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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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N.S. Murzakassymova'’, M.A. Gavrilenko?, N.A. Bektenov®, R.M.
Kudaibergenova!, G.A. Seitbekova!

'M.Kh. Dulaty Taraz Regional University, Taraz, Kazakhstan;
*Tomsk Polytechnic University, Tomsk, Russia;
3Kazakh National Pedagogical University named after Abai, Almaty, Kazakhstan.
E-mail: Naz1282@mail.ru

INVESTIGATION OF THE SORPTION OF HEAVY METALS ON MODIFIED
COAL

Abstract. This study shows that the combined use of sulfuric acid as a stabilizing
additive and the unique porous structure of modified carbon (MC) makes it possible to
form associates of metal cations about 3 nm in size, uniformly distributed over the entire
surface of modified carbon (MC).

The choice of the optimal sorbent depends on the task set for the researcher. It has
been shown for the first time that the MC structure affects the formation and distribution
of Me(II) cations on the surface: two types of Me(Il) cations are observed: 0.5-3 nm in
size, localized mainly inside the MC pores, and larger particles (4-8 nm) located on the
outer surface of the MC.

To study the influence of modifier deposition conditions on the distribution of pores
in the porous structure and on the outer surface of the MC and on the activity of the
resulting sorbents, a series of modified carbon carriers were synthesized. The essence
of the approach consists in applying the active composition to the surface of an inert
nanostructured MC carrier. In this case, MU acts as a primary carrier that provides the
necessary textural characteristics, thermal and mechanical stability of the sorbent, and
also as a substrate for stabilizing associates of Me(II) cations.

The experimental part shows the study of the phase composition of samples by
X-ray fluorescence analysis (XRF). The results obtained will serve as the basis for the
creation of a sorption system for the adsorption of heavy metals from water of natural
and technical origin, including chemical enterprises, pharmaceutical, metallurgical,
underground parking lots, as well as for the treatment of waste water from chemical,
pharmaceutical and other enterprises.

Key words: Adsorption, modification, heavy metals, cation, activated carbon.
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H.C. Myp3akaceimoBa!”, M.A. TaBpuienko?, H.A. BekteHos?,
P.M. Kynaii6eprenona',I.A. CeiiToexoBa'

IM.X. OynaTu aTbiHAafbl Tapas eHipaik yHuBepcuTeTi, Tapas, Kasakcran;
*TOMCK MOJNUTEXHUKAIBIK YHUBEpcHTeTi, ToMcK, Peceit;
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E-mail: Naz1282(@mail.ru

MOJINPUKALUAJTAHFAH KOMIPAE AYBIP METAJIIAPIABIH
COPBIMSACHIH 3EPTTEY

AHHoTamus. By 3epTrey KYMBICBIHAA KYKIPT KBIIIKBUIBIH TYPAKTaHIbIPFBILI
KocTa JkoHe Oipereii KeyeKTi KypblIbIM jkoHe Moaudukanusuianrad keMip (MK) perinne
IaMaMeH 3 HM MEeTaJlJl KaTHOHIaPbIHBIH KYPBUIBIMBIH KYPyFa MYMKIHJIIK Oepei, )KoHe
Monudukanusinanran kemipain (MK) Oykin Oetine Oipkenki OeiHe.

