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AxmyanbHocmb. Co3daHue 3chghekmusHbIX U HeAopoaux copbeHmMo8 WUPOKO20 NPOguss, 0OHUM U3 akmyarbHbIX HanpaeleHul Komopozo
Aensemces QusaliH copbeHmog Ans o4uCmKU 800 pasnUYHO20 Ha3HaYyeHUs, NOCMOSHHO socmpebosaHo 8 Hayke u npousgodcmee. Hosbie
UOHO0bMEHHBIE COpbEeHMbI N0380MAIOM pewamb cpasy dge cesidaHHble 3adayu; o4ucmKa mexHuyeckol 800bi npednpusmull u peaynuposa-
Hue codepxaHusi MoKcuKkaHmos & okpyxatowieli cpede. ModugpuyuposaHue UOHOOBMEHHUKO8 npusoOUM K YIy4LEHUIO COPOUUOHHBIX U KU-
HEMUYECKUX Xapakmepucmuk, 0COBEHHO nepcnekmueHbl NPUPOOHbIE 8bICOKONPOHUL@EMbIe cemyamble nomuaiekmponums! ¢ 6ombwol
CKOPOCMbIO NO2IOWEHUST UOHOB KPYNHbIX pasmepos. ModugbuyuposaHue mux MUHEPanos NO8EPXHOCMHBIM CI0eM CONOUMEPOS C 3NOK-
CUGHBIMU 2pynnamu, Nofy4eHHbIMU NPU OMBEPXOEeHUU CMeCU NOUSMUIEHNOUaMUHa U 3NOKCUOHOU CMOMbI, NO380/IIEM NOMYYUMb HOBbIE
Oewwesble cOpOYUOHHbIE Mamepuaribl Ols 04UCTMKU 800b1 OM MSIKENbIX MEMAIINIOs, NPEUMYUWECMBEHHO KamuUOHOs ceuHuya Pb2*. Uccnedo-
8aHue 00ycrosneHo HeobXoAUMOCTIbI0 OYUCMKU CMOYHbIX 800 Memanypauyeckux npednpusmuti om kamuoHos Pb2, komopbie omHocam-
51 K MOKCUYHBIM 8ewiecmeam, nposiensirouUM MymageHHbIe, KaHUepoeeHHbIe ceolicmea, KpoMe moeo, 6CMpPOeHHbIe 8 GUOREHHbIE (hOPMbI
UOHb! 0bn1adarom ceolicmBOM J10KarbHO HakannueambCsl 8 NPUPOOHbIX 0BbEKMaX, MeM CaMbIM SB/SACh CUTbHBIM SKOMOKCUKaHMOM.

Lenb: onpedenums copbyuoHHble ceolicmea npupodHO20 Leonuma U e2o MoOUpUUUPOBaHHOU (hopMbi N0 OMHOWEHUK K UoHy Pb?* u
onMUMU3UpPo8ams ycrosusi copoyuu.

06Bexmb: LLiaHxaratickull npupodHs I yeonum U €20 ModUghULUPosaHHB ie narusmurieHnonuamurom (M3MMA) u anokcudHol cvonodl (3-20) chopmb .
Memodbi: cnekmpoghomomempust.

Pesynsmambl. [TosydeHb1 MOOUGULUPOBaHHbIE NOMUIMUIEHNONUAMUHOM U 3nOKCcUOHOU cmonoli copbeHmb! Ha ocHose LllaHxaHalickoz20
npupodHo20 yeonuma. YcmaHoeeHb! onmumanbHbie ycrnoeust pH copbuuu uoHos Pb?* e cmamudeckux ycnosusix. [lpu ucnob3osaHuu
ModuchuyuposaHHo20 npupodHo20 yeonuma 8 duanasoHe pH 7-9 ussneyeHue uoHos csuHya npoucxodum Ha 90 % no cpasHeHuro ¢ uc-
X00HbIM yeonumom. ModugbuyuposaHHbili npupoOHkIt yeonum moxem 6bimb UCNOML308aH 8 Kayecmee copbYLUOHHO20 Mamepuana 0nsi
0YUCMKU NPOMBILUSIEHHBIX U CMOYHbIX 800.

Knroyesnie cnosa:

LUlaxxaHalickuli npupoOHb I yeonum, copbyusi, kamuoH Pb%, nonusmuneHnonuamuH, 3nokcudHas cmorna.
BeepeHue KHM aCCOPTUMEHTOM Pa3pabOTaHHBIX COPOEHTOB, HU3KHM

SHEPrOHOTPEONCHHEM U BBICOKOH 3(()EKTUBHOCTHIO

[5, 6]. OObuHBIE OUUCTHBIE COOPYKEHUA SODEKTUBHEI B

OTHOIIEHWN OPTaHMYECKUX BEIIECTB, OJHAKO yIajJeHHE

Wonsl cBUHIA SIBIAIOTCA CTOMKMMU YKOTOKCHKAHTAMU
C HU3KOM CKOPOCTBIO YIAJEHHUS M3 JKOCHCTEM U Opra-
HU3Ma YellOBeKa. 3HAYMTelbHAS OHOAKKYMYIIIIHSA IIPH-

BeJla K BKJIOUEHHIO HOHOB cBuHIa Ph%' B KOHTPOJIEHEIE
ciuckn EBpocorosa cormacuo aupextuBe EC 2013/39
[1,2] mo pernameHTy KOHTPOJS Ha COACPKAHUE UOHOB
TSOKEIBIX METAIOB B 00BEKTaX OKPYKAIOIIEH Cpesbl.
Konnenrparus Pb* B BOMAX PEK MOXKET KoJebaThcsa OT
0,1 1o 100 MKr/n, npuyeM cpelHee 3HaUYCHHE OOBIYHO HE
npesbimaer 10 MKI/n. B HempoTowHBIX BoJOeMax 3TO
3HAUEHHe HIbKe U coctaBiseT 4,5 mxr/i [3]. Jlomyctumoe
conepxkanne Pb> B mnTheBOI BOZE HAXOUTCA B AMana-
30He 1-60 MKT/1 B 3aBHCHMOCTH OT PETHOHA, MPHYEM B
Espone n Poccun He npesbimaet 20 Mxr/n [4].

