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SELECTIVITY OF INTERPOLYMER SYSTEMS
WITH RESPECT TO LANTHANUM IONS

Abstract. The paper deals with the sorption of lanthanum ions by an interpolymer
system consisting of sulfonic cation exchanger KU2-8 and anion exchanger AV-17-8.
To predict the sorption activity of the intergel system, the mutual activation of the KU2-8
sulfonic cationite with the AV-17-8 anionite in the aqueous medium was initially studied.
Due to the mutual activation of hydrogels in the course of their remote interaction, the
polymer macromolecules pass into a highly ionized state, which leads to a significant
increase in the degree of extraction of lanthanum ions from polymer hydrogels in intergel
vapors as compared to the initial polymers.

We calculated the degree of extraction of lanthanum ions by the interpolymer system
KU2-8: AV-17-8, the degree of binding of the polymer chain (in relation to lanthanum ions)
with the initial ion exchangers and the interpolymer system KU2-8: AV-17-8. Based on the
data obtained, a comparative analysis of the sorption of lanthanum ions by individual
sorbents and an interpolymer system was carried out within the limits of the ratio KU2-8:
AV-17-8 =5: 1-1: 5.

It has been established that the maximum degree of sorption of lanthanum ions by the
KU2-8: AV-17-8 interpolymer system is observed within the ratio KU2-8: AV-17-8 = 2: 4
at 48 hours of remote interaction of the interpolymer system and is 54.73 mol. %, at which
the degree of binding of the polymer chain is 6.15%.

Keywords: intergel systems, hydrogels, KU2-8 cation exchanger, AV-17-8 anion
exchanger, remote interaction, La®*ions, sorption, desorption.

Introduction. The growing scientific and technical interest in rare earth me-
tals (REM) is due to their application in modern science-intensive fields of
technology. The Republic of Kazakhstan has unique reserves of rare earth metals
[1]. Rare earth metals are widely used in the modern world, as metals, alloys and
chemical compounds, they are used in various fields of technology: in the chemical
industry, ferrous and nonferrous metallurgy, electronics and electrical engineering,
as well as magnets and phosphors.
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Rare earth metals are characterized by an extremely low content in natural raw
materials, which determines specific methods for their production. After acidic or
alkaline opening of natural or technogenic raw materials in the course of the
technological chain, a gradual concentration of rare earths occurs, for which I use
various methods - extraction, ion exchange, precipitation. In the course of this pro-
cess, a 60-70% concentrate is obtained, containing all the rare earth metals.

At present, technologies for the concentration and extraction of rare earth and
other elements in hydrometallurium are based on the use of ion-exchange resins.
Today, the market for ion-exchange resins is quite large and diverse, and despite
the fact that sulfonic cation exchanger is a widespread and relatively cheap sorbent,
the study of the sorption extraction of rare earth metals by other ion-exchange resins
is of interest from the point of view of identifying selective sorbents.

EXPERIMENTAL PART

Equipment. The mass of sorbents was determined by weighing on a
SHIMADZUAY 220 electronic analytical balance (Japan). The determination of the
optical density of lanthanum nitrate solutions for the subsequent calculation of the
concentration of lanthanum ions was carried out on a KFK-3M spectrophotometer
at 650 nm.

Materials. The studies were carried out in solutions of 6-aqueous lanthanum
nitrate (concentration La®*= 100 mg/l). Industrial ion exchangers were used: a
strongly acidic cation exchanger KU2-8 - a sulfonated copolymer of styrene with
8% divinylbenzene (according to GOST 20298-74) and a strongly basic anion
exchanger AB-17-8 based on a copolymer of styrene and divinylbenzene with
benzyltrimethylammonium functional groups (according to GOST 20301-74).

For the research task, the interpolymer system KU2-8: AV-17-8 was made up
of industrial ion exchangers.

Experiment. The experiments were carried out at room temperature. lon-
exchange resins KU2-8 and AV-17-8 were taken in a swollen state to study the
sorption of lanthanum ions. lon-exchange resins KU2-8 and AV-17-8 were
previously left in distilled water for swelling (24 hours). Then polypropylene
meshes with ion-exchange resins KU2-8 and AV-17-8 were placed in glasses with
lanthanum nitrate solutions.

The study of the sorption properties of individual ion exchangers and inter-
polymer systems was carried out as follows:

1) The calculated amount of each ion-exchange resin (KU2-8, AV-17-8) indry
form was placed in polypropylene nets. The interpolymer system was composed of
ion-exchange resins KU2-8 and AV-17-8: KU2-8: AV-17-8;

2) Sorption of lanthanum ions by individual ion-exchange resins KU2-8,
AV-17-8 was carried out for 48 hours. During this time, aliquots were taken for
subsequent determination of the concentration of lanthanum ions.

Method for the determination of lanthanum ions. Method for the determination
of ions lanthanum in solution is based on the formation of a colored complex
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compound of the organic analytical reagent Arsenazo 111 with rare earth metal ions
(REM); the concentration of lanthanum ions was calculated on a KFK-3M
spectrophotometer at 650 nm [4-8]. The degree of extraction (sorption) was
calculated using the formula:

— Cinit—Cresid * 100% ’

Cinit
where C init — is the initial concentration of metal in the solution, g/ I; Cresia — is the
residual concentration of metal in the solution, g/ I.

RESULTS AND DISCUSSