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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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SYNTHESIS OF NEW ION EXCHANGE MATERIALS
ON THE BASE OF EPOXYACRYLATES

Abstract. The article studies the properties of obtaining anionite based on a triple copolymer of
glycidylmethacrylate, styrene and Acrylonitrile and its suction of strontium ions. The composition and structure of
the obtained anion was determined by infrared spectroscopy, were also studied basic physicochemical properties of
the resulting anion.

Anionite, presented on the basis of GMA-ST-ACN, is promising in the field of ion exchange process and is used
for the extraction of strontium ions from aqueous solutions in the field of hydrometallurgy.

The work is devoted to a review of the preparation of cross-linked polyelectrolytes, the extraction of strontium
(II) ions using anionites. The possibilities of obtaining new nitrogen-containing anion exchangers based on a
copolymer of glycidyl methacrylate (GMA), styrene (St) and acrylonitrile (ACN) have been studied. The optimal
synthesis conditions were found and the physicochemical properties of the ion exchanger were investigated. Methods
for the preparation of new anionites based on a copolymer of glycidyl methacrylate (GMA) with polyethylene
polyimines (PEI) have been developed.

Keywords: glycidyl methacrylate, styrene, Acrylonitrile, polyethylenimine, polyethylene polyamine, heavy
metals, strontium (II), ion exchange resins, sorption.

Introduction. Ion-exchange resins are widely used in various fields of human activity. They are used
for softening and desalting water in the heat power industry, for treatment of waste and return water, for
separation and removal of metal particles in hydrometallurgy, for cleaning substances in the chemical
industry, for the regeneration of waste metal processing and electroplating. Therefore, the development of
effective methods for obtaining new ion exchangers with improved kinetic, ion exchange, complex-
forming properties, increased thermal and chemical resistance, as well as mechanical strength remains an
urgent problem. In the case of using ion exchangers for special purposes, their ability to sorb substances
with a relatively high molecular weight plays an important role [1]. The most well-known ion exchangers
are usually prepared on the basis of styrene and divinylbenzene copolymers. The ability to control the
amount of divinyl compound in the initial mixture of monomers during copolymerization and, most
importantly, the availability of the resulting copolymers for various polymeranalogical transformations
opens up great prospects [2].

In the process of polycondensation of SPL GMA with vinyloxyethylmethacrylate with various
polyamines (polyethylenimine, polyethylene polyamine) and acids (concentrated sulfuric, phosphoric and
thiodiglicolic acid solution) and subsequent curing, cross-linked anionites and cationites with high
exchange capacity and physical and chemical parameters were obtained [3].

The scientific novelty of the article is that the proposed cross-linked anionites (GMA-ST-ACN) can
become the first promising anionites in the field of ion exchange process that will be used in the
hydrometallurgy of heavy metals [4].

A sulfur - and phosphorus-containing cationite was obtained based on a double copolymer of glycidyl
methacrylate o - phenylvinylphosphonic acid and 96% sulfuric acid. This polymer has a high static




News of the Academy of sciences of the Republic of Kazakhstan

exchange capacity of 0.1 n NaOH solution, equal to 8.35 mg-EQ/g, thermal stability, increased chemical,
and sorption capacity for cobalt and copper ions 49. It can be used in hydrometallurgy as a sorbent for
extracting transition metal ions.

An effective method for producing highly permeable ion exchangers with the preservation of the
pyridine nitrogen atom in the interaction of glycidyl methacrylate with polyvinyloxyethylamine and its
nitrogen-containing copolymers has been developed. Optimal synthesis conditions were determined, and
the physic-chemical and sorption properties of the resulting polymers were studied [5].

Glycidyl methacrylate (GMA), whose structural features make it possible to obtain reactive
compounds containing side epoxy groups and multiple double bonds, is a promising monomer for the
synthesis of various Homo-and copolymers. They have long been successfully used for the synthesis of
ion exchange materials for a wide range of purposes [6].

