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ABSTRACT

Uranyl ions sorption of by interpolymer system consisting of polyacrylic acid hydrogel (hPAA) and
polyethyleneimine hydrogel (hPEl) has been studied. Rate of uranyl ions extraction by the initial
polymers and interpolymer system hPAA-hPEI, polymeric chain binding rate and dynamic exchange
capacity of initial polymers and interpolymer system hPAA-hPEI were calculated. Based on obtained
outcomes it was found that area of maximum rate of uranyl ions extraction is within the ratios of
67%hPAA:33%hPEl and 33%hPAA:67%hPEl. Maximum uranyl ions extraction rate after 48 hours of
hydrogels remote interaction was 90.0 %, when polymeric chain binding rate was 9.1 % and dynamic
exchange capacity was 1.14 mmol/g. Rate of uranyl ions extraction by the initial polymer hydrogels 100
% hPAA and 100 % hPEIl was 68.0 % and 52.0%. Obtained outcomes showed changes of initial polymeric
hydrogels sorption properties in intergel system leading to functional groups obtaining higher reactive
ability, which makes it possible to use them for further development of highly efficient uranyl ions
extraction sorption technology.
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Introduction

cheaper and produce individual

elements [1-3].

high-purity

Rare-earth elements are used in multiple

areas of contemporary engineering: radio
electronics, instrumentation, nuclear science,
machinery, chemical industry, metallurgy etc.,

which is why production and consumption of these
elements is continuously growing worldwide. Rare-
earth element containing ores extraction is often
complicated by their radioactivity which is caused
by them containing uranium, thorium and their
half-life products. There is development of
traditional raw material processing technologies as
well as search for new ones in order to make
mining of rare-earth elements containing ores

Due to this fact, the issue of rare-earth
elements separation from radioactive elements,
particularly uranium, is of high importance
nowadays [4-6].

Uranium can be removed from solutions by
sorption, extraction and other methods. Sorption
methods are more preferred nowadays than
extraction ones. Sorption methods are more eco-
friendly and have fewer technological cycles than
extraction technologies [7-9].

Unfortunately, currently developed ion
exchange resins cannot be widely applied; also, not
all salt and metal ions have complementary
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polymeric sorbents. Due to composition diversity of
solutions extracted from different deposits it is
difficult to study sorption process in model
solutions and develop effective sorbents. Use of
interpolymer systems allows highly efficient mass
extraction of various elements’ anions and cations
[10-12].

Due to this, the objective of our research was
to study depth of uranyl ions sorption during their
interaction with interpolymer systems and
prospects of using these interpolymer systems for
uranium extraction from product solutions.

Experimental part

Equipment. Sorbent mass was determined by
weighing at electronic analytical scales MSE125P-
100-DO Sartorius Cubis (Germany).

Materials. The research was performed in
water environment and in solution of hexaqua
uranyl nitrate (UO»?* concentration = 100 mg/l) as
well as polyacrylic acid and polyethylenimine
hydrogels. Polyacrylic acid hydrogels were
synthesized in presence of linking agent N, N -
methylen-bis-acrylamide and red-ox system K,S,0s
— Na;S,03 in water environment. Polyethylenimine
hydrogels were synthesized with N, N -
dimethylformamide solvent in presence of linking
agent epichlorhydrin. Synthesized PAA and PEl
hydrogels were crushed into small fractions of
250<d<425 um. Hydrogel swelling rates were anpaa)
=10,36 g/g, aner) = 8,36 g/8.

Intergel couple of polyacrylic acid hydrogel
and polyethylenimine hydrogel (hPAA-hPEI) was
combined for research purposes.

Experiment. Experiments were done at
room temperature. PAA and PEl were taken in dry
state. Study of the intergel systems was done as
follows: each hydrogel in dry state was placed in
separate polypropylene cages. Then polypropylene
cages with dry hydrogels were placed in glasses
with water and hexaqua uranyl nitrate solutions.

