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mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmeryze KabblndaHraHbiH xabapraldsi. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
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MODIFIED SORBENTS AND THEIR APPLICATION
FOR EXTRACTION OF METAL IONS

Abstract. The data on accumulated mining waste in the territory of Kazakhstan are presented. Their processing
has become very important in our time. The structure of surface-modified carbon materials with a grafted layer is
given. New modified carbon sorbents were obtained, oleum was used as a modifying agent. It was revealed that the
capacitive characteristics of the modified sorbent are significantly higher than that of the original one, which will
make it possible to more efficiently extract the metal ion from wastewater and technogenic formations. Sorption is an
effective method of extracting valuable components from wastewater and man-made formations. This method allows
you to recover valuable substances with a high degree of wastewater treatment, which can be purified to the
maximum permissible concentration of pollutants and then used in technological processes or in recycling water
supply systems. Processing involves ores characterized by a low content of valuable components, fine dissemination
and similar technological properties of minerals. The existing technologies for the development of minerals make it
possible to use only a small part of the valuable mineral mass extracted from the subsoil, and the rest forms waste,
which, as it accumulates and is stored, becomes one of the most significant factors of anthropogenic changes in the
environment.

Key words: coal, sorbents, modification, sorption isotherm, sorbent capacity, oleum.

Introduction. Kazakhstan has the richest raw material base for the production of sorption materials,
which makes it possible to obtain sorbents for various purposes with an optimal combination of price and
quality. Recycling of mining waste has become a key factor in ensuring the country's environmental
safety. Many of them contain toxic substances of the first and second hazard classes, which are priority
pollutants, have a negative effect on nearby territories, changing the chemical composition of soils,
disrupting the unity of the geochemical environment and living organisms, and on the entire coastal-
marine zone due to the transboundary transfer of pollutants by waters and air currents.

Wood (in the form of sawdust), charcoal, peat, peat coke, bituminous and brown coals can be used as
raw materials for obtaining carbon sorbents (CS). To obtain US with high strength properties and a large
volume of fine pores, such unconventional materials are used as shells of various types of nuts, fruit pits,
ete. [1,2].

In the sorption extraction of a metal ion, ion exchange processes are of great importance [3]. The
developed porous structure and the presence of basic and acidic functional groups on the surface of
sorbents are necessary conditions for the extraction of metal ions from industrial solutions. Functional
groups (carboxyl, phenolic, lactone, etc.) are capable of exchanging protons or hydroxyl groups for metal
ions or their complexes in solutions.

The authors have obtained US from bituminous and brown coals with good capacitive characteristics
[4]. To increase the sorption capacity of US in relation to the extracted components (metals, mercury
vapor, fluorine, ammonia, biological objects, etc.), modification of carbon sorbents is used [5]. This
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problem is solved by purposefully affecting the surface properties of the US for the formation of various
sorption centers, changing the bulk properties of materials and chemical properties of the surface,
primarily its hydrophilicity or hydrophobicity [6]. This modification of carbon sorbents makes it possible
to obtain a relatively new class of carbon sorbents, which are a solid, on the surface of which an extremely
thin, usually molecular, layer of chemical compounds is fixed. In this case, the "substance on a carrier"
system is often a new material with a number of properties that neither the carrier nor the sorbed
compound possessed. The fixation of the active chemical component on the surface of the carrier can be
carried out due to physical or chemical interactions, the latter is preferable, since it makes it possible to
achieve a significantly greater resistance of the resulting materials to various influences and stability of
action. The chemical properties of such surface-modified carbon sorbents are determined by the nature of
the fixed compound, while the physical and mechanical properties of the carrier. In the structure of
surface-modified carbon materials, it is always possible to distinguish common constituent elements: the
anchor group is responsible for fixing the grafted compound; leg - is a group that separates the grafted
compound from the surface; function - a group (groups) in which the properties of the grafted compound
(adsorption) are concentrated.

The grafted layer can be monomeric or polymeric, dense or loose, mono - and polyfunctional. The
distribution of the grafted molecules can also be different: statically random, insular, or regular. The
grafted layer can be a set of several types of functional groups. To obtain chemically uniform grafted
layers, it is necessary to choose the correct reagents and modification conditions. There are many ways to
modify carbon materials. The most common oxidative treatment can be carried out in both liquid and
gaseous environments. For this purpose, high-temperature oxidation of the carbon material surface with
gaseous oxidants (CO,, water vapor, atmospheric oxygen), ozone oxidation [7], oxidation in oxygen and
isobutylene plasma [8], treatment with mineral acids or their mixtures, hydrogen peroxide, dichromate or
permanganate are used. in concentrated aqueous solutions, etc. [9,10]. Oxidants change the spatial
structure and molecular structure of coal [11-12]. Surface oxidation occurs with the formation of various
functional groups and the incorporation of anions into the interplanar spaces of the crystal structure of
coal. During oxidation with liquid oxidizing agents, for example, nitric acid, a chemical interaction of
surface carbon atoms with an oxidizing agent occurs, as a result of which oxygen-containing functional
groups are formed. Oxidants change the spatial and molecular structure of coal, i.e. convert it to
structurally modified coal.

Oxidative modification increases the specific surface area (from 2 to 30 times) and the total pore
volume (up to 1.9 cm® / g), and also makes it possible to vary the proportion of micropores and the pore
size distribution, i.e. to obtain predominantly micro- or mesoporous CS.

Among the products of chemical modification of coal, sulphonated coal (sulfocoal) is of great
importance, which has been used for many years as a cation exchanger for desalting water in the energy
industry and for other purposes [13-14]. Sulfonation improves the mechanical and cation exchange
properties of coal.

The use of cation exchangers in various technological processes leads to a radical simplification and
improvement of production schemes, which determines the effectiveness of their use in the chemical,
mining and processing industries. Due to the simplicity of its preparation, sulfocarbon successfully
competes with ion-exchange resins, but is inferior to them in terms of chemical resistance.

Sulfonated carbon is a polyfunctional cation exchanger, in the structure of which, in addition to the
strongly acidic sulfo group, there are also weakly acidic carboxyl groups and phenolic hydroxyl.

Dissociation of phenolic hydroxyl groups depends on the pH of the medium and becomes noticeable
at pH =9, carboxyl groups at pH greater than 5, and sulfo groups completely dissociate at all pH values.

The exchange capacity of sulfo coal for certain stages of metamorphism is directly proportional to the
content of vitrinite group microcomponents in the initial coal. A significant release of volatile substances
on a hot mass indicates the presence of a developed periphery in their structure, as well as free or useful
hydrogen. It is known that with an increase in the development of the periphery, the reactivity of coal
increases. The lower the density and the greater the porosity of the original coal, the better the sulfonation
process occurs. That is why the authors propose to sulfonate coal obtained from brown coals of the
Shubarkul basin.
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The availability and low cost of brown coal attracts the attention of researchers. The choice of raw
materials was determined by its natural and physicochemical properties: initial porous structure, high yield
of volatile substances (40%), low ash and sulfur content (0.5%). Thermally exposed brown coals have a
developed porous structure, which contains pores of all sizes - from micropores to visible large pores. The
presence of a branched system of transport pores provides good surface accessibility to the molecules of
the modifying agent.

The carbon sorbent obtained by thermal treatment according to the classical scheme, including
carbonization and steam-gas activation, was subjected to modification.

As a modifying agent, oleum was used with an SO; concentration of 20%, at a ratio: CS: oleum =
=(1: 1, 1: 2, 1: 3). Based on the results of previous studies, the optimal conditions for the sulfonation of
CS were determined, under which the process was carried out. Before treating the CS with oleum, it was
additionally pretreated with dichloroethane. The role of the dichloroethane solvent was to weaken
interfragment and intrafragment non-bonded bonds (hydrogen and sorption bonds, van der Waals cohesion
forces, etc.), loosening the structures, and opening pores

The treatment of the carbon sorbent with dichloroethane increases the diffusion rate of the reagent
(oleum) deep into the coal substance, therefore, increases the reaction rate, and also affects the degree of
elimination of peripheral fragments from the coal substance molecule.

Dichloroethane is an inert solvent with respect to the sulfonating agent. Dichloroethane solvates
fragments of organic matter of coal, weakens intermolecular association, and releases reaction centers
[15-17].

The physical and mechanical properties and parameters of the porous structure of the carbon sorbent
(C) and modified (MC) are given in table.

Table 1 — Characterization of carbon sorbents

Brand dglilll:y Moisture Mechanical porz(s)itf}} by Activity
sorbent g/ cm; contents, % strength,% water, cm3 / g by iodine,% | MG, mg/g
v 0,610 1,61 86 0,69 65,0 13,1
My 0,570 1,59 72,1 0,75 55,0 13,8

Under static conditions at a temperature of 120 °C, studies were carried out on the adsorption of the
copper (1) ion on the studied sorbents C and MC at optimal pH values (2-14) in equilibrium conditions in
the concentration range 5-20 mg / L The contact time of the sorbent with salt solutions was 2 hours.

Based on the results of studies of the adsorption of metal ions from aqueous solutions by natural and
modified forms of sorbents, adsorption isotherms were constructed, which are one of the main criteria for
assessing the adsorption properties of the studied sorbents and determine the dependence of the adsorbent
activity on the adsorbate concentration under equilibrium conditions (figure).

a,mol/g’ a,mol/g

-~ m .