Grafted GMA copolymers can be obtained by combining side epoxigroups of the GMA-MMA
copolymer obtained by anionic copolymerization with another "live" macroanion, such as "live"
polystyrene or polyisoprene at 30°C in tetrahydrofuran. The polydispersity of the resulting grafted
copolymer depends on the nature of the solvent in which the polystyrene and poly isoprene macroanions
were obtained. Method preparative gas chromatography (GPC) it is shown that the combination takes
place exclusively on epoxypropan without the participation of the carbonyl groups.

The results of quantum chemical studies of the electronic structure of the macromolecule GMA-ST-MA
and GMA-ST-MA-H;PO,[7] are presented.

Experimental. Synthesis of the glycidyl methacrylate copolymer with styrene and Acrylonitrile. The
synthesis of the glycidyl methacrylate copolymer with methyl methacrylate and Acrylonitrile was
performed by a radical method in a dioxane solution. Homo-and copolymers of GMA were synthesized by
radical polymerization in a solvent (acetone, dioxane) in the presence of a DAA initiator of a
concentration of 5-10° mol / I at a temperature of 90°C in sealed molybdenum glass ampoules in an
atmosphere of inert argon gas. Soluble polymers were purified by double precipitation from acetone to
sulfur ether. Cross-linked copolymers (GMA-ST-ACN) were washed from unreacted monomers in
1,4-dioxane. Samples were dried at room temperature in a vacuum-drying cabinet to a constant mass.

Methods of synthesis of anion exchangers and cation exchangers. Condensation of linear and cross-
linked GMA copolymers with polyamines (PEI, PEPA) and acids (H,S04, H;P04 (75 %), H;P04 (ml)) was
performed in an environment of organic solvents. In a three-neck flask equipped with a mechanical stirrer,
a thermometer and a drop funnel, an amine suspension was loaded or acid was added and a copolymer
solution was gradually dug in an organic solvent [9]. With intensive stirring, the mixture was heated to
30°C (H2S04, H;P04 (75%), H3;P04 (ml)), 80 °C (PEI, PEP) and after the formation of the gel was
unloaded into a porcelain cup, cured for a day at (60-120)°C, crushed, sieved, selecting a fraction with a
granule size (0.25-1.00) mm. the Ionites were repeatedly washed with a solvent, extracted in the soxlet
apparatus with methyl alcohol for removing unreacted substances, dried to a constant weight under
vacuum at (25-30)°C.

Results and Discussion. Cations and anions on the basis of various copolymers of epoxyacrylate.
Synthetic sorbents, especially selective chelating ionites, attract increasing attention when solving
important environmental and technological problems. In the conditions of increasing technological
prospects of synthetic ionites, it is very important to expand their range and study their properties. An
important task facing the researchers is to create new promising monomers with different chelating
groups, linear and cross-linked highly permeable polymer ion exchangers, selective phosphorus-and
sulfur-containing ionites, strong and weak acid cation exchangers, anionites, amphoteric, optically active
and organo - mineral polyelectrolytes, characterized by high ion exchange rates, thermal and radiation
stability, and mechanical strength. Due to the presence of reactive functional groups in the molecule,
epoxyacrylates are not only available monomers, but also quite promising [10].

Study of the structure of model epoxy-containing molecular systems by IR spectroscopy. Known
polyelectrolytes of gel structure do not solve the problem of sorption of large metal ions and organic
compounds. Weakly cross-linked strongly swollen samples have low mechanical characteristics, while
macroporous samples [11] are permeable only for ions of limited size in the macropore region, and not for
all active groups of the sorbent.

One way to solve this problem is to obtain copolymers with long-chain crosslinking agents. The use
of di-and polyvinyl compounds with different distances between multiple bonds makes it possible to
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regulate the degree of crosslinking of macromolecules during copolymerization [12] and to obtain on their
basis mechanically strong and osmotically stable macro-mesh ionites with the necessary size of the spatial
grid [13].

