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PaGota oTHOCHTCSI K 00/1aCTH PaANOIKOIOIUH U TOCBSIIEHA 3aIUTE OKPY>KAIOIIEH CPeabl OT pajguo-
AKTHBHBIX M30TOMOB Hoja. B paanoakruBubix otxonax (PAO) non Haxoautes B aHMOHHBIX dopmax I u 1037,
B 3TUX (hopMax BO3MOXKHA MUTPAIIHS PATUOMO/IA B OKPYKAIOIIYIO cpeny. CUCTeMbl HH)KEHEPHBIX OaphepoB
6e3omacHocTH B XpaHwiniiax PAO 1omKHBI PpeJOTBpalaTh NONaaHue PaJuoOHYKINAOB 3a IPeeIbl XpaHu-
mumia. VX mpesmonaraeTcst COopy»arth U3 KOMIIAKTHPOBAHHBIX OEHTOHUTOBBIX TJIMH, 00J1a/Ia0IUX BEICOKUMHU
BOJION30JISIIMOHHBIMYA M KATHOHOOOMEHHBIMH CBOHCTBaMH, HO HE COPOMPYIOIINMH aHHOHBL. Clie0BaTeIbHO,
Tpebyercs: MomU(UKaIsT OEHTOHUTOB ISl IPUJAHUSI UM CIIOCOOHOCTH COpOMPOBAaTh MO, MEPCIEKTHBHBIM
BapHaHTOM KOTOPOH SBIISETCS HAHECEHHE cepedpa ¢ MOCIEeIYIOINM IEPEBOAOM €T0 B COSIMHEHHS, TTOIXO01s-
e A7 pUKcarun JTF00bIX TOABIKHBIX (hopM paanonona. CymiecTBYeT ps METOUK HAHECEHUs cepedpa Ha
pa3nuYHbIE MaTepHaIIbl, OAHAKO, OHU OTIMYAIOTCS TPYAOEMKOCTBIO WIIN HE TIO3BOJISIFOT PABHOMEPHO HAHOCHTh
cepeOpo Ha MOPHCThIE MAaTEPHUAIIBI.

B nanHO# paboTe HaBeCKy HUTpaTa cepedpa pacTBOPSUIN B AUCTUIIIMPOBAHHON BOJIE 1 BHOCHIIM JIBY-
KpaTHBIA MOJIbHBIA N30BITOK THAPOKCH A HATPUS. BBINaBIINil 0CaoK OKCHIA cepedpa pacTBOPSIIH, T00ABIISS
MO KaIuIsIM KOHLIEHTPUPOBAHHBIN PacTBOp aMMHMaka. 3aTeM B pacTBOpP H00aBISUIM T'eKCaMETHIIEHTETPAMUH
('MTA). O6Bém roToBoro pactBopa ObLI paBeH BOJ0EMKOCTH HaBECKH OEHTOHHTA C HEOOIBLINM H30BITKOM.
PactBop BHOCHIIM B OIOKC C M3BECTHOW HABECKOW OEHTOHMTA M OCTABJISUIN Ha 25 4acoB IS IOJIHOTO HaOyXaHHsI
Mmarepuaia. 3aTeM OIOKC BBIJIEP)KUBAJIM B TedeHUe 24 yacoB B cynnibHoM 1mkady npu 90°C. IIpu nosinieH-
HOH TeMIieparype MpoucxXoani TepMudeckuii rugpoins 'MTA c Beinesniennem GpopManbaernaa, KoTopslii Boc-
CTaHaBJIMBaJ cepeOpo 10 Metayuta. J{ist onpeaeneHus KOIn4ecTBa HaHECEHHOTo cepedpa OeHTOHUT oOpada-
ThIBaIH 2 cM> 3M a30THOM KUCIOTHI ¥ TUTPOBAIIHM IIOTyIEHHEIA PacTBOP CTaHAAPTU3UPOBAHHEIM PACTBOPOM
posaHuIa aMMOHUs B pUCYTCTBUK HOHOB Fe**. CornmacHo pesysbratam TUTPOBaHUS, BBIXOJ BOCCTAHOBIIEH-
HOTO cepeOpa, OCAXIEHHOTO Ha TIOBEPXHOCTh OEHTOHNTA cOCTaBMI 95% OT BHECEHHOTO KOJIHMYECTBA. DICK-
TPOHHYIO MHUKPOCKOMHIO M 3HEprogudpakiuoHHyto crnekrpockonuio (3/C) mpoBoanian Ha CKaHHUPYIOIIEM
anexkrponHoM Mukpockonie TESCAN VEGA 3. Ha B/IC-criekTpe mpucyTCTBYET OTUETIMBBINA UK HA YHEPTUN
2.984 kOB, CBUIETEILCTBYIOIIMI O MPUCYTCTBUH cepedpa Ha MOBEPXHOCTH YACTHIl UCCIICAOBAHHOTO 00pasia,
KOTOpOE€ KaK I0Ka3aJlo PEHTI€HOBCKOE KapTHPOBAHHUE, PACIPEAEICHO 110 MOBEPXHOCTH OEHTOHHTA PaBHO-
MEpHO.

Pazpaborana addexTrBHas METOIMKA pABHOMEPHOTO HaHECEHHSI METAJUTMUECKOro cepedpa Ha OeH-
TOHUT C BBICOKHM BBIX0IOM (95%) /1 MOCIIeayIoIero nepesoja ero B CoeIMHEHHsI, HOAXOAIINE 11l PUK-
canuy Jro0BIX MOJBIKHBIX (POPM paanono/a, HalpuMep, pacTBOPUMON aHUOHHOM (POPMBI paaronoia B Xpa-
Hmmmax PAO.

KiroueBble cjioBa: OEHTOHNT, PaJOAKTUBHBIE OTXO/BI, MO, cOpOuus, cepedpo, reKCaMeTHIICHTET-
paMuH

TUT oOpa3oBaHHE PaJUOAKTHBHBIX H30TO-

BeBeneHue OB HMOJa, CPeAH KOTOPHIX HAMOONIBIIYIO

yrposy npeactapistor T u *'1. Beicokas
IIOABM>KHOCTB, TOKCUYHOCTDH 1 OOJIBIIION ITE-

puon noiypacnana (B cayuae '°I) nenmaror

B pesynbraTte nesTeabHOCTH Hpeanpus-
TUH SJEPHO-TOIUIMBHOIO LIMKJIA IPOUCXO-
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paaronol OMAacHBIM IS YeJIOBEeKa U OKpY-
x)aromien cpeasl. UMMoOumu3anus paanoak-
TUBHOTO MOJIa B OTXOJbI MPOUCXOIUT Tpe-
UMYIIECTBEHHO B BUJIE MMOJBUKHBIX (HOPM —
nogua-annoHa I m momar-annona 103 [1], B
3TUX (popMax, a TAaKXKe B BUZE HOJAOpraHHye-
CKHUX COEIWHEHUH, MPOUCXOAUT MUTpaIUs
PacTBOPEHHOIO PagUuoOMOa B OKpYyXKarolen
cpene [2, 3]. Takum oGpa3zoM, HEOOXOTUMBI
COpOCHTHI Ui OYUCTKU BOABI (HAmpHUMep,
MOJI36MHOM) OT pPaJMOAKTHBHBIX H30TOIOB
nona. B wacTHOCTH, HEOOXOoAMMa 3alIuTa
OKpY arollel cpesibl OT pauoroa ¢ HIOMo-
IIbI0 MPOTHUBOMUTPALMOHHBIX  OapbepoB
xpanwnil PAO B riyOMHHBIX Ieojoruye-
ckux Qopmanusax. B kadectBe Marepuana
TaKkuX 0aphEpOB PaCCMATPUBAIOTCS KOMITaK-
TUPOBaHHbIE OCHTOHUTOBLIE TIIMHBI, 00Ja-
JTAIONINE BBICOKUMH TUAPOU3O0JIALIMOHHBIMU
1 KaTHOHOOOMEHHBIMH CBOMCTBaMH [4, 5],
HO HE CIOCOOHBIMH COPOMPOBATH AHMOHBI
[3]. Bkiatouenue B coctaB O6apbepa HEKOTO-
poro KoiMyecTBa MOAU(PHUIMPOBAHHOIO
OCHTOHUTA, CIIOCOOHOTO COPOUPOBATH HO/,
MO3BOJIUT COXPAHUTh AKCILIyaTallMOHHbIE
CBOIicTBa OCHTOHHTOB U 00€CIEeYUTHh 3a-
IIUTY OKpY’Karolled cpeabl OT paauouoja.
OpnnHako OOJBIIMHCTBO METOAUK MOAU(HUKA-
U1 OCHTOHUTA HANPaBJICHbI HA TOBBILLICHUE
€ro KaTHOHOOOMEHHBIX CBOMCTB [6 — 9], uTO
HE MPUBOAUT K YJIYUIICHUIO (PUKCAIUK pa-
TUOUOMAA, TPEICTAaBICHHOMY aHUOHHBIMU
dopmamu.

