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KPATKAS XAPAKTEPHCTHUKA PABOTHL

wibjuiy

AKTyaIBHOCTB.
3arpsisHeHue 61OChEpBI TSHKEIBIMH METa/llaMH B Pe3yJ/IbTaTe aHTPOTIOTeHHOI

JesTeIbHOCTH ABAETCS CePhE3HOI ITpoGIeMoii Bo BceM Mupe. JTo 06yC/I0BIEHO TeM, YTo,

B OTJIMYME OT OpPraHMYeCKHX 3arpA3HAION{MX BENIECTB, TSXKENble METaUibl B MPUPOLHOH

cpefie He MOZBepraloTCsl MPOLLeCCAM DAIONKEHHS M CIOCOOHBI KOHUEHTPHUPOBATHCI B

06beKTax SKOCKCTEMbl — PACTEHHSX, BOJ0EMAX, II0UBe, a 3aTeM N0 eCTeCTBeHHOIT MHUIEeBOH

LIeTIOYKe, MOCTYIaTh B OPTraHM3M 4eloBeKa BMeCTe ¢ MPOAYKTAMH NHTAHHS M NUTHEBOX

BOJOM. I103TOMY Tak BaKeH MOCTOSHHBIM KOHTPOJb 3a MX COJEPXXKaHIeM He TONbKO B

00beKTax OKPYXNaiomeil CpeAbl, HO M B IIMIIEBBIX MPOAYKTAX. TsOKeTble MeTaUbl

COCTAB/IIOT OCWIHPHYIO M BECHMA OMACHYI0 B TOKCHKOJIOTMYECKOM OTHOUIEHWH, TPYTIILY

BeI|eCTB, BKIOUaomux Gojee 40 xumnyeckux anemenTos. Oco6oe BHUMAHUE YAELIAETCS

TeM MeTa/UlaM, KOTOphle HANG0jIee MHPOKO M B 3HAUNTENBHBIX 06BeMaX HCIOIb3YIOTCS B

IIPOM3BOACTBEHHOM Je4TeNbHOCTH. B pesysisraTe HaKOIUIeHUs BO BHENIHeH Cpeje OHM

IPEACTABIAIOT CEPhE3HYI0 ONACHOCTD C TOUKH 3PEHHSA MX GHONOrMYECKOl aKTUBHOCTH H

TOKCHYeckux cpoicrs. OBpiuno paccmarpusaior 12 snementos: Hg, Pb, Cd, As, Co, Sn,

Zn, Ni, Fe, Cu, Cr. Tl. Hexoropsle u3 HHMX HEOOXOZMMBI IS HODMATbHOH IKH3HE-

[IeSTETbHOCTH YEI0BEKA U JKMBOTHBIX, TO €CTh MOTYT GBITh OTHECEHBI K MHKPO3JIEMEHTaM.

VIoHBI TSDKEIBIX METa/UIOB YaCTO MOTYT OOHApYKIBaThCs B MPOMBIIIIEHHBIX CTOYHBIX

BOZAAX ¥ MX COPOC B OKPYXKALLYIO CPeAY SIBAACTCA Yrpo3on. Cresr aTHX 31€MEHTOS MOTYT

TPOSIBJIATHCSA PA3IHYHBIMU CIIOCOGAMH - OT MOJIEKY IIPHOTO PaCTBOPEHHOTO COCTOSIHHSA 0

: = KOJIJIOWZHBIX Pa3MEpOB ¥ YaCTHL, MMKPOHHOTO pasMepa.

PA R R b et e CyIIecTBYIOT ~pasTHUHble METOAB! (MeXaHWueckde, (PH3UKO-XHMHYECKHE,
XMMHYECKHe M OHOJOTHYEeCKHe), KOTOphle B HACTOANee BpeMs IMPHUMEHSIOTCS AJIf
yAanenus 3Tux Metauios. Cpeau (U3HNKO-XMMIYECKHX METOJ0B — aACOPOLMA, SBIIAETCS
HauGonee >QdexTUBHBIM. B IOCTeZHMe TOALI B OYMCTKE BOABRI GONBIIOE BHHUMAHHE
YIEJISeTCs TPUPOAHBIM COpOEHTaM MWJIH COpGeHTaM, ITONTyYeHHBIM Ha WX OCHOBE.
Vcnonp3oBanue COpOEHTOB HAa OCHOBE OTXOZOB M TPHPOJHBIX MaTepHaloB O4YeHb
aKTyanbHO M BBI3BIBAeT OOJBUIOH MHTEpEC, TaK Kak pecypcocbepexeHue M OXpaHa
OKpY’aIolIeil cpeAsl SBJIOTCS TPHOPHTETHBIMHE HANPaBIeHUAMU B COBPEMEHHOH Hayke

M TEXHHKE, a HCIOJb30BAHHE OTXOZOB B IPOMBIILUTEHHBIX MacmTabaX CTaHOBHTCS
SKOHOMHYECKH L1e1eCO06Pa3sHBIM.

5 oxTa6Dg 2021 1. B 14 Rvraco LT B 60/bIIHHCTBE CJIyuaeB JydluIMe Pe3yIbTaThl JOCTUIAIOTCA IIPH HCTIOIb30BAHUH

TVTa XUMIIECKC : CHHTETMYECKMX COPOEHTOB, HanmpuMep, HOHOOOMEHHBIX CMOJN — HMOHHTOB, KOTOPBIM
1. Cepaka 5/2 LN 7T, CBOWCTBEHHBI ~ BBICOKME COpOLMOHHBIE CBOMCTBA M BO3MOXHOCTb  IIOBTOPHOTO
rUTyTA XM Ko AT LS ucrons3osagusa. OIHAKO OCHOBHBIM HEZOCTATKOM JAHHBIX COPOEHTOB ABJAETCS LOBOJBHO
RS BBICOKAS CTOMMOCTD, 00y CJIOB/eHHas! MHOTOCTAAMIHOCTBIO IPOLeccos oy yenus. Kpome
TOTO, TIPM NPOMBILUIEHHOM CHHTe3e B KayeCTBe MCXOAHBIX COeAWHEHUH MCIOIB3YIOT
TOKCHYHBIE BemtecTBa (5eH3071, eHoIBI U Ap).
IT. Capxmcas Cop6enthl Ha OcHOBe TOpha M APYTMX TPHPOAHDBIX IOPHCTBIX MATEPHaJIOB
} (AMaTOMUT, GEHTOHHT) MOTYT GBITH HCITONIB30BAHDI /IS PElIEHHs IHPOKOro Kpyra 3ajad.

Topd ABNAETCS HEZOPOTHM AOCTYNHBIM COPOEHTOM /IS H3BJEYeHHs LIMPOKOTO KpyTa
3
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sarpsasHaiomux BemecTB. OH MOXer GbITh HCTIONB30BAH MO0 MHAMBHAYAIBHO, JUGO B
KadecTBe KOMIIOHEHTa KOMOMHHPOBAaHHBIX COPOGEHTOB M CHIOXHBIX KOMIIO3HTHBIX
MarepuasioB. Topd ABNAETCA TPHUPOAHOH OMONOrMYECKM AaKTHBHOM Cpefoit, M 3ra
aKTHBHOCTb OY€Hb BKHA /1A €ro UCNOJTh30BAHMA B KayeCTBe COPOIMOHHOMN Cpezbl.