Research of individual polymeric hydrogels
sorption properties was done as follows:

1) Estimated amount of each hydrogel in
dry state was placed into polypropylene cages.

2) Uranyl ions sorption by individual PAA
and PEl hydrogels was done for 48 hours. During
this period aliquots were taken for further
determination of uranyl ions concentration.

The procedure of studying intergel system
sorption abilities is the same as that of studying
individual polymer hydrogels.

Uranyl ions determination procedure.
Measurement of uranium mass concentration was
done by volumetric titanium-phosphate-vanadate
method based on red-ox properties of uranium (IV)
and uranium (VI) and its reduction and oxidation
reactions.

Uranyl ions extraction (sorption) rate was
calculated according to the formula:

— Cin(;cres * 100%, (1)

in

where Ci, — uranyl ions initial concentration in

solution, mg/l; Cres uranyl ions residual
concentration in solution, mg/I.
Total polymer chain binding rate was

calculated according to the formula:

6 ==L % 100%, (2)
where vsor — amount of sorbed uranyl ions, mole
(calculated as Vsor- m/M, where m — mass of sorbed
uranyl ion, g, M - molecular mass of uranyl ion,
g/mole); v — polymer weighed portion (calculated
as v - m/M, where m — mass of PAA and PEI
polymers, g, M - molecular mass of mass of PAA
and PEl polymers, g/mole, if two hydrogels are
present in the solution, this is calculated as
summed amount of each of them), mole.

Dynamic exchange capacity of individual
hydrogels and intergel system was calculated
according to the formula:

Q= 3)

’
Msorbent

where vsor — amount of sorbed uranyl ions, mole
(calculated as vsor- m/M, where m — mass of sorbed
uranyl ion, g, M - molecular mass of uranyl ion,
g/mole); m — polymer weighed portion (if two
hydrogels are present in the solution, this is
calculated as summed weight of each of them), g.

Results discussion

Previously performed studies [10-12] have
shown that almost all interpolymer systems based
on acidic (polyacrylic and polymethacrylic acids)
and basic (poly-4-vinylpyridine and poly-2-methyl-
5-pyridine) lightly cross-linked polymeric hydrogels
display higher activity than their initial components.
It was also found that polymer ratios which provide
higher ions sorption differ significantly depending
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on nature of acidic and basic hydrogels and nature
of rare-earth metals.

These results were obtained after studying
sorption of lanthanum, cerium, dysprosium,
neodymium, samarium and erbium by intergel
systems. Influence of initial hydrogel state on
sorption process was also found. Depending on
what gel is used for intergel couple formation (dry,
swollen or partially swollen) there can be different
hydrogel ratios in intergel systems with high
sorption capacity and rare-earth metal ions
sorption rate.

However, no work was done to define optimal
conditions for maximum sorption and ions
selectivity in case of using intergel systems for
uranyl ions extraction.

Main feature of intergel systems is absence of
direct contact between polymer hydrogels in
solution. In other words, this can be called a distant
interaction of hydrogels. The general outline of
intergel system is given at Figure 1.
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1 - polyacid, 2 — polybase, 3 — membrane,
4 - solution
Figure 1 — Intergel system outline

The following chemical reactions occur

during distant hydrogel interaction:

1) Dissociation of —COOH - groups of
internode links:
~COOH - COO™"H*-> —COO0™ + H* (4)

It should be considered that first there is ionization
with formation of ion couples, which later partially
dissociate into separate ions.

2) Atom of nitrogen in pyridine ring is
ionized and partially dissociated:

=N + H,0 = =NH*... OH" > =NH*+ OH~  (5)

3) Then atom of nitrogen also interacts with
proton separated from carboxylic group:

=N + H* > =NH* (6)

4) H* and OH ions appearing as a result of
functional groups interaction with water molecules
form water molecules (true for equimolar
concentration of protons and hydroxyl ions):

H*+ OH™ > H,0 (7)

According to equation 4, carboxylic groups
are dissociated into carboxylate anions and protons
depends on dissociation rate. As a result of proton
adjoining by heteroatoms of nitrogen, total amount
of hydrogen atoms in solution decreases, which
leads to further dissociation of other (previously
non-dissociated) functional carboxylic groups. This
happens due to Le Chatelier principle because of
equilibrium shift to the right (towards proton
formation).

