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Cunmesuposan HoGblii KOMIOUMHbIL a0copbenm Ons Konyenmpuposanus > CS u3 3a2pasHeHHbIx 800
nymem 0cax)coeHusi cios Qeppoyuanuoa  KAanus-HuKenis Ha HOBEPXHOCHbL  MOOUDUYUPOBAHHBIX
HOAUNPONULEHOBBIX B0I0KOH. Bl peanuzosan 08yXCmaouiiHblii MemooO CUHmME3d, KOMOPbIL GKIIOYAT
PAOUAYUOHHO-UHOYYUPOBAHHYIO NPUBUBOHHYIO NOIUMEPUIAYUIO MOHOMEPA «AKPULOBAsL KUCIOMA» HA
NOBEPXHOCb NOTUNPONUTIEHOBLIX 80JIOKOH HA NEPBOLL CMaduul U opmuposanue clos geppoyuanua Ha
NOBEPXHOCMU  MOOUPUYUPOBAHHBIX BOJOKOH in situ — Ha emopou. Pezyrbmamvl 21exmponHO-
MUKPOCKONUHECK020,  PEeHMeeHOpA308020 U UHPPAKPACHO20 — UCCIe008AHULl  NOOMEEPOUIU
Gopmuposanue peppoyuanudnoeo crios Ha nosepxrocmu 6010koH. Cunmesuposannvlii oopasey 6wl
npomecmuposan 6 Kkauecmee adcopbenma Ons celekmugnozo ewidenenus 'CS u3 MoOeIbHo20
pacmeopa ¢ 6bicokum coomuouenuem uonos ' Cs k cymme uonos K+Na (1:2x10°). Paccuumannvie
sHavenus  kospduyuenma pacnpedenenus (9.4 10° cn’/z) u  cmenenu aocopoyuu (72.4 %)
CBUOEMENbCMBYIOM 0 BbLCOKOU IPHEKMUSHOCMU UCHOIb308AHUSL CUHME3UPOBAHHBIX KOMNOZUMHBIX
onokon ona evidenenus > Cs u3 3azpasHenHbIx 800 ¢ BbICOKUM COOEPICAHUEM KOHKYPUDYIOWUX UOHOS.

137 .
Knioueevie cnosa: Cs, owcudxkue paduoakmueuvie OmMX00bl, KOMNOZUMHLIL — AOCOPOEHM,
ROIUNPONULEHOBbLE BOJIOKHA,

BBeaenue

CellekTHBHOE yianeHue °'Cs U3 KHAKAX PaIHOAKTHBHBIX OTXOJOB M KOJNMYECTBEHHOE
OTIpe/icNiCHUE PATUOHYKIHIA B OOBEKTaX OKpYKAIOMIEH Cpelbl mpuoOpeTaeT B MOCIETHUE TOJBI
Oosbioe 3HayeHue. Ha teppuropun YKkpauHbl OnpeAensiomuil BKJIaJ B CyMMapHyl0 aKTUBHOCTh
MOBEPXHOCTHBIX BOJI, a TAKXKE JKUIAKUX PAJAHOAKTUBHBIX 0TX070B (JKPO) BHOCAT paauOHYKIHIBI
B37Cs 1 *Sr. B 10BepXHOCTHBIX BOJAX COLepkKaHue - Cs, CBS3aHHOE ¢ IIOGAIBHBIM BHIIALCHHCM,
KaK IPaBWIO, HEBEJIMKO W BapbUpyeT B Ipeernax 10° - 102 Bx/n [1, 2], IIO’TOMY TraMma-
CHEKTPOMETPUUYECKOE OMNpEEICHNE 3TOT0 PaJAMOHYKIIKMIAa HEBO3MOXKHO 0e3 MpelBapUTEeIbLHOTO
KOHIICHTPUPOBAaHUS M3 OOJBIIUX OO0OBEMOB BOJBI (00JIe€ COTHU JUTPOB) C HCIOIL30BAHUEM
CENIeKTHBHBIX COpOEHTOB. CEeICKTHBHBIE COPOCHTBI TAKKE HEOOXOAMMBI JUIS BHILCICHHS - CS U3
PacTBOPOB C BBICOKMM COJIECOJICP)KAHUEM B MPHUCYTCTBUHU OOJBIIOTO M30BITKA KOHKYPHPYIOIINX
HOHOB.