Ilems paboTer

—Homyuenne KOMIIOSUTHBIX COPGEHTOB HA OCHOBe NIPHUPOHBIX MaTEPHUAJIOB UL
M3BNEYEHHS T/DKENBIX METAIVIOB W3 BOXHBIX CHUCTeM. B paMKax aroit memnu 6buto
“OCYILECTBJIEHO:

— HM3yyeHMe COPOLMOHHBIX CBOMCTB COpGEHTOB Ha OCHOBe TOpda, BIMAHME
MOZMPUIMPOBAHHSA TIOBEPXHOCTH TOP(da (B YAaCTHOCTH, XMTO3aHOM) Ha ero COpOLMOHHbIE
CBOMCTBA:

— U3yUeHWe COPOUHOHHBIX CBOKCTB COPOEHTOB Ha OCHOBE IIPUPORHBIX MOPHCTHIX
MaTepHaIoB (B YaCTHOCTH ZUaTOMKTa M GeHTOHMTA), a TakKe MnOz-copepxangix cucrem;

— OLleHKa COPOGLMOHHON €MKOCTHM IOJNYYEHHHBIX COPGEHTOB C IpUMEHeHHeM
mogeneit Jlenrmiopa u @peitHaNIXa B CTAaTHYECKOM U JMHAMHYECKOM pexumax.

Hayumas HoBH3HA

JI OYMCTKH BOZBI OT TAXENIBIX METAJIOB pa3paboTaHbl HOBbIE KOMIIO3UTHBIE
copGeHThl Ha OCHOBe NMPHPOAHBIX MaTepHaoB (B YACTHOCTM JUAaTOMHTA, GEHTOHMTa,
Topda U XHMTO3aHa).

Paspa6ortan 3KCHpecc-MeTOZ, OLEHKH MeXaHHM3Ma afCOpOLMHM IOMy4eHHBIX
cop6eHTOoB U IOKA3aHO, YTO MEXaHM3M aficOpSLMK Top(da ABIAETCA KaTHOHOOGMEHHBIM.

Moxasano, yTo MOM(HIHPOBaHHE TOBEPXHOCTH TOpda C NMOMOILIBI0 XHUTO3aHA
yBeJIIHBAET ero COPSLHOHHYIO EMKOCTb.

Tokasano, uyto copbenTs!, comepxamye MnO2, MOTYT HCIONB30BATHCA AIA
TOrJIOMEHUs MonubzeHa.

IIpaxTHIeckas 3HAYUMOCTD paGoTEL

Paspa6orask! cOp6eHTsI, KOTOpbIe Halle/leHbl Ha COPOLIHIO TAKETbIX METALIOB U3
BOZ.

Tlomyyennsie cop6eHTs1 paspaboTaHsl Ha OCHOBE IIPUPOAHLIX MaTepHaos (Topd,
XWTO3aH, GEHTOHUT, AUATOMUT).

TlonoseHns, BRHOCKMbIE HA 3aIUTY.

1. Monygerre KOMIOMTHEIX COPOEHTOB HA OCHOBE MPHPOAHEIX IOPHCTRIX Mare-
PpHAOB (FEaTOMUTa M GEHTOHHTA),

2. TlonyqeHue KOMIIORKTHBIX COPGEHTOB HA OCHOBE TOp()a H XUTOSAHA.

3. Tonyaenue MnO»-coaepXantix COPGEHTOB.

Jluymeni BKIaj aBTOpa COCTOMT B NOCTAHOBKE LENH M HCCIENOBAHMM 33jad,
BbIOOpE MeTOZOB M paspaGoTKM MyTeil MX OKCTIEPMMEHTANbHOH  peanusaiu,
MHTEPTIPETAMH U CHCTeMaTH3AlMH N0,y SE€HHbIX PE3yIETaT0B, JOPMYIUPOBKE BHIBOAOB H
OCHOBHBIX HAYYHBIX TIONIOKEHHI, BLIHOCHMBIX Ha 3alIUTY.

AnpoGauusa pabors. Pesymsrars: pa6oThl AOKNAZBIBANMCE U OBCYMZAMHCh Ha
ceayolHX HayIHEX (opyMmax:

Pe3ynbTaThl pa6oTHl FOKIAABIBIMCH M OBCYMJATHCh Ha CIEAYIOUIMX HAYYHBIX
¢dopymax:
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1. Second International Caucasian Symposium on Polymers and Advanced
Materiales. 7-10 Sept. 2013, Thilisi, Georgia.

2. 4th International Caucasian Symposium on Polymers and Advanced Materiales.
1-4 July 2015, Batumi, Georgia,

3. Yerpépras MexpyHapozHas koHtepenuus crpan CHI «3omb-rems cunres u
HCCIeA0BaHHE HEOPTAHHYECKHX COeZIMHeHMH, THOPUAHBIX PYHKIMOHAILHBIX MaTEPHAIOB
M ZUCTIEPCHBIX cHcTeM», «3omb-reb 2016». 19-23 cenr. 2016, r. Epesan, Apmenus.

Ty6muxauun. [To MaTepuaraM AuccepTaLuy omy6HKoBaHO 6 CTaTell B XypHAIAX,
pexomeHzAoBaHHBIX BAK PA, 4 Tesuca noxnazos.

CrpyxTypa H 06beM paboTsL

Jucceprauua COCTOMT H3 BBeJieHHS, YeTHIDEX [IJIaB, BHIBOAOB M CITHMCKa
nuTeparypsl. PaBora usnoxena Ha 105 crpanmiax, conepxmt 40 pucyHKos u 8 Tabauw.

Ilepeas rnasa nocesumeHa 0630py JIMTEPATYPsl. B KOTOPOH PacCMOTPEHBI
COBpeMeHHbIe ITPO6eMBl MOMyYeHH COPOEHTOB HAa OCHOBE NMPHPOAHBIX MaTePHAJIOB M
TPOLECCOB COPBLIMHM TAKENBIX METAUIOB Ha TAKHX CHCTEMaX.

Bropas riiaBa AuccepTaiiy MOCBAUIEHA OGOCHOBAHMIO H OMHCAHMIO OGBEKTOB M
METOJI0B HCCIIeIOBAHMS.

B Tperbeii riase 06CYKAAIOTCA MPOLECCHI COPOILIHM HOHOB TDKETBIX METALIOB Ha
Topd comepxamem copbente (BapaeHuckoro Mecroposxienus, I'erapkyHukckoit o6mactu
Apmenun). B xauecTse 06BeKTa McCIeZoBaHMA GbLI MCIIOMBL30BAH PAacTBOP CyJTbdara MenH
CuS04+.5H20 xouuenrpauueii 200 mr/n. Cop6iyorHbte cBoicTBa TOpha GHIIM OLEHEHE!
merozom ICP-MS. [ina mHHTepnperauuMy 3KCIIEPHMEHTANBHBIX JAHHBIX  ObLIH
ucnoms3osansl mMogenu Jlenrmiopa u Opeitnammxa. YcTaHOBRNEHO, WTO 3TH MOAETH
ZIOBOJIBHO TOYHO OIMMCHIBAIOT MOy YeHHble SKCIIEPUMEHTaIbHbIe JaHHbIe COPOLHH.