3anayeil maHHOW PaOOTHI SIBISIETCS pas-
pabotka 3(PEeKTUBHON METOIUKH KOJIHYE-
CTBEHHOTO U PaBHOMEPHOTO HaHECEHUS ce-
pebpa B Metaiumueckoi Gpopme Ha OEHTO-
HUT ISl IOCJIETYIOIIETO MepeBo/ia ero B co-
€AMHEHHUs, TOAXOAIIMeE I (PUKCALUU IO~
ObIX OpPM pagOaKTUBHOTO HOJIA.

Coenunenus cepebpa U COpOCHTHI, CO-
JepKaliye cepedpo, SIBISIOTCS OAHUMU U3
HanbOosiee 3PGEeKTUBHBIX NSl YIaBIMBAHUS
noja kKak B moHHOU ¢opme [10] u3 BoaHOI
cpenpl, Tak ¥ 3 Bo3ayxa B ¢popmax I u CHsl
[1]. HanecénHoe Ha cOpOEHT MeTaauye-
CKOe cepedpo MOKET OBITh 3aT€M JIETKO Tie-
peBeieHO B JApyryio ¢GopMy, Hampumep,
okucneHo 10 Ag20, KoTopblii 3¢ dexTrBeH
JUIsl ynaBiauBaHus noamerana [11, 12], nam

no AgCl, cnocoOHOTO TOTJIONIAaTh M3 pac-
TBOpa MOAU- ¥ noAaT-uoHsl [13]. ITpu sTom
BKHO 00ECTIEYNTh KOJUYECTBEHHOE U PaB-
HOMEpPHOE HaHECeHHE cepedpa, YTO MO3BO-
JUT MaKCUMaJIbHO 3()(PEKTUBHO HCIONIB30-
BaTh BCIO MIOBEPXHOCTH COPOCHTA.

TeopeTnyeckasa 4yacTb

CymiecTByeT psii METOAMK HAHECEHUS ce-
pebpa Ha paznuyHbIe MaTepuaibl. B pabote
[14] mopaenuT nepesoamu B Ag -popmy u
BOCCTaHaBIUBaIM cepebpo 10 Ag’ B Toke
BOJIOpPO/JIa B Te€YeHHE 12 yacoB NpH Temrepa-
type 150°C. [lna cuHte3a copOeHTa
«®u3xumun» cuinkarens KCKI™ nponutsl-
BaJId BOJHBIM PAacTBOPOM HUTpaTa cepedpa
AgNOs3 u BoccranaBniBand Ag' 10 cBo0OI-
HOT0 cepedpa ¢ MOMOILBIO THAPa3UHTUApaTa
N2H4, runpoxcunamuaa NH2OH nnu ammu-
aka [15]. Cxoxas meroamka ObLia MpUMe-
HEHa ApyruMH aBTopamu [ 16]: Ha maTtepuann,
BBIJICPKAHHBII B pacTBOpE HUTpaTa cepe-
Opa, BO3/1€HCTBOBAIM U30BITKOM PAacTBOPOB
NaOH wu ruzapazuHa B BHJE THUApata WU
cynbs(ara. B pabore [17] Mme30mopucThIii cu-
JIMKarejb BBIAEP)KUBAJIN B BOJHO-3TAaHOJIb-
HoM pactBope AgNO3, cepebpo BocCTaHaB-
JUBAJIM PacTBOPOM OOporuapuaa HaTpus
NaBHa.

OmnwucaHHbIE BBIIIE METOAUKH UMEIOT PSiJT
HE/IOCTAaTKOB: BBICOKAsl TPYAOEMKOCTh H
OMACHOCTb  BCJEACTBUE  HCIOIb30BAHUS
B3pPBIBOONIACHBIX (Tra3000pa3HbId BOAOPON)
[14] nnu TOKCUYHBIX (TUAPA3UH U TUIPOK-
cuinaMuH) peareHToB [15, 16]. Tak xe B pa-
6ore [15], nHanpumep, cTanus OPONUTKU U
CYLIKH HE MO3BOJISET JOOUTHCSA MOTYyYESHHUs
PaBHOMEPHOTO CJI0SI BOCCTAHOBJIEHHOI'O Ce-
pebpa, KOTOpoe KOHIEHTPUPYETCsl Ha IOo-
BEPXHOCTH JIOKAJIbHO BCJIEICTBUE KPUCTAJI-
JM3aluu B mpolecce BeicyinBanus. Kpome
TOr0, B CIy4ae MaTEpHUajoB C Pa3BUTOM MO-
PHUCTOCTBIO, JI€HCTBHE KaNMJUIAPHBIX CHI
MIPUBOJUT K JIOKAJIU3aLUU KPUCTAIUIOB COJIU
MIPEUMYIIECTBEHHO Ha BHEIIHEH MOBEPXHO-
CTH TpaHyI.

AJNBTEpHATUBOM MOTYT CIY)XUTh Me-
TOJ1bl, OCHOBAaHHBIE Ha IPOTEKAHUU pEaKLUU
«cepebpsHOro 3epkana». Tak, B paborax
[18, 19] cepebpo HaHOCHIM HA WHEPTHBIN
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HOCHTENIb BOCCTAaHOBJICHHEM AaMMHAYHOTO
KOMILIeKca cepedpa rimoko3oi. B [20] mo-
JTy4aiad HaHOKJIACTEPHI cepedpa, BBIACPKH-
Bast cMech cBexero pacteopa Ag[(NHs)2]" u
pPacTBOPOB TIIIOKO3bl M BHHHOW KHCIIOTHI B
TEYEHUE HECKOJIBKUX YacoB. OYEeBHUIHO, UTO
CKOPOCTh PEaKIUU BOCCTAHOBJICHHUS B IO-
TOOHBIX METOJIaX SBIISIETCS KITFOUYEBBIM (haK-
TOPOM, BJIMSIONIMM Ha CBOMCTBA IIOJTydae-
MOT0 IOKPBITHS. beIcTpoaeiicTByomMe Boc-
CTaHOBHUTEH, TaKHe, KakK TJIIOKO3a, pac-
TBOPBHI alleTaNbJeru1a win Gopmanbaeruia,
XOPOMIO TOAXOAT JUIsi HAHECEHUsT cepedpa
Ha MaTepPHaJIbl C OTHOCUTEIBHO HEPA3BUTON
MIOBEPXHOCTBIO, HAIPUMEp, Ha CTEKIIO WU
HETIOPUCTYI0 KepaMuKy. OTHAKO BBICOKas
CKOpPOCTh pPEaKIIMU BOCCTAHOBJICHHUS Cepe-
Opa B 3TOM cilydae HE MO3BOJIUT €My IIpO-
HUKHYTB JIOCTaTOYHO TITyOOKO BHYTPhH IIO-
PHUCTBIX YaCTHIl WJIM HX arperatoB. Jlms
HaHeceHUs cepebpa Ha OCHTOHHT HEOOXO-
MM BOCCTaHOBHTENb, JCHCTBYIOIIUA HE
Cpasy, a CIyCTS BpeMmsl, IOCTaTOYHOE ISt
PaBHOMEPHOTO OOBEMHOTO pacIpeeiIeHuUs
cepebpa BeaencTeue ero auddysuu Briryosb
HOPUCTHIX YACTHII.