Tuimi cOpOEHTTI TaHAay 3epTTEYIIIHIH aJiJiblHA KOWbUIFaH MaKCaThiHA OaHTaHbICTHI.
Anram petr MK KypbUTBIMBIHBIH OeTKi KabaTsina Me(11) kKaTHOHIapbIHBIH TY31Ty1HE )KOHE
TapaiyblHa ocep eTeriHi kepcetinreH: Me(ll) kaTmoHIApBIHBIH €Ki Typi OaiKanab:
enmeMi 0,5-3 um MK keyekrepiniy imrinae xoHe MK ceIpTKbl OeTiHIE OpHajdacKaH
(4-8 uM) yikeHipek Oesexrep. MoaupuKaTop/ sl KOJIAaHY KaFIaiiapblHbIH KEYEeKTI
KypbUTbIMaarbl koHe MK chIpTKBI OeTiHIeri KeyeKTepliH TapallyblHa KOHE aJbIHFaH
copOeHTTepAiH OeliceHalTiriHe ocepiH 3epTTey YIIiH OipKarap TackIMaijaylibuiap,
COHBIH ImINHAe MOMU(PUKAIMSUIAHFAH KOMIp CHUHTE3ZeNl. 3eprrey MaKkcarhbl
HMHEPTTI HAHOKYPBUIBIMJIbI OOJIIEKTEP/IIH TaChbIMaJIayIbICBIHBIH OeTiHe OelIceHIl
KOMITO3HUITUSIHBI KOJIIaHy 0oJibI TaObLIaabl. by xxarnaiina MK copOeHTiHe cunarrama
bEpeTiH 00JICAK, TEPMHUSIIBIK KOHE MEXaHUKAJIBIK TYPAKThUIBIFBIH, coHmai-ak Me(Il)
KaTHOH aypblp METa/UIapbIH TYPAaKTaHJBIPY VIIiH CyOCTPaTThl KaMTaMachl3 €TETiH
0acTarKbl TACKIMAJIIAYIIBICHI PETIH/IC OPEKET €TEIi.

DKkcnepruMeHTTiK Oerimie peHTreHodyopectenTTi tannay (P®)omiciMen ynrinepain
(dazanblk KypamblH 3epTTey KepceTiinreH. HoTwxkernep TaOWFM IKOHE TEXHHMKAJIBIK
IIBIKKAH CY/IaH aybIp METAJIap bl COPOLMsLIIAY YIIIiH, )KOHE J¢ OHBIH IIITHIe XUMHUSUIIBIK
KOCIMOpbIHAAP, (apMaIleBTUKAIBIK, METAJUTYyPrUsUIBIK, JKEPacThl aBTOTYPAKTaphl,
COHJIali-aK XMMUSJIBIK, (hapMalleBTUKAJIBIK KOHE 0acKa J1a KOCIMOPBIHAAP/IbIH aFbIH/IbI
CYJIapblH Ta3apTy YIIiH COpPOLMSUIBIK KYHeHI KypyFa Heri3 Oojajabl. SIFHM 3eprTTen
OTBIpFaH MoAM(UKAIHsIIAaHFAaH KOMIP ayblp METaJUIIApAbl COPOLUSIIAYFa SKOJTOTHSLIIBIK
3aJaJIChl3, IKOHOMHUKANBIK THIMJII COPOSHT PEeTiHJIe KONaHyFa YChIHBLIA/IbI.

Tyiiin ce3nep: amcopOiusi, Moaudukanus, ayblp MeTanjgap, KaTuoH, Moaudu-
KallMsJIaHFaH KOMIip.
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HCCIEJOBAHUE COPBIIMHU TAXEJBIX METAJIJIOB HA
MOJANPULIUPOBAHHOM VYIUIE

AHHoOTamusa. B jmaHHOM WHCCIEIOBaHMM TIOKAa3aHO, YTO KOMOMHHPOBAHHOE
HCTIOJIb30BaHUE CEPHON KUCIIOTHI B KAYECTBE CTAOMIM3UPYIONICH T0OaBKH U yHUKATBHOM
MOPUCTON CTPYKTYphl MOIUPHUIMPOBaHHBIA yroib (MVY) mo3BoisieT chopmMupoBaTh
accoluarbl KaTHOHOB METaJJIOB pa3MepOM OKOJIO 3 HM, paBHOMEPHO paclpe/iesieHHbIe
0 BCeil MOBEpXHOCTH MOoaU(uIMpoBanHoro yrst (MVY).

Bri6op ontumansHOrO copOeHTa 3aBHCHUT OT 3a/1aud, NMOCTABICHHOHN IENu Iepes
uccnenosareneM. BriepBeie okazaHo, 4To cTpykTypa MY Biusier Ha (opMupoBaHHe
u pacupezenenue katnonoB Me(Il) Ha moBepXHOCTH: HAOMIOAAETCS 1B TUIIA KATHOHOB
Me(II): pasmepom 0,5-3 HM, JTOKaJTU30BAHHBIX MPEUMYIIECTBEHHO BHYTpU nop MY, u
Ooee KpyMHBIX yacTHIl (4-8 HM), HAXOAAIIMXCS HA BHEIIHEH moBepxHocTH MY.