OcHoBHO# MexaHW3M cop6uUMH Topda MOXHO CUHTaTh HOHOOOMEHHEIM, OZIHAKO B
CHJIY TOTO YTO Ha [OBEPXHOCTH TOpQa CyHIECTBYIOT MHOXECTBA APYTHX QYHKIIHOHAIBHBIX
TPYNN, TakMe KaK CHHpPTHI, aIbJETHAb, KapGOHORbIE KMCIIOTHI, KETOHHI M (eHOJbHbIE
THAPOKCHABL, TOPd HMeeT BRICOKYIO eMKOCTh KOMILTeKCOoGpasoBaHms. Takum oGpasoM.
MOT'YT MIMeTb MECTO U APyTHe MEXaHU3Mbl CBA3BIBAHMA MOHOB MET/UIOB Ha NOBEPXHOCTH
Topda (Hampumep, KoMIIekcooGpa3oBanue). B 4aCTHOCTH, 3TO MOXXHO OTHECTH K YPaHy H
MBIIIBAKY B CHUTY TOTO, YTO OHH IPUCYTCTBYIOT B PaCTBOPE He B YMCTOM KaTHOHHOM BUJE,
a B BUJe ypaHWa M apceHMTa (Wi apceHara). [TosToMy Hapszy c MOHHBIM COMEHOM
nmpubaBngeTca WX KOMIUIEKCooGpasyiomee CBOMCTBO M B pesyibTaTe Habmiogaercs
BLICOKAS CTETIeHb COPOIMH.

B uerBeproit riase ¢ nomombio Merofa AAC GhUiM ONpeseneHs! COpOLHOHHbIE
eMKOCTH TOpd COZEpAmMX KOMIO3UTHEIX COpGeHTOB (B 4acTHOCTH TOpd,
MOZMGHILMPOBAHHEL XWUTO3aHOM). MomiuIupoBaHie MOBEPXHOCTH TOPpA XHUTO3aHOM
npoBoaunnch 3%-HBIM DPacTBOPOM XWTO3aHA, NOAKMC/IEHHBIM DacTBOPOM JIMMOHHOM
xucmorel. CHmMBaHMe XWTO3AHOBOH TUIEHKM HAa IIOBEPXHOCTH  OCYUIECTBJIEHBI
dopmanbaertzom. COpOLEOHHBIE IPOLECCHE IPOBOAKIHCH B CTATHYECKOM PEXIMe.

Meropamu SEM, XRF, ICP-MS uccnemoBansi MnOz-copepxaiiye KOMIIO3UTHbIE
copGeHTHI ¥ OLieHeHbl X cOpGIMOHHbIE CBOMCTBA. B KayecTBe MOPUCTHIX HOCHTENEH A
ZMOKCMAa MapraHua, KOTOpBIi obecreumpaer QyHKUHOHATBHOCTh copbenTa, 6bimH
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HCIMO/Tb30BaHBl CHIMKareJb W AHaTOMHT. CHIMKareneBRIH KOMIOHeHT GblI TOmyyeH
COBMECTHBIM OCRKAEHHEM M3 JKMAKOTO CTEKJa C AMOKCHAOM MapraHua. B kayecrse
MCTOYHMKA TOCJIEJHEr0 WCHOMB30BAaH MepMmaHTaHar kamuda. OcaxjeHue pHOKCHAR
MapraHua IPOBOZMIM Ha TMOBEPXHOCTH 0P TOPHCTBIX MATepPHANOB (CHJIMKares,
ZAMATOMHUT) C mmexnrepemcu BOZIOPOAA ¥ HOpMaNbAETHAA.
) COJEPXXAHUE PABOTHI
Tmaea 1 IMTEPATYPHBIV OB30P
T'nasa 1 mpezcrasnser 0630p NMTEpaTyphl MO MPHUPOAHBIM COpGEHTaM, KOTOphIe
WCTOMB3YIOTCS JUI OYMCTKH BOZ, OT TSXKENbIX MeTaynos. CheNaH aHanu3 JIMTepaTypHbIX
JAHHBIX, BBIBOJIBI M3 HHX M MIOCTAHOBKA 3aa4y UCCIeAOBAHHIA.

I'masa 2 METOIBI UICCIIEAOBAHMA

C nomomsio Meroga AAC ObiIM  OmnpeleneHsl COPOLIMOHHBIE EMKOCTH
TOp$COAEPKALMX KOMITO3MTHEIX COPGEHTOB (B 4acTHOCTH TOpd, MOAM(UUUMpOBAHHEI
xuTo3aHOM). MeTop MOXeT H3MepATh IO 4acTeif Ha MM/UIMaph rpamma (MKr aM-3) B
obpasue. VismepeHusa NpPOBOAMJIMCH C MoMomsio mpuGopa ((AA-7000, A30784800185),
(ASC-7000, A30694801102)).

Merogon ICP-MS ouenenst cop6uuonnsie cBoiicta MnOx—cogepyxaumprx
KOMITO3UTHBIX COpGenToB. Anamvssl GbUIM NpoBeAeHs! Ha npubope Agilent 8800 Triple
Quadrupole ICP-MS, dbupmsr Agilent, CLIA.

Meropamu SEM, XRF uccneposanst MnOzx—cozepianie KOMIIO3UTHbIE COPBEHTHL.
PenrreHosckas dryopecueHTHas criekrpockonus (XRF) BKIOYAeT H3MEpPeHH HHTEHCHB-
HOCTH PEHTTeHOBCKHUX JIyuef, MCITyCKaeMbIX U3 06pasiia B 3aBHCUMOCTH OT SHEPIHH MIH
UnMHBI BOMHEL. KO/MMYecTBEHHBIN aHANIH3 BIUNIOYaeT B ceba OMpeZesieHHe KOMMuecTsa
KaOXJZOTO aroMa, IIPHCYTCTBylomux B oO0pasile OT HHTEHCHBHOCTH H3MEpeHHBIX
XapaKTEePHCTHIECKIX PEHTTeHOBCKUX JIMHHUIL.

Merox BOT mnosBonfer pacCyMTaTh YAENbHYIO TOBEDXHOCTh TBEPAOTO Tea,
onmpesienuTs pasmep M o6beM mNOp MO X 3QQEKTHBHHIM pammycaM, a TaKKe
pacripepenerve nop no pasmepaM. Merox BOT seiserca nHaubonee pacmpocTpaHeHHbIM
METOJOM ONpefeneHus MOPUCTHIX XapakrepucTuk. Ilopuctbie xapakrepucruxu 6suim
onpezenens! Ha npu6ope Gimini 7 ¢urpmsr Micromeritics.

T'masa 3 COPBEHTBI HA OCHOBE TOP®A

Hccnenoranue COPOLEOHHEIX CBONCTB TOpdA VIS YZANCHHS MOHOB MeH H3
BOAHEIX pacTBOpoB B JuHamwdeckoM pexume. Komuvectso woma merawia,
COpGHpOBaHHOrO TOphCoAepXKaleM COPGEHTOM PacCIUTHIBAICA 110 opiyre:

q=V (Co-C)/m

IZe: q - KOJMYECTBO HMOHA, MefH 2aACOPGHPOBAHHOTO HA €RMHUILYY MAacChl
cop6enta (Mr/r), npu pasHoBecuy; Co, C - HavaAbHAA M OCTATOYHAA KOHUEHTPAUKH HOHa
MeTa/Ia B PACTBOpE, COOTBETCTBEHHO (M3MepeHO B Mr/m); V - o6bem pacTBOpa HOHOB
meranna (L); m - macca cyxoro cop6enra (r). h
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Ha puc. 1 nmpeacraBnena H30TepMa afcOpOLMM HOHOB Mefd Ha
Topdconepxkamem copberre. Komuyecrso HOHOB Mezu 6bLIO pPacCYMTaHO COTJIACHO
BBIIIETIPHBEAEHHO PopMye.
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Puc.1 DxcriepyMeHTaTbHBIE TOYKH COPOITHY MOHa MEJIH, IOy YEHHOTO
Ha TopdcoziepxamenM copbeHTe

Jlns vHTEprpeTalyH 3KCTIEPUMEHTATEHBIX AaHHBIX GUIM HCTIONB30BaHB! MOZAETH
Jlenrnmiopa u @peitnpnixa.