C yyeroM 00BEMOB TOTPeOISEMON BOMLIL, (H3HMKO-
XUMHYecKas aacopOLus sBiIAeTcs HauOolee IpUBJIEKa-
TENBHON METOJMKON OYKMCTKH, YTO OOYCIIOBJIEHO IIHPO-

DOI 10.18799/24131830/2021/1/2994

HOHOB TSDKEIBIX METAUIOB HE BCErNa IPOMCXOAUT I0JI-
HOCTBIO, UTO JIeTaeT HeOOXOAUMBIMH JOOYHCTKY H KOH-
TPOJdb KauecTBa BOAbl. CHHTETHUECKHE HOHOOOMEHHEIE
Marepuaibl ABIAIOTCS d(h(OEKTUBHBIMA COPOEHTAMH JUIS
Pb* 1 APYrMX TAXKEIbIX METAIIOB, MPHYEM Hanbonee
PacIpOCTPaHEHHBIMKE CTAHOBATCA MOIM(UIIUPOBAHHbIE
noHooOMeHHKKH [7]. Pa3paboTaHHbIe ¥ pacnpoCcTpaHeH-
HbIE KOMMEPUYECKHE COPOEHTHI 00CCIEUMBAIOT BBICOKHE
CKOPOCTH yJaJIE€HHUS, HO HX BBICOKAs CTOMMOCTD SIBISCTCS
HEJOCTaTKOM B KPYIHOTOHHAXHBIX CHCTeMax. Takum
00pa3oM, MOUCK abTEePHATHUBEI B BHC HEIOPOTHX IPH-
POIHBIX COPOCHTOB ¢ MUHHMAIBHBEIM MOAU(DUIUPOBAHHU-
€M IIOBEPXHOCTH JOCTYHHBIMH PEArcHTaMH SBJISCTCS
HacylHo# HeoOxoauMmocThio [8]. MccnenoBanus mpoje-
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MOHCTPUPOBAIH 3(D(HEKTHBHOCTh HCMONB30BAHUA  JUIS
3TOM METM aKTHBHUPOBAHHOTO VI, YITIEPOAHBIX HAHO-
TpyOOK, IPUPOAHBIX ¥ CHHTETHUECKHX LeonuToB [9, 10].
Pa3paboTka Ka3axCTaHCKUX MIPUPOIHBIX MECTOPOXKICHUI
IIEOJIUTOB MPEJOCTABISET HOBbIE IPUPOIHBIE MATEPUAIIBI
KaK 7Sl MHTEHCUBHOTO Pa3BUTHS (yHIAMEHTaJbHBIX HC-
CIIeIOBaHUI COPOEHTOB, TaK W IS MPAKTHIECKOTO MPH-
meHeHns. MccnemoBanne XMMUIECKOro u (ha3oBOrO co-
craBa 1eoauToBbIX Ty(hoB Taitxyprenckoro u Illanxa-
HAlICKOTO MECTOPOKICHHH IO0Ka3aJo BO3MOKHOCTb
IPaKTUYECKOTO HCIONb30BAHUS Ka3aXCTAHCKUX LEONHU-
toB [11]. YcTaHoBIIEHO, YTO TaKHe IICONUTHI C BHICOKUM
COLEPKAHUEM KpEMHeE3eMa SBIAITCA d(P(PEKTUBHBIMU
azicopOeHTaMy IS OYMCTKH 3arps3HeHHOHW Bomwl [12].
Hampumep, 1 yianeHuss MOHOB TSDKEIBIX METAIIOB 13
BOJbl PEKOMEHJOBAH ME3AMOPUCTHI LEONUTHBIA COP-
OeHT (oXa3uT, TIOBEPXHOCTH KOTOPOro oOpaboTaHa Iie-
nousto [13].

Hpyroii 1eonut, MOANGPUINPOBAHHBINA CMECHI0 OKHC-
JICHHBIX MOJUATIVICHA W TIONUIPONUICHA, HCTIOIb30BAIN
IUisl yAAJIeHUs HOHOB Pb% u Cu® us BozibI [14]. Uccie-
JIOBaH MPOIECC OYUCTKH BOJBI OT Ni2+, C02+, Pb®* i Cu®*
TPUPOAHBIM TIEONUTOM STOTHHHCKOTO MECTOPOKICHHS
Kamuarckoii obnmactu B 1uana3one KOHIEHTAIUA B BOJIE
0,5-3,5 Mr-skB/;1. YcraHoBieHo, 4T0 MOAU(HUIEPOBaHNE
TIOBEPXHOCTH CEPHOI KUCIOTOW TPUBOIUT K aKTHBAIIMU
(YHKIMOHATBHBIX TPYII U YBEIMYCHUIO ero 3(pdeKTrs-
HoctH [15]. Takue pe3ynmbTaTsl CBUAETENBCTBYIOT O TOM,
YTO0 MOAU(DHUIMPOBAHHBIE MPUPOIHBIE IEONUTH ABIAIOT-
ci MEpCTIeKTHBHBIMH HEJIOPOTHMH MaTephaiaMd s
OYMCTKH BOJIBI OT TSKETBIX METAIIOB [16].

