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COPBLLMA Eu(lil) U3 BOAHLIX PACTBOPOB Zn,Al- U
Mg, Al-CJIOUCTbIMU ABOUHBIMU TMAPOKCUOAMM,
UHTEPKANIMPOBAHHbLIMU UUTPAT-UOHAMU, U UX

MATHATHBIMN ®OPMAMU

Hccenedosano copoyuonnoe uzenrewenue Eu(lll) uz 6oouvix cped Zn,Al- u Mg, Al-croucmoimu 060iinbimu 2uopokcuda-
mu (CAT), unmepKkasuposaHubimMu YUMpPam-uoHamu, U Ux KOMHO3UMAamu ¢ MaecHuUmusimu ceoiicmeamu. Ilokazano, umo
munuyHsie 015 npupooHsix 600 kamuonsl (Na*, K, Ca**, Mg®") npakmuuecku ne éaustom na 3¢ppexmusrocmo ouucm-
Ku 600vt om Eu(lll), a eymycoguvie kKucaomol dasxce nogwvlulaom ee npu UCN0Ab308aHUU KOMNO3UMHbIX Mamepuanos. Onpe-
deaenvt ycaosus uzeaevenus Eu(lll) (pH eodnoii cpedovl, kunemuka copbuuu, doza copbenma, eausnue MaKpoKomMnoHeH-
mMo6 800HbIX Cped OpeaHUYecKoll U HeopeaHu4eckol npupoosl). YemanosaeHo, ymo copoUuoHHOe pasHosecue docmuzaem-
cs Ha uccaedyemoix obpazyax yumpamuoix opm CHI u ux komnozumax ¢ MaecHumHslMU ceoticmeamu yepe3 1 4y konmak-
ma 6001020 pacmeopa ¢ meepaoii ghazoii copbenmos. Ha ocHose napamempog kunemuueckux mooenei u Kod@ppuyuenmos
AuHeliHoll koppeasyuu 05 daunvix popm CAI nokaszano, umo copouyus Eu(lll) nauboree docmosepro onucvieaemes mo-
denblo ncegdosmopoeo nopsaoka 60 6cem OUANA3oHe NPoOOAICUMENbHOCIU COPOYyUY 6 omaudue om Modeau ncegdonepeo-
20 nopsoka. Imo ykasvieaem Ha npeobaadarouuil mexanusm uzereuenus Eu(lll) 3a cuem xemocopbuyuu, a 3uauenus pas-
HOBeCHOU adcopoyuu, paccuumanHsle meopemu4ecKu Ha 0CHoge Modeau nceilosmopoeo NopsaoKa, Xopouo coeaacyrom-
¢s ¢ noAy4eHHbIMU K cnepumenmanvro. Mzomepmot copouyuu Eu(lll) na yumpamuuvix gpopmax Zn,Al- u Mg, AI-C/T u ux
MAacHUMHbBIX KOMNO3umax obpabomanst 6 coomgemcemeuu ¢ ypaguenusmu Opeiinoauxa u Jlenemopa u ycmanosaeHo, 4mo
VKA3aHHble MoOeau copoyuu y0oeiemeopumenbHo ONUCbI8ArOM IKCnepUMeHmanbrsle OanHvle (Koapguyuenmsr Koppens-
yuu > 0,99). Paccuumanst popmot Haxoxncoenus Eu(lll) 6 600nbix pacmeopax (8 npucymcemeuu yumpam-uoHo8 u npu-
POOHBIX OpeAHUHECKUX AUeAHO08 — (YAb8OKUCAOM) NPpU pasHblX eeauuunax pH. Bvickazano npednonoscenue o mexanus-
me yoanenus Eu(lll) us 600nwix cped. Ananus nosyuenHvix 0aHHbIX 0aem 0CHOGAHUE PeKOMEHO08aMb UCCAe008AHHbBIE MA-
mepuanvl Kak 3ghexkmusHvle copoeHmyvl paduoOHYKAUO0E-KOMIAEKCO00pazosameneil 04 OHUCMKU 3aePSA3HEHHbIX N08epX-
HOCMHBIX 800 U HCUOKUX PAOUOAKMUBHBIX OMX0008 NPU UCHOAb308AHUU COPOYUOHHOU MEXHOA02UU ¢ OMOeAeHUEeM WAAMO8
MaeHUMHOI cenapayuei.