Jiist uccneioBaHusI BIUSIHUS yCIIOBUH HAaHECEHUSI MOITM(HUKATOPA HA paclpeieieHue
Op B NOPHUCTOW CTPYKTYpE€ M Ha BHEUIHEH MOBEpXHOCTH MY M Ha aKTUBHOCThb
MOJYYEeHHBIX COPOEHTOB CHHTE3MPOBaHBl CEPUM HOCHTENIEH, MOAM(UIMPOBAHHBIX
yriieii. CyTh TOAXO/1a COCTOUT B HAaHECEHWH aKTHBHOM KOMITO3WIIMU HA MOBEPXHOCTH
HWHEPTHOIO HAHOCTPYKTYpPUPOBaHHOrO Hocutesst MY. B nanHOM cityyae MY BeicTynaet
B pOJM TEPBUYHOIO HOCHUTENS, OOECHEeYMBAIOMIETO HEOOXOJUMBIE TEKCTYPHBIE
XapaKTePUCTHKH, TEPMHUUECKYI0O ¥ MEXaHHUECKYI0 CTAaOMIBHOCTH COpOCHTA, a TaKkKe
MIOJTOXKKH [T cTabunu3auu accounaToB karnoHoB Me(II).

B skcrniepuMeHTaNbHOM YacTH IMOKa3aHO u3ydeHHe (Ha30BOro cocTaBa 00pasiioB
METOJIOM peHreHo(yopecueHTHbIi ananu3 (PDA). [TomyueHHbIe pe3yabTaThl TOCITYKaT
OCHOBOM cO371aHNs COPOITMOHHON CUCTEMBI JIJIS1 a/ICOPOITIH TAKEITBIX METAJIIIOB U3 BOJIBI
MIPUPOTHOTO U TEXHUYECKOTO MPOUCXOKACHHUS, B TOM YHCIIE XUMHUYECKHE ITPEITPUATHS,
(bapmarieBTHUECKHE, METAITYPTUYECKHUE, TTO/I3eMHbIE TTAPKOBKH, a TAK)Ke JJISI OUUCTKH
COpPOCOBBIX BOJ| XUMUYECKHX, (DapMaIleBTHUECKUX U IPYTUX TPEANPUSTHA.

KiaroueBbie cioBa: ajacopOuusi, MoaudUKaius, TSDKEIbIE METaJlibl, KaTHOH,
AKTUBUPOBAHHBIN YTOJIb.

Introduction. Methods of sorbent modification. Chemical modification. Chemical
modification methods are the most widely used, since they allow obtaining materials
characterized by increased resistance to various environmental influences and, as a result,
greater stability of the action of surface-modified materials. They are characterized by
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low energy consumption, no need for complex equipment and technologies, ensuring
the possibility of obtaining a given selectivity and capacity of the sorbent, as well as the
possibility of effective desorption with certain modifiers (Comier .2019)

In (Yuanyan, 2015) it was found that the surface treatment of the carrier also affects
the activity of sorbents during the adsorption of Me(II) cations. For example, by varying
the content of OH groups on the surface of the carrier, it is possible to achieve a higher
activity of the sorbent. In addition, using different methods of pretreatment of the carrier
and sorbent, it is possible to achieve different sizes of Me(Il) cation associates on the
surface, which also affects the sorption capacity (Makarova et al., 2019). MC belongs to
the class of ordered mesoporous surfaces (Zhao D. et al. 2019). Its structure is a system
of ordered cylindrical pores with a diameter of 6-8 nm (Fig. 1.5) (Sanz R. et al. 2018).
Due to its unique porous structure and surface properties similar to those of silica gel, it
is a very promising carrier for various sorbents (Belenova et al., 2015).

The authors of the work claim that the sorbent they use is quite effective, and its
porous structure promotes the adsorption of formaldehyde and acid vapors, which also
leads to an increase in the activity of the sorbent. In (Kataev et al.2016), the influence
of pretreatment conditions on the activity of the sorbent in the Me(Il) sorption reaction
on its surface is already being investigated. The authors of the work showed that, as
in the case of silica gel, pretreatment can have a significant effect on the activity of
the resulting sorbent. Also, the activity of sorbents modified with acids (LC/MC) was
studied during the adsorption of Me(Il) cations (Pyanova et al. 2017). This type of
sorbents is also quite effective in the adsorption of Me(Il) cations. Its activity can be
successfully varied by changing the processing conditions of the carrier, applying acid
and further processing of such a sorbent.