Cpenu U3BECTHBIX MPUPOIHBIX M CHHTETUYSCKHX HEOPTAHUYECKUX COPOCSHTOB HAMOOIBIITYIO
3¢ (}HEeKTUBHOCTh TPHU BBIACICHUS PATUOU30TONOB II€3Us (134CS, 137Cs) MIPOJIEMOHCTPUPOBAIIN
HepacTBopuMbIe NBoMHbIE deppounanuabl (PLI) mepexonupix metamnos (Fe, Cu, Co, Zn u ap.) ¢
obmeit dopmymoit Mi2n'I M (2-m)"II [ Fe(CN)g] [1]. Mexanusm mnpouecca COpOLUH Le3Us
HEPacTBOPUMBIMHU ABOMHBIMH (peppoliMaHuaMu 00CYyKAalicsd BO MHOTUX mybnukauusax. [lonararor,
YTO acoOpOLUs MEe3us MPOUCXOAUT MyTEM MOHHOTO OOMEHa KaTHOHA M! (K+, Na*, H" wiu NH4+)
Ha T1e3ui. Psil CENIEKTUBHOCTH MMEET CIICAYIOIIUN BUI: Cs"™>Rb"™>K'>NH, >Na'~H">Li" [1]. D10
O3Ha4aeT, 4TO B MYJIbTUKOMIIOHEHTHBIX pPAacTBOpaX, COJEPXKalIUX Hapsay C Ie3UeM HOHBI
MIEJIOYHBIX METAIIOB, (heppoIMaHuIbl OYAyT MPEUMYIIECTBEHHO U3BIIEKATH NOHBI TE3H.

OpHako HepacTBOPUMBIC JABOWHBIE (eppOoLUaHUAbl CUHTE3UPYIOT OOBIYHO B BHJE
VIIBTPAJIUCIICPCHBIX YACTHUI], KOTOPHIE XapPaKTEPHU3YIOTCS HU3KOW MEXaHHMYECKOW CTOWKOCTBIO U
nenTu3anuei B BOAHBIX pacTBopax [1]. UToObl mpeomoneTh 3TH HEAOCTAaTKH ObUI MPEAsoKeH

© Boumaps [0.B., Kopombicanyenko T.M. KOMIIO3UTHBIA AJICOPBEHT HA OCHOBE ITOJIMITPOIIMJIEHOBBIX BOJIOKOH C
OCAXJIEHHBIM CJIOEM ®EPPOLIMAHUIA KAJIAS-HUKEJIS U151 KOHIEEHTPUPOBAHUS *¥'CS 13 3ATPSI3HEHHBIX BOJ],

56


mailto:juliavad@mail.ru

306ipHUK HAYKOBHX Ipanb [HCTUTYTY reoximii HaBKOIMIIHLOrO cepenosuina 2016 Burmyck 25

CUHTE3 KOMIO3UTHBIX aJICOPOCHTOB ITyTEM OCAXKECHUS /WIIM BHEPEHUS YIbTPAIUCIIEPCHBIX YACTHUI]
@I Ha/B TBEpBIC MATPHUIIHI.

C SKOHOMHYECKON TOYKH 3PEHHUS U BO3MOKHOCTH IMPOMBIIIJICHHOTO BBIMYCKa HEIOPOTUX
a7IcOpOEHTOB MEPCHEKTUBHBIMU SIBIISIFOTCS KOMIIO3UTHBIE aJCOPOEHTHI Ha OCHOBE IOJIMMEPHBIX
BOJIOKOH. [lonmuMepHbie BOJIOKHA (MM HETKaHble MaTepuaibl) Onarojaps BbICOKOPA3BUTOM
MMOBEPXHOCTH  XapaKTEPU3YIOTCS ONTHUMAJIBHBIMH KHHETHYCCKUMHU  IapamMeTpaMd, HHU3KUM
COMPOTUBIICHUEM (DUIBTPYIOIIETO CJOs, YTO TMO3BOJISAET UX Y(PPEKTHBHO HCIONH30BATh KaK B
CTAaTHYECKHUX, TaK WM B JUHAMHUYCCKHX pPEKHAMax copOmwu. Y00Has ¢opMa BOJOKHHUCTBIX
MaTepHAJIOB Ja€T BO3MOXXHOCTb YIPOCTUTH CTaJHMIO OTHENIEHUs COpOeHTa OT pacTBopa H
MPOU3BOJIUTh M3MEPEHHS COAEpXKaHUS 3arps3HUTENss Ha o0pasie, 4YTo OOYCIOBIMBAeT UX
MPEUMYIIECTBA 10 CPAaBHEHUIO C T'PaHYIWPOBAHHBIMH M MEIKOIUCIIEPCHBIMU HEOPTaHUYECKUMU
copOeHTaMH.

Jliss cuHTE3a KOMITO3UTHBIX aJICOPOCHTOB IMOJIMMEPHBIE BOJOKHA JOJDKHBI COJEPKATh
XUMHUYECKH-aKTUBHBIC ~ (DYHKIIMOHAJBHBIC TPYIIbI, KOTOpbIC CIy)XaT IeHTpamMu in  Situ
dbopMUpOBaHHUS HEOpPraHWYeckoi (a3pl Ha MOBEPXHOCTH BOJIOKOH. Uepe3 (QyHKIMOHATHHBIE
TpyNIbl HEOPraHMYECKHEe HAHOYACTHUIIBI TAaKXKe 3aKpeIUIeHbl Ha MOBEPXHOCTH BOJIOKOH U HeE
MOJIBEPKECHBI arjIoMepalii B YCIOBUSAX JKCIUTyaTalluu aJcOpOeHTa, YTO MO3BOJISET MHOTOKPATHO
€ro UCMOJIb30BaTh KaK B CTATHUYECKOM, TaK M TUHAMUYECKOM PEeKUMax cOpOIIUU.

Llens nmaHHOW pabOTHI COCTOsJIa B CHHTE3€ KOMITO3UTHOTO aJCOpOCHTa Ha OCHOBE
MIOJIUTPOIMICHOBBIX BOJIOKOH C OCaXIEHHBIM cJ0eM (heppolimaHuia Kalus-HUKENs U arnpoOarus ux
JUISL  CENISKTHBHOTO BBIICICHHS - CS M3 MOJENBHOrO pacTBOPa, COJACPYKAIIErO BBICOKHE
KOHIIEHTPAIUU KOHKYPUPYIOIIUX HOHOB HATPHS U KaJlus.

MaTepuajibl H METO/AbI HCCIEI0BAHUSA

Cunmes xomnosummnoeo adcopdenma. B xadecTBe MOJUMEPHON OCHOBBI JUISI MOTYYEHHS
KOMIIO3UTHOT'O aIcOpOEHTa UCIIOJIb30BAIM HETKAHBI MaTepuall U3 MOJIUIIPOIMIEHOBBIX BOJOKOH C
TOJIIIUHON OKOJIO 1 MM.

Mopdosoruo BOJIOKOH 10 M TOCIIE€ CHHTE3a HCCIENOBaIM C MOMOIIBIO CKaHHPYIOLIETO
aNeKTpoHHOTO MuKpockona (COM) Hitachi S-4100 ¢ »Hepro-aMcHepcHOHHOW MPUCTABKOM,
KOTOPYIO HCIIOJIb30BaJIM /Il MHKpoaHanu3a. Ilepex wuccrnemoBanueM oOpasibl HaNbLUISIH
wiatuHoil. Ungpakpacusie (UK) cnexrpsl caumanu Ha UK-®ypre cnextpomerpe Spectrum 100
(PerkinElmer) B pexxriMe HapyIIEHHOTO MOTHOTO BHYTPEHHETO OTPaKCHHUS.

Aocopbyus 1¥7¢cs. HccnenoBanue ancopOiuu B¥Cs na CHHTE3UPOBAHHBIC KOMITO3UTHBIC
BOJIOKHA MPOBOAMIIM B CTATUYECKHUX YCIOBUSAX. B cosieBOil pacTBOp BHOCHIIN 33JJaHHOE KOJIHMYECTBO
PaJIHOAKTHBHOTO 13U B BUE PacTBopa HUTpaTa o Cs. Ilociie yCTAHOBICHHS PaIHOXHMMUYECKOTO
paBHOBecHs (24 1) B mOATroTOBIEHHBINH pacTBop (15 CM3) n00aBmsiIM KoMIo3uTHBIE BosokHa (0,042
r) u mocie copbuuu (24 4) pacTBOp OT(UIBTPOBBIBAIM U ONPENETSUIM AKTUBHOCTD BCs
pazuoMeTpUYeCKUM MeToZoM. KOMITO3UTHBIE BOJIOKHA MPOMBIBAIM JUCTUNIMPOBAHHON BOAOH U
TaK)X€ ONPENEesUId €ro aKTUBHOCTh, OOYCIIOBJIEHHYIO ajicopOupoBaHHbIM Iie3ueM.Koadpdunuent
pacnpeeneHus B7Cs Kg (eM/r) pacCcUUTHIBAIM 110 (popmyIie

v
Hd Z—E

rie dg M @, — HUCXOJHAs M PaBHOBECHAs AaKTUBHOCTb pPaJMOHYKIHMIA B DPacTBOpE
COOTBETCTBEHHO, bK.

CreneHn aﬂCOp6HI/H/I OIpCaAcCIAIN 110 OTHOHICHUIO
ﬂ-n - ﬂ-.p
g=———-100
Ry

Pe3y.]'[]>TaTbI H UX oﬁcy)m[e}mﬂ
HOJ'II/IHpOl'II/IJ'IeHOBBIe BOJIOKHA SBJIIFOTCA HepCHCKTHBHOﬁ OCHOBOM ISl CUHTE3a KOMITO3UTHBIX
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aJICOPOEHTOB. DTO OOYCIIOBIEHO TEM, YTO BOJIOKHA UMEIOT HE TOJIBKO MPEKPACHBIE (PH3UKO-XMMHUYECKUE
cBoiictBa (HM3Kas 1wioTHOCTH — 0.91-0.92 F/CM3, AMACTHYHOCTh, YCTOMYMBOCTh K JBOMHBIM H3rHOaM,
BBICOKAs CTOMKOCTb K JEUCTBHUIO KHCJIOT, IIEI04E U OPraHMYeCKUX PacTBOPUTEIIEH, HETOKCUYHOCTD), HO
Y HU3KYIO C€0eCTOMMOCTb.

