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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.

Kasakcmar Pecriybriukacbl ¥nmmolk fbinibiM akademusicel "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miq xaHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmeriyze KabbindaHraHbiH xabapnaldsl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicbl xypHanObl o0aH opi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke Kabbinday MaceneciH
kapacmeipyda. Webof Science 3epmmeywinep, asmoprap, 6acrnawsbinap MEH MeKeMmesiepae KOHMeHm
mepeHODiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapbl. XuMusi XXeHe mexHosioausi cepusicbl Emerging
Sources Citation Index-ke eryi 6i30iH KoFamdacmbiK yWiH eH 63eKkmi xoHe 6edendi XUuMUsibIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobiFbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo HayuyHbIl XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosoauiy 6bin
npuHam Ons uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amom UHOeKcuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate
Analytics 0nsi danbHeliweao npuHamus xypHana 8 the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednasaem ka4yecmeo u
enybuHy KoHmeHma 0151 uccriedosameriel, asmopos, usdamernel u yupexdeHul. BknovyeHue Nssecmus
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawly MpueepXeHHoCmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam 01 Hauleeo coobujecmea.
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SORPTION OF IONS STRONTIUM WITH
NEW COMPLEX - FORMING IONITES ON THE BASIS
OF EPOXYACRYLATES AND COMPLEXONES

Abstract. Polycondensation of glycidylmethacrylate, acrylonitrile and nitrilotrimethylphosphonic acid (NTPA),
oxyethylidene diphosphonic acid (OEDA) complexes gave new complexing chelating ion exchangers with a static
exchange capacity of 0.1 N HCI 3.64 and 3.43 mg-eqv / g. The sorption of Sr* ions by complex-forming cation
exchangers of GMA-AKN-OEDA, GMA-AKN-NTFA was studied by the classical polarography method under
static conditions. The sorption of strontium ions under static conditions from a solution of strontium chloride
depending on their concentration and pH, as well as the time of their contact with ion exchanger was studied. It was
found that they possess high kinetic and sorption characteristics and surpass the known industrial ionites in their
absorbing capacity.

Key words: complexing ion exchangers, sorption, strontium ions, chelates, complexones, sorption capacity.

The element of strontium is the main source of pollution of the environment, in most cases due to the
testing of nuclear weapons and the nuclear industry. Excessive content of strontium ions in living
organisms becomes a real threat of the development of the level disease (Kashin-Bek disease), which is
revealed in joint disease, increased brittleness and bone deformity. In the regions (East Siberia, Northern
China, and North Korea) that are endemic for the abundance of strontium in soil and water, the level
pathology is observed not only in humans, but mainly among animals.

Strontium is one of the most difficult and widely spread radionuclides. The specific feature of
strontium isotopes is low sorbability and the high migration ability due to it in the environment. Sorption
processes on mineral and organic components of soils have a large effect on the regularities of migration
of strontium compounds. Sorption of radionuclides is often determined not by individual soil components,
but by their complex action, since humus substances can be sorbed on the surface of natural
aluminosilicates, oxides and hydroxides of iron, aluminum, etc., can be precipitated, which must be taken
into account when assessing the migration of radionuclides in the environment.

For chelating-forming sorbents, a particularly important characteristic is the sorption capacity, which
is caused by the interaction of the metal with the complexing groups of sorbent, which determine its
selective properties. Therefore, to characterize the sorption capacity of complex-forming sorbents, the
sorption capacity is determined under the conditions which the sorbent interacts with metal mainly to
chelating groups [1-3].

Among the chelating-forming ion exchangers, phosphoric acid cation exchangers are advantageously
distinguished by such practically important properties as a sufficiently high exchange capacity,
thermochemical and radiation resistance, mechanical strength of the polymer matrix, increased selectivity
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to many metal ions. Due to these qualities, they find wide application for the separation and concentration
of ions in hydrometallurgy, nuclear technology. They, obviously, will acquire great practical significance
in the new fields of science and technology [4].