(=T R T R ST -

0 2 1 5 8
3
Cs,mol/l C.,mol/l

a) B)

Isotherms of metal adsorption by the investigated samples: a - natural coal (C); B - modified coal (MC)
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Table 2 — Capacity of sorbents for metal ions

Sorption capacity for ions, mg/ g
Sorbent
Copper (1I)
C 5,88
MC 8,2

The values of sorption capacities for copper on the sorbent C and MC are given in table 2. Figure and
table 2 that the capacity of the modified sorbent (MC) in relation to the metals under study is higher than
that of the carbon sorbent (C).

During the treatment of the carbon sorbent with oleum, oxidation reactions occur, as a result of which
carboxyl and phenolic groups are formed. The formation of acidic groups SO;H, COOH, OH made it
possible to obtain a sorbent with a high sorption capacity with respect to metal ions.

The studies carried out have shown that sorbents have a significant sorption capacity in relation to
heavy metal ions, which makes it possible to use these MC in the technology of additional purification of
wastewater and the extraction of valuable components from technogenic formations.

Conclusion. The authors believe that replacing C with MC will significantly reduce the consumption
of the sorbent, therefore, improve the economic performance of the proposed technology. This
technological scheme is distinguished by its simplicity of design, the use of traditional equipment and can
be applied at the enterprises of the mining, chemical and petrochemical industries.

H. C. Myp3sakacbimoal, H. 9. Bextenos?, M. A. 'aspuienko’

M. X. Jlynatu ateranarst Tapas enipiik yausepeureri, Tapas, Kasakcran;
2AGaii aTeiHaarsl Kazak yITTHIK earorukanblk yHUBepeuTeTi, AnMarsl, Kasakcran;
3TOMCK MOJIMTEXHUKAJIBIK yHUBEPCHUTETI, ToMck, Peceit

MOJUOUIUPJIIEHI'EH COPBEHTTEP
7KOHE OJIAPAbI METAJIJI HOHJAPBIH AJIYFA KOJIJAHY

Annoranusi. Kasakcran ayMarbIHAaFbl )KMHAKTAJIFAH Tay-KeH KalJbIKTapblH OHJEY Typalibl MAJIIMETTEP Kell-
tipinren. Kasipri ke3zie onapabl eHAey oTe MaHbI3Abl. beTTik KabaThl 0ap ©3repTiireH KOMIPTEKTI MaTepHUaIap by
KYpBUIBIMBI KenTipiired. JKaHa MoaudukanusianFal KeMIpTEKTI COpOEHTTEp allbIHABL, MOAM(UKALUSIIAYIIBI 3aT
peTiHAe OJeyM KOJIAHBULABI. Moau(UIMpICHTeH COPOCHTTIH CHIMBIMABLIBIK CHITaTTaMalaphl OacTamKbiFa Kapa-
FaHIIa e/I0yip KOFaphl €KEH/Ir aHBIKTANIBI, OYJI METal MOHBIH aFbIH/IBI CY/IaH KOHE TEXHOTCHIIK TY3lIiMAepacH
THIMAI MIbFapyFa MyMKiHAIK Oepeni. CopOuus — aFbIHABI CyJaH JXOHE OHMAIPICTIK KabaTTapaaH Oarayibl KOMIIO-
HEHTTEeP.i alyIblH THIMAL omici. By omic aFbIHIABI CyABI Ta3apTyIbIH JKOFAphl JOpeKeTi KYHIbI 3aTTapAbl KaJIblHa
KeNTipyre MYMKIHZIK Oepeli, OJapAbl JIaCTayIIbl 3aTTapIblH pPYKCAT €TUIMeH MICKTI KOHIEHTPAaNWsACHIHA JeHiH
TazapTyra OoNambl, COlaH KEHiH TEXHONOTHSIIBIK VAepicTe HeMece CyMeH XaOmpIKTay >KyHelepiH KaiTa eHIey
Ke3iH/e KoJaHyFra Oonansl. OHleyre Oaranbl KOMIIOHEHTTEPIH a3 MOJIIIepi, YCaK Tapaltybl dKOHE MHUHEPAIIapIbIH
yKCac TEXHOJIOTHSUIBIK KaCHETTEPIMEH CHIIATTANIAThIH KeH jkaTajpbl. [laliansl ka30anapasl UrepyIiH KOJIaHbICTaFbl
TEXHOJIOTHSIIApBl JKep KOWHAYbIHAH aJbIHFAH KYHAbI MHHEpalbl MaccaHblH TeK a3 OeJiriH FaHa maiijanaHyra
MYMKIHIIK Oepeni, al KaJFaHbl KaJJIBIK Ty3€ii, Ojlap JKMHAKTAy JKOHE CaKTay pEeTiHAE KOpIlaraH OpTaJarbl
AHTPOIOTEHIIK ©3repicTepAiH MaHbI3bl (PaKTOPIApBIHBIH OipiHE aifHaJIaIbL.