AHaTUTAYECKIE METONBI ONpECNeHHS HOHOB Pb**
BKIIIOYAIOT B ce0s MCTIONB30BAHUE TIAMEHHON 1 DNEKTPO-
TEPMUYECKOH aTOMHO-a0COPOLMOHHON ~CHIEKTPOMETpHH,
aTOMHO-a0COpOIMOHHOH CHEKTPOMETPHH C TpaguTOBOI
neusto (GFAAS), aToMHON MHIYKTHBHO-CBSI3aHHOM I171a3-
moii amuccuonnoit cnexrtpomerpun (ICP-AES) u cnek-
TPOMETPHUH C HHIYKTHBHO-CBs3aHHOM miazMoit (ICP-MS)
[17-21]. DTi MeTOMBI MMEIOT JOCTATOYHYIO UYBCTBUTENb-
HOCTb, OJHAKO HEKOTOPLIC U3 HUX OYCHb AOPOrd U HEIO-
CTYIIHBI JUTS OOBIYHOM aHATMTHYECKOH Tabopatopun. Hus-
KHe KOHIICHTPAIMH KAaTHOHOB CBHHIIA MOTYT OBITh OOHa-
PYXEHBI METOZIOM (DITyOpECIEHTHO# criekTpoMeTpun [22]
C BBICOKOM CTEIEHBI0 TOUYHOCTH M IIOBTOPSIEMOCTH, B KO-
poTkoe Bpems aHanmu3a [23]. Jlas GonbIIMHCTBA METOIOB
HIBKAH YPOBEHb TOKCHYHOTO MPHUCYTCTBHS METamna He
COOTBETCTBYET HHCTPYMECHTAILHOH UyBCTBUTENBHOCTH,
qTo Tpe6yeT HUCIOJIb30BaHUs MPEABAPUTCIBHOI0 KOHIICH-
TpupoBaHus Ha copbentax. Hanbomee s¢dexTuBHBIM 1O
COOTHOIICHNUIO YYBCTBUTCIIbHOCTH AHATUTUYCCKUX Xapakx-
TEPUCTUK M TPYAOEMKOCTH HCIIONb30BAHHS SBIISETCS
criekrpodoroMerprueckuii Mertox [24-27]. Ysenuuuts
YYBCTBUTCIBHOCTD JAHHOI'O BHJAa aHaJIM3a MOXHO 3a CUCT
J00aBIEHNS CENEKTUBHOTO OPTaHMYEeCKOTO peareHra, Ko-
TOPBIH NMEPEBOUT ONPEeNIeMbli HOH B XPOMOT€HHOE CO-
enunenue [28].

OOBEKTOM ~ HACTOSIIEr0 HCCICAOBAHHS  SBIACTCS
OIICHKAa M3MEHEHUs COpOIMOHHBIX cBOMCTB IllanxaHai-
CKOTO TIPUPOJHOTO LEONUTA W €ro MOJU(HUIIMPOBAHHBIX
nonuatunennonuamuaoM (I19ITA) u snokcunHO# cMo-
noit (O1-20) dopm mo oTHOMmEHHIO K Pb”* m3-3a Taxmx

(axTopoB, kak pH cpena, KOHIEHTPAIMS HOHA B PACTBO-
pe ¥ BpeMsl KOHTaKTa.

KcnepuMeHTanbHas YacTb
MoguduumposaHue Leonuta

[lapxaHalCKUi LEONHT IONYUEH U3 MECTOPOXKICHHS
PecnyOmuku Kaszaxcran, Anmartunckas o0iacts, KepOy-
nmakckuit paiion, r. Capel-Osek. Ilepen mommbuxarmeit
IPeIBapUTEIRHO MUHEPAT H3MEIbUYAIN 0 IHaMETpa 3e-
pen 0,4 mMm. JIs TIOBBINIEHUS M3BJIEKAIONIEH CIOCOOHO-
CTH ¥ ceJeKTHBHOCTH IpupogHoro Ilanxanaiickoro meo-
IuTa CopOEHT MOTM(MHIMPOBAIN IONUITHIECHIIOIHAMH-
HoMm (TIDIIA, Pocems, TY 2413-357-00203447-9920) u
smokcunHou cmonoit (D0-20, Poccust, TOCT 10587-84).
K 100 r momy4eHHOro I[E0JIMTHOIO MOPOIIKA J00aBIsLIN
OJ1-20 maccoii 30 T 10 MOJHOTO MOKPHITHS MOBEPXHOCTH,
3aTeM HeOONbIIMMH Topimamu go0asisid 30 r IIOI1A u
nepeMemnnBaiy B Teuenne 10 mun. IloaydyeHnnyro maccy
BEIFPYKAIK B (hapdOopoBbIE YaIIKKA ¥ OTBEPXKIAIU B CY-
mmnsHoM mkady B Teuenue 10 1 mpu 120 °C. 3atem
MAaccy BBIHMMAIM M OXJaXIaJId IIPM KOMHATHOH TeMIle-
parype B Teuenre 10 4. OOpa3ibl MoNIy4YeHHOro Mogudu-
MPOBAHHOIO ILicosuTa 0OpadaTeBamu 5 % pacTBOpOM
HCI mna perenepanuu XJa0pugHoi GOpMBL, 3aTeM IIyTEM
OTMBIBKHM BOJIOW JOBOAMIM 10 HeirpansHoit pH u o0pa-
OareBasit 5 % pactBopoM NaOH. IMonyuyeHHBIH MOIH-
(WIMPOBAHHEIH [EOINT CYLIMIN J0 MOCTOSHHOIO BEca B
mybensroi meun mpu 120 °C. AHHOHOOOMEHHYIO €M-
koctb mpoxaykra (COE, Mr-3kB/r) onpenesiig B craTnue-
ckux ycnosusx 1o 0,1 H pacteopy HCI [29].