Vpasuenue JleHrmiopa Gsu1 BRIGPaH JULT OUEHKHM MaKCHMAIbHOH aCOpOIHOHHOM
€MKOCTH, COOTBETCTBYIolLeit TOBEPXHOCTHOMY HACHIMEHHIO TOpQcoAepxamero cop6eHTa.

q=q-K1C/1+KiC

JluneapusosanHas ¢opMa ypasHenus Jlenrmiopa. mocie NepecTaHOBOK HMeEeT

CIIeAY oMM BUA:
C/q=1/qoK1 + C/qo

rae: KL ARnsgerca mOCTOAHHasd, CBA3aHHasg C JHeprueil agcopGumu/mecopOLHH
(L/Mr), M QO-MakCHMajbHag ajCcopOuMs NpH NONHOM HACHIMEHWH ITOBEPXHOCTH
toppcopepxamero copbenTa (Mr/r). OTH KOHCTaHThl OBUTM ONpEJENeHsl IyTeM
nocrpoexus kpusoit C/q mporus C.

Mogens @peitrznyxa 6511a Bs16pana, YTOObI OLEHHUTH MHTEHCHBHOCTD aAcopBmpm
HOHOB METa/UTa Ha TOBEPXHOCTH COpOeHTa.

=KrCl/n
U JIuHeapu3oBaHHas GopMa ypasHenns Opeitimia npunumaer sux
' logq =logKr+1/nlogC

rae: Kr - OpeltHanuxa NOCTOAHHad M ABJAAETCA NOKa3aTe/lleM COPOLHOHHOH
€MKOCTH; N - MOCTOSHHAS, XapaKTepHsylolas CPOACTBO HOHa MeTaula K copbenry. Hs
nipamoit sasucumoctu logq or logC onpenenstorca mocroauusie Kr, rae logKr aemserca
TOYKOi! IIepeceveH s KPHBO# C OCH OPAMHAT, 2 1/n aBigercs ee HAKJIOHOM.



Bornee BricokHe 3HayeHua Kr MOKa3bIBaloT 0 GobmIel COPOIHMOHHOM CTIOCOBHOCTH
copbenra.

HsoTepmat apcopbunm mean |

'
o 10 20 EY a0 i

G s/ !
Puc. 2 Uzorepus! Jlenrmiopa u $peiipamixa

ITokasaHo, 4To Mogens JleHrMiopa 60J1ee TOYHO OTTHCHIBAET MOy YEHHBIE AKCIIEPH -
MeHTaTbHbIE JaHHble copbuum meau Ha TodcozepxaweM copbeHTa B AMHAMHYECKOM
peXuMe ¥ ITOSTOMy 3Ta MOZEb GhINA B3ATA AJIA OLEHKH MaKCHMAIBHOH COpGLMOHHOM
emxocTi copbenra. CorzacHo 5TOH MOJENH, MaKCHMaibHas COPOLMOHHAs €MKOCTh
Topdconepxamero copbenta cocrapnser okono 15 mr Cu(Il) na 1 r cop6erra.

Uccnepoparve cOpOLEOHHBIX CBOMCTB TOpda AIA yAANEHNA TDKEJBIX METaUIoB.
Cop6uus 6sura ouerexa orHomenueM C/Co, rae Co —Cozepxanue MeTa/Ula B HCXOZHOM
pacreope, a C coziepkanye MeTajLIa B 06pasLax BOARI, B3ATbIE nTocie 06paboTky pacTBopa
COp6eHTOM Yepe3 KOHKPETHBIE IPOMEXYTKH BpEMEHH.

W3 puc. 3 BUAHO, YTO HAaMGONBIIYIO CTeneHb apcopbuun Habmopaercs y ypaua,
nasee Gapus, a moTOM MblmbAKAa. Ecau Ha Bropom ofpasue aTa MOC/TE/0BATENbHOCTD
BbIpaKeHa Gosee weTKo, TO Ha mepBom ofpasue Topda copbuus Gapus u MmbAKa
NPAKTH4eCKH He OTJIHYAIOTCA.

Ha6mozaeMy0 BBICOKYIO CTENeHb COPOUHMY ypaHa MOXHO OGBACHUTL He TOJNBKO
ero MeHblireM COfiepkanueM B MosenbHoM pacreope. Ero copepxarne 340:15 = 22.67 pasa
MeHbITe, yeM cogepxanue Gapus u 110:15 = 7.33 pasa MeHblle, 4eM COAepXaHMe
MbimbsKa. MakcuMaisHOe M3BNeueHMe ypaHa coctaBiaser 99,7% B TO Bpems, Kak jyia
6apus 370 3Hauenue cocrasiser aumb 97.0% u 95.4% A MblBAKA.
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Puc. 3 3aBrcuMoCTs COpOLHH ypaHa, 6apys H MBIIBAKA H3 MOJIEIBHOTO PaCTEOpa OT
TIPOXOJDKUTE/IBHOCTH BEIACPXKKH TOPAHOI CYCIeH3HH: a — Ha OCHOBe NepBoro obpasua
Topda; 6 — Ha oCHOBe Broporo obpasua Topda

Jlns HaraafgHOCTH KpHBble COpOIMH Ha PHC.3 NpeACTaBIeHEl B Ipexenax
snavenuit opgunar C/Co = 0.2, nockompky mpy Gonpmumx suavenusx (C/Co=1) st KpusbIe
HEBO3MOXHO Pas/uyarTh APYT OT Apyra. 3HaueHms koddduuuentos perpeccuu (R?) mpu
SKCTPAIIONIMPOBAHHH NOMYYEHHBIX 3HAYEHMi HAXOAATCA B mpeferax: R2=0,8649-0,8679
ans ypana; R? = 0,8381-0,8848 zna Gapus u R? = 0.8333 -8381 zna mpimbaka.

/oo a C/co 6
1 1
¥=0522x81
#=09507
a8 ¥ = 0466087 08
#c09758 ¥= 01960108
¥204487c7 R -08601
o6 #509846 a6
«Co y=ae4 +Co
¥=02304x05%. = QDN
0s |\, R 09915 % 1loa N R =09275 te
s2n > «20
. s T
02 . T — 02
B T
° ——— IR o e
° © ") ) ® 10 [} ) ) &0 0 100
ot 00

Puc. 4 3aBucuMOCTb cOpOIMH KOGaIbTa, HUKENA U LHHKA K3 MOAE/IEHOTO PacTBOpa OT
TPOAOJDKHTETLHOCTH BbIAEPXKH TOPAHOM CyCrIeH3HH: 2 — Ha OCHOBE MepBoro obpasia
Topda; 6 — Ha ocHOBe Broporo ofpasua Topga

Us puc. 4 cregyer, uro Ha ofoux obpasuax Topda obmas xapTumHa COpOUHM
upenTHyHsL. Huxens agcop6upyercs B Gonbineit cTeneHH, 4eM KoGaieT U HUHK. B coryyae
MOCNeHUX JBYX METaJUTOB, COpOLMA NpPAaKTHYECKH WMAEHTHYHB Ha obGeux 06pasuoB
toptha. OT/ITyMe TONBKO B CTeNeHM u3Bnedenus Merawos. Ha mepsom ofpasne Topda
cTeneHs agcopbuuu Gosbile, YeM Ha BTOpPOM oGpaale.