Copolymers of GMA-ST-ACN were synthesized by radical polymerization in solution at the ratio of
initial monomers [GMA]: [ST]:[ ACN]= 60: 20: 20 mol.%.

The structure of the obtained triple copolymers GMA-ST-ACN was determined by IR spectroscopy
(figure 1). The absorption frequencies in the copolymer spectra are assigned based on the IR spectra of the
original monomers.

£ Tunow 08120336 234 MWR-C FASH

16741

13885
10052

Absorbance

6603

Waverunbers (cm1)

Figure 1 - The IR spectrum of the copolymer of GMA-ST-ACN

Studies of IR spectra of GMA-ST-ACN copolymers have helped to establish that the absorption
bands of asymmetric and symmetric valence oscillations of C-O, C-C, C-H bonds of the epoxy cycle are
observed at 908.0; 862.6; 761.5 and 705.5 cm™. The absorption frequency at 1674 cm™ refers to the
valence oscillations of the double bond. In the spectrum of the latter, as well as in the spectrum of its
analog-isopropyl ether, a triplet structure is manifested in the region of 1169.3 cm™.

According to IR spectroscopy data, the elementary repeating link of GMA-ST-ACN copolymers is

schematically represented (figure 2) can be represented as follows:

-+ C112=?II -+ CH,=CH t= 80-90°C

CH;

3

o |
! S o

1120—? H2C—(|:H H,C—Cl

Cc=o0 CeH s

?Hz n m r

Figure 2 - The structural formula of the copolymer of GMA-ST-ACN
— |7 ——
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Based on these compounds, methods for the synthesis of highly permeable ion exchangers with

improved kinetic characteristics have been developed [14].
Sorption of strontium ions by anion exchanger based on a copolymer of GMA-ST-ACN: PEIL The

problem of creating new high-performance sorbents for wastewater treatment and extraction of mercury
ions, polyvalent and transition metals in hydrometallurgy, medicine, food industry, water treatment, for
sorption and concentration of isotopes, as well as for solving problems of oil spills on the water surface,
integrated use of natural and energy-saving resources and environmental protection in the Republic of

Kazakhstan remains relevant [15].
In non-ferrous metallurgy and metal processing enterprises, waste water contaminated with heavy

metal salts is generated in technological processes, which have a very harmful effect on the ecosystem. In
this regard, the study of sorption properties in relation to heavy metal ions of new ionites is of scientific
and practical interest [16].
sc, 120 Y
mgE 400 - /
80 -
60 -
o/
20 1/
0 4 . : :
0 0,5 1 15 2 25
Cse™, g1

Figure 3 - Isotherms of Sr* * ion sorption by GMA-ST-ACN anionite: PEI contact duration 7 days

0 2 4 6 pH 8

Figure 4 - Dependence of Sr*" ion sorption by GMA-St-ACN anionite: PEI on the pH of SrCl, solutions
(continued. Cohn. 7 days.)

The study of the effect of the pH of the solution on the sorption of the Sr (II) ion, anionite is of great
importance. It was found that anionites based on the GMA-St-ACN-PEI copolymer quantitatively extract
Sr (II) ions in acidic media at pH 5 (figure 4).Thus, we can say that the resulting sorbent in acidic

environments well forms complex compounds.
SC, mg/g 140
120 - >
100
80 /
60
40
20

0+

0 5 10 15

—\$__*

Figure 5 - Kinetic curves of strontium ion sorption with GMA-St-ACN anionite:
PEI from SrCl, solutions (C=2.0 g/ 1, pH= 2.6)
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From figure 5, which shows the dependence of the CE anionite GMA-St-ACN-PEI on the time of its
contact with the SrCI2 solution (C=2.0 g / 1, pH= 2.6), it follows that the equilibrium is established in
2.5 hours. Therefore, this ion exchanger has high kinetic properties.