PeakTuBbl, pacTBOpbI, Matepuars

CnexktpodoToMETPHUECKOE ONpPEIETIEHNE Pb®* B pac-
TBOpE IOCIE COPOLMHU CBI3aHO C 00pa3oBaHHEM KOM-
IUIEKCHOTO COEAMHEHHS, KOTOPOE MOKHO 0XapaKTepH30-
BaTh B3aMMOJIEHCTBHEM HOHOB Pb%' ¢ Cynb(hapcaseHOM.
JlaHHOE KOMIUICKCHOE COCIMHCHHE OKPAIICHO B JKCITO-
opamxeBbiil mBeT [30]. B paboTe ucmonb30BaHbl PacTBo-
pBI 10 mr/n Pb(NO3)2, 0,05 M NazB407, O,IMHN03,
0,1M NaOH. PacTBOpHI MCXOJHBIX COJEH TOTOBUIH MO
TOYHOM HABECKE, PACTBOPHI MEHBIIMX KOHLEHTpALUi —
TIOCIIEI0BATELHBIM Pa30aBIeHUEM UCXOMHBIX PACTBOPOB
HEMOCPE/ICTBEHHO Mepe] HCMOIb30BaHUEM. PacTBOpHI
0,05% cymbapcazeHa TOTOBIUIM pPACTBOPCHHEM B
0,05 monb/m NayB4O;. Jlns Bcex pacTBOpPOB HCIONB30BaA-
Ha OMIUCTUIHPOBAHHAS BOJIA.

Cratuueckyto COpOIMOHHYIO €MKOCTh copOeHTa (A)
PAacCUUTHIBAH 10 (popMyIIe:

(Cm:x - Cpam—z)

A(Pb*") = -V,
2+

rae A(Pb™") — emxocts copOenta, MI/T; Cyeyx M Cpapy — HC-
XOMHAS W PABHOBECHAS (OCTATOYHAS) KOHIECHTPAIHH
MOHOB METAJIOB B PACTBOPE COOTBETCTBEHHO, Mr/i; V —
00beM pacTBopa, 11, M — Macca COpOeHTa, T.

Crenens n3BneueHns HOHOB MeramioB (E, %) pac-
CUUTHIBAIH TI0 hopMyIIe:
(CHCX - CpaBn)

E= 100 %,

0
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rie Cyex — HCXOJIHAS KOHICHTPAIMS HOHA METaJlia B pac-
TBOpE, MI/II; Cpps — PABHOBECHAS (OCTATOYHASA) KOHIIEH-
TpaLs HOHA METAIlIa B PACTBOPE, MI/II.

Annapatypa 1 npu6opbl

CriexkrpooToMeTpHUeCKIe H3MEPEHHUS POBOIMIM Ha
cekrpoporomerpe UV-1800 (Shimadzu, SAmonums). Om-
THYECKYI0 IUIOTHOCTh HW3MEPSIM MPH JUIMHE BOJHEI
530 uM B KkroBeTax ToimuHOM ciog 1 cm. Jlma mepeme-
IITHBAHKS MCTIONB30BaIK MyiisTuporaTop MultiBio RS-24
(BioSan, JlatBus).

Pe3ynbTathl 1 ux 06cyxaeHue

W3yyena copOius MOHOB Pb®* LeONHTOM H ero Moju-
¢uumposanubivu [1911A 1 3/1-20 dpopmamu B HHTEpBale
pH or 1,68 mo 12,45. KonmuectBennoe ompeseneHue
FIOHOB CBHHIA B BOIHBIX PacTBOpax MPOBOAHIHA IO TIpeX-
BAPUTENBHO IOCTPOCHHOMY TPafyHpOBAHHOMY TpaduKy
(puc. 1). HccnemoBanue TmoKa3ano, 4TO MaKCHMAaJbHas
cOpOLMOHHAs eMKOCTh (pHC. 2) Mogn@nunpOBaHHOﬁ dop-
MBI (M®) B TaHHBIX YCIIOBHUSX TIO Pb?cocrasmsier 0,5 Mo,
anst mpupojHoro teoswta (I110) 0,25 mr/r mpu pH 6,86, B
9THX ycoBusx copoius M seimre, yem Ha 11, Ha 50 %.
IIpu pH 9,18 copbuus na MO Bbime Ha 90 %. U3ydeHue
s pH Ha Bemmammy copOumn nonos Pb>* 13 BogmBIx
pactBopoB Ha 1L 1 ero M® B 3aBucumoctu ot pH cpensl
MOKA3aJI0, 9TO ONTHMAIBHON KHCIOTHOCTHIO CPENBI s
copbuuu cBuHI@ ABnsgeTcs uHTepBan pH 6,86-9,18. Boime
3TOr0 MHTEpBala HAOMOJAI0T 00Pa30BaHHE THAPOKCHIIb-
HBIX KOMIUIEKCOB HOHOB CBHHIA, HIDKE HHTEpBama HUC-
TONB30BAHAE CyJb(apca3eHa NPHUBOAUT K TMOSBICHHIO
KOMIUTCKCOB HECTAOMILHOTO COCTABA.