[IIupoko HCMOIB3YEeMbIM METOJOM MOJU(PHUKAIMA XUMHUYECKH HMHEPTHOM OCHOBBI
nonunponwieHa (I1I1) spnsercs paaukaibHas NPUBUBOYHAS MoNUMepu3anus (mpuBuBka) [4]. OToT
METOJ] TI03BOJIIET BBOJAUTh M XUMHUYECKH 3aKpPEIUIATh HA MOBEPXHOCTH (MU B 0OBEME) MHEPTHOU
MOJIMMEPHON MAaTpUIlbl HAaHO(MHUKPO)IENU BTOPUYHOTO MPHUBUBAEMOTO MOHOMEpa C >KeJaeMoun
(GYHKIIMOHATHHOW TPYNIOW, KOHTPOJHPYS TPU OTOM JIUHY U IJIOTHOCTh MPUBUTHIX IEMEH.
[IpuBuBOYHAS TOIMMEpU3AlMS MOXKET OBITh HMHHUIMHPOBaHA KaK XHUMHUYECKUMH, TaK U
paavanMoOHHBIMH  MeTonamu [5]. B Hacrosmiee BpeMs — paauallMOHHO-WHIYLIMPOBAHHAS
IIPUBMBOYHAS MOJIMMEpU3ALUs O] BO3JEHCTBHEM IIOTOKAa BBICOKOIHEPTE€TUYHBIX SJIEKTPOHOB —
IIMPOKO-HUCIIONB3YEMOe U MHTEHCHBHO Pa3BUBAEMOE HalpaBiIeHHE MOAM(DUKALUH ITOJIUMEPHBIX
MaTepuaos [6-8].

B mpencraBneHHOM HCClEOBAaHUM JUIsI WHULMALMU T[PUBHBOYHOM MOJIMMEpPU3ALNU
MOJIUTIPOITMIICHOBBIE BOJIOKHA O0JIy4aiy Ha BO3AyXe MOTOKOM YCKOPEHHBIX AJIEKTPOHOB C dHEpruen
1.0 M»B (yckopurens koHBeliepHoro tuma DJIB-04, USID, Poccus). B pesynbrare obmyueHus Ha
noBepxHoctu [l  marpumsl  QopMuUpOBaIUCh TEPBUYHBIE AJIKHI-PAIUKANbl, KOTOpHIE B
NPUCYTCTBUHM  KHCJIOPOAA BO3JyXa MOMEHTAJIFHO TPAaHCOPMHPOBAINCH B TIEPEKUCH U
ruaponepekucu (B ocHoBHOM). Ilocnennue, TepmMuueckud CcTaOWIbHBIE TIPU KOMHATHOMN
TeMIlepaType, pacHajaroTcs IpPU HarpeBaHuM ¢ oOpazoBanueM Makpopagukanos (IIIIO°) u
ruzipokcui-paaukanos (OH'). Makpopaaukai MpeaocTaBiseT MECTO JUIS «IIPUBUBKH» MOHOMEpPA
(M), B To BpeMsl Kak THUAPOKCHI-PaJNKal MOXET HHHUIMHUPOBATh HEKEIATEIbHYIO pPEaKIHI0
rOMONIOJTUMEPU3AIII MOHOMEpa B pacTBope (oOpaszoBanue neneit M;). CxemaTuuecku mpoiiecc
pocTa nerneit MoXeT ObITh PEACTABIICH CIEAYIOMINM 00pa3oM:

OBJIYYEHUE 02 HAI'PEB

i — HIH' —>..->II-00H — IIO'+0H"

kM
o+ M — [Hrio—-M* — 10— (M), — M* (peakuys IpUBUBOYHON MMOJUMEPU3ALUH, POCT

I[CMU Ha TIOBEPXHOCTH MOJMMEPHOM MAaTPHIIBI);
nM
OH*+M ->M*-0OH_3yM*~ (M), -OH (peakuus TroMONOJIUMEPU3ALMM;, POCT IENK B

pacTtBope).