SKcnepumeHTaanaﬂ Y4yacTb

Jlnis HaHeceHus cepeOpa Ha OEHTOHUT To-
TOBUJIM MATOYHBIA PacTBOP 00BEMOM, paB-
HbIM BOJOEMKOCTH HaBECKHM OEHTOHHUTA C
HeOobIUM M30bITKOM. HaBecky HuTpara
cepedpa (X.4.), COOTBETCTBYIOIIYIO pacuér-
HOMY COJIepKaHHUIO cepeOpa Ha OSHTOHHTE
1% wmacc., pacTBOpsUIM B JUCTUILIMPOBAH-
HOW BOJIe W J00aBIISIIH PacTBOp, CONEpIKa-
WA ABYKPATHBIM MOJBHBIM M30BITOK THI-
poxcuaa HaTpus. Bemasmmii ocanoxk Ag20O
pPacTBOPSUIM, TIO KAIUIAM J00aBiss KOHLEH-
TPUPOBaHHBIK pacTBOp ammuaka. K momy-
YEeHHOMY pacTBOPY aMMHAYHOT'0 KOMILJIEKCa
cepebpa 100aBJIsIIA PACTBOP C ISITUKpAT-
HbIM MOJIBHBIM H30BITKOM T'€KCaMeTHJICH-
terpamuHa (IMTA, CéHi2N4). M36b1TOK CO-
OTBETCTBYIOLINX PEeareHTOB ObLI ONpeieeH
B XOJI€ JKCIIEPUMEHTOB MO ONTHUMH3ALUU
CKOpPOCTH peaKIMK HaHeceHus cepebpa. Ma-
TOYHBIN PacTBOp BHOCWJIM B OIOKC C HaBecC-
KOl OEHTOHMTA U BBIIEPKUBAIN B TEUCHUE
25 yacoB 10 MOJHOW MPOMUTKUA MaTepuana

[21], mocnie yero moMemianyd B CyIIMIIbHBIN
mkad, pazorpersiii 10 90°C [22] Ha 24 yaca.
Bpewms peakiiuu Obu10 Mog00paHO dKCIIEPH-
MEHTaJIbHO Ha OCHOBAHUU MAaKCHMAaJIbHOTO
cojiepaHus cepedpa B OCHTOHUTE.

s ompeneneHus conep:kaHusi cepedpa
B OeHTOHMTE, HaBecKy 0,5 T OEHTOHHUTa 00-
pabatsiBanu 2 cm® 3M a30THOM KUCIOTHI B
TeueHue 48 4yacoB (ONTUMAaJbHBIC YCIOBHS
OBLTH TTOI00paHBI B X0/1€ MPEABAPUTEIHHBIX
sKcnepuMeHTOB). CyCTeH3HI0 IEHTPUPYTH-
posanu mipu 6000 06/mMuH B Teuenue 10 mu-
HYT U TIPOBOJWJIM ONpenesieHne cepedpa B
neHTpudyrare TUTPOBAaHUEM CTaHAAPTU3U-
poBanHBIM TI0 HaBecke AgNO3 pacTBOpomM
pollaHuga aMMOHHSI, KaK OMKUCAaHO B paboTe
[15]. benTtoHuT 3aTeM pacmyckaiud B He-
0O0JIBIIOM KOJWYECTBE AUCTUILTUPOBAHHOM
BOJIbI, IEHTPU(DYTUPOBAII ¥ CHOBA OIpeIe-
a5 cepedpo B HeHTpudyrare OnmUCaHHBIM
BBIIIIE CITOCOOOM. DTy ONepaIuio MOBTOPSITH
710 TeX TOop, MOKa B LIEHTpU]yraTe HE mepe-
CTaBaJIM ONPEAENATHCS HOHBI Ag'.