T'masa 4 KOMITO3UTHBIE COPEEHTHI HA OCHOBE ITPHPOTHBIX
MATEPHAJIOB

Brmarme MozmUKaMH OBEPXHOCTH TOP)A C XHTOSAHOM Ha COPOI{AM HOHOB MEXH

Ha puc. 5 mpeACcTaBjIeHs! SKCIEPHMEHTAIbHBIE JAHHbIE MO aACopOuMK HOHOB
mezu Ha Topde K3 BOAHOrO pacTBOpa Cysndara Meiu C KOHUeHTpanuei 629,32 mr/n mo
nony meau. Ua puc. 5 crefiyer, uTo MaKCHMAJTbHbIE 3HAUEHHS aACOPOMpPOBaHHON MeaH Ha
1 r Topda cocrasnser mpubuseTensHo 40 Mr/r.
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Puc. 5 DxcriepuMeHTaIbHEIE ZAHHEIE MO aACOp6LMK HOHOB Meau Ha Topde
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Puc. 6 Usorepmsi Jlenrmiopa 1 $peitramixa ansa copouuu Cu Ha Toppe

Jlna MozenmpoBaHus U Goslee TOUHOM OLEHKH COPOLMOHHOI eMKOCTH 06pasua
Topda Ha OCHOBE 3TMX JAHHBIX MCMONb3OBaHB Mogeny Jlenrmiopa u @peiinpmuxa. Ha
puc. 6 mpeACTaBNeHB! Ppe3yjbTaThl aficopbuum C ucnombsopanvem Ha puc. 6
TpeACTaB/IeHs Pe3yJbTaThl afcOPOUMH C HCIONMb30BaHMeM 3TuX Mofeneil. Us puc. 6
cnenyer, wro Mogens Jlenrmiopa HauGosee TOYHO ONMHCHIBAET  YKa3aHHbIe
SKCIepMMeHTAIbHBlE JaHHble, deM Mofens OPpeiiHmmixa u COpPOLMOHHAT EMKOCTh
ZanHOTO 06pasua Topda 0 MeAH cocTarseT okono 40 mr/r.

Ha puc. 7 mpexcTaBieHsl Pe3y/bTaThl STHX MOAENeH W CHlefyeT, YTO MOZENDb
Jlenrmiopa Hau6osIee TOYHO ONMCHIBAeT yKa3aHHbBIE SKCIIEPHMEHTANbHBIE JAHHBIE, YeM
mozens ®peitnanuxa. Ha ocHoBanmm puc. 7 COpOUMOHHAA eMKOCTB JAHHOTO O6pasua
Topéa 1o Mesu cocTasisieT 0Koso 60 mMr/T.
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Puc. 7 Usorepmnt Jlenrmiopa 1 @peitpmixa ans copbuuu Cu Ha Topd-xuTo3an
KOMITO3UTHOM copbenTe
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Puc. 8 Cpasnenue cop6umonHbIx emkocreii:1. Topd u 2. Topd,
MOAMHIMPOBAHHBIH XHTO3aHOM

Ha puc. 8 mpescraBneHs! KpuBbie JIeHTMiOpa, OmMChIBaiomue COpGLHMOHHbBIE
eMKocTH Topda M KOMITO3HTHOTO copGenTa u3 Topda M xuro3aHa mo memu. Us puc. 8
crexyer, ¥T0 mOCAe MOAUGMIMPOBAHHS TOpdA XHTHO3AHOM, COpOLMOHHAS EMKOCTh
TAKOrO KOMITO3HTHOTO COpPGEHTa MO CPaBHEHMIO C MCXOAHEIM TOPQIOM, YBETHYHMBAETCS
nourk B 1,5 pasa. [lo-Bceit BHAHMOCTH MPH 3TOM B ITPOLECCaX COPOLHM 3aAeHCTBOBAHbI
oGe MexaHu3sMa axcopbuun, mpucymu topdy M xurosaHy. OHu (MeXaHM3MBI), O CYTH,
OYeHh pa3HBle, TNOCKOJBKY HA TIOBEPXHOCTH TOpda CyulecTByrOT pasHoOro poaa
YHKIHOHANBHBIX TPYNII, KOTOpbIe MOTYT GBITH BORNEUEHE! B MPOLLECCH! COPOLMH, B TOM
MM HHOM cTemeHH. XHUTO3aH C 3TOH TOYKM 3peHMs Goyee mpocTas cucTeMa. 37ech 3a
cop6uuio orBercTBeHer NH2 rpymnmst.

MnO:3- coaepxaniie KOMIO3HIHORHEIe copGerTsL. Meropamu SEM, XRF, ICP-MS
uccnenosarsl MnO2—cozepixaliiiie KOMIIO3HTHbBIE COPGEHTBI 1 OLieHEHH! MX COPOILMOHHEIE
CBOHCTBA.

W3 puc.9 criegyer, 4TO MOJy YeHHbIe COPOEHTHI HMEIOT OAHOPOAHYIO CTPYKTYPY H
yKasaHHbIe COPGEHTbI COAEPXKAT AUOKCH/L MapraHIa B KOJIMYECTBE OT 3.34-7.40 macc.%.
11



Takoe KOIHYECTBO MOKCHA MapraHlja B COCTaBe COpOeHTa MO3BOIAET STHM CHCTeMaM
651Tb 3(pPEKTHBHBIMY COPGEHTAMH.  —

T00sm Electon image 1

Puc. 9 SEM-uso6paxerue n XRF criexrp copbenra SiMnOs.

OpuuM 43 BaXHeieil XapakTepUCTHKOIT copbeHTa ABIAETCA ero CrlocOGHOCTD
perexepuporarsca. C 9Toi TOUKH 3penus, nomyuennsie MnOs—cozepixauie copGeHTsl
JIETKO pereHepupyloTcs, KpOME TOTO, IOCIe PereHepaliy YBeJMYUBACTCH He TOJBKO UX
COpOLMOHHAs eMKOCTb, HO M yMEHBIIAeTCs HayabHAasA OCTATOYHAS KOHLEHTPAlUf B
PacTBOpe, YTO OYeHb BAXHO IPH IOJMydeHHM 6osibuie YHCThIX cucteM (cm. puc. 10). Ms
pucyska 10 crezyer, 4To KpHBass COpOLMHU MOC/E pereHepaiy PacnonaraeTcss HaMHOTO
Hwxke (Gomee nuskue sHavenwus (C/Co) KpuBOH HCXomHOTO copbenTa. Perenepaiuio
MPOBOAMIIHK C OMOIIBIO 10%-Hoi a30THOM KucnoTsI. KpuBbie Ha puc. 10 1 moceAyomKEX
PHCYHKaX GBUIM OCTPOEHBI HA OCHOBE AAHHBIX, TONTyderbl Merogom ICP-MS.

¢/Co
1

[ 200 400 600 800 M2

Puc.10 Cop6uus K Ha copbenrax SiMnOs: 1- ucx, 2- rmocse peresepanuu.
Konuenrpauns ucx. pacrsopa KOH -1 /1.
Bropoit i MnO:2—cogepxauero copGenra, 6bUI MOMYUeH € TPUMeHEHHeM
(dopmaibaernia BMECTO IEPeKHCH BOJI0PO/a.
U3 puc. 10 ciepyer, 9T0 COpPOEHT, TOJYYEHHBIH MPH CPaBHUTEIBHO HU3KHX
snavennmsax pH 9.0 umeer Gosbme COPGUMOHHON CIOCOGHOCTHIO, HeXenu COpGeHt,

I1OJTy eHHBIH [IPY CPABHMTETbHO BhIcoKMX 3Havenmsax pH 11.0.
12
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1 Ve

Puc. 11 SEM usoGpaxenue u XRF crnexrp copberra SiMnO+ - CHOH

TTo-BH/MMONMY, IIPH BHICOKHX 3Ha4eHHAX pH He MPOMCXOAUT CTPYKTY pUPOBaHHE
¥ QHKCAIS JUOKCHAA MApraHlla HMEeHHO Ha TOBEPXHOCTH KPEMHE3eMHON MaTpHILIEL

Oco6enrocrs Tpersero tima MnO: — cogepxanjero cop6eHTa B TOM, 4TO TOT
COZEPIKMUT €lle H JMaTOMHT B KadecTBe ITHPOKOMOPHCTOTO HOCHTENS BMeCTe C
CHJTHKATreseM.

o 200 400 600 800 1000 1200 mn

Puc.12 Copbuns K* Ha MnO:2 — cozepsxamux copberrax. Konuenrpaiusa ucx.
pacrBopa KOH - 1 r/x

BeezeHne B CHCTeMY UIHPOKOHNOPHCTOTO KOMIOHEHTa (B JAaHHOM Ciydyae
JIMAaTOMUTA) UMEET LieJIBI0 YBeIWYUBATh IIPOLeCChl MACCOMEPEHOCA, MOCKOTBKY IIPOLLECCH],
TIPOMCXOAAIIKE Ha IOBEPXHOCTH pasziena (a3, BO MHOTOM 3aBHCAT HaCKOMBKO 3GdexTHBHO
TTPOMCXOZAT TpOLecch Maccormeperoca. Hapamy ¢ crrmukaresem  (MOMyueHHbIH B
pesyJbTaTe TelMpOBAHES JKUAKOTO CTEKJA) HAJMYMe ITMPOKOMOPHMCTOTO AMATOMHTA CO
cpemnum muamerpom nop 200HM, CO3ZAIOT XOpOUIME IPEATOCKUIKE Ui 3((eKTHBHOTO
MaccomepeHoca. B kauecTse Takoro marepuasa GbUT HCMoTb3OBaH AuatoMut. Ha prc. 12
ITpe/CTaB e bl KpUBas copOuuy Kamms Ha copbente SiO2-MnO2 - Dt.

TMo-Bceif BUAMMOCTH HauboOjee BXKHBIM TIPH COPOUMH ABIACTCA HE TOJBKO
copepxanue MnQO2, HO ¥ 1X JOCTYNMHOCTB, TO €CTb HACKONBKO PABHOMEPHO OHM
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pacmpesiesieHb! Ha TOBEPXHOCTH MOPHCTOH CHCTEMSBI, TO €CTb ONPEZENAIOLIHNM B IpoLeccax
COpOLHY CTaHOBUTCA JOCTYITHOCTS (PYHKIMOHANBHBIX TPy, 06ycnosieHHo# MnOx.
Cop6umna monnbaeHa ;

i
‘I(n’
g e R €8

1
i
——— 202402 ‘
e |

€

i
i

i

0 500 I IXU 00 50 0K B0 0 a0
A\

Puc.13 Azxcop6uus MonuGeHa U3 BOXHOTO PacTBOpa (C coAepxaHueM
monu6zena 0.72 Mr/n) Ha copGeHTe MOMyYeHHOro M3 MaHTaHuTa YuaTypckoro
mecropoxenns (Pecry6nuxa I'pysus) 1 MnO2-SiO2

Ha ocHose manrauura YHaTypcKOro MecTOpOXJEHMs (copepXaHue THOKCHZA
mapranua 18 macc. %) 6butu momyuens: copGentri. Ilomyuenneii Taxum o6GpasoM
cop6enTrI 65UT CITHITAH Ha asicopbumio Mou6aena ( cm. Puc.13).

Kommosurusie copGenrbl. CymHOCTh METOAA COCTOUT B TOM, YTO MOMY4aIOT
BHICOKOZIUCTIEPCHYI0 OJFHOPOAHYIO CMeCh, COCTOANIMIT M3 XMTO3aHa, (OpMasbAErHAa
Kkapbamuza, CHWKaloT 3Havedwe pH OZHOPOZHON CMecH [0 TIOTHMEPH3AUMH
dopmampieruza ¥ KapGammpa, C JaneHeMmMM 06pa3oBaHMEM MHKPOC(EpHIeCKHX
yacTym. CMech XPaHST IIPH KOMHATHO# TeMIIepaType, 0CaZ0K MUKPOC(ePHHECKIX JacTHIL
(MIBTPYIOT, POMBIBAIOT BOAON W cymat. IlomyuenHble MUKpOCQepuUdecKue 4acTHLB!
TIpOMBIBAIOT BOAOH 3-4 pasa, cymar mpu Temmeparype 600°C zo mopomkooGpasHoro
COCTOAHMA.

Briogst

1. Top¢ Moxer a¢hheKTHBHO aiCOPGUPOBATE TAXeJIble METAILIBI M3 BOABI, Ha
OCHOBE Tero MOXXHO NOJTyIHTDb 3iheKTHBHbIE COPOEHTEL.

2. [t OLeHKHY ITOy4EeHHbIX 3KCITePHMEHTAIBHBIX JAHHBIX 10 COPOLUY Meay Ha
Topdcozepxamenm coperTe ¢ ucronb3osanueM Mofeneit Jienrmiopa-Ppeiinanixa, G510
OKA3aHO, YTO MaKCHMaIbHas COpOLMOHHAS eMKOCTh Topdroaepxanero copberTa
cocrasiser 15 mr Cu(Il) Ha 1 r copbenra.

3. MoguduKalia MoBepXHOCTH TOpda XUTOAHOM IIPUBOAHT K 3HAYHTEILHOMY
YBEJIMIEHHIO afCOPOIMOHHO eMkocTH copbenTa. [lo-BupuMoMy, Hapazy ¢
KaTHOHOOOMEHHOH aficOp6IHH TOpGHOM TPOHCXOAUT aACOPOLIHA MEAH
KOMTI/IEKCOBPa30BaHKeM C ITOMONbI0 XuTo3aHa. OnTHMANEHOE KOMHYECTBO
aicopGHPOBAHHO MeAM M3 BOAHOTO PacTBOPa IIPH 3TOM cocTapiseT 50 mr/r.

4, Mexanu3sM aacop6uuu TopGaHbIX ¥ TOp-COAEPKAIHMX MaTePHaIOB
(copBeHTOB), IOMIMO APYTHX THNOB afiCOPOL{MH, HOCUT KATHOHOOOMEHHBIH XapaKTep, 0
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9eM CBUAETENBCTBYeT HASHTHIHOCTS Mpoduneit H3MerneHus pH aTHx MaTepHasnos ¢
npoduem usmenenus pH KarHoruTa.

5. YcranoBeHo, ¥To 06paGoTka Topda CoJAHOH KMCIOTOH MOBBIUIAET €ro
COpBLHOHHYI0 CTIOCOGHOCTS, TO €CTh B pesyJIbTaTe KMCIOTHOH 66paGoTKHM aKTHBHBIE
COpOLIHOHHbIE LIEHTPbI OCBOGOM/AIOTCA, YTO M IPHBOAKUT K yBEIMIEHUIO COPOLHOHHOM
CTIOCOGHOCTH.

6. IToxaszano, ¥to Ha ocHoBe MnO2-coiepKamux MaTepHasIoB (B YaCTHOCTH,
TIPHPOJHEIX MAHTAHHTOB) Oy YaIOTCA SBGEKTHBHEIE COPGEHTEI, KOTOPHIE MOXHO
UCTIONTB30BATH JUIA CENIEKTHBHOM aficOPOLIHHM PsJa SIEMEHTOB U3 BOA,

OCHOBHOe COfiepIXaHNe JHCCEPTAIHA OTPUKEHO B CTaThAX:

1. S. Gevorgyan, S. Hayrapetyan Effect of modification of peat surface with
chitosan on sorption of copper ioms, Proceedings of the Yerevan State University,
Chemistry and Biology, 2017, 51(1), p.17-20.

2. S. Gevorgyan Study of sorption properties of peat for removing copper ions from
aqueous solutions in dynamic mode, Proceedings of the Yerevan State University,
Chemistry and Biology, 2016, N2, p.23-26.

3. C.C. Aiipanersn, C.A. Tesopxsn, JL.C. Aitpanerss, C.®. Baperaman, I'IL
Tupymsn MHcciefoBasne COPOLMOHHBIX CBOHCTB TOpda IS YARNEHHUS THDKENBIX
MeTaIoB, XMMUYecKHil )ypHan Apmenuy, 69, Ne3, 2016, ¢.257-265.

4. S. Gevorgyan, S.Hayrapetyan, E.Alvarenga, L.S.Hayrapetyan, G.P. Pirumyan,
B.Salbu Manganese dioxide (MnOz2)-containing composite sorbents, International
Conference on Advanced Materiales and Technologies (ICMAT). 21-23 Okt. 2015, Thilisi,
Georgia p.249-254.

5. C.ATesopksH, C.C.Aiipaneran, JI.A.Maprupocan Onpeznenerye cOpObHOHHOMR
emkoctH Topda no Sr, Zn, Fe, Xumiraeckwii xypran Apmenun, 71, Ne1-2, 2018, c. 62-67.

6. S.Gevorgyan, S. Hayrapetyan, M. Hayrapetyan, H. Khachatryan, Periédico Tché
Quimica, 2020, 17(20), p. 469-477.
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ALUYUL ZPURAY UNCABLSLES U HTLS OFSURNTARUC DULL
UBSUNLEIC 2CPS Z6AUSLELAR ZUUUL

uvenouUehprr

Uttnpnuyngkl gnpémiubnipjut htnbwbpny YEbunpppunp wnnnunuwip swip
Ubnunbbprt—sewowgimyd £ |onipg  fubighpltp  unfpnpg  wpwphnuls Tw
wuypdwbwinnpyws t bpwiny, np h nwppkpnipnih opquitlwt wynnnhsikph,
UEnwnubpp puntpjub by skb Bhpwplpynud pujpwpiwh b Ywpnn Eb Ymunwlly
wwppbp  Eynhwdwlupgmd’ poyubpmd, gpuidpupbbtpnud, bagnul, wybinthtwnh
plwlwi ubipuyht onpuyny whghnul kb dwpnoe opquithqu® ubigh b fudbiol gph
Uhgngny: Uyn hul wwwndwrny juplunp b npubg ywpnibwynipjub danulub
uwnnignudp opgww Upgwuyph nwppkp opjklnttpnud: Cwbp kwwnukpl hpkg
potbwynpnipjut wunhdwing phngpymd Eb puybh b punjwljpubht Juwbqunnp
wnipkph  junwlp, ppnup Gkpuwonud b 40 phthwjut  Rdkun:  Zuwnndy
npungpopimt  hunljugiond wjb kwnwnbkphl, npatp wbjh quyb Yhpwuenud
ntukl wpnwgpuijub wpngkubbpowt: Upympnd, gputg jnunmlnudp wpowpht
Upowuypnid hpkuhg bkpYuyugbnud £ oipg Juwbq hpblg YEluwpwbwlwh
wlwhynipjut b ninfuhloipubt wkuwilmihg: Unyopwpwp phuwpynd &u 12
Hbukinn ubighly (Hg), uuwp (Pb), Yundhnwt (Cd), wpukl (As), Ynpupun (Co), miwg
(Sn), ghul (Zn), thyk (Ni), kpyup (Fe), wnhud (Cu), ppnd (Cr), pughnud (T1),
npuighg npnoikpp  wihpwdbon &b Jwppne U YEunwihubph  unynpuljub
ykuuwgnpsnibibnipput hudwp b hunfwpynud & dhypnbjbdbunikp:  Owbp
Ukwnwnikph U pumhnindyihnitph pupap wwpnibwympjoiip ppiught hnupkpnud
puguuwpwp £ winpuguetnw gpught hudwlupgh fhiuwpuquuquintpjub §pu:
Uju Qubinntbph hhwnpkpp jupnn & h hupn quy nwppkp dubpny uUngkyniuht
b Jhdwlhg vhiish Yaphruyhl sunhbph b Whpotuwght sanbh uwhlibp:

Qnynippoth okt wwppbp dipogibp (Wkwbhfulwlb, $hqhjw-phuhwljub,
phupwwh b Yhtuwpwbwlywl), npabp bbpljuyniu oquugnpdymd & 9ptiphg
Utinwnitph htowguwt hundwp: dhqhw-phvhwlwb dkpnnh Uk wrunppghwb
hwinhuwbnul t wibhwwpyoibwdbnp: dhpehtt nwphubpht gpbph dwpplwb by
Ukd nupunpoipinih | quipdymd phwlwb unpphinbibphtt jund gputg hhdwb Jpw
unwgyws unpphbwnbbppl:  Snpph  hpdwb  Jpw  unppbbwnbtbpp  Yupnp &b
oquuugnpdyk| (uyb opgwtmyh binghpukph pwdwi hunlwp:

Usuunnwiph jupbnpmpntip Yuywimd £ punhinbtbph b puwlui Gnipkph
hhuwt Ypw unpphinnbbph uwnwgiwbp b npulg oquugnpélwbp, hiyp Junn
wpphwywh t b ks htwnwppppoipimb b wewgwginul, pwih np pkunipuikph
Jnbugnnmpmip b pppwhw  Uhowiuyph  wwhwwbinuwp  hwinhuwbnd t
wpwebwhbpp muyplubdnipb dudwiwlulhg ghimppub b nkbninghuh by,
huy wpynibwpbpuijwt dwupwwpibph puthnbtph oquiugnpdnudp uetmd £
winbuwybu pwhwfbn: Puswbu twb puhntwgpkph dwpplwt hwdwp tnp,
wpyntbwybn unppbintibph Wulplwb Jkg: Injnipnit niikgnn punhntwgpkpt
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hptug  $hqhyw-phuhwluwb gnigwihgubpny] punn wwppbp &4 b pibghp E
wpwowinul wnwhwy unppkintikp, npnbip buyyunnwljuninjus Eu Ynblptn nhuh
pwthnbwenpkphg npnowlh dwip Uknwnubph hbpwgdwh hundwp: Ukwnwnubph
hkpwguwl dundwbiuly ] wpmnibpbibp unwbnd Eu oquuugnpdtiny wphkunwlut
unppkinntibp, ophtwy hntwhnjwbwluhi jukdbp Yuwhnhwntbp, npotg pinpny
ki pwpdp unppghni  hunlmpmbbkp b puquulh  oquugnpduwb
htrwpunjnpnipynib: Uwljuyl, wdjuy unppbinbbph hhdbwlwb phpnipinibp npubg
pwilnipinibb &, npp yywpwbwynpyws Eunwgiub puquuunhfwt wpnghutitpng:

Snpdp hwbphuwbnwd bt ny pwilwpdip, hwuwbbkh unppkine, npp
cquugnpdynid k wyuinnhshbph gt opowbmih hipwgiwt hwibwp: Ujh jwpnn &
oquuugnpdft] wpwbdhb Yu npwhku hwdwhgjws unppihnbbph U pwpg
ynuynghwnuyhtt  Wmpbkph  puqugphy:  Sopdp  hwighuwind £ phwlwh
Ykbuwpwinpkh winhy dhpwjuwyp b uwyy winhjnpmbp gwn jupbop kb owgb
npujku unppghnt Uhguijujp oquuugnpstint hunwp:

Upjuwnwbph buwjunnuls £ phwlwb ympbph bpdpny Ymiynqhunwght
unppkniitph wnwugnwip gpuyhtt Uhgwuypbphg dwhp Ukwnwnikph htrwgdwl
hunfwp: Uy byunwyny  hpuluiwgyly kt wnpbh bhdwh Jpuw unwglus
unppkintikph unppghnt hwinympymubbph nundbwuhpoipnit, winpdh dwltptup
luptinquiting unnhdhjugiwl wqnkgnipnibp tpw unppghnt hunaynipniibkph
Ypw, plwywb swinnyth iynmptph hpdwb Jpw wnwgus unpphbnbbph
hunnynipjoibbitph munwbwuppmpmt  (wubugepugbu ghwnndhn b
pkunnthwn), winwgywd unpphtuntibph unppghntt mbwympiniibiiph qwhunnmd
unwnhy b ghtwdhly nkdhutubpmd ogunugnpskiny Lhuqumiph b $pkjunihjup
uUnnhukpp:

Uopwlyt; ki pwlwb Wowpkph bhupny Yndwynghwiughtt unpphinnkph

‘(Uuutunpuytu ghunnthn, winpd L juhinnquib) winugiwb dkpngibp optphg

swip ykwmntpp hknwgikine hudwp:

8nyg k wpyk), op vinpdh dwlkpbup juhninquiing unghhljwgutinig hkwnn
ipw unppghnb niwynipnibp Uidwumd & 1,2-1,5 wiqund:

Uty th vwqbhuwfwl hunynipjnibiubpny juhwninqub wwpnibwyng
unppblntbph unwgdw knuwbwl: Npybu dwqihuwfwh impbp oquuugnpéfly b
bpYJukin dknunbbkph $phuttp, hiyyko bub dwqiknn:

Zumunnglp k. op Si02-MnO: ghwwnnthinh  tkpuenwdp  hundwlwpgh
pumupnipjwl Ukg phpnud tunppghnt gnpdplipwgbiph pupkjuywbp:

Upwljyk) kb unppbnbbp, npop hyunwumnnjws &b punhnbwgptphg
swhp JUbwnwnbtph htrwgiwip: Unpphnnttpp unwgll) &b phwlwb Woipbph
hhtwh Ypuw (0np$, upinqui, pitnantihn, ghunndpun):
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SORBENTS BASED ON NATURAL MATERIALS AND THEIR USE FOR REMOVING
HEAVY METALS FROM WATER
SUMMARY

—Pollution of the biosphere by heavy metals, as a result of anthropogenic
activities, causes serious concern througheut the world. This is due to the fact that, unlike
organic pollutants, metals in the natural environment, without subjecting decomposition
processes and the possibility to concentrate in the ecosystem objects - plants, water
bodies, soil, and then along the natural food chain, to enter the human body together with
food products and drinking water. Therefore, constant monitoring of their content is
important, not only in environmental objects, but also in food products. Heavy metals
make up a vast and very dangerous, toxicologically, group of substances, including more
than 40 chemical elements. Particular attention is paid to those metals that are used most
widely and in significant amounts in production. As a result, accumulation in the external
environment is a serious hazard in terms of their biological activity and toxic properties.
Usually, 12 elements are measured: mercury (Hg), lead (Pb), cadmium (Cd), arsenic (As),
cobalt (Co), (Sn), zinc (Zn), nickel (Ni), iron (Fe), copper (Cu), chromium (Cr), thallium
(T1), some of them are necessary for normal vital activity of humans and animals, that is,
they can be attributed to microelements. Heavy metal ions can often be found in
industrial wastewater and their discharges in an environment. The high content of heavy
metals and radionuclides in acidic streams has a negative impact on the conformity of the
water system. Traces of these elements can manifest themselves in various ways - from
molecular dissolved state to colloidal sizes and particles of micron size.

There are various methods (mechanical, physicochemical, chemical and
biological) that are currently used to remove these metals. Among the physico-chemical
methods - adsorption, is the most effective. In recent years, in the purification of water,
much attention has been paid to natural sorbents or sorbents obtained on their basis.
Adsorbents based on peat can be used to solve a wide range of problems.

The importance of work is to use of sorbents based on waste and natural
materials is very relevant and is of great interest, since resource conservation and
environmental protection are priority areas in modern science and technology, and the
use of waste on an industrial scale becomes economically viable. As well as in the
development of new, efficient sorbents for wastewater treatment. Existing wastewater is
very different from their physico-chemical indexes and there is a problem of receiving
sorbents that are targeted to removing certain heavy metals from specific types of
wastewaters. When removing metals, good results are obtained using artificial sorbents
such as ion exchange resins, cationites characterized by high absorbency and multiple use.
However, the main disadvantage of these sorbents is their high cost, which is due to
multi-step processes.

Peat is an inexpensive available sorbent to extract a wide range of contaminants.
It can be used either individually or as a component of combined sorbents and composite
materials. Peat is a natural biologically active medium, and this activity is very important
for its use as a sorption medium.

© National Library of Armenia

The purpose of the work is to production of composite sorbents based on natural
materials for extraction of heavy metals from water systems. Within this framework, the
following have been implemented: study of sorption properties of sorbents based on peat,
the effect of modifying the surface of peat with chitosan on its sorption properties, study
of sorption properties of sorbents on the basis of natural porous materials (in particular
diatomite and bentonite), an estimation of sorption capacities, the received sorbents with
application of models of Langmuir and Freindlich in static and dynamic modes.

New methods for obtaining composite sorbents based on natural materials (in
particular, diatomite, peat and chitosan) have been developed for use in the extraction of
heavy metals from water.

It is shown that the modification of the peat surface with chitosan increases its
sorption capacity by 1.2-1.5 times.

Chitosan-containing sorbents with magnetic properties have been developed.
Ferrous divalent metals, as well as magnetite, were used as magnetic materials.

It has been established that the introduction of diatomite into the composition of
the SiO2-MnO: system leads to an improvement in the sorption processes.

Practical significance of the work. Sorbents have been developed that are aimed
at sorption of heavy metals from water.

Obtained sorbents are developed on the basis of natural materials (peat, chitosan,
bentonite, diatomite).
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