Jns  monydeHHsT KOMITO3UTHBIX —TOJIMIPONMJICHOBBIX BOJIOKOH C  OCQKACHHBIM  CIIOEM
(deppolaHuia Kalvs-HAKENST ObUT peaM30BaH JABYXCTAIWHBINA cuHTE3. Ha mepBoi cramum Obbia
OCYIIIECTBJIEHA PaIMallMOHHO-UHIYIIMPOBAHHASI IPUBUBOYHAS MTOJTUMEPH3ALIUS AKPHIIOBOW KHCIIOTHI [9],
YTO TIO3BOJIMJIO KOBAJICHTHO 3aKPENUTh Ha MOBEPXHOCTH XMMHUYECKH MHEPTHBIX MOJHUIPONMICHOBBIX
BOJIOKOH I1enu nonuakpunioBoit kuciaoTsl (ITAK) ¢ xumidecku-akTHBHBIMU KapOOKCHIIBHBIMU TPYIIIAMHU.
Ha Bropoii cramguu npoBommim in SitU ocaxiaeHwe cios (eppolraHuIa Kalus-HUKEIs, HEHTPaMH
(dbopMupOBaHUS M 3aKPEIUICHUS] KOTOPOro Ha MOBEPXHOCTH BOJIOKOH CITY>KHIIU KapOOKCHJIbHBIC TPYIIIBI
MOJIMAKPUIIOBOM KUCIIOTBI.

B pesynbrare cuHTe3a ObUIM MOJTYYEHbl KOMIIO3UTHBIE BOJIOKHA C OCAKACHHBIM CIOEM
beppormanuga kanuii-aukens (OL] K-Ni). Benblif 1iBeT MCXOIHBIX MOTMIIPOIMUICHOBBIX BOJOKOH
M3MEHWICS Ha 3€JIEeHOBATO-OJIMBKOBBIH.

Ha 5>1eKTpOHHO-MHKpPOCKOITMYECKUX CHHUMKAX HMCXOTHBIX ITOJUMPONIICHOBBIX BOJOKOH
(puc.la) u BosokoH ¢ npuBUTHIMH 1ensiMU [TAK MOXHO BUAETh, UTO OHM UMEIOT OKPYIIyI0 popmy
U IIIajKyro TekcTypy (puc.la, 6). [Tocne ocaxnenus cios @I K-Ni usmenmiacs hopma BOJIOKOH
(1B). ITpu GONBIIOM yBEIUYEHHUH MPOSBISIETCS HAHOCTPYKTpa ocaxaeHHoro cios DI K-Ni (puc.
16,¢).

Pe3ynbTaThl MUKpOaHaaM3a B OTMEUYEHHON OOJIaCTH Ha MOBEPXHOCTU BOJIOKHA (pHc. 2a, 0)
MoKa3aJld B OCAXJIEHHOM CJIO€ TMPHCYTCTBHE DIIEMEHTOB, COOTBETCTBYIOIIUX COCTaBY
deppoumnanuna kamus-uukens — C, O, N, Fe, K, Ni. Ha COM-u3o0pakeHrH KOMIIO3UTHOT'O
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BOJIOKHAa BHJHO, 4YTO (peppOI_lI/IaHI/I[[HHﬁ CIION ocakgaeTcs Ha IMOBCPXHOCTU BOJIOKOH B BHJC
IIJIOTHOI'O PAaBHOMEPHOI'O CJIOA.

i
15.8kV X3.00 10.8prm

Vil

15.086kV X600 . 15.80kV X38.8K 1.08rm

Puc. 1. Mukpodotorpadum ucxomusix [1I1 Bomokon (a), I1I1 Bonokon ¢ mpuBuTeiME TerisiMu [TAK
(crenenp mpuBuBku 171% ) (B) u mnpuButbix III1 Bomokon (ctemennp mnpuBuBkU 171%) c
OCaXJIECHHBIM CJI0eM (eppoluaHnIa Kamus-HUKeIs (T)

40um

Electron Image 1

a 0

Puc. 2. PesynbraTel Mukpoananusa (6) 1 COM-u300pakeHHe BbIICICHHOTO ydacTKa (@)
KOMITO3UTHOT'O BOJIOKHA OCQKJEHHBIM CJI0EM (eppOIMaHUIa KATHS-HAKEIS.

Oo6pa3zoBanue (peppOLMaHUIHOTO CIIOSI HA TIOBEPXHOCTH BOJIOKOH MOJATBEPAMIOCH TAHHBIMH
HK-®dypbe criekTpoMeTpud. B criekTpax KOMITO3UTHBIX BOJOKOH C ocakacHHBIM cioem DI K-Ni
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(puc. 3., cmekTp 3) NMPHCYTCTBYET HMHTEHCHMBHAs MOJOCA TOTJOUICHUS MPU BOJHOBOM YHCIIE

-1 o o
2090 cm *, cooTBeTcTBYIOMAs 00IacTH BaJeHTHBIX Kosebarnii C-N rpynmbsl, KOOPIUHUPOBAHHOM C
METAIUIOMYKa3bIBAeT Ha HAIM4He KoMIuiekcHoro noHa [Fe(CN)g]*.

1 1

W

HHTEeHCHBHOCTE

4000 3500 3000 2500 2000 1500 1000

Bo.anoBoe uunci0, cM -1
Puc. 3. K criekTpsl momunponuieHOBEIX BOIOKOH (1), BoJokoH ¢ mpuBHuThiMU nemsiMu [TAK (2),
KOMITO3UTHBIX BOJIOKOH ¢ ocaxaeHHbIM ciioeM DI K-Ni (3).