These interactions lead to uncompensated
like-charged functional groups formation at
internode links of both hydrogels (acidic and basic);
these groups bounce off each other according to
laws of electrostatics and lead to macromolecular
coil expansion. The end result of these electrostatic
interactions is significant swelling of polymer
macromolecules.

,

n (U, % “u—100% hPAA
109 e 83% hPAA-17% hPEI
A 67% hPAA-33% hPEI
—v—50% hPAA-50% hPEI
o < 33% hPAA-67% hPEI
A > 17% hPAA-83% hPEI

4 100% hPEI
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hPAA: hPEI, mol.%:mol.%

Figure 2 — Dependence of uranyl ions extraction rate by
hPAA-hPEI intergel system over time

5% &  Th

Figure 2 shows dependence of uranyl ions
extraction rate by initial hydrogels and hPAA-hPEI
intergel system over time. As the figure suggests,
intergel system has increased uranyl ions extraction
rate over time. It should be noted that polymeric
macromolecules switching to highly ionized state
due to hydrogels mutual activation during their
remote interaction leads to significantly increased
uranyl ions extraction rate with polymeric
hydrogels in intergel couples in comparison with
initial hydrogels. Most of uranyl ions are sorbed by
initial PAA hydrogel and intergel systems through
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48-hour interaction with salt solutions. Highest
uranyl ions extraction rate is observed in intergel
system within 67%hPAA:33%hPEI and
33%hPAA:67%hPEl ratios 48 hours later and is
90,0%. Uranyl ions extraction rate by initial polymer
hydrogels - 100%hPAA and 100%hPEl is 68,0% and
52,0%, respectively. Initial PEl hydrogel provides
only slight increase of sorption rate over time,
however, hPEl (even with low sorption activity
towards uranyl ions) actively participates in initial
PAA hydrogel activation, which can be seen better
within 67%hPAA:33%hPEl and 33%hPAA:67%hPEI
ratios.

hPAA: hPEI, mol.%:mol.%

Figure 3 — Dependence of uranyl ions extraction rate by
hPAA-hPEI intergel system on hydrogel molar ratio over
time

Figure 3 shows dependence of uranyl ions
extraction rate by initial hydrogels and hPAA-hPEI
intergel system on hydrogel molar ratio over time.

As the figure suggests, the highest uranyl ions
sorption occurs within 67%hPAA:33%hPEl and
33%hPAA:67%hPEl ratios. The highest uranyl ions
extraction rate after 48 hours of distant hydrogel
interaction is 90,0%. Primary reason for such high
extraction rate is high polymeric structures
ionization due to their mutual activation.

Table 1 shows polymeric chain binding rates
(in relation to uranyl ions) by initial polymers and
hPAA-hPEI intergel systems over time. The most
intensive uranyl ions binding by initial polymers and
intergel systems occurs within 48 hours. High
degree of polymeric chain binding in relation to
uranyl ions is observed at 67%hPAA:33%hPEI and
33%hPAA:67%hPElI components ratios and is 9,1 %.
This suggests high macromolecules ionization rate
due to mutual activation of PAA and PEIl polymers.
Individual PAA and PEI polymeric chain binding rate
in relation to uranyl ions over 48 hours is 6,8 % and
5,3 %, respectively.

Table 2 shows dynamic exchange capacity (in
relation to uranyl ions) by initial hydrogels and
hPAA-hPEI intergel systems over time. Obtained
data suggest that polymeric hydrogels mutual
activation in intergel couples leads to significant
increase of exchange capacity values in comparison
with initial PEI hydrogel. This is the most distinctive
after 48 hours of remote interaction. Intergel
system reaches maximum values of dynamic
exchange capacity within the ratios of
67%hPAA:33%hPEl and 33%hPAA:67%hPEI after 48
hours of remote interaction and is 1.14 mmol/g.