Kawuesvie cnoea: ouucmia 6o0bl, copoyus, eeponuii (II1), caoucmolii 0680iiHOU udpoKcUO, UUMPAM-UOH, HAHO-
KOMNO3Um, MAeHUMHAS CeNnapayus.
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COPBLIA Eu (I11) 3 BOOIHUX PO3UYMHIB Zn,Al- I Mg, Al-IIAPYBATUMU ITOABIMHUMU
IJJPOKCUIAMU, IHTEPKATLOBAHUMU UUTPAT-IOHAMMU, 1 IX MATHITHUMU GOPMAMU

HocnimxeHo copo6itiiine BunydeHHst Eu(111) 3 BonHux cepenopuiil Zn,Al- i Mg,Al- mapyBaTUMU MOABIHHUMMU Tinpo-

keupamu (LLTIT), iHTepKaibOBaHUMU IIUTPAT-iOHAMMU i IX KOMIIO3UTaMU 3 MaTHITHUMM BiacTuBOCTAMU. [TokazaHo,
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11O TUIOBI AJist ipupoaHux Boa Kationu (Na*, K, Ca?", Mg?") npakTHUYHO HE BIUIMBAIOTh HA €(PEKTUBHICTh OUMIILIEHHS
Bonu Bim Eu(11l), a ryMycoBi KMCIOTH HaBiTh ITiIBUIIYIOTH il IIPY BUKOPHUCTaHHI KOMITO3UTHUX MaTtepiajiB. BuzHaueHo
ymoBu BurydeHHs: Eu(I1l) (pH BomHoro cepemoBuina, KiHeTnka copOllii, 703a COPOEHTY, BILUIUB MaKPOKOMITOHEHTIB
BOIHUX CEepeIOBUIL OpPraHiYHOI i HeopraHiuHOi mpupoan). BctaHoBiaeHO, 110 copOLiliHa piBHOBara IOCSITa€EThCS Ha
MOCIiIKyBaHUX 3pa3kax nuTpatHux ¢popm LTI i ix KoMIio3uTax 3 MarHITHUMMU BJIACTUBOCTSIMU Yyepe3 1 rom KOHTaKTy
BOJIHOI'O PO3YMHY 3 TBepAoI0 (a3oro copbeHTiB. Ha ocHOBI mapaMeTpiB KiHETUMYHUX MOJeJIeH i KoeillieHTiB JiHiliHO1
KopeJsuii ast nanux ¢popm LTI mokaszano, 110 cop6iuist Eu(111) HaitGiabin BiporiiHO OMUCYETHCS MOAEILIIO MICEBIO0-
JIPYTOro MOpsIIKY Y BChOMY Aialla30Hi TpMBAJOCTi COpOLIii Ha BiiMiHy Bia MoJeJi IiceBaonepiioro nopsaky. Lle Bkaszye
Ha nepeBaxarouuii MexaHizMm BuiydeHHs1 Eu(11l) 3a paxyHoK xeMocopOllii, a 3HaueHHsT piBHOBaXKHO1 aacopOIlii, po3-
paxoBaHi TEOPETUYHO HA OCHOBI MOJIEJIi TICEBIOAPYTOro MOPSIIKY, 100PE Y3roKYIOThCS 3 OTPUMAHUMU €KCIIEPUMEH-
tanbHO. [30Tepmu cop6iiii Eu(I1T) Ha umtpatHux dopmax Zn,Al- i Mg, Al-1LTIT i ix MmarHiTHUX KOMITO3UTax 0Opo0bJIe-
Hi BinmoBinHo n0 piBHsIHE @PpeitHatixa i JIeHrMiopa i BCTaHOBJIEHO, 110 3a3Ha4YeHi MojieJli cOpOLlii 3a10BIJIBHO OMUCY-
I0Th €KCTIEpUMEHTAJIbHI JaHi (koeditieHTn kopessiii > 0,99). Po3paxoBaHo ¢opmu 3HaxomkeHHs: Eu(Ill) y BomHux
pO34YrHaX, B IPUCYTHOCTI IUTPAT-iOHIB i MPUPOTHUX OPTaHIUHUX JIiraHAiB — (PYIBBOKUCIIOT, Ipu pisHUX pH BogHOTO
po3unHy. BucnosieHo nmpuryiieHHs npo mexaHizm BunaneHHs1 Eu(11l) 3 BogHux cepepoBuiil. AHaJli3 OTpUMaHUX fa-
HUXJAETIACTaBY pPEKOMEHIYBaTU I0CTiIxKeHI MaTepiain iKe(eKTUBHI COPOSHTH pa/lioOHYKJTifliB-KOMIUIEKCOYTBOPIOBaYiB
IIJISI OUMIIEHHSI 3a0pyIHEHNX ITOBEPXHEBUX BOII i PiIKMX pamioaKTUBHUX BiIXOIiB IPU BUKOPUCTAHHI COPOLIIAHOI TeX-
HOJIOTII 3 BiTOKpPEMJICHHSIM IIIJIAMiB MaTrHITHOIO CeTlapalli€io.