O6pazoBanue cnost @I K-Ni Ha mTOBEpXHOCTH BOJIOKOH TaKXKe MOJTBEPKAACTCS JaHHBIMH
pentreHogaszoBoro wuccienoanus (puc. 4). Ha pucynke 4a mnpenacraBieHa TUIUYHAS
peHTreHoBckasi  nudpakrorpamma  ¢eppoumanuga K-Ni  [11], a mnoxydeHHble Hamu
audpaKTorpaMMbl TOJIMIIPONUICHOBBIX BOJOKOH U BOJOKOH ¢ ocaxiaeHHbIM ciioem DI K-Ni
nokaszaHbl Ha pucyHke 46. Ha nudpakrorpamme KOMIO3UTHBIX BOJIOKOH IOSIBUJIOCH HOBBIE MUKU
npu 20 = 17.5° u 25.1°, 30.6°, 35.6°, 40.4° u 44.5° (unenrnunsie Gpeppounanuay K-Ni na puc. 4a),
YTO CBUJAETEIBCTBYET 00 00pa3oBaHWM HOBOW KPUCTAJUIMYECKOW (a3l HAa TOBEPXHOCTH
MOJIUTIPOITUIIEHOBBIX BOJIOKOH € I'PaHELEHTPUPOBAHHON KyOUYECKOM perIeTKOM.

(200) @0

(400) 1

(422) (0 620) (542 1

_,JLI\.J{_l——l—»_l—— !

10 20 30 40 5 6 70
0o 20 40 60 8 100

" v
20, rpagychl 20, rpanycel
0

a

Puc. 4. Tunmunas peHTreHOBCKast qudpaktorpamma peppormanuna K-Ni — (a); nudpakrorpammer
HOJIUTPOIHICHOBBIX BOJIOKOH — (0, criektp 1) u BonmokoH ¢ ocaxaeHHbM cioeM DI K-Ni — (0,
CHEKTp 2).

YUT0OBI CyTUTh O CHOCOOHOCTH CHHTE3UPOBAHHOTO HAMH aJICOPOCHTA CEIEKTUBHO M3BJIEKAThH

HOHBI [E3UsA U3 MYJIBTUKOMIIOHCHTHBIX PACTBOPOB, COACPIKAIINX KOHKYPUPYIOIINEC HOHBI KaJIUA U
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HaTpusi, ObUIM MTPOBEACHBI UcceoBaHus 1o copounu Cs U3 BHICOKOCOJIEBOIO pacTBOpa Ha OCHOBE
pansl u3 numana KysuibHuk Opecckoit o6i1. (pana JIK). Pana JIK umeer xyopuaHbI HAaTpUEBO-
MarHueBblii cocTaB. Ee OCHOBHBIMU COCTaBIISIOIIMMH SIBISIOTCS CIICAYIOIIME KOMIOHEHTBI, MI/J:
anuonsl Cl" — 60 529-86 550, HCO3 — 229-337, 8042' — 3183-4 410; xatuonsl Na'+K* — 22 951-34
644, Mg®" — 4 957-7 470, Ca?* — 1425-2 012. IIpucyTCTBYIOT TaKK€ U APYTHE€ MUKPOKOMIIOHEHTHI,
mr/it: 6pom — 200-800, ¢prop — 0,03-0,25, 60p — 9,4-24,2; a taxxke Pb, Cd, Cu, Zn, V, Cr, Hg,
KpEeMHEBas KHUCIOTa, (EHONbI, TYMUHOBBIC KHUCIOTHI, JKUPHBIE KHUCIOTBI, IOJIMCAXaPHIBL
Cymmapnas MuHepanu3anus panst — 94-132 r/n, pH — 7,2-7,8 [12].

bt npurorosnen pacteop (pH ~7) Ha ocHoBe parnbl JIK ¢ BBICOKMM COOTHOLIEHMEM MOHOB
11e3Us1 K CYMME€ MOHOB HATPHS U KaJlus (137Cs:(K+ Na) =1 :2x109). [Tnockuit 0Opaser KOMIO3UTHOTO
HETKaHOTO MaTepHalla Ha OCHOBE IOJMIIPONHMJICHOBBIX BOJIOKOH C HHU3KOH CTENEHbIO MPUBUBKU
(50%) ObLT mpOTECTHUPOBAH B KadecTBE aJcopOeHTa 1Jis B37(Cs. AKTHBHOCTb HCXOHOTO pacTBopa
(V=15 cm®) cocramma 2,38:10° Bk (ta6u.l). Ilocie aacopOuuu BCs na CUHTE3UPOBAHHBIC
KoMITo3uTHbIe BoJIokHa (M = 0.042 1) akTUBHOCTH (WIbTpaTa CHHU3HWIACH O 6,56:10° Bk.
PaccunTannblie 3HaueHus kodxpduuuenta pacnpenenenus (Kq =9,4 102 eM®/r) 1 cTeneHs ajcoponmu

(£72.4 %) cBUIETENBCTBYIOT O BBICOKOH 3()()EKTHBHOCTH HCIONIB30BaHUS CHHTE3MPOBAHHBIX
KOMITO3UTHBIX BOJIOKOH JJIsI ICOPOIIMH paIuOHYKIIH A 37Cs 3 BEICOKOCONEBBIX pacTBOpOB.