Table 1 — Polymeric chain binding rates (in relation to uranyl ions) by initial hydrogels and hPAA-hPEI intergel systems

over time, %

Polymer chain binding rate ( in relation to uranyl ions), %

Tt h 0,5 2,5 4,5 8,5 24 28 32 48
100%hPAA 0,3 1,3 2,3 2,8 6,3 6,8 6,8 6,8
83% hPAA:17% hPEI 0,3 0,4 2,6 2,8 6,1 6,8 6,7 7,8
67% hPAA:33% hPEI 0,3 0,4 2,8 2,9 4,3 5,7 5,7 7,7
50% hPAA:50% hPEI 0,4 2,3 4,2 4,6 6,3 6,9 7,3 91
33% hPAA:67% hPEI 0,0 0,5 2,4 2,4 4,6 5,2 5,8 5,7
17% hPAA:83% hPEI 0,6 0,7 1,7 2,6 4,1 4,7 53 8,0
100%hPElI 0,0 0,1 0,1 2,1 4,0 5,2 4,9 53
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Table 2 — Dynamic exchange capacity (in relation to uranyl ions) by initial hydrogels and hPAA-hPEI intergel systems

over time, %

T, h 0,5 2,5 4,5 8,5 24 28 32 48
100%hPAA 0,04 0,18 0,32 0,38 0,87 0,95 0,95 0,95
83% hPAA:17% hpel | 904 0,05 0,35 0,38 0,81 0,92 0,89 1,04
67% hPAA:33% hpEl | 004 0,05 0,37 0,38 0,56 0,73 0,73 0,99
50% hPAA:50% hpel | 0:0° 0,29 0,52 0,57 0,78 0,86 0,92 1,14
33% hPAA:67% hpEl | 900 0,06 0,29 0,29 0,56 0,62 0,71 0,69
17% hPAA:83% hpel | 907 0,08 0,20 0,31 0,47 0,54 0,62 0,93
100%hPEl 0,01 0,01 0,01 0,12 0,45 0,58 0,56 0,60

Conclusion switch to highly ionized state which leads to

Based on obtained results it was found that the
highest uranyl ions sorption by interpolymer
system occurs at 67%hPAA:33%hPEI and
33%hPAA:67%hPElI components ratio. The highest
uranyl ions extraction rate after 48 hours of distant
hydrogel interaction is 90,0%, where polymeric
chain binding rate is 9,1% and dynamic exchange
capacity is 1,14 mmole/g. Uranyl ions extraction
rate by individual polymer hydrogels - 100%hPAA
and 100%hPEI - is 68,0% and 52,0%, respectively.
Due to mutual hydrogel activation during their
distant interaction polymeric macromolecules

significant increase of uranyl ions extraction rate in
comparison with initial polymers. Obtained
outcomes suggest that interpolymer systems can
be used for highly efficient sorption technology of
extracting uranyl ions and other elements from
commercial solutions as well as for concentration,
separation of different ions from water solutions
for performing technological, environmental and
other objectives.
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YpaHun MoOHAAPbIH NOIMAKPUA KbILWKbI/Ibl ME@H NOJIN3ITUNIEHUMUH
rugporenbpepiHiH HerisiHgeri MUHTepnoanmepniK KyiemeH 6eny epekwenikrepi
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TYWNIHAEME

Monunakpun  KplWKbIbl

(MAKr)

KaHe  nmoauaTuneHumuH  (M3Ur)  rugporengepiHeH  TypaTbiH

MHTEPNOAUMEPNI KyMenepain, ypaHun noHaapbiHa copbuusackl 3epTrengi. bactankbl noavmepnep meH

NAKr-M3Ur vHTepnonvumepni KylhenepiHib, ypaHun uvoHgapblH 6eny aaspekeci, noavmep TisberiHiH,