Thus, the use of surfaces as carriers for sorbents can be very promising. Depending
on the type of MC used, various indicators of sorption capacity can be achieved. In
addition, a wide range of porous structures makes it possible to significantly expand
the scope of application of acid-treated mesoporous systems, which is interesting for
practical use. Modified mesoporous ion-exchange resins and MC for sorption of Me(II)
is of great scientific and practical interest, but their practical application is limited by
low stability and specific surface area. Stabilization of this system on the surface of
highly porous MC is a promising approach for the synthesis of sorbent. In this context,
mesoporous carbon MC is of great interest, whose unique porous structure and high
specific surface area can positively affect the properties of the resulting system.

Sorption methods of concentration of metal ions.

A large amount of experimental data on the methods of concentration and separation
of metal cations have been generalized and presented in recent monographs by Y.A.
Zolotov, N.M. Kuzmin, L.N. Moskvin, L.G. Tsaritsina, A. Mitsuike (Salnikova et
al., 2000), including other authors (Gulevich et al., 2009). In these works, both for
concentration and for separation, basically the same methods are used. Of these, sorption
methods (ion exchange sorption and chromatography), extraction, flotation, deposition
and co-deposition, electrochemical, physical, physico-chemical and membrane methods
are often practiced.
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When analyzing natural and wastewater for the content of trace elements, the latter
are pre-concentrated and separated, most often using sorption methods, in which ion-
exchange and complexing sorbents are widely used, therefore, the search for effective
and cost-effective sorbents for analytical purposes is an urgent problem today. Carriers
modified by functional-analytical groups have found wide application in analytical
chemistry: they are used for concentration and determination of metal ions.

The high efficiency of sorption concentration makes it possible to determine traces
of metal ions in various objects using common laboratory equipment (photometers,
atomic absorption spectrometers with atomization in flame). One of the most promising
areas of modern analytical chemistry is the creation of hybrid methods of analysis. The
essence of these methods is the preliminary concentration of the analyzed substance,
followed by detection. The latter are used: photometry, luminescence, IR spectroscopy,
X-ray fluorescence, EPR, X-ray photoelectron spectroscopy (XPS), photoacoustic
spectroscopy, atomic adsorption spectroscopy (AAS), atomic emission spectroscopy
with inductively coupled plasma (AES-ICP), mass spectrometry with inductively
coupled plasma (MS-ICP) and others methods.

Pre-sorption concentration has a number of advantages over other concentration
methods.

Firstly, during sorption, substances are concentrated, which leads to a decrease in the
detection limit.

Secondly, the spatial separation of the molecules of the analyzed substance on a solid
surface should reduce the intermolecular interaction, leading to a decrease in intensity
and a change in the characteristics of the signal.

Thirdly, hybrid methods have great selectivity. This is achieved as a result of selective
absorption of the analyzed substance and its separation from interfering components.
Sorption concentration provides selectivity of micro-component selection, high
values of concentration coefficients, easy adjustment of process parameters. Sorption
concentration and separation of elements using modified ion exchange layers and MC
sorbents can be performed by static and dynamic methods (Nefedova et al., 2020). The
term “Sorbents modified with a mesoporous surface” refers to polymer (both organic
and inorganic) compounds, the structure of which includes functional groups capable
of forming stable associates and complexes with element ions (Bektenov et al., 2020).
Sorbents often modified with a mesoporous surface, along with chelate groups, may
also contain ion exchange groups. As a consequence, during the sorption of metals with
these sorbents, both the process of complex formation and ion exchange takes place.
The concentration of metal ions using modified ion-exchange layers and MC sorbents
is characterized by the simplicity and expressiveness of the concentration, shows high
extraction efficiency (so the distribution coefficients can reach 105-106). The use of
sorbents modified by ion-exchange layers and MC allows concentration from large
volumes of solutions to be carried out fairly quickly, for example, the transmission rate
of solutions can be 30-50 ml * min-1 (Gavrilenko 2016).

