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AHHOTaNus

Pa3pabotka BbICOKO3((EKTUBHBIX aJCOPOLHOHHBIX CHCTEM U OYHCTKH BOJ OT MOHOB TSDKENBIX METAIJIOB
SBTISICTCSL O/THUM U3 aKTyaJlbHBIX HalpaBJIeHUI HAYYHBIX UCCIICIOBAHUN B 00JIACTH PEICHHS SKOJIOTUIECKUX
npobieM. B myOnukanum M3II0KEHBI pe3yibTaThl U3YUYCHHS aICOPOIUOHHON 3(PQPEKTUBHOCTH TBEPIBIX
COpOCHTOB Ha OCHOBE OCHTOHHWTA, MOAU(MUIIMPOBAHHOTO IMOBEPXHOCTHO-aKTUBHBIMU BemiecTBamu (I1IAB)
Pa3IMYHOM WOHHOW MPHUPOABI M KOJJIOWAAaMHU cepeOpa, CHHTE3MPOBAaHHBIMH Ha WX OCHOBE. B kadecTBe
Monu(ukaTopoB n3y4eHsl 1Tk [IAB anmonHON, aM(OTEepHOI M HEMOHOTEHHOW MPUPOIBL: JaypeTcyabdar
Hatpus (ITAB 1), xokoumunoaumnpomnuonat Hatpus (ITAB 2), nustanonamun xokocoBoro macna (ITAB 3),
kokoamboauanerarauaatpus (ITAB 4) u ankunnonurimokosua, C8-C14 (ITAB 5).

IIpenBapurensHO ObUT MIPOBEEH CHHTE3 KOJJIOMAHBIX YaCTHIL cepedpa ¢ MCIOJIb30BaHUEM BBIOPaHHBIX
[TAB paznuunoii koHneHTpauuu. Metogom Y@ crieKTpocKonuu ObUIO JIOKAa3aHO, YTO BCE BHIOpaHHBIE pacT-
Bopel IIAB BoccTanaBnmuBaioT cepedpo M 00pa3yrOT KOJJIOMAHBIE YacTHLbl. MakcHUMasbHBIA 3QQeKT Obul
obnapyxeH npu ucnonb3opannu [1AB 2, ITAB 3 u [TAB 5. Ontrueckas TNIOTHOCTD MPU ATOM YBEIHMYHUBAIIACH
6omee yem B 20 pas.

BeHTOHUT mpenBapuUTEeNbHO NMEPEBOAMIN B MOHOMOHHYIO (popMy, 3aTeM MOAMGHUIMPOBAIH KOJUIOHU[-
HBIMHU pacTBOpamMu cepedpa, CHHTE3UPOBAHHBIMU TIPH MOMOIIY yKa3zaHHbIX [TAB. AncopOuuoHHyI0 croco6-
HOCTb MOAM(HUIIMPOBAHHOTO OEHTOHUTA UCCIIEOBAIH I10 OTHOIICHHUIO K MOHAM IIMHKA U3 PACTBOPOB C KOHLIEHT-
parusivu 0.2, 0.6, 6.0, 7.0 1 10.0 Mmmons/n. PaBHOBeCHYO KOHIIEHTpAIVsi MOHOB IMHKA B PACTBOPE OIIPEIEISLTH
METO/IOM aTOMHO-a0COpOIMOHHOW criekTpoMeTpun Ha npudope «KBaHT-2MT)». IlonmydeHHbIe pe3ynbTaThl
JEMOHCTPHPOBAIN BBICOKYIO aCOPOLMOHHYIO EMKOCTD UCCIIEAYEMbIX MaTepPHUaIoOB NPH Pa3IMIHON UCXOAHOM
KOHIICHTPAIIMH COJIM LIMHKA B pacTBOpe. MakcuMalbHast cTerieHb copOiun — ot 94.37 10 65.65% Habmonanach
[t OeHTOHKTA, MoanduIKpoBaHHOro I1IAB 1 1 KoytonIamMu Ha €ro OCHOBE BO BCEM MHTEpPBasie KOHIEHTPALMH
IIMHKA, YTO 3HAYUTEIBHO MPEBBIIIANO0 PE3YNIbTaThI, IIOJyYSHHbIE 17151 ICXOJHOTO He0OpaboTaHHOTrO OEHTOHUTA.