6alinaHblCy AdpEXKeci )KaHe TUIMA] AMHAMMKANbIK aIMacy CUbIMAbIbIFbI ecenTengi. AnbiHFaH HaTUXenep

HerisiHae

VMHTEepNonMMepni  Xyhenepaid

YypaHWn  MOHAapblHa  MaKcMmangbl  copbumackl
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67%MNAK:33%MIUr xaHe 33%MAKr:67%MIUr KaTbiHacTapbliHAa 6onaTbiHbl aHbIKTaNAbl. TMaporenaepaix,
KalbIKTaH ©3apa apeKeTTecyiHiH 48 cafaTblHaH KeliH ypaHUA MOHA4APbIH MaKkcumanapl 6eny gapexeci
90,0 %, nonMmepniK TisbeKTiH, bainaHbicy aspexeci 9,1 % KoHe AMHAMMKANbIK aAMacy CUbIMAbI/bIFbI —
1,14 mmonb/r 6ongbl. 100 % MAKr skaHe 100 % MIUr xeke nosmmepnik rmaporengepimeH ypaHun
MoHpapblH  Beny papexeci caikeciHwe 68,0 % aHe 52,0 % Kypaabl. AfblHFaH HaTUXenep
MHTEpNoOAUMEpPAi XKyihenepaeri 6actankbl NOAMMEPANIK FMAPOrenfepaiH, CopbuMAnbiK KacueTTepiHiH,
e3repeTiHiH, AFHW QYHKUMOHANAb! TONTapAablH, peakumaFa Tycy KabineTi aHaFyp/ibiMm apTaTbiHbIH KOPCETTI.
Byn onapabl ypaHuUA WMOHAApbIH GenyaiH, Kofapbl TMIMAI COPOUMANBIK TEXHONOMMACBIH ¥Kacay YLUiH
KOoNgaHyFa MyMKIHAIK 6epeai.

TyliiHn ce30ep: rupporengep, WHTEPNOAMMEPAI  Kyilenep, copbuua, MOAMAKPUA  KbIWKbIAbI,
NONNITUNEHUMUH, YPAHUA UOHBI.
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12 yrewesa A.A., 3Tpaxynasuuioc 10.B.

1 AO «KazaxcTaHCKO-BpUTaHCKMUI TEXHUYECKMI yHUBEpCUTET», AIMaTbl, KasaxcraH

2TOO «MHCTUTYT BbICOKMX TEXHONOMMIA», AnMaTbl, KazaxctaH
3 KayHaccKuii TexHosiorudeckuin yHusepceutet, KayHac, /lutea

MNoctynuna: 14 utona 2021
PeueH3nposaHue: 07 agezycma 2021
MpuHATa B nevatb: 15 okmabpsa 2021