A

0,7
0,6 -
0,5 -
04 -

0,2

0 - T T 1
0 2 4 6 CPb* mr/mn
Puc. 1. I padyuposounas 3agucumocmv 01 oOnpeoeieHus
Pb* cynvpapcasenom 6 6o0nom pacmeope

Fig. 1. Calibration dependence for Pb®* determination by
sulfarsazene in aqueous solution

[IponoIKUTENBHOCTE KOHTAKTa COpOEHTa C PacTBOPOM
Pb? Bmusier Ha crenenb m3BneyeHns (puc. 3). C yBenmue-
HUEM [UIUTENbHOCTH KOHTAKTa BEJIMYMHA COPOLMU MOBBI-
1aeTcs, 3ateM nocne 90 MUH CTaHOBHUTCS MOCTOSIHHOM.

Ilo pesymbratam MOIUUIMPOBAHHUSL TPHPOJHOTO
neonuta ¢ [I3ITA u D/1-20 moka3zaHo TOBBIIIEHHAE COPO-
LMOHHOH eMKocTH K noHam Pb®*, ato TPOSIBIIACTCS B U3-
MEHEHHH H30TePMbI copOrmH (puc. 4).

C Pb2+,mr/r
0,8 -
0,7 -
06 - 2
0,5 -

O T T T T T
1,68 3,56 4,01 6,86 9,18 12,45

Puc. 2. Cpasnumenvrasn xapaxmepucmuxa copoyuu
Pb? npupoonozo yeonuma (1) u ezo moduguyupo-
eanHoll hopmul (2) 6 3aeucumocmu om pH cpeovt

Fig. 2. Comparative characteristics of Pb*'sorption of
natural zeolite (1) and its modified form (2)
depending on medium pH

'pH

C Pb2+,mr/r

0,5
0,45 - 2
0,4
0,35 -
0,3
0,25 -

02 - »

0,15 - /

01 -

0,05 -
0

4
L 4
L 4
[any

10 30 60 90 120

t, MUH

Puc. 3. Cpasnumenvras xapaxmepucmuxa copoyuu P
npupoodHoeo yeoruma (1) u e2o mooughuyuposantoi
Gopmul (2) npu welimpanvHoll cpede 6 3a8UcCUMOCmu
om épemeHu KOHmakma

Fig. 3. Comparative characteristics of Pb*'sorption of
natural zeolite (1) and its modified form (2) in a
neutral medium depending on the contact time

CopOumoHHast EMKOCTb IS Pb®* 3HaumTENBHO BBIIIE MO
cparennio ¢ I11{. Komruectso copGuposaoro Pb>* no-
BBILIAETCS C POCTOM KOHLEHTPALMH MCXOIHOTO PacTBOpA.
Ilpu KomneHTpaman Pb°" B HCXOIHOM pacTBope MeHee
0,01 Mob-T ' IOCTHIHYTA PAKTHYECKH TIONHAs COPOLs
Pb**. M3orepma cop6uui I1L{ nmeer L-o6pastyto Gopmy.
Jlns u3otepM Kiacca L xapakTepHbsl paBHOMEpHOE 3a-
TNOJIHCHUC TIOBEPXHOCTU U OTCYTCTBUC KOHKYPCHIIUU CO
CTOpOHBI pacTBopuTeNs. Takke BO3MOXEH Ipolecc Iie-
PEOpHEHTAINN aCCOLMAaTOB KOMILIEKCOB CBUHIA OTHOCH-
TEJBHO MOBEPXHOCTH COPOCHTA.

Nzotepma copOin M® umeer S-o6paszHyto Gopmy ¢
BOTHYTBIM HAaYaJIbHBIM Y4YaCTKOM. HpI/I BO3pacTaHUn
KOHIIEHTpAllui copbaTa B pacTBOpe YBEIMUMBACTCA
copbIMoHHas EMKOCTh COPOEHTA, UTO CBA3AHO C M3MEHe-
HUEM OpUEHTAIMM aiCOpOMpPOBAHHBIX HOHOB Pb%* otHO-
CUTENBHO MOBEPXHOCTU COpOEHTA UK C OBICTPHIM TIEpe-
XOJIOM K TOMMOJIEKYIISIpHOH afcopOumu. Jlanee crnexyer
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TOYKa neperuda u MOsABIAETCS BTOPOE ILIATO, YTO MPHAa-
€T TaKUM M30TepMaM XapaKTepHbIH S-00pasHBIA BHIL.
[lpuunna 3akiroyaeTcs B CUIBHOM B3aUMOJEHCTBUM
MKy ancopOMpOBaHHBIMU KaTHOHAMH Pb* TPA OJTHO-
BPEMEHHOM OCJa0JEHUH HX B3aUMOJAEHCTBHA C MOBEPX-
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0 4 T T T 1
0 0,5 1 1,5

Cp monb/n

ala

HOCTBIO c%6eHTa, B 3TOM CIIy4ae aicopOMpOBaHHEIC Ka-
THOHBI Pb”" CTpeMATCS pacronoknThCs Ha OBEPXHOCTH
B BHJIE CKOIUIEHWH. DKCIIEPUMEHTAbHbIC JaHHBIC U Ta-
pametphl m30TepM JleHrmiopa s copOuuu Pb* ¢ 06-
pasuamu [ 1 MD npescrapieHs B Tabmuue.
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olb