Tyiiin ce3aep: KeMip, copOeHTTEp, MOTUPHIIPIIEY, COPOLMSIIBIK N30TEPMa, COPOEHT CHIHBIMIIBIIBIFBI, OJICYM.

H. C. Myp3akaceimoba!, H. A. Bektenon?, M. A. I'appuienko’

Tapasckuii pernoHansubii yuusepcureT um. M. X. Jlynaru, Tapas, Kasaxcran;
’Ka3zaxckuii HAlMOHANILHEIH [earorudeckuii yausepcuter uM. A6as, Anvarsl, Kasaxcran;
3Tomckuii noauTexHudeckuil yuusepcurer, Tomck, Poccus

MOJUOPUTIUPOBAHHBIE COPBEHTBI 1 UX IPUMEHEHUE
VIS U3BJIEYEHWSI HOHOB METAJIVIOB

AnHoTauus. [IpuBeneHs! JaHHBIE 110 HAKOIUICHHBIM Ha Tepputopun Kazaxcrana oTxogam rOpHOTO MPOU3BOJ-
ctBa. X nepepaborka npuobpera B Hallle BpeMsi BayKHOe 3HaueHHe. J[aHO CTpoeHHe MOBEPXHOCTHO-MOIUPHIIUPO-
BaHHBIX YIJIEPOJIHBIX MATEPHAIOB C NPUBHUTHIM cioeM. [lomyueHbl HOBble MOAM(UIIMPOBAHHBIE YIIIEPOIHBIE COP-
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OeHTHI, B KaueCTBE MOIU(HUIMPYIONIETO areHTa UCIIOIB30BANICS OJIeyM. BBISIBIIEHO, YTO €eMKOCTHBIE XapaKTEPUCTHKHI
MOJU(UIIMPOBAHHOTO COPOCHTA 3HAYUTENBHO BBIIC, YEM Y HCXOIHOTO, YTO IMO3BOJIUT ¢ Oojbiiel 3ddexTus-
HOCTBIO U3BJICKATh MOH ME€TajlJIa U3 CTOYHBLIX BOJ U TCXHOI'CHHbIX o6pa3013aH1/1171. B(l)q)eKTI/IBHbIM METOAOM HU3BJICUC-
HUS [ICHHBIX KOMIIOHEHTOB M3 CTOYHBIX BOJ M TEXHOTCHHBIX 00Pa30BaHUil SBJISETCS COPOLMOHHBIA MeTo . J{aHHBIH
METOA IMO3BOJICT PCKYNEPUPOBATH LICHHBIC BCIICCTBA IPpHU BBICOKOM CTENEHU OYMCTKH CTO‘{HOﬁ BO/IbI, KOTOpas
MOJKET OBITh OUHIIICHA JI0 TIPEICTBHO TOMYCTHMBIX KOHIICHTPAIMY 3arPA3HSIONINX BEIIECTB U 3aTEM HCIOIh30BaHA B
TEXHOJIOTUYECKUX TPOIIECCaxX WM B CHCTEMaxX O00OPOTHOTO BOJOCHAOXKEHUS. B mepepaboTKy BOBJIECKAKOTCS PYIIBI,
XapaKTEePU3YIOIIUECS. HU3KUM COJICpPKaHUEM I[CHHBIX KOMIIOHCHTOB, TOHKOHM BKPAIUIGHHOCTHIO M OJIM3KMMHU TEXHO-
JIOTHYECKUMHE CBOUCTBaAMH MHHEPajoB. CyIIeCTBYIOIINE TEXHOJIOTHHA OCBOCHUS MOJIE3HBIX MCKOMAEMbIX ITO3BOJISIOT
WCTIOJIB30BATh JIMIIE HEOOJIBIITYI0 YaCTh M3BIIEKAEMON W3 HEAp LEHHOW MHUHEPaThbHOM Macchl, a OCTaJbHAas YacTh
00pa3yeT 0TXObI, KOTOPBIE 0 Mepe HAKOIUICHHUS M XPaHEHHs CTAHOBATCS OJHUM W3 HanboJiee 3HAYNMBIX (PaKTOpOB
AHTPOIIOT€HHBIX U3MEHEHUH OKPY KaOILEH Cpebl.
KoueBbie ciioBa: yroib, COpOeHTHI, MOIU(PUIIMPOBAHKE, H30TEPMa COPOIIMH, EMKOCTh COPOEHTOB, OJICYM.
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