Mukpockonust U peHTIT€HOBCKOE KapTH-
poBaHue 00pa3IoB OBLUTH BHIIOJIHEHBI C TI0-
MOIIBIO  CKAaHUPYIOUIETO  3JIEKTPOHHOTO
mukpockorna TESCAN VEGA 3 (Yexwus).

O6c¢cyxaeHue pe3ynbTaToB

Maro4Hslii pacTBOpP, KOTOPBIM IPOIUTHI-
BaeTcs OCHTOHUT, CONEPKUT peakTuB Toi-
nenca [Ag(NHz)2]" [23] u TMTA. On mo-
KET NJIUTEIIBHOE BPEMsI XPaHUTHCSI IIPU KOM-
HaTHOW TemrepaType, He 0OHapyKuBas BU-
JUMBIX TPU3HAKOB BOCCTaHOBJIEHUS CEpeE-
Opa, 4yTO NO3BOJIIET KOMIIOHEHTaM pacTBopa
MIPOHUKHYTh IITyOOKO B IOpPHI MaTepuaia u
PaBHOMEPHO PpAaCIpPENEIUThCSl IO BCEMY
00béMmy. IIpu HarpeBanuu 1o 90°C mpowuc-
xoaut Tepmudeckuii ruaponu3 'MTA ¢ 06-
pa3oBaHueM Qopmaibaeruja U ammHaka
[22]:

CsH,oN, + 6H,0 & 6CH,0 + 4NH; (1)

BricBoOok naromnuiics dbopmanbaerug
SABJISICTCS. OBICTPOJICHCTBYIOIIMM BOCCTaHO-
BUTEJIEM, KOTOPbIII B3aUMOJAEHUCTBYET C pe-
akTuBOM ToJUIeHCa ¢ OCaXIE€HNEM METaJlIu-
4YecKoro cepebpa [24] Ha BHEIIHEH U BHYT-
peHHElN OBEPXHOCTH OCHTOHMTA.

Tronuna n np. / Copbuuonnsie u xpomarorpapuueckue npoueccsl. 2021, T. 21. Ne 1. C. 26-32



29

Det: SE 100 pm
Scan speed: 5

Puc. 1. Mukpodotorpadus 6eHTOHNTA C HAHECEHHBIM cepedpoM (a),
PEHTIeHOBCKOE KapTHUPOBaHUE OJHOM U3 001acTeid, BBIACTICHHBIX Ha puc. la (0).
Fig. 1. Micrograph of bentonite with deposited silver (a),

X-ray mapping of one of the areas highlighted in Fig. 1a (b)

PXTY um. AM. MeHneneesa

Pe3ynbTaThl TUTPOBaHMS MMOKAa3alH, YTO
95% cepeOpa OT BHECEHHOTO KOJIMYECTBA
oceslaeT Ha OEHTOHUTE B BHJIE MeTasuia. Ba-
pBUpYSl  TIPOJOJDKUTENLHOCTh  BBIICPKKHU
OCHTOHHTa B MAaTOYHOM pacTBOPE, MOYKHO
peryimpoBaTh IyOnHY TPOHHUKHOBEHUS Ce-
pebpa B mopsI cOpOeHTA.

Mukpodororpadun GeHTOHHTA C HaHe-
CEHHBIM cepeOpOM M PEHTTEHOBCKOE KapTH-
pOBaHHUE, IOKA3bIBAIOIIEE paclpeeeHue
cepebpa Ha TMOBEPXHOCTH OOpasia, Mpe-
cTaBJIeHbI Ha pucyHke 1. Ha pucynke 2 no-
Ka3aH  DJHEProJUCIEpPCHOHHBIA  CHEKTp
(BAC) uccnenoBaHHOTO 00pa3IA.