A sorption-ionometric technique for removing strontium from water has been developed. The
technique can be extended to study the adsorption of various substances from other environmental objects
and with the use of other sorbents, for the purification of water from strontium ions, the flasks of the
Astrakhan region, which possess a high sorption capacity with respect to strontium, are used, the
developed method for water purification is used at the enterprise Astrakhan Oil and Gas Company
(Astrakhan Region, Kharabalinsky District) [5].

In nuclear power, under conditions of normal operation of nuclear power plants, emissions of
radioisotopes onto the environment are insignificant. In accidents, especially large ones, radionuclide
emissions, including strontium radioisotopes, can be very dangerous for the environment. Therefore,
studying the sorption of Sr* " ions remains an urgent problem.

The purpose of this work is to study the sorption of strontium ions by new phosphorus-containing ion
exchangers based on glycidyl methacrylate (GMA), acrylonitrile (ACN) and nitrilotrimethylphosphonic
acid (NTPA), oxyethylidenediphosphonic acid (OEDP).

Experimental part

The extraction of Sr* * ions by the GMA-AKN-NTFK and GMA-AKN-OEDP ion exchangers in the
H-form (grain size 0.5-1 mm) was studied under static conditions at a sorbent: solution ratio of 1: 400,
temperature 20 + 2 ° C , varying the concentration of strontium ions in SrCl, solutions and from 0.206 to
2.277 g/ 1 and their acidity in the pH range from 1.6 to 5.9 by adding 0.1N solutions of HCI or NaOH.
The duration of contact between the sorbent and the solutions was from 0.5 h to 7 d. For the preparation
of model solutions, the SrCl, - SH,O salt of the qualification "h.ch" was used. The sorption capacity (SC)
was calculated from the difference in the initial and equilibrium concentration of solutions, which was
determined by the classical polarography method against a background of 0.5 M NH4ClI in the recovery
wave of Sr*" (E 1/2 = -0.16 V). The polarograms were recorded on a universal polarograph PU-1 in a
thermostated cell at a temperature of 25 £ 0.5 © C using a mercury dropping electrode. Oxygen from the
analyzed solutions was removed by blowing argon for 5 minutes. A saturated calomel electrode served as
the reference electrode.

Results and its discussion

Chelate-forming sorbents often have a complex chemical structure. In addition to chelating groups,
they contain other reactive groups. These can be acidic or basic groups. Often, the chelating sorbents are
polyampholytes.

Acid-base properties of chelating-forming sorbents are an important characteristic of them and to a
large extent determine their selectivity. The sorption properties of chelating sorbents are affected by the
state of all ionogenic groups of sorbents.

To establish the acid-base properties of polymeric sorbents, the potentiometric titration method is
widely used. This method makes it possible to establish the presence of certain groups in the polymer
sorbent, and in some cases also their concentration, to calculate the dissociation constants of ionogenic
groups and the total exchange capacity of the sorbent [6].

Potentiometric studies were performed to evaluate the acid-base properties of synthesized
polyelectrolytes. The results are shown in Figure 1,2. As can be seen from Fig. 1, the potentiometric curve
of this ion exchanger has two inflections, this indicates the presence of two unlike active groups,
characteristic of polyfunctional ion exchangers. The acid-base properties of synthesized ion exchanger
based on the double copolymer GMA-AKN and nitrilotrimethylphosphonic acid (NTFK) (Figure 2)
indicate the presence of two kinks of the obtained new ion exchanger on the curves, indicating a medium-
acid character, and also indicate their polyfunctionality.