AHHOTAUMA

N3yyeHa copbuma WOHOB ypaHMNA WHTEPNONAMMEPHON CUCTEMOW, COCTOALWLeW W3  ruaporena
noavakpunosoi kucnotbl (rMAK) u rugporens nonmatuneHnmuHa (rl3U). Bblanm paccumTaHbl CTeneHb
M3BNEYEHUSA MOHOB ypaHMNa UCXOA4HbIMU MOAMMEPAMWU U UHTepnoAnMepHon cuctemon rMAK-rMan,
cTeneHb CBA3bIBAHUA NOAMMEPHOW LENU U AMHAMUYECcKas 0BMEeHHaa eMKOCTb UCXOAHbIX NOANMEpPOoB U
MHTepnonnmepHoi cuctemsl rMAK-rM3N. Ha ocHoBe nosnyyYeHHbIX pe3ynbTaToB 6bla0 YCTaHOBAEHO, YTO
Hanbosbluan cTeneHb copbLMM MOHOB ypaHUNa UHTEPNOANMEPHOW CUCTEMOW NPOUCXOAMT B npeaenax
cooTHoweHnin 67%rMAK:33%rM3U n 33%rMAK:67%rM3N. MakcMmanbHaa CTeneHb U3BNEYEHUA WOHOB
ypaHuaa no ucreyeHunn 48 4acos AUCTAHLMOHHOIO B3aMMOAENCTBUA ruaporeneit coctasuaa 90,0 %, npu
KOTOPOI CTeNeHb CBA3bIBAHUA NONUMEPHOW Lenu cocTasuna 9,1 % 1 guHamuyeckas 06MEHHas eMKOCTb
— 1,14 mmonb/r. CTeneHb W3BNEYEHUA UOHOB YPaHWNA UHANBUAYANbHBIMW NOSMMEPHBIMU TMAPOreNAMU
100%rMAK 1 100%rM3W coctaBuna 68,0 % 1 52,0 % cooTBeTcTBEHHO. [loNy4YeHHbIe pe3yabTaTbl NOKa3anun
M3MEHEHUA COPOLMOHHBIX CBOMCTB UCXOAHbIX NONMMEPHbIX MMAPOrenein B MHTEPNONMMEPHOW CUCTEME,
npusBogAwMe K TOMy, 4TO  QyHKUMOHanbHble  rpynnbl  npeobpetatoT  6osee  BbICOKYHO
PeakUMOHHOCNOCOBHOCTb, YTO NPEfOCTAaBAAET BO3MOMHOCTb WX MPUMEHEHUA ANA MOCAeayloLwen
pa3paboTKku BbICOKO3IPDEKTUBHOM COPOLMOHHON TEXHONOTUM U3BNIEYEHWNA MOHOB YpaHWAa.

Kniouesble cnosa: ruaporenu, WHTEPNOAMMEPHbIE CUCTEMbI, COpPbLUMA, NONMAKPWUIOBAA KUCAOTa,

NOAN3TUNEHUMUH, MOH YpaHUAa.

Ymeweea Alinamaynb AamaeeHa

UHpopmayus 06 aemopax:

Ph.D cmydeHm, AKkyuoHepHoe obwecmeso «KazaxcmaHcko-bpumaHcKkuli mexHu4eckuli yHugepcumemby,
Hay4Ho-06pazosamensHblli yeHmp «Xumudeckas uHxiceHepusa», 2. Aamamel, Pecnybauka Kazaxcman, 1.
nouyma: utesheva_93@bk.ru, ORCID ID: https.//orcid.org/0000-0002-6243-1610

HOo3ac Budac Mpaxcynasu4roc

A.x.H., npogeccop, KayHacckuli mexHonoau4yeckul yHusepcumem, Kagedpa Xumuu U mexHoa02uu
nonumepos, e.KayHac, Jlumosckas Pecnybauka, 3a.noyma: juozas.grazulevicius@ktu.lt, ORCID ID:
https://orcid.org/0000-0002-4408-9727

Reference

[1] Naumov, A.V. (2008). Obzor mirovogo rynka redkozemelnykh metallov [Overview of the world market for rare earth metals]
Izvestiia vuzov. Tsvetnaia metallurgiia. — Non-ferrous metallurgy, 1, 22-31 (In Russ.).



mailto:utesheva_93@bk.ru
https://orcid.org/0000-0002-6243-1610
mailto:juozas.grazulevicius@ktu.lt
https://orcid.org/0000-0002-4408-9727
mailto:utesheva_93@bk.ru
https://orcid.org/0000-0002-6243-1610
mailto:juozas.grazulevicius@ktu.lt
https://orcid.org/0000-0002-4408-9727

Kommrercuoe McnonssoBarme Munepansaoro Ceipba. No4 (319), 2021 ISSN-L 2616-6445, ISSN 2224-5243

[2]
3]

[4]

[5]
(6]

(7]

(8]

19l

Berdikulova F. A., Ikhlasova A.T. (2020). Study of the process of rhenium extraction. Kompleksnoe Ispol’zovanie Mineral’nogo
Syr’a = Complex Use of Mineral Resources, 3 (314), 22-27. https:// doi.org/10.31643/2020/6445.23 (In Kazakh).