Conclusions. This article is devoted to the development of available methods for obtaining new
anionites based on triple (GMA-ST-ACN) glycidyl methacrylate copolymers, establishing optimal
conditions for their synthesis, and investigating their physical, chemical, and sorption characteristics.

Methods for the synthesis of new highly permeable anionites based on the GMA-ST-ACN copolymer
have been developed, optimal synthesis conditions have been found, and their physicochemical and
sorption properties with respect to strontium ions have been studied.

It was found that they differ in high values of exchange capacities, increased chemical and thermal
stability, and improved sorption capacity in relation to heavy (Sr*") metal ions.

JLK. I)IﬁpaﬁM)l(aHOBal, H.9. Bexrenos?, K.O. Caapikos’
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3«O.B. BeKTypOB aThIHIAFbl XUMHS FHUTBIMAAPEI HHCTHTYTh AK, Anvatsr, Kasakcran

SIOKCHUAKPUJIAT HETT3IH/IE
KAHA HOHAJIMACTBIPYIIBI MATEPUAJITAPJABI CUHTE3JIEY

AHHOTanusi. Makanaja YIITIK COMOJMMEpP T[IUIUAWIMETAKPUIAT, CTUPOJ JKOHE AKPHIOHHTPUI HeETi3iHe
AHMOHUT aJly JKOHE OHBIH CTPOHIIMI MOH/APBIH COPBIN aJly KACHETTEpi KapacThIpbLUIFaH. AHUOHHUTTIH KYPaMbl JKOHE
KypbuUTbiMbI IK-CHIEKTPOCKOIIHS YKOHE 3JIEMEHTTIK aHaIu3 dMICTePIMEH aHBIKTAIIbI, (PU3UKO-XUMIBUIBIK KaCHETTepl
3epTTeIl KOHE CHHTE3/IiH ONTUMAIIIbI XKaFJaiiIapbl aHbIKTAIIJIbL.

I'MA-CT-AKH HeriziHA€ YCHIHBUIFAaH aHHOHHUT HOHAJIMAaCTHIPY MpoLeci aiMarblHIa MEePCHEeKTUBTI OOJIbI
caHaJabl XKOHE THIPOMETaUTYyPrusl CallaChIH/a CYJIbl €PITiHIIACH CTPOHIMK HOHIApbIH 06JIiI amy/a KOJAaHbUIA/IbL.

JKanmel cTpOHIMK 3JEMEHTI KOpIIaraH OpTaHbl JIACTayIbIH HETI3ri Ke31 OOJBIN ecemnTeseal, Ko jKariaima
SIPOJIBIK  Kapy Jkacay MEH aTOM ©HEPKICIOIHIH KYMBICTAPBIMEH THIFBI3 OaimaHbicThl. Tipi opraHm3Muepieri
CTPOHIIMI MOHAAPBIHBIH NIAMAJaH THIC MOJIIIEP] Tipi aF3a YIIiH 6Te KayilTi ®oHE KONTEreH aypyFa yibipataabl. Ox
TypaJbl aBTOpIap 0acka MaKaxachlHIa TOJBIFBIPAK TOKTaFaH [1].

