHaguTa, OepHeccuTa U acboIaH-
Oy3eputa-I — mokasanau, YTO OHU OCTAIOTCSI YCTONYM -
BbIMM BO BCEX BOAHLIX paCTBOpax B JMaIla30HE 1<
<pH < 7.5. EIUHCTBEHHBIM OTJIUYHEM SIBJISICTCS
ac6ouan-0y3eput-I (o6p. 14J166-2), KOTOPHIii B KUC-
JIBIX pacTBopax TpaHchopMuUpyeTcs B acboiaH-6ep-
HeccuT. OmHaKoO NaHHBINW pa30BBIN Iepexon He OT-
pakaeTcsl Ha mpolieccax copOLMM/necopOLMy KaTh-
OHOB pENKO3eMeIbHBIX METAJJIOB Ha/U3 PYIHBIX
MapraHIIEBbIX MUHEpaiaXx(-0B) KOPOK.

B nporueccax copOLMKU KaTUOHOB PeENKO3eMENb-
HBIX METAJIJIOB U3 PACTBOPOB Pa3JIMYHOTO COJIEBOTO
cocraBa ¢ pH > 6 katuonbl Fe(11l) u3 Kopok He BbI-
IIEeJIAYNBAIOTCSI, TO €CTh HE MPOSBIISIIOT PEaKIIMOH-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

HYIO CITOCOOHOCTh — MX COJepKaHWEe B MPOIyKTax
MOHOOOMEHHBIX peaKIInii OCTaeTCsI MPaKTUIEeCKH Ta-
KHMM Xe€, YTO 1 B MICXOIHBIX KOpKax (CM. Tabi. 1). D10
TMO3BOJISIET CUMTATh MUHEPAJIHI JKejle3a — TeTUT, ¢de-
POKCUTUT — XUMUUYECKU YCTOMYMBBIMU B CJIAOOKKC-
JIBIX U CJ1a0O0IEJIOUHBIX PacTBOpax.

B orimmume ot katnonos Fe(111), kaTnoHBI CTpyK-
typHoro Mn(IV) B copOLMOHHO-IECOPOLMOHHBIX
Mpolieccax y4yacTusl He TIPUHUMAIOT — UX CoJepxKa-
HUE B MPOAYKTaX MOHOOOMEHHBIX peakilrii ocTaeTcs
MpPaKTUYECKU TEM XKe, UYTO U B UCXOMHBIX KOPKaX (CM.
Tab. 1). MHauye roBopsi, katTuoHbl Mn(I1'V) He posiB-
JISIIOT PEaKIMOHHYIO CIIOCOOHOCTh B pacTBOpax B
untepBaie pH ot 1.0 mo, kak MuHUMyM, 7.5. Ciieno-
BaTeJIbHO, PyIHble MapraHiieBble MUHEPaJibl KOPOK —
BepHanuT, Fe-BepHanuTt, acbonaH-0y3eput, 6epHec-
CUT — SIBJISIIOTCSI XMMUYECKU YCTOMYMBBIMU B BOJI-
HBIX PacTBOpPaXx 2JIEKTPOJIUTOB.
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WMuauye Benyr cebs KaTMOHbI Mn?". B pymHbIX
MapraHIileBbIX MUHEpaJlax OHU 3aHUMAIOT MO3UILINH,
JIOCTYIIHBIE UIs1 OOMEHA C JPYTMMU KaTUOHAMU Me-
TaJUIOB U ITpoToHaMu Bogopona H*. B nponykrax copo-
LIMM/IecopOLIMU KaTUOHBI Mn?* 1160 OTCYTCTBYIOT,
60 ux comepxaHue He npesbiiaeT 0.03 mac. %, To
€CTb OHU TTOJTHOCTBIO WJIY TTPAKTUUECKHU TTOJTHOCTHIO
MEePEeXosT B paCTBOPHI KUCJIOT U COJIet METaJlIOB, a,
clienoBaTeIbHO, 00JIanaloT BBICOKOM pPeaKLMOHHOM
cnocobHocThlo. ClienoBaTe/ibHO, XMMUUecKasi (op-
Ma MX HaXOXICHWSI B PYIHBIX MUHEpalaX KOPOK —
copbupoBaHHas.