7 pr—
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Figure 1 - Curves of potentiometric titration of ion exchanger based
on the copolymer of GMA-AKN and OEDP
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Figure 2 - Curves of potentiometric titration of ion exchanger based
on the copolymer of GMA-AKN and NTFP

The sorption properties of complexing phosforus-containing ion exchangers based on the
copolymers GMA-AKN: NTFP and GMA-AKN-OEDF with respect to strontium ions were studied.
Figure 3 shows isotherms of sorption of strontium ions, showing the dependence of SC ion
exchangers on the equilibrium concentration of Sr** in solutions. It can be seen that with the increase in
the concentration of strontium ions in solutions of SrCl, from 0.175 to 2.057 g/ 1, the sorption capacity
(SC) of the ion exchanger GMA-AKN-NTFP for strontium ions increases from 56.8 to 358.4 mg / g and
SC of the sorbent GMA- AKN-OEDP increases from 37.6 to 315.2 mg/ g.
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Figure 3 - Isotherms of sorption of Sr** ions from a solution of SrCl, (pH = 5.8) by the ions of GMA-AKN-NTFP and GMA-
AKN-ODEEF in H + form. The duration of the contact is 7 days.

It is known that selective ion exchanger sorbs metal ions, which depends on the pH of the medium,
with change in which metal ions in solutions can be in different ionic states. The results of studies of the
sorption capacity of chelating-forming ion exchangers based on GMA-AKN-NTFP and GMA-AKN-
ODEF on strontium ions on pH are presented in Fig. 4. The pH was taken at intervals from 1.6 to 5.9. As
can be seen from Fig. 3, in the pH range from 1.6 to 3.5, the maximum sorption capacity of the GMA-
AKN-NTFP ion exchange (SC is 437.6 mg / g) is observed. As the acidity of the SrCl, solution decreases,
pH 3.5-5.9, the sorption capacity of the ion exchanger gradually decreases. The sorption capacity of the
GMA-AKN-ODEF ion in Sr*"ions, from pH 1.6 to 3.5, is constant and amounts to 458.6 mg / g, and with
the pH 4.6-6.9 SC of ion exchanger for Sr** ions begins to decrease by 358, 8 mg / g, respectively.
Reduction of SC with increasing alkalinity of the medium is due, obviously, to competitive sorption of
protons (H +).

] —8—  [MA-AKH-HTH
100 #—  [MA-AKH-O3/0

0 A L N e D I Y D D Y I B D |
1 2 3 4 5 6 7
pH
Figure 4 - Dependence of the sorption of chromium ions Sr by the ion exchangers GMA-AKN-NTFP (C =1.926 g/ 1)
and GMA-ACN-ODEF (C =2.016 g /1) on the acidity of SrCI2 solutions.
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Figure 5 - Kinetic curves of sorption of Sr ions by ion exchangers
of GMA-AKN-NTPK (C =1.926 g/ L, pH = 3.4) and GMA-AKN-NTFP (C=2.016 g/ L, pH =3.4)
versus time duration of contact with a solution of SrCl,

The degree of saturation of the ion exchanger with the absorbed ions depends on the contact time of
the sorbent with solutions. From figure 5, where the dependence of the SC of the ion exchanger GMA-
AKN-NTFP on the time of its contact with a solution of SrCl, (pH 3.4, concentration of Sr* 7 2.016 g / 1
ions), it follows that the equilibrium is established after 2 hours and the kinetic curves of sorption of
strontium ions the state of the GMA-ACN-ODEF ion-exchange resin and that between the model SrCl,
solution containing 2.016 g / 1 of Sr*" ions and having a pH of 3.4 occurs two hours later. Consequently,
this ion exchanger has good kinetic properties.
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SNOKCHAKPUJIAT ITEH KOMIVIEKCOHJIAP HEI'BIHAEI'T 5)KAHA KOMIVIEKCTY3I'THI
HOH AJIMACTBIPFBIIITAP APKBIJIBI CTPOHIIUU NOHAAPBIH COPBIIUSJIAY