Kenzhaliev B. K., Surkova T. Yu, Berkinbayeva A.N., Dosymbayeva Z.D., Chukmanova M.T. To the question of recovery of
uranium from raw materials. News of the National Academy oF Sciences of the Republic of Kazakhstan, Series of geology and
technical sciences. Volume 1, Number 433 (2019), 112 — 119 https://doi.org/10.32014/2019.2518-170X.14 (In Eng.).

Lapidus, G.T., & Doyle, F.M. (2015). Selective thorium and uranium extraction from monazite: Il. Approaches to enhance the
removal of radioactive contaminants. Hydrometallurgy, 155, 161-167. https://doi.org/10.1016/j.hydromet.2015.03.015 (In
Eng.).

Garcia, A.C., Latifi, M., Amini, A., & Chaouki, J. (2020). Separation of Radioactive Elements from Rare Earth Element-Bearing
Minerals. Metals, 10(11):1524. https://doi.org/10.3390/met10111524 (In Eng.).

Yanliang, Wang, Chao, Huang, Fujian, Li, Yamin, Dong, & Xiaoqi, Sun. (2017). Process for the separation of thorium and rare
earth elements from radioactive waste residues using Cyanex® 572 as a new extractant. Hydrometallurgy, 169, 158-164.
https://doi.org/10.1016/j.hydromet.2017.01.005 (In Eng.).

Samoilov, V.l., Saduakasova, A.T., & Kulenova, N.A. (2015). Analiz sostoianiia tekhnolohii sorbtsionnoho izvlecheniia urana v
hidrometallurhicheskikh uranovykh proizvodstvakh [Analysis of the state of the technology of sorption extraction of uranium
in hydrometallurgical uranium production]. Mezhdunarodnyi zhurnal eksperimentalnoho obrazovaniia. — International Journal
of Experimental Education,5-1, 80-87 (In Russ.).

Abdikerim, B.E., Kenzhaliyev, B.K., Surkova, T.Yu., Didik, N., Berkinbayeva, A.N., Dosymbayeva, Z.D., Umirbekova, N.S. (2020).
Uranium extraction with modified sorbents. Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a = Complex Use of Mineral
Resources, 3(314), 84-90. https://doi.org/10.31643/2020/6445.30 (In Eng.).

Turaev, N.S., Zherin, L.I. (2006). Khimiya i tekhnologiya urana (Uranium chemistry and technology). Moscow: Ore and Metals,
396. (In Russ.).

[10] Alimbekova, B.T., Korganbayeva, Zh.K., Himersen, H., Kondaurov, R.G., & Jumadilov, T.K. (2014). Features of polymethacrylic

acid and poly-2-methyl-5-vinylpyridine hydrogels remote interaction in an aqueous medium. Journal of chemistry and chemical
engineering, 3, 8, 265-269 (In Eng.).

[11] Jumadilov, T.K., Kondaurov, R.G., Abilov, Zh.A., Grazulevicius, J.V., & Akimov, A.A. (2017). Influence of polyacrylic acid and

poly-4-vinylpyridine hydrogels mutual activation in intergel system on their sorption properties in relation to lanthanum (lll)
ions. Polymer Bulletin, 74, 4701-4713. https://doi.org/10.1007/s00289-017-1985-3 (In Eng.).

[12] Jumadilov, T., Kondaurov, R., Imangazy, A., Myrzakhmetova, N., & Saparbekova, I. (2019). Phenomenon of remote interaction

and sorption ability of rare cross-linked hydrogels of polymethacrylic acid and poly-4-vinylpyridine in relation to erbium ions.
Journal of Chemistry and Chemical Technology, 13, 4, 451-458. https://doi.org/10.23939/chcht13.04.451 (In Eng.).



https://doi.org/10.1016/j.hydromet.2015.03.015
https://doi.org/10.3390/met10111524
https://doi.org/10.1016/j.hydromet.2017.01.005
https://doi.org/10.31643/2020/6445.30
https://doi.org/10.1007/s00289-017-1985-3
https://doi.org/10.23939/chcht13.04.451