DJeMEHTHBIH COCTaB BceX 00JIacTel, mo-
Ka3aHHBIX Ha pUCYHKe 1a, ObUT OIM3KHUM, T10-
9TOMY NPUBEAEHBI Pe3yJIbTaThl TOJIBKO O-
Horo aHanu3a. Ha peHTreHoBckoil kaprte

(puc. 106) BUOHO, YTO METaJNIMYECKOE Ce-
pedpo pacmpeiesieH0 paBHOMEPHO IO IO-
BepxHocTH oOpasua. Ha 3JIC-cmextpe
(puc.2) npucyTcTByeT OTUETIIMBBIN MUK Ha
sHepruu 2.984 kOB, CBUAETENBCTBYOLIUHN O
MIPUCYTCTBUU cepedpa Ha MOBEPXHOCTH Ya-
CTHII UCCIIEIOBAHHOTO 00pa3Iia.

3aknroyeHue

Pazpaborana »sddexkTuBHas MeTOAMKA
PaBHOMEPHOTO HAHECEHHSI METAJNINYECKOTO
cepebpa Ha OEHTOHHUT C BHICOKUM BBIXOJOM
(95%) nmns mocnemyromero nepeBoaa ero B
COCIMHEHUS, TOAXOJAINE s (PUKCAIUN
MOOBIX TMOABMXXHBIX (OPM  paguouoa,
HarpuMep, paCTBOPUMOIN aHUOHHOU (POPMBI
pamuonosa B xpanuiuiax PAO.

>_I]l-lllllllI]llll||l|llllll[llIlIIIII|lIlA‘]l

Puc. 2. DHEpromcepcHOHHBIN CIIEKTP 00JIacTH, BEIICIIEHHON Ha puC. 10.
Fig. 2. The energy dispersive spectrum of the region shown in Fig. 1b.
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The study is relevant to radioecology and is devoted to the protection of the environment from radio-
active iodine isotopes. In radioactive waste (RW), iodine is present in anionic species I" and 103~ In these
species, radioiodine migration into the environment is possible. The engineering barrier system in a nuclear
waste repository should prevent the penetration of radionuclides outside the nuclear waste repository. They are
supposed to be built from compacted bentonite clays, which have high waterproofing and cation-exchange
properties, but do not absorb anions. Consequently, a modification of bentonites is required in order to make
them capable of absorbing iodine, a promising option for which is the deposition of silver with its subsequent
transfer into compounds suitable for fixing any mobile forms of radioiodine. There are a number of techniques
for applying silver to various materials, however, they are either laborious or do not allow a uniform application
of silver on porous materials.

In this study, a weighed portion of silver nitrate was dissolved in distilled water and a two-fold molar
excess of sodium hydroxide was added. The precipitated silver oxide was dissolved by adding a concentrated
ammonia solution in a dropwise manner. Then hexamethylenetetramine (HMTA) was added to the solution.
The volume of the resulting solution was equal to the water capacity of the bentonite sample with a slight
excess. The solution was introduced into a weighing bottle with a known weighed amount of bentonite and left
for 25 hours for the complete swelling of the material. Then the bottle was kept for 24 hours in an oven at 90
°C. At elevated temperatures, the thermal hydrolysis of HMTA occurred with the release of formaldehyde,
which reduced silver to metal. For the determination of the amount of deposited silver, bentonite was treated
with 2 ml of 3M nitric acid and the resulting solution was titrated with a standardized solution of ammonium
thiocyanate in the presence of Fe**ions. According to the titration results, the yield of reduced silver deposited
on the surface of bentonite was 95% of the applied amount. Electron microscopy and energy dispersive spec-
troscopy (EDS) were performed using a TESCAN VEGA 3 scanning electron microscope. The EDS spectrum
had a distinct peak at an energy of 2.984 keV, indicating the presence of silver on the surface of the particles
of the studied sample, which, as was shown by X-ray mapping, was evenly distributed over the bentonite
surface.

An efficient technique has been developed for the uniform deposition of metallic silver on bentonite
with a high yield (95%) for its subsequent conversion into compounds suitable for fixing any mobile forms of
radioiodine, for example, the soluble anionic form of radioiodine in a nuclear waste repository.

Keywords: bentonite, radioactive waste, iodine, sorption, silver, hexamethylenetetramine
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