Puc. 4. Hz30mepma npupooroco yeoruma (a) u e2o Moougpuyuposanroi gopmul (6)

Fig. 4. Isotherm of natural zeolite (a) and its modified form (b)
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Puc. 5. Ilapamempor usomepm Jlenzviopa ons copoyuu Pb** ¢ obpasyamu moouduyuposantoti gopmer (a) u npupodrozo

yeoauma (6)

Fig. 5. Parameters of the Langmuir isotherms for Pb* sorption with samples of modified form (a) and nuture zeolite (b)

Tabnuya. Oxcnepuvenmansivie dannvie copbyuu PH* ¢ 06-
Dpasyami. nPUPOOHO20 YeoTuma u e20 Moouduyu-
POBAHHOLL (POPMbL U pe3)Tbmambl UX 00padomKu

Table. Experimental data on Pb?" sorption with

natural zeolite and its modified form samples
and the results of their processing

Momduuuposannas popma/Modified form | Ypasnenne Jlenrmropa
C, Mo/ | Cs, MOTB/T a, mons/T | The Langmuir equation
C, mol/l Cs, mol/l a, mol/g 1/C; 1/a
0,05 0,06 0,26 17,41 3,88
0,10 0,08 0,72 12,19 1,38
0,25 0,46 4,38 2,18 0,23
0,50 0,49 5,32 2,04 0,19
0,75 0,50 6,87 2,01 0,15
1,00 0,22 8,21 4,45 0,12
IIpuponusni neomut/Natural zeolite Ypasuenue Jlenrmiopa
C, moan/n | Cs, MoOnB/1 a, Mo/t | The Langmuir equation
C, mol/l Cs, mol/l a, mol/l 1/Cs 1/a
0,05 0,01 0,28 134,6 3,54
0,10 0,09 0,72 10,67 1,40
0,25 0,56 4,33 1,78 0,23
0,5 0,59 5,27 1,70 0,19
0,75 0,71 6,76 141 0,15
1,00 1,47 7,58 0,68 0,13
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I'paduueckue u pacyeTHsIE JaHHBIE MOKA3BIBAIOT BO3-
pacTaHue COpOLMOHHOK EMKOCTH MOAM(UIMPOBAHHOTO
LEONUTa, 4YTO CBS3aHO C YBEIMYCHHEM KOIMYECTBA
(YHKIIMOHANBHEIX TPYIIT HA IIOBEPXHOCTH COpOEHTA.

3aknioueHne

[Monyuen copOeHT Ha ocHoBe [llanxanaiickoro npu-
POJIHOTO IIEONUTA U €r0 MOJU(PHUIUPOBAHHBIX TONUITH-
nennonuamuaoM (IIOI1A) wu smokcuaHOH cMomnoi
(31-20) popm. YcranoBnena ontuMansHas pH ot 7 10
9 ang OYMCTKU BOJBI OT MOHOB CBUHIA. B ykazanHOM
nuanazoHe pH mpw ucmonp3oBaHWE MOIU(DHIMPOBAH-
HOTO MPHUPOJHOTO IEOJNUTA TPOMCXOMUT H3BJICUCHHE
noHoB cBuHIA Ha 90 %. Takum 00pa3oM, VIS JOCTHKE-
HAS TOJHOTH HW3BJICUCHHS HEOOXOIUMO B JBa pa3
MEHBIIE MOAU(PUIMPOBAHHOTO COpOCHTa B HEWUTpaib-
HOH cpejie ¥ B IIATh pa3 MEHBIIE B CIA0OMIENOYHOM cpe-
ne. Bpems copbunn ne mpebimaer 90 muH. Momudu-
[IMPOBAHHBIA NMPHPOAHBIA IEOTUT MOXKET OBITh 3 dek-
THUBHO UCIONB30BAH B KA9ECTBE COPOLMOHHOTO MaTepH-
aja [yl OYMCTKH CTOYHBIX BOJ.
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The relevance. Development of effective and inexpensive sorbents of a wide profile is an urgent problem. In this regard, it is necessary to
use new modified ion exchangers applied for wastewater treatment and control over the content of various substances in the environment.
In order to increase sorption characteristics, modification is performed. Modification of sorbents with improved sorption and kinetic
characteristics has great prospects, such as highly permeable cross-linked polyelectrolytes with a high absorption rate of large ions,
valuable physicochemical properties, cheap natural minerals modified with polyethylene polyamine and epoxy resins in order to produce
reactive copolymers with epoxy groups, capable of participating in curing reactions in the presence of acid compounds and basics. The
research is caused by the need for wastewater treatment of metallurgical enterprises from Pb2* jons. Lead compounds are toxic
substances that exhibit mutagenic, carcinogenic properties; in addition, Pb% ions embedded in biogenic forms have the property of locally
accumulating in natural objects, thereby being a strong ecotoxicant.

The main aim of the research is to determine the sorption properties of natural zeolite and its modified form in relation to the Pb2* ion and
to optimize the sorption conditions.

Objects: Shanghai natural zeolite and its modified polyethylenepolyamine and epoxy resin form.

Methods: spectrophotometry.

Results. Sorbents modified with polyethylene polyamine and epoxy resin based on Shanghai natural zeolite have been obtained. The
optimal conditions for the pH sorption of Pb* ions under static conditions were established. When a modified natural zeolite is used in the
PH range of 7-9, lead ions are extracted by 90 % in comparison with the original zeolite. Modified natural zeolite can be used as a sorption
material for industrial and waste water treatment.