Kawuoei caosa: ouucmka 0du, copbuis, esponuii (I11), wapysamuit nodsiiinuii 2iopoxcud, yumpam-ioH, HAHOKOMNO-
3Um, MaeHIMHa cenapayis.
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SORPTION OF Eu(IIT) FROM AQUEOUS MEDIA Zn,Al- AND Mg,Al-LAYERED DOUBLE HYDROXIDES,
INTERCALATED WITH CITRATE IONS, AND THEIR MAGNETIC FORMS

The sorption extraction of Eu(III) from aqueous media of Zn,Al and Mg,Al-layered double hydroxides intercalated with
citrate ions, and their composites with magnetic properties was studied. It is shown that cations (Na*, K*, Ca?*, Mg?*), typical
of natural waters, practically do not affect the efficiency of water purification from Eu(III), and humic acids even increase it
when using composite materials. The conditions for the extraction of Eu(I11) were determined (pH of the aqueous medium,
sorption kinetics, sorbent dose, the influence of macrocomponents of aqueous media of organic and inorganic nature). It was
found that sorption equilibrium is achieved on the studied samples of citrate forms of LDH and their composites with magnetic
properties after 1 h of contact of the aqueous solution with the solid phase of the sorbents. Based on the parameters of kinetic
models and linear correlation coefficients for these LDH forms, it was shown that Eu(I1I) sorption is most reliably described by
apseudo-second order model in the entire range of sorption durations, in contrast to the pseudo-first order model. This indicates
the prevailing mechanism for the extraction of Eu(I1I) due to chemisorption, and the equilibrium adsorption values calculated
theoretically on the basis of a pseudo-second order model are in good agreement with experimental data. The sorption isotherms
of Eu(III) on the citrate forms of Zn,Al and Mg,Al-LDH and their magnetic composites were processed in accordance with
the Freundlich and Langmuir equations and it was found that these sorption models satisfactorily describe the experimental
data (correlation coefficients > 0.99). The forms of the presence of Eu(III) in aqueous solutions are calculated, in the presence
of citrate ions and natural organic ligands — fulvic acids, at different pH of the aqueous solution. An assumption has been made
on the mechanism of removal of Eu(III) from aqueous media. An analysis of the obtained data gives grounds to recommend
the studied materials as effective sorbents of radionuclide complexing agents for the purification of contaminated surface water
and liquid radioactive waste using sorption technology with magnetic separation of sludge.

Keywords: water treatment, sorption, europium (I11), layered double hydroxide, citrate-ion, nanocomposite, magnetic
separation.
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