OpraHuKaIbIK JKoHe OeHOpraHMKAIIBIK KOCBUIBICTApIbIH KYypIeiai MOJICKyJalaphlH Oeryre, Oein aayra yoHE
TazapTyra OaiJIaHBICTHI HOH aMacy MpoIecTepi YIKeH HOHAap MEH MOJIEKYIajap bl CiHipyTe KadijieTTi COpOeHTTEp
xacaybl Kaxer erei. COHIBIKTaH HKOFapbl OTKI3TIIITI HOH aJIMaCTBIPFBILITAP/IbI KOJIAHY aTallFaH MACeJIeH] THIMI
HICIIYIiH aaFbImapTTapsl 00Jbin caHamanpl. COHBIMEH KaTap, MyHmail copOeHTTep OipKarap 3KOJOTHSIIBIK
MOCeIIeNIepl MICIHI, COJI apKbLIbl PeCypCTapibl YHEMICHTIH TEXHOJIOTHsIApAbl KypyFa MYMKIHIIK Oepemi. By
COpOEHTTEepAl OHIIPYMIH TUIMII OMICTEPiH 93ipJjeyre >KOHE OJIApPIbIH KACHETTEpPiH 3epTTEyre, OHAIPIC TEXHOJO-
THSICHIH KETUIAIPYTe XKOHE OJapAblH ACCOPTUMEHTIH KEHEHTETIH 3epTTEYJICPIi )KYPri3yre KbI3bIFYIIbUIBIK TYABIPAIBI.

VoH aMacTBIPFBIIITAP KAJIBIKCHI3 KOJOTHSJIBIK Ta3a OHIIPIC CXeMaChIH JKacayaa KaXeTTI KOMIIOHSHTTEPIiH
6ipi Oonpbin canamanpl. OChl MakcaTTa TefbJiK JKOHE Makpo TOPJIBIK KYPBUIBIM COPOEHTTEpiH KOJIJaHy opAaibiM
MYMKIH eMeC, OWTKEHI OJlap PEaKTHBTI OpTara COMKeC KEIMEW[i, SFHH percHepanus IPOLECIHIH KHBIHBIFBIHA
OalIaHBICTBl arpeccuBTi epiTIHAIIEpPre TYpaKChI3, XETKUIIKTI OTKI3TIMITIr KOK, an Keilipeyiepi XUMUSUIBIK,
TEPMIUSIIBIK OPTaa TYPAKCHI3 OOJIBIM KEJe/i.

CoHFBl yakKpITTa 3€pTTEYNIUICP KBI3BIFYIIBUIBIFEI JKOFAPhl CEJICKTHBTI OOJBIT KEICTIH METAJIbIH IIIKi
KOMIUIEKCTI KOCBUTBICTAP TY3€ ajaThiH MOJUAMHUH Kypambl 0ap HOHUTTEPre apTy/a.

TToMAIEKTPOIUTTEPAl ATYABIH OMICTEpl KOICATHUIBI, OJjap KaTaIW3aTop pEeTiHAE KOJDKETIMIUTI a3 »KoHe
KbIMOAT KOCBUIBICTAp/ibl, KYpJeJl amnmapaTTeik Anu3aiiHIabpl KaxeT ereni. OckiFaH OaiIaHbICThI KHHETHKAIBIK JKOHE
(bu3MKa-XUMUSJIBIK KaCHETTepl JKaKCApPThUIFAH HMOH alMAaCTBIPFBILITAPIBI CHHTE3JECY/AIH MNEePCIEKTHBAIBIK OJIiC
*Kacayra Ke0ipek KeHLI OeiHye.

3eprTeyAi TYXKBIPBIMAAY KaKETTUIrT HOHHUTTEPIiH ©OHEPKACINTIK MapKallapbIHBIH YJKEH acCOpTHMEHTiHE
KapamacTaH, OJap/bIH KONIIUIriH/Ie naiiiatany MYMKIHIIKTepiH MEeKTeUTIH OipKaTtap KeMIIUTIKTep 0ap eKeHIIriHe
OaiinanpIcThl. COHABIKTAH (PH3MKA-XUMUSIIBIK JKOHE COPOIMSIIBIK CHUIATTaMAlIapbl JKaKCapThUIFAH MOJU(YHKIIHO-
HAJIJBI XKOFAphl OTKI3TINI MOHUTTEPAlI KYPYIBIH OacTamKsl MOHOMEpJIEPI MCH MEPCIIEKTUBANIBIK KOJIIAPBIH 13/1ey
©3eKTi Macesie OOJIbIN caHanaibl. Makaa atajiFaH MOCEJICHI MIeNIyTre apHaJFaH.