DmonpoBaHUe COPOMPOBAHHBIX KaTMOHOB P3M
13 KOPOK XapaKTepHU3YIOTCS YaCTUIHbBIM (~35%) u3-
BineueHueM katnoHoB Fe(IIl) B pacTBOpHI, 4TO CBU-
JIeTeJIbCTBYET 00 OTHOCUTEIbHO HEBBICOKOI peaKIIy-
oHHoO#1 crtocooHocTu katnoHoB Fe(I1l) mpu pH < 1.
Bmecrte ¢ TeM, yuuThIBasi JaHHbIE MO CTPYKTYPHOM
YCTOMYMBOCTHY PYyIHBIX MUHEPAJIOB, 3TO, B CBOIO OYe-
pelb, yKa3bIBaeT Ha BBICOKYIO XMMUYECKYIO YCTOMIM -
BOCTh IeTUTa U HU3KYIO (hepOKCUTUTA B KUCJION cpere
(Ipu JaHHBIX YCIOBUSIX IIPOBEACHMS TIpoliecca).

Xumuueckue chopmol HAX0NCOEHUSI KAMUOHOB
DeOK03eMeNbHbIX Memanios 8 pyOHbIX MUHEPANax KOpoK

Bricokast oOMeHHast eMKOCTD PYIHBIX MITHEPAJIOB
Kopok raiiora KoreOy mo xatmoHamM peako3eMellb-
HbIX MeTajioB (or ~1.67 mr-sks/r mo Dy** 1o
3.28 mr-skB/r 1o Ce*") CBUIETENLCTBYET, YTO MTOIIIO-
IIeHNE yKa3aHHbIX KATUOHOB IIPOTEKAET IT0 MOHOO0-
MEHHOMY 3KBMBAJICHTHOMY MEXaHU3MYy, B ClIydae C
katTnoHamu Ce>" — 1Mo cBepX?KBUBAJIEHTHOMY MeXa-
HU3MY OTHOCHUTEJIbHO KaTMOHOB OOMEHHOIO KOM-
rIeKkca pyaHbix MuHepanos — Na*t, K*, Ca?*, Mg?",
MnZ". cxonst U3 BBICOKMX 3HAUYEHU I 0OMEHHOI eM-
KOCTHY KOPOK, CJIeIyeT, YTO KaTuoHbI P3M copOupy-
IOTCSI KaK Ha ITOBEPXHOCTU, TaK U B 00bEME UX pYyII-
HBIX MUHEPAaJIOB.

Bricokoe (>95%) usBiiedeHue cOpOMPOBAHHBIX
KaTMOHOB PEAKO3eMEJIbHbIX METAJLIOB TPU KUCIOT-
HOM BJIIOMPOBAHUU MTPU OAHOBPEMEHHOM pacTBOpE-
HUU MUHEPAJIOB XeJie3a, B MepByl0 ouepeab hepoK-
CUTUTA, TIO3BOJISIET CYUTATD, YTO (pOpMa HAXOXKIACHUSI
katnoHoB Y>*, La’*, Ce’*, Nd3*, Sm3*, Eu’*t, Gd3*,
Dy*" u Lu** xumuuecku csazanHas. KoHLeHTpUpy-
10Tcd TaHHBIe KaTHOHBI P3M, kpome Ce3', B MuHe-
panax xesne3a. Katnonsr Ce3" HakarumBaloTcs Kak B
MUHepaJiax XeJje3a, 13 KOTOPhIX U3BJICKAIOTCS B pac-
TBOP KHUCJIOTHI He GoJjiee ueM Ha 65%, TaK U B MUHE-
pajax MapraHiia, B KOTOPBIX UX COIep>KaHHUe IOCIIe
KHCJIOTHOI 06paboTKM KOPOK cocTaBiseT 35 + 5%
OT UcXogHoro coaepxaHust (cMm. Ta6a. 1). IloaHoe
usBiedeHue katnoHos Ce®t B pacTBop Habonaercst

JINTOJIOTUA U ITOJIE3SHBIE UCKOITAEMBIE  Ne 6
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TOJIBKO IIPU PACTBOPEHUHU PYAHBIX MapraHIEBbIX MU~
HEpaJioB KOPOK.