[TomydenHbIe SKCTIEpUMEHTATIBHBIE JaHHBIE OBLIN alIPOKCUMHUPOBAHBI C TOMOIIBIO Mozenel JIenrmiopa
n Opeitnanmxa. PesynpraTsl mokasaiu, 4To aacopOuus Ha BceX UccielyeMbIX 00pa3uax MoJupHUINPOBAHHOTO
OCHTOHHUTA HE TIOTYUHAETCS YpaBHEHHIO JIeHrMIopa, 1 ABJISETCS MOIMMOJIEKYIISIPHBIM MTPOLIECCOM, TPOTEKAI0-
MM Ha aKTUBHBIX LIEHTPax CIOXKHOW CTpyKTyphl. B ciydae ucnons3oBanus [IAB 2 xapakrep u3oTepmbl
aJIcopOLMK yKa3bIBaeT Ha MpeodiiajaHue B3auMOICHCTBUS MEXIY aACOpOMPOBaHHBIMH YaCTHLIAMH Ha TBEPIOH
MTOBEPXHOCTH.

ITo skcrepuMeHTaIBHBIM JaHHBIM OBUIM MIOCTPOEHBI M30TEPMBI aIcOpOIMH. XapaKkTep KPUBOW 3aBHCH-
MOCTH BEITUYHHBI aICOPOIIH OT PABHOBECHOW KOHIIEHTPAIIMH HOHOB ITMHKA B PACTBOPE OJJHO3HAYHO YKa3bIBAET
Ha MPOTEKaHUe aJCOPOLMOHHOrO MpoLecca B HECKOIBKO CTAAMK € MOCIEe0BaTEbHBIM 00pa30BaHUEM CIIOEB.
[lony4yeHHbIe NaHHBIE MO3BOJSIOT HPEAIIONOXKHUTH 00pa3oBaHME KOMIUIEKCHBIX CTPYKTYp ¢ yudactuem I1AB,
KOJUTOUJIOB cepedpa ¥ MOHOB IMHKA.
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Abstract

The development of highly efficient adsorption systems for water purification from heavy metal ions is one of
the current areas of scientific research in the field of solving environmental problems. The publication presents
the results of a study of the adsorption efficiency of solid sorbents based on bentonite modified with surfactants
of various ionic nature and silver colloids synthesized on their basis. Five surfactants of anionic, amphoteric
and nonionic nature were studied as modifiers: sodium laureth sulfate (surfactant 1), sodium cocoiminodipro-
pionate (surfactant 2), coconut oil diethanolamide (surfactant 3), disodium cocoamphodiacetate (surfactant 4)
and alkyl polyglucoside, C8-C14 (surfactant 5).

Colloidal silver particles were first synthesized using selected surfactants at varying concentrations. UV
spectroscopy demonstrated that all selected surfactant solutions reduced silver and formed colloidal particles.
The maximum effect was observed when using surfactants 2, 3 and 5. The optical density increased more than
20 times.

Bentonite was first converted to a monoionic form and then modified with colloidal silver solutions
synthesized using the indicated surfactants. The adsorption capacity of the modified bentonite was studied for
zinc ions from solutions with concentrations of 0.2, 0.6, 6.0, 7.0, and 10.0 mmol/L. The equilibrium concentration of
zinc ions in the solution was determined using atomic absorption spectrometry on a Quantum-2MT instrument.
The results demonstrated the high adsorption capacity of the studied materials at various initial zinc salt
concentrations in the solution. The maximum degree of sorption — from 94.37 to 65.65% — was observed for
bentonite modified with surfactant 1 and colloids based on it in the entire range of zinc concentrations, which
significantly exceeded the results obtained for the original untreated bentonite.

The obtained experimental data were approximated using the Langmuir and Freundlich models. The
results showed that adsorption on all studied samples of modified bentonite does not obey the Langmuir
equation, and is a polymolecular process occurring on active centers of a complex structure. In the case of using
surfactant 2, the nature of the adsorption isotherm indicates the predominance of interaction between adsorbed
particles on the solid surface.

Adsorption isotherms were constructed using experimental data. The nature of the curve, which plots the
adsorption magnitude versus the equilibrium concentration of zinc ions in the solution, clearly indicates that the
adsorption process proceeds in several stages with the sequential formation of layers. The obtained data suggest
the formation of complex structures with the participation of surfactants, silver colloids and zinc ions.
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