JKyMBbIC TITUITGH MOMUAICKTPONIUT T€H AHUOHUTTEPl KoJjiaHy apkbuibl crpoHimii (II) monmapbiH anyra
apHasrad. KypamblHIa a30T Ke3jeceTiH kaHa aHnoHuTTepAi rumuauiMmerakpuiaar (I'MA), ctupon (Ct) xoHe
akpuionutpui (AKH) comonmmepi Herizinae amy skonmapbl 3epTrenmi. CHHTE3IIH OHTAWIbI MapTTaphbl aHBIKTAIBI
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JKOHE MOHUTTIH (PU3HKA-XUMUSIIBIK KacueTTepi KapacTeIpbuiabl. [lommatmnennomnvuaaepmer (PED) rmnmanmve-
takpmiaT (CMA) comonmumepi HeTi3iHAe )KaHA aHHOHUTTEP aly dAicTepi 931pIICHI.

FrutbIMu-TOXKIpHOETIK  JKYMBICTBIH HOTIDKECIHIE THAPOMETAILTYPTHs cajachlHOa TNPAKTHKAIBIK TYPFBIIA
KOJIJaHy YIIiH KaKCapThUIFaH (pU3UKa-XUMHUSIIBIK CHIIaTTaMasiapbl 6ap sKoHe )KOFapBIIaFsl KaTaH TalalTapra yKayan
OepeTiH AMOKCHAKPUIATTAPBIH COMOJIMMEPIIeP] HEeTi31HIe aHUOHUTTED aly/Ibl KAMTaMacChI3 €Tyre 00Jabl.

Tyi#lin ce3mep: TIMIHUIMIMETAKPUIAT, CTHUPON, AKPUIOHUTPHII, MOJIMITHICHHUMHH, MOIHITHICHIIOINAMIH,
aybIp MeTajap, crponuuii (11), noHaIMaCTBIPFBIL MAKWbIPIIap, COPOLKSL, aHUOHHUT.

JLK. bI6paiim:kanosa’, H.A. Bekrenos’, K.A. Caabikos®

'"Tapasckuii rocynapcTenHbIi yausepeuter uM. M.X. Jlynatu, Tapas, Kasaxcran;
*Kasaxckuil HalMOHABHBIH Te/[arorHuecKuii yHiBepcHTeT nMeHn AGas, Anvarsl, Kasaxcran
*AO «MHCTHTYT XMMHUecKHX HayK nM. A.B. BextypoBa», AnMatsl, Kasaxcran;

CHUHTE3 HOBBIX TOHOOBMEHHBIX MATEPUAJIOB
HA OCHOBE 3IIOKCUAKPUJIATOB

AnHoTanusi. B crarbe u3ydeHbl CBOWCTBA NMOJYy4YEHHs aHMOHWUTAa Ha OCHOBE TPOMHOIO COIOJHMMEpA IIIUIH-
JUIIMETaKpuIIaTa, CTUpPOJia U aKpUJIOHUTPHIIA M €ro OTCachlBaHMsl MOHOB cTpoHUMs. CocTaB U CTPYKTYpa aHMOHHTA
omnpenenensl Merogamu MK-criekTpockonnu 1 3J€MEHTHOTO aHalln3a, U3y4eHbl (HU3MKO-XMMHUYECKHE CBOMCTBa W
OINpENETICHO ONTUMAIIbHBIE YCIOBHUSA CHHTE3a. AHMOHMT, npeicTaBieHHbi Ha ocHoBe I'MA-CT-AKH, sBngercs
MepPCIEKTUBHEIM B 00JIACTH MOHOOOMEHHOTO IIpollecca W HCIOJb3YyeTcs Uil M3BJICUCHHS HOHOB CTPOHLHUS W3
BOJIHBIX PACTBOPOB B 0OJIACTH THAPOMETALIYPrud. B 0O0ImeMm, CTpOHIMH SBISETCS OCHOBHBIM HMCTOYHHKOM
3arpsi3HEHUsI OKPY’KaloIledl cpelpl, BO MHOTOM HEpa3phIBHO CBSA3aH C CO3/AaHHMEM SIEPHOTO OpYXXHS M paboTon
ATOMHOM MPOMBIIUICHHOCTH. Upe3MepHoe colepKaHHe MOHOB CTPOHIHMS B JKMBBIX OPTaHM3Max OYECHb OIACHO LIS
JKUBOTO OpPraHu3Ma W TPUBOAWT K MHOTOYMCICHHBIM 3a0oieBaHusM. OO0 3TOM aBTOPHI MOAPOOHO OCTAHOBATCS B
cienytromieii cratee [1].