B Tabn. 1 mpeacraBneHbl pe3ynbTaThl aKTUBHOCTH HCXOJHOTO pacTBopa, (uimpTpara u
o0pa3ma mocyie afcopOIMOHHOTO dKcIepuMeHTa. Pa3HMIla aKTUBHOCTEH HCXOIHOTO pacTBOpa H
¢bunbTpaTa COBMAJAIOT C aKTUBHOCTHIO 00pa3iia U3 KOMIO3UTHBIX BOJIOKOH. [lonyueHHbIe TaHHBIE
CBUACTCIIBCTBYIOT O NCPCIICKTUBHOCTH HMCIIOJB30BAHUA CUHTC3UPOBAHHBIX KOMIIO3UTHBLIX BOJIOKOH
JUISL OmpeneleHHs (M BbUIENCHHS) -'CS B HHU3KOAKTHBHBIX pacTBopax (MPUPOIHBIX H
IIPOMBIIUIEHHBIX BOAaX, B TUTHEBOM U MOPCKOM BOJIE, MOJIOKE U JIp.) IyTEM IIPEKOHIIEHTPUPOBAHUS
paAMoOHYKIIMAA U3 OOJIBLIINX HUCCIEAYeMbIX O0BEMOB Ha aJICOPOEHT C MOCIEIYIOIIUM U3MEPEHUEM
AKTUBHOCTH KOMIIO3UTHOI'O 06pa3ua. HGO6XOI[I/IMO MMPOBCACHUC OOIIOJIHUTCIBHBIX I/ICCJ'ICI[OBaHI/II\/'I
JUIS  OTIpeNeJieHHs] ONTUMAJbHBIX TapaMeTpOB CHHTE3a 00pasnoB, 3((EeKTUBHBIX Kak At
CCJICKTUBHOT'O BBIACJICHUSA, TaK U JJIA SKCIIPCCC ONMPCACIICHUSA 137CS B 3arpsA3HCHHLIX BOJaX.

137 o
Taoauna 1. AgcopOrust ' 'CS Ha KOMITO3UTHBIM aJcOPOEHT Ha OCHOBE TOJMITPOMHICHOBBIX
BOJIOKOH C OCaK/ICHHBIM CJI0eM (heppOlMaHnIa KaTHusi-HUKEIs

AKTHBHOCTB pacTBOpa, bk AKTHUBHOCTh K, €
azgcopbenta, bk | cM/r %
PactBop* | ®unbrpar A
2380 656 1724 | 1650, 1650, 9.4x10° 72.4
1710 (cp.1670)

* COOTHOLICHHE HOHOB I1e3Hs-137 K CyMMe HOHOB HATPHs U Kalmsi B pacTBope — 1:2x10°,

BrIBOABI

PaccMoOTpeH mepCreKTHUBHBIN METOJI CHHTE3a HOBBIX KOMIIO3MTHBIX BOJIOKOH IyTeM in Situ
OCaXIEHHUs clos  (eppolMaHuAa KalusA-HUKEIS Ha TOBEPXHOCTh MOIUPUIMPOBAHHBIX
MOJIUTIPOITMIICHOBBIX BOJIOKOH. Pe3ynbTaThl AJIEKTPOHHO-MHKPOCKOMUYECKOTO, PEHTTEHO(A30BOTO
U WH(]paKpacHOro HCCIeIOBAaHUN TOATBEpXKAAOT (GopmupoBaHue GEppOLUUAHUIHOTO CJIOS Ha
MOBEPXHOCTH BOJIOKOH.

Komno3uTHble BOJIOKHA XapaKTEpU3YIOTCS BBICOKOW CEIEKTUBHOCTHIO IO OTHOUICHHIO K
MOHAM 11€3HsI B PUCYTCTBUU OOJBIIOTO H30BITKA KOHKYPUPYIOIIUX HOHOB HATPUS M KAJIHS.

CuHTe3UpOBaHHbIE BOJOKHA MOTYT OBITh PEKOMEHJIOBaHBI JJIsi SKCIPECC-ONpeleIeHUs
pPaMON30TONOB 1€3Wsl B MPUPOAHBIX ¥ TPOMBIIUICHHBIX BOJAaX, a TaKXKe IS OYHUCTKH
HU3K0akTUBHBIX JKPO ¢ BBICOKMM co/iepKaHHEM KOHKYPHUPYIOIIUX HOHOB HATPUS U KaJUS.
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KOMITO3UTHUM AJJCOPBEHT HA OCHOBI ITOJIIIPOIIJIEHOBUX BOJIOKOH 3
OCAJI’)KEHUM IHAPOM ®EPOLIIAHIY KAJIIIO- HIKEJIIO JUJISI
KOHLEHTPYBAHHSI “'CS 13 3ABPYJJHEHUX BO/I

Bounpnap 10. B., Kopomucaivyenxo T. 1.