Recently, among the methods of concentrating metal cations from solutions, sorption
extraction with the use of modified ion exchange layers and MC sorbents is increasingly
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used. Bottom sediments, surface waters and soils are typical objects of chemical
analysis, for which methods based on modified ion exchange layers and MC sorbents
are used with high efficiency. The use of modified ion exchange layers and MC sorbents
in the process of sample preparation makes it possible not only to isolate metal ions,
simultaneously separating them from the sample matrix, but also to reduce the volume
of analysis, significantly reducing the number of preparatory stages of analysis and time
spent on their implementation; in some cases, the concentration of metal ions directly
from the sample can be used.

It should be noted that by now there is no single classification that would cover the
entire spectrum of such sorbents. This circumstance can be explained by a complex
composition, an extraordinary variety of structures and properties, which can also
strongly depend on the conditions of modification of the equipment. Nevertheless, it is
possible to distinguish certain basic classification features: the nature and structure of
the MC, the method of functionalization of the sorbent. The most well - known among
inorganic matrices: active carbons, ion-exchange resins and silica. lon-exchange resins
and their processing products (cellulose, viscose silk, pectins, lignin, chitin, chitosan,
etc.) are used as an organic polymer base for the synthesis of sorbents. Polymers of linear
or spatial structure obtained by polycondensation or polymerization (polystyrene and its
copolymers, polymetracrylate, polyethylenimine, polyacrylonitrile, polyvinylpyridine,
etc.) (Mentbaev et al. al., 2012).

Result and discussion. Study of the phase composition of samples by the XRD
method. Figure 1. shows radiographs from 2 to 90° for MC and T/MC samples. As can
be seen from the data in the figure, an amorphous MC reflex is observed for all samples
at 20 23°. On all radiographs, there is a small-angle reflex below 5°20, this reflex is
typical for carriers of type MC and characterizes the long-range order of the hexagonal
packing of the corresponding d, ,, (Marina et al., 2014). The intensity of the small-angle
reflex of the MC decreases with the introduction of sulfuric acid, which indicates a
partial decrease in the ordered porous structure due to the filling of the porous space
of the MC. In the case of a T/MC sample, the intensity of the reflex decreases more
strongly than in the case of T/MC-culf, which indicates a significant loss of order of
the porous structure. For the T/MC-culf sample, a slight decrease in the intensity of the
small-angle reflex may indicate a more uniform distribution of C in the MC structure,
which is consistent with the data of low-temperature adsorption.

.. O
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daso= 1.925 OKP = 5.9 Hm
doso= 1.912

T/MC-sulf

-
el b
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-

C
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Figure 1. Radiographs for test samples
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For T/MC samples, sulfuric acid reflections are observed in the 20 28.6, 32.9, 47.2,
56.3, 76.6, and 88.3° regions. For the sample prepared without the use of sulfuric acid,
the intensity of these reflections is higher, indicating the formation of larger particles
(OKP = 5.9 nm), compared with the T/MC-sulf sample (OKP = 3 nm) (Table 1).

Table 1. Properties of the studied samples

X-ray fluorescence analysis |ultraviolet | Absorption of H), m.mol/g (%)
Samples view

d,,A |Ad,A |OKP um|E (3B) Surface (100-250°C) | Volume (100-200°C) | =
T/MC 1,912 10,002 [5,94+0.2 |3,2 294 (53,8) 252 (46,2) 546
T/MC-culf| 1,925 0,010 |3,0+0.3 [3,0 427 (77,1) 127 (22.,9) 554

An increase in the parameters of the interstitial distance for all reflections of the ES
phase and an increase in the value of Ad for the T/MC-culf sample (Table 1) indicate a
high concentration of defects in the ES particles in this sample.

Conclusions. Thus, based on the X-ray fluorescence analysis data, it can be
concluded that the introduction of sulfuric acid onto the MC surface without the use
of temperature leads to the formation of larger particles (~6 nm) compared to those
controlled by stabilization with sulfuric acid (3 nm). These data are in good agreement
with the results obtained by the method of low-temperature nitrogen adsorption.
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