HoHOOOMEHHBIE MPOLECCHI, CBSI3aHHBIE C pAa3/ENICHHEM, BBIJCICHHEM M OYHCTKOW CIOXHBIX MOJEKYI
OpPraHMYeCKUX M HEOPraHMYECKUX COEIUHEHHH, TpeOyIOT CO3/1aHHs COpPOEHTOB, CIIOCOOHBIX IMOIIIONIATh OOJbLINE
HOHBI U MOJICKYJIBI. HOQTOMy MMPUMEHCHHUEC BbBICOKOYACTOTHBIX HOHOOOMEHHBIX yCTpOI\/IICTB ABJISICTCS npe,unocmnKof/i
st 3 dexkTuBHOTO perreHust 3Toi npodieMsl. KpoMe Toro, Takue COpOSHTHI O3BOJISIT PEIIUTh PSIJT IKOJIOTHUYSCKHX
npoOJieM 1 co3/1aTh Ha UX OCHOBE pecypcocOeperaronife TEXHOJIOTHU. JTO, B CBOIO OYEpe/b, BBI3BIBAET HHTEPEC K
paspadoTke 3((EKTUBHBIX METOIOB IPOM3BOACTBA TAKHX COPOCHTOB M M3YYEHHMIO HMX CBOWCTB, INPOBEICHHIO
WCCIIEOBAaHUH, NpPETyCMaTPUBAIOIINX COBEPIICHCTBOBAHME TEXHOJOTMH IPOW3BOJCTBA M PpACIIMPEHHE UX
ACCOPTHMEHTA.

MNoHOOOMEHHUKY SIBIITIOTCSL OJHOW M3 HambOoyiee HEOOXOAWMBIX KOMIIOHEHTOB IpH pa3paboTke 0e30TXOIHOU
9KOJIOTHYECKH YHCTOU CXEMBI MPOU3BOICTBA. J[JIsI 3TOU IeNN UCTIONB30BaHIE COPOCHTOB TeIeBOI M MaKpOIIOPUCTOM
CTPYKTYpBl HE BCErja BO3MOXKHO, TaK KaK OHM HECOBMECTHMBI C PEarupyromei cpenod, T.e. HEyCTONYUBBI K
arpecCHBHBIM PacTBOpaM, HEJOCTATOYHO IIPOHMIIAEMBI, & HEKOTOpBIE SIBJISIOTCA HECTAOMIIBHBIMH B XUMHYECKOM,
TEPMHUUECKOH Cpezie, a TAKIKE CBSI3aHbI C TPYAHOCTSIMU IIPOLIECCa PereHepaltu.

B nocnennee Bpemsi Bce Ooiiblliee BHUMaHHE MCCIIE0BATENEH MPHUBJICKAIOT IMOJHAMUHOCOAEPKAIINE HOHUTHI,
CHOCO6Hble O6pa30BblBaTb C LCJIBIM pAAOB METAJUIOB BHYTPHUKOMIUICKCHBIC COCAMHEHUS, BCICACTBUC UX BBICOKOH
CENICKTHBHOCTH.

HaubGonee n3BecTHBIE CIIOCOOBI MOYYEHHs HMOIMUAICKTPOINTOB SIBISIOTCS MHOTOCTAMHHBIMH, TPEOYIOIIMMHU
UCIIONIb30BaHM B KAuecTBE KaTalW3aTOpPOB MAJIOJOCTYIHBIX M JOPOTOCTOSIMX COCJMHEHHH, CII0KHOTO
anmapaTtypHoro odopmiieHns. B cBsi3u ¢ 3TiM Oo0JbIIOE BHUMaHKE YAETISAETCS pa3paboTKe NEPCIIEKTHBHBIX METOIOB
CHHTE3a HOHOOOMEHHHKOB C yIy4IICHHBIMA KHHETHUECKUMH U (PU3NKO-XUMHUECKHMH CBOWCTBAMH.

Heo0xoauMocTh TOCTaHOBKM HCCIICOBAaHHMS BbI3BaHA TEM, YTO, HECMOTPS Ha OOJBIIOW aCCOPTHMEHT
MPOMBIIICHHBIX MapOK HMOHMUTOB, MHOTME M3 HHX OONafaloT pAIOM CYLIECTBEHHBIX HENOCTaTKOB, KOTOpBIC
OrpaHUYMBAIOT BO3MOKHOCTH X MCHONB30BaHUs. [103TOMY MOMCK MCXOIHBIX MOHOMEPOB M HEPCIIEKTUBHBIX ITyTeH
CO37aHMs MOJIM(QYHKIMOHATBHBIX BBICOKONIPOHUIIAEMBIX HOHUTOB C YJIYYIICHHBIMH (DU3MKO-XUMHYECKHMH |
COpPOLIMOHHBIMU  XapaKTEPUCTHKAMHU SIBIISIETCS aKTyalbHOM 3ajaueil. PerieHuio 5TOM 3a7auM M TOCBSIIIEHA
HACTOSIIAs CTAThsI.

PabGora mocesimeHa 0030py MOJIyYEHHUS! CIIMTBHIX ITOJUAJIEKTPOJIUTOB, W3BiedeHus: noHoB crponuus (II) c
UCIIOJIb30BaHNEM aHWOHUTOB. V3ydeHbl BO3MOXKHOCTH TMOJYYEHHs] HOBBIX a30TCOJIEp)KAIMX AaHHOHUTOB Ha OCHOBE
cononumMepa mmnuauiaMerakpuwiara (IMA), crupona (Cr) u akpunonntpuina (AKH). Haiinens! ontumanbHble
YCIIOBUS CHHTE3a M MCCIII0OBAaHbI (PU3NKO-XUMHYECKHE CBOMHCTBA HOHUTA. Pa3paboTaHbl METObI MOTYYEHHST HOBBIX
aHMOHUTOB Ha OCHOBE coronmMepa riannuaunamerakpmiaTta (TMA) ¢ mommstriennonuvuHam (PEI).

— 20 —
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B pesynbTare Hay4HO-3KCIEPUMEHTAILHOTO PabOThl MOXKHO O00ECICUMBATH MMOJNYYCHUE aHHOHUTOB Ha OCHOBE
COIOJMMEPOB MOKCUAKPUIIATOB C YIYUIICHHBIMU (PU3NKO-XUMHUYECKUMH XapaKTEPUCTUKAMU Uil MPAKTHUYECKOTO
MPUMEHEHHS B 00IaCTH THAPOMETAILTYPIHH.

KaroueBble ciioBa. IIHIUANIMETAKPUIAT, CTUPOJI, AKPUIOHUTPUII, TONUITUIICHUMHUH, MOJIUITHICHIIOIUAMHH,
TsDKeNble MeTaluIbl, cTpornmid (I1), HOHOOOMEHHBIE CMOJIBI, COPOIIHSL.
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