Keywords:
Shanghai natural zeolite, sorption, Pb2* cation, polyethylenepolyamine, epoxy resin.

REFERENCES 7. Bektenov N.A. Tsoy |.G., Kambarova E.A., Ybyrayymzhanova L.K.

1. Tuzen M., Soylak M., Parlar K. Cadmium and lead contamination \r{\la_tfr purzi{)ilcgtionl fggm heg\éysrzetals with ionites. The scientific
in tap water samples from Tokat, Turkey. Bull. Environ. Contam. eritage, 2019, vol. 3o, pp. 20~ - .

- 8. Zaiku X., Qingling C., Chengfang Z. Influence of citric acid
Toxicol., 2005, vol. 75(2), pp. 284-289. reatment i £ id " f lite beta 111

2. Andrusishina I.N., Golub I.A., Maletskiy Z.V., Lubyanova I.P. reaiment on mhe surtace acia properties of zeolite beta '

A : : Physical Chemistry, 2000, vol. 104, no. 13, pp. 2853-2859.
Opasen li svinets v vode? [Is lead in water dangerous?]. Voda i . :
vodoochistnye tekhnologii. Nauchno-tekhnicheskie vesti, 2016, 9. Zhubanov K.A., Babusenko P.M., Timofeyeva V.F., Solokhina N.N.

no. 2, pp. 40-50. Sostav i  termoustoychivost  tseolitsoderzhashchego  tufa

: : Shankhanayskogo mestorozhdeniya [Composition and thermal

3. GOST 24902-81. Voda khozyaystvenno-pityevogo naznacheniya. ) . L . :
Obshchie trebovaniya k polev))//n){ metodarﬁ ;ynaliga [State Stand);rt stability of the zeolite-containing tuff of the Shankhanai deposit].
24902-81.Drinking water. General requirements for field analysis Ves_tmk K_a;akhskogo natsionalnogo universiteta imeni al-Farabi.
methods]. Moscow, Standardinform Publ., 1999. 114 p. 1 SKerlga khllr_mya, 20((;4\,/no. i %p. 7578, LA Konush SR
4. 'WHO guidelines for drinking water quality. Vol. 2. 2"ed. Geneva, - jurbanqallyeva - &.V., Kudereyeva LA, KONUSDAyev .R.
World Health Organization, 1996. 973 p. VI_|yan|e klslotno_y aktivatsii na f|Z|ko-I§h|m|chesk_|e svoystva
5. Liang P., Sang H. Determination of trace lead in biological and pLIro_dnyI;h t_secl)lltov [TT.e Effe]'ft Oft ac:d actll\_/?tlon c\)/n tth'i
water samples with dispersive liquid—liquid microextraction bhysicochemical properties of natural zeolites]. Vestni
preconcentration. Anal. Biochem, 2008, vol. 380, pp. 21-25. Kazakhskogo natsionalnogo universiteta imeni al-Farabi. Seriya

. . khimiya, 2004, vol. 34, pp. 52-56.
6. Zhubanov K.A., Babusenko P.M., Timofeyeva V.F., Solokhina K.N. ', ' S . .
Issledovanie fazovogo i khimicheskogo sostava prirodnykh 11. Yergozhin E.E., Akimbayeva A.M. Organomineralnye sorbenty i

tseolitov i katalizatorov na ikh osnove [Study of the phase and p?hfunkgi_li(()ntalnye . S|s|temy . nla osnove 0 prlrod_nogol
chemical composition of natural zeolites and catalysts based on aygm(:y Ika gogo II ugo ?_o-mlmera ntogo sygya d[ rganomlrgeral
them]. lzvestiya Natsionalnoy akademii nauk Respubliki sorbents and  polyfunctional systems based on nafura

L i % aluminosilicate and coal-mineral raw materials.]. Almaty, TOO
Kazakhstan. Seriya khimii i tekhnologii, 2000, no. 5, pp. 158-162. Print-S» Publ. House, 2007. 373 p.

12


mailto:bekten_1954@mail.ru

Kambarova E.A. et al. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2021. V. 332. 1. 7-13

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nan Jiang, Ran Shang, Heijman S.G.J., Luuk C. High-silica
zeolites for adsorption of organic micro-pollutants in water
treatment. A review Water Research, 2018, vol. 144, pp. 145-161.
Sulaiman K.O., Sajid M., Alhooshani K. Application of porous
membrane bag enclosed alkaline treated Y-Zeolite for removal of
heavy metal ions from water. Microchemical Journal, 2020,
vol. 152, pp. 124-141.

Rassoulinejad-Mousavi S., Azamat J., Khataee A., Zhang Y.
Molecular dynamics simulation of water purification using zeolite
MFI nanosheets. Separation and Purification Technology, 2020,
vol. 234, 116080.

Belova T.P. Adsorption of heavy metalions (Cu®, Ni**, Co®* and
Fe?") from aqueous solutions by natural zeolite. Heliyon, 2019,
vol. 5, 02320.

Silva A.O.S., Souza M.J.B., Pedrosa A.M.G., Coriolano A.C.F.,
Araujo A.S. Development of HZSM-12 zeolite for catalytic
degradation of high-densitypolyethylene. Microporous and
Mesoporous Materials, 2017, vol. 244, pp. 1-6.