SAKJIIOYEHHME

B pesynbpraTre 3KCcIIepMMEHTAIbHBIX MCCIIEIOBa-
HU WM3ydeHBI COPOIMOHHBIE CBOMCTBA KOOAJIBTO-
HOCHBIX 3KeJIe30MapraHIIeBbIX KOpOK raiiota KoiieOy
MarennaHoBBIX Top THMXOTro okeaHa OTHOCHUTEIHLHO
KaTHOHOB PeaKo3eMeJIbHBIX MeTauioB. I[lomydeHo
MIPUHIINIIMAIBHOE J0KA3aTeJIbCTBO, YTO KOPKH, CO-
CTos1IMe U3 pyAHbIX MUHEpasioB Fe-BepHaauTa, Bep-
HaguTa, Mn-depokcurnura, acooiaH-0y3epura, Te-
TUTA, SIBASIOTCS IPUPOTHBIM BBICOKOCEICKTUBHBIM
COpOEHTOM KaTMOHOB PEAKO3eMeIbHBIX METAJLIOB.

Kopkut xapakTepm3yroTcss BBICOKOM OOMEHHOI
€MKOCThIO 110 KatnoHaM P3M — 1.57—3.57 Mr-aKB/T,
KOTOpasI MPEBOCXOINUT EMKOCTh INTMHUCTHIX MIHEPa-
JIOB, IIEOJIUTOB, CYTH(MUIOB M MHOTHUX IPYTUX ITHPO-
KO WM3BECTHBIX IMPUPOTHBIX MOHOOOMEeHHUKOB. Ilo
CpemHMM 3HaYeHUSIM OOMEHHON €MKOCTH DPYIHBIX
MUHEpaJIOB KOPOK COCTAaBJIEH CICHYIOIIWI pSAn ee
BO3pacCTaHMUSI:

(Lu<Gd<Dy<La,Sm<Nd<Y <Eu) < Ce.

Hcxons u3 BeIMYUH OOMEHHOM €eMKOCTHU, CIIedy-
€T, 4yTo KaTuoHbl P3M copbupyloTcs Kak Ha MOBEpX-
HOCTHU, TaK U B 00beMe UX pyaAHbIX MuHepasoB. [1o-
mIollleHUe KaTuoHOB P3M mporekaeT mo MOHOO0-
MEHHOMY 3KBUBAJICHTHOMY MeEXaHU3My, B cilyyae C
katnoHamu Ce*' — 1o cBepXoKBUBAJIEHTHOMY MeXa-
HU3MY OTHOCHUTEJIILHO KaTHMOHOB OOMEHHOIO KOM-
IjieKca pyaHbIx MuHepanos - Na®, K*, Ca?*, Mg?",
Mn?*, Ni2*, kotopble BHOCAT ~97.5—99.0% B cyMm-
MapHyl0 €MKOCTb PYIHBIX MUHEpaJTOB KOpOK. [lis
9TUX MHUHEPAJIOB XapaKTepHa TIpyImoBasi COPOLMs
KaTHOHOB PEAKO3e€MEJIbHBIX METAJIJIOB, IIPUUEM, UTO
0COOEHHO IIeHHO, Ha (DOHE comepKaIInxcsi B pacTBO-
paxX KaTUOHOB TSKEJIBIX METaJIJIOB, IIPEXIE BCETO KO-
Oanbta, HUKeNSI 1 Menu. I[lponeccsl copbunm u ne-
cop61m katnoHoB P3M mpotekaloT Ha(13) pyaIHBIX
MUHepanax(-oB) C BBICOKMMH CKOPOCTSIMU, YTO
MOBBIIIAET BO3MOXKXHOCTD UX IPAKTUIECKOTO IIpHUMe-
HEHUSI.