Annoranusa. ['mumunumverakpunar (IMA), axpuwionutpun (AKH) skoHe HUTpHIIOTpUMETHI()OCHOH KBHITI-
KBUIbI MEH OKCHUATHIICHIH()OCHOH KBIIIKBUIBIHBIH, TOJIMKOHACHAIUSICHI aPKbLUIbI CTATHKAJIBIK JIMACY ChIABIM/IBLIBIFBI
0,1 v HCI epirtinaici GoiibiHima 3,64 sxone 3,43 Mr-ske/r OONAThIH KaHA XENAaTThl KOMIUIEKCTY3YIIl MOH ajMac-
TBIPFBIII MISHIpIep CHHTE3mENIN anblHAbl. Kinaccukasiblk monspurpad omiciMeH CTaTHKAJIBIK JKargaiiia CTPOHIMH
nonaapsie Sr*’ TMA-AKH-HT®K xone TMA-AKH-ODJI® KaTHOHHTTEpiMEeH copOLmsich 3epTTemni. CTaTHKAIBIK
JKaraana CTPOHIMH XJIOPHU/Il ePITIHIICIHEH CTPOHIIMK UOHIAPBIH COPOIMSIAYAbIH SPITIHAIHIH KOHIICHTPAIUSICHIHA,
pH opracbiHa, coHali aK MOHUTTIH 9Cep €Ty yaKbIThIHa KaThIHACHI 3epTTeNni. byl HOHUTTEp KOFapbl KHHETHKABIK
JKOHE COpOLMSIIBIK cHUIaTTaMayiapbl 0ap KOHE OHBIH CiHIpY CHIHBIMABUIBIFBI JKOFaphl, OHIIPICTIK INAWbIp eKeHi
AHBIKTAJIIBL.

Tipek ce3aep: KOMIIEKCTY3yIli MOH aJIMacTBIPFBIIITAp, COPOLMS, CTPOHLIMA MOHBI, XejaT, KOMIUIEKCOHAAp,
COPOLMSIIIBIK CHIMBIMABLIBIK.
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COPBIIUA NOHOB CTPOHIIUA HOBBIMHU KOMIIVIEKCOOBPA3YIOIIIMMU NOHUTAMMA
HA OCHOBE 2ITIOKCHAKPUJIATOB U KOMIIVIEKCOHOB

AnHoTanus. [lonukonneHcanmel MIMIUANIMETaKpUIATa, aKPUIOHUTPHUIA U KOMIIEKCOHOB HUTPWIOTPUME-
tunpocponopoit kucnorel (HTOK), okcmatunmunenmudocdonoBoii kucinotsl (OIAP) ObuiM moONyueHBI HOBBIE
KOMIUIEKCOOOpa3yroliie HOHUTBI XEJIaTHOW CTPYKTYpBlI CO CTaTH4eckod oOMeHHOM emkocThbio 1o 0,1 H pacTtBopy
HCI 3,64 u 3,43 mr-ske/r. MeTooM KiacCH4ecKoil moyisiporpaduu B CTATUYCCKHX YCIIOBHSIX H3ydeHa COpOIus
1oHOB Sr*" KoMIUIeKkcooOpasyromumMu Katnorutamu IMA-AKH-OD®, TMA-AKH-HT®K. Hccrnenopana cop6-
IIMsI MOHOB CTPOHLMS B CTaTHMYECKUX YCJIOBHSAX M3 pacTBOpA XJIOPWAA CTPOHIMS B 3aBHCHUMOCTH OT MX KOHIICH-
Tpauu u pH, a Takke BpeMEHHM MX KOHTaKTa C MOHUTOM. YCT@HOBJIEHO, YTO OHU O0JIaJal0T BHICOKUMH KHWHETH-
YECKHMH U COPOLIMOHHBIMU XapaKTEPUCTHKAMH U IIPEBOCXOIAT IO CBOCH IOTJIOIMIAIOIIEH CITOCOOHOCTH M3BECTHBIE
MPOMBIIICHHBIE HOHUTBHI.

Ki1roueBble cjI0Ba: KOMIIEKCOOOPA3yIONIME WOHUTHI, COPOIMS, MOHBI CTPOHLMS, XEIaThl, KOMIUICKCOHBI,
COpOIMOHHAS EMKOCTb.
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