Bonaap 1O. B. k. r.-m. H., cr. H. i, 1Y «IHCcTHTYT reoximii HaBkonumHboro cepenosuiia HAH Ykpainny, juliavad@mail.ru
Kopomucaiuenxo T. I. pos. cn., [ncturyt reoximii, Minepaorii Ta pygoyrsopenns iMm. M.I1. Cemenenka HAH Vkpainn

Cunmesoeano noeuii Komnosumuuii adcopbenm Ons konyenmpysanns = Cs i3 3a6pyOHEHUX 600 WIAXOM
ocaoxcenHs wapy ¢hepoyianioy Kanito - HiKeo HA NOBEPXHI0 MOOUPDIKOBAHUX NOTINPONIIEHOBUX BONOKOH.
bys peanizosanuii 06oxcmaoilinuti memoo CuHmesy, AKUL BKIOYA8 padiayitiHO-iIHOYKOBAHY NPULYENHy
NOAIMEPU3AYII0 MOHOMEPA «AKPUNIOBA KUCIOMA» HA NOBEPXHIO NOAINPONLIEHOBUX 80IOKOH HA neputill cmaoii
i hopmyeanns wapy hepoyianioy na nosepxui MoOUPDIKOBAHUX B0I0KOH in Situ — Ha Opyeiu. Pezynemamu
ENEeKMPOHHO-MIKDOCKONINHO20,  PEHM2eHOPA306020 [  IHYPaAUepsoHoco  00CHiONceHb  Ni0Omeepounu
Gopmysanns epoyianionozo wiapy Ha noeepxmi 60a0xkoH. Cunme308anuil 3pazox Oye npomecmosanuil K
adcopbenm Ons cenekmusno2o sudanenns 2'Cs 3 MOOENbHOLO PO3UUHY 3 UCOKUM CRIBBIOHOULEHHAM (OHIG
BCs 00 cymu ionie K+Na (1:2x10°). Pospaxoeani snavenns xoegiyienma posnooiny (9,4 10° cv’/e) i
cmynenst aocopoyii (72.4 %) ceidouamv npo GUCOKY epeKmusHicmb GUKOPUCIAHHA CUHME308AHUX
KOMNO3UMHUX 80710KOH ONsl 8uOanents ' Cs i3 3aBpYOHEeHUx 800 3 BUCOKUM MICIOM KOHKYPYIOUUX [OHIB.

. . 137 . . .. . . . .
Knrouoei cnosa: ~°'Cs, pioxi padioaxmueni 8i0xo0u , KOMRO3UMHUL A0COPOeHM, NONINPONIIEHO8] 0I0OKHA,
gepoyianio kanito-HiKenro, celeKmueHicmy

COMPOSITE ADSORBENT BASED ON POLYPROPYLENE FIBERS WITH DEPOSITED
LAYER OF POTASSIUM-NICKEL FERROCYANIDE FOR CONCENTRATION OF *'CS
FROM CONTAMINATED WATERS

Yu. Bondar, T. Koromyslichenko

Yu. Bondar Ph. D. (Geol.-Min.), Senior Researcher of the SI«Institute of Environmental Geochemistry of the NASU», juliavad@mail.ru
T. Koromyslichenko Principal Specialist of the M.P. Semenenko Institute of Geochemistry, Mineralogy and Ore Formation of the NASU

Novel composite adsorbent for **'Cs concentration from contaminated waters was synthesized by deposition
of K-Ni ferrocyanide layer on the modified polypropylene fibers’ surface. A two-stage synthesis was applied:
radiation-induced graft polymerization of acrylic acid monomer onto the surface of polypropylene fibers,
followed by in situ formation of potassium nickel ferrocyanide layer within the grafted chains. Data of
scanning electron microscopy, X-ray diffraction, and infrared spectroscopy confirmed the formation of
ferrocyanide layer on the fibers’ surface. The synthesized sample was tested as adsorbent for selective
removal of **'Cs from the model solution with high ratio of **’Cs ions to the sum of K and Na ions (1:2x10°).
The calculated values of distribution coefficient (9.4 10° cm®/g) and adsorption degree (72.4 %) testify to the
high efficiency of the synthesized composite fibers in **¥’Cs removal from contaminated waters with high
concentration of competitive ions.

Keywords: **'Cs, liquid radioactive waste, composite adsorbent, polypropylene fibers, potassium-nickel
ferrocyanide, selectivity
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