Bricokoe (>95%) n3BiiedeHNEe KaTUOHOB PEIKO-
3eMEJIbHBIX METAJIOB MpPU KUCJIOTHOM 3JIIOMPOBa-
HUM TOCJe UX MpeIBapUTEIbHONH cOpOLIMU TTPU Ofl-
HOBPEMEHHOM PAaCTBOPEHWM MMHEPAJIOB Keje3a, B
MepByto ovyepenb (hepoKCUTUTA, CBUAETEIBLCTBYET O
JIBYX BaXKHBIX CBOMCTBax KOpOK. [1epBblit — KATUOHBI
Y3+, La3+, Ce3+, Nd3+, Sm3+, Eu3+, Gd3+, Dy3+ u Lu3+
COpOUPYIOTCSI MUHEpaJIaMU Kejie3a, BTopoil — ¢op-
Ma UX HaXOXIIEeHUs B MUHepaiax XUMUUECKHU CBSI3aH-
Has (MpU yCIOBUM KUCIOTHOU 00paboTku). KaTtno-
el Ce3" B omimuMe OT OCTaNbHBIX KaTMOHOB P3M
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HaKarjIMBaloTCd KaK B MUHepaJjax Xejesa, U3 KOTO-
PBIX U3BIIEKAIOTCS B pACTBOPHI KUCIOT He OoJiee yeM
Ha 65%, Tak 1 B MUHEepaJlaX MapraHiia, B KOTOPbIX MX
colepKaHWe MOocje KUCIOTHOUM 00pabOTKU COCTaB-
nstet 35 £ 5% ot ux comepXaHUS B UCXOTHBIX KOPKaX.
IMonHoe usBneyeHune karnoHos Ce3* B pacTBop Ha-
OJIr0aeTCsT TOIBKO IIPU PaCTBOPEHUM PYIHBIX Map-
raHIIEBLIX MUHepaiaoB. Bmecrte ¢ TeM, ¢opMa ux Ha-
XOXIIEHUS B PyOIHBIX MUHEpajax KOpOK, CKopee Bce-
ro, TaK Xe OJHAa — XUMHUYECKHU CBSI3aHHasl.

Oco0y10 3HAaYMMOCTh COPOLIMOHHBIM CBOWCTBaM
JKeJie3oMapraHlieBbIX KOPOK MPUIAET CTPYKTYypHas 1
XUMUUYeCcKasl yCTOMYMBOCTb UX PYAHBIX MUHEPAJIOB,
YTO TIO3BOJISIET MCIIOJb30BaTh KOPKU B IIMPOKOM
nuamaszoHe pH (1—14) BoOOHBIX pacTBOPOB 3JIEKTPO-
qutoB. IlpenBaputenbHOE€ COPOLIMOHHOE KOHIIEH-
TpupoBaHUe KaTuoHOB P3M mnepen mertannypruue-
CKOli TiepepaboTKO KOPOK MOXET 3HAYUTEIbHO
YBEJIMUUTh HUX BKOHOMUYECKYIO IIeHHOCTb. [lpu
KOMIIJIEKCHOUW mepepaboTKe kejle3oMapraHIeBbIX
KOPOK MOTYT OBITb IMOJIyYeHBbl HE TOJIBKO TSIXKEJble
MeTtaiuibl — Co, Ni, Cu, Mn, Fe, Mo, Zn (xaxk mpeny-
cMaTpuUBaeTcsl B pa3pabaTbiBaeMbIX B HacTosIlee
BpEeMSI TEXHOJIOTUUYECKUX CXeMax), HO U CTpaTernye-
CKM BaXkKHbIe peIKO3eMeTbHbIE MEeTaJLIIbI.

NCTOYHUKN OPUHAHCHPOBAHW A

PaboTta BeIlTOTHEHA B paMKax TOCyJapCTBEHHOIO 3a1a-
Hust FMWE 2021-0004.
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Sorption Properties of Cobalt-Rich Ferromanganese Crusts of the Kotzebue Guyot
of the Magellanic Mountains Relative to Cations of Rare Earth Metals

G. V. Novikov" *, N. V. Lobus!, O. Y. Bogdanova'
IShirshov Institute of Oceanology RAS, Nakhimovsky prosp., 36, Moscow, 117997 Russia
*e-mail: gvnovikov@yandex.ru

The article presents the results of experimental studies of the sorption properties of ferromanganese crusts
(CMQC) of Kotzebue guyot relative to rare earth metal cations (REM). It is established that the crusts are a
natural highly selective sorbent of REM cations. The sorption of REM cations occurs on ore minerals — Fe-
vernadite, vernadite, Mn-feroxigite, goethite. The crusts are characterized by a high exchange capacity —
1.67—3.28 mg-eq/g, which increases in the series: Lu < Gd < Dy < La, Sm < Nd < Y < Eu) < Ce. Absorption
of REM cations proceeds by an ion-exchange equivalent mechanism, in the case of Ce3* cations — according
to the superequivalent mechanism with respect to the cations of the exchange complex of ore minerals — Na™,
K™, Ca?t, Mg?t, Mn?*, Ni?", which contribute 95—98% to the total capacity of minerals.

Keywords: ferromanganese crusts, Kotzebue guyote, ore minerals, rare earth metal cations, sorption, ex-
change capacity.
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