Kassargy C., Awad S., Burnens G., Kahine K. Experimental study
of catalytic pyrolysis ofpolyethyleneand polypropylene over USY
zeolite and separation to gasoline and diesel-like fuels. Journal of
Analytical and Applied Pyrolysis, 2017, vol. 127, pp. 31-37.
Jambers Scandelai A.P., Zotesso J.P., Jegatheesan V., Cardozo-
Filho L., Tavares C. Intensification of supercritical water oxidation
(ScWO) process for landfill leachate treatment through ion
exchange with zeolite. Waste Management, 2020, vol. 101,
pp. 259-267.

Abatal M., Cordova Quiroz A.V., Olguin M.T., Vazquez-
Olmos A.R., Vargas J., Anguebes-Franseschi F., Giicoman-
Vallejos G. Sorption of Pb(Il) from aqueous solutions by acid-

modified  clinoptilolite-rich  tuffs  with  different  Si/Al
ratios. Applied sciences, 2019, vol. 9, pp. 2415-2432
Manzoori J.L., Amjadi M., Abulhassan J. Ultra-trace

determination of lead in water and food samples by using ionic
liquid-based single drop microextraction — electrothermal atomic
absorption spectrometry. Analytica Chimica, 2009, Acta 644,
pp. 48-52.

Portugal L.A., Ferreira H.S., Dos Santos W.N.L., Ferreira S.L.C.
Simultaneous pre-concentration procedure for the determination of
cadmium and lead in drinking water employing sequential multi-

Information about the authors

22.

23.

24,

25.

26.

27.

28.

29.

30.

element flame atomic absorption spectrometry. Microchem, 2007,
vol. 87, pp. 77-80.

Biasino J., Dominguez J.R., Alvarado J. Hydrogen peroxide in
basic media for whole blood sample dissolution for determination
of its lead content by electrothermal atomization atomic absorption
spectrometry. Talanta, 2007, vol. 73 (5), pp. 962-964.
Sulistyaningrum 1., Gitutami M.P., Istiningrum R.B., Siregar .M.
Comparison between the calibration and the standard addition
methods in determining dissolved lead in Borobudurs control tanks
water by Flame Atomic Absorption Spectrophotometry (F-AAS).
Procedia Chemistry, 2015, vol. 17, pp. 70-74.

Zhou Q., Zhao N., Xie G. Determination of lead in environmental
waters with dispersive liquid-liquid microextraction prior to
atomic  fluorescence spectrometry. Journal of Hazardous
Materials, 2011, vol. 89 (1-2), pp. 48-53.

Yao-Min Liu, Feng-Ping Zhang, Bao-Yu Jiao, Jin-Yu Rao,
GenglLeng. Automated dispersive liquid-liquid microextraction
coupled to high performance liquid chromatography — cold vapour
atomic fluorescence spectroscopy for the determination of mercury
species in natural water samples. Journal of Chromatography A,
2017, vol. 1493, pp. 1-9.

Radhakrishnan K., Panneerselvam P., Sivanesan S. Turn-on
fluorescence sensor based detection of heavy metal ion using
carbon dots graphitic-carbon nitride nanocomposite probe. Journal
of Photochemistry and Photobiology A: Chemistry 389, 2019,
112204 K.

Talio M.C., Alesso M., Acosta M., Acosta M.G., Fernandez L.P.
Sequential determination of lead and cobalt in tap water and foods
samples by fluorescence. Talanta, 2014, vol. 127, pp. 244-249
Tarighat M. Orthogonal projection approach and continuous
wavelet transform-feed forward neural networks for simultaneous
spectrophotometric determination of some heavy metals in diet
samples. Food Chemistry, 2016, vol. 192, pp. 548-556.

GOST 20255.1-89. lonity. Metod opredeleniy astaticheskoy
obmennoy emkosti [State Standart 20255.1-89. lonites. Method for
determining  the static exchange capacity].  Moscow,
Standartinform Publ., 2002. 5 p.

Rosenstein C., Hirsch S. Chemical analysis of plating solutions.
Metal Finishing, 2002, vol. 100, pp. 509-554.

Received: 18 November 2020.

Elmira A. Kambarova, doctoral student, Taraz State University named after M.Kh. Dualty.
Mikhail A. Gavrilenko, Dr. Sc., professor, National Research Tomsk Polytechnic University.
Nesipkhan A. Bektenov, Dr. Sc., professor, Kazakh National Pedagogical University named after Abay.

13


https://www.sciencedirect.com/science/article/pii/S0026265X19311646
https://www.sciencedirect.com/science/article/pii/S0026265X19311646
https://www.sciencedirect.com/science/article/pii/S0026265X19311646
https://www.sciencedirect.com/science/journal/0026265X
https://www.sciencedirect.com/science/article/pii/S1383586619327273
https://www.sciencedirect.com/science/article/pii/S1383586619327273
https://www.sciencedirect.com/science/journal/13835866
https://www.sciencedirect.com/science/article/pii/S2405844019359808
https://www.sciencedirect.com/science/article/pii/S2405844019359808
https://www.sciencedirect.com/science/journal/24058440
https://www.sciencedirect.com/science/article/pii/S1387181117301117
https://www.sciencedirect.com/science/article/pii/S1387181117301117
https://www.sciencedirect.com/science/journal/13871811
https://www.sciencedirect.com/science/journal/13871811
https://www.sciencedirect.com/science/article/pii/S0165237017301183
https://www.sciencedirect.com/science/article/pii/S0165237017301183
https://www.sciencedirect.com/science/article/pii/S0165237017301183
https://www.sciencedirect.com/science/journal/01652370
https://www.sciencedirect.com/science/journal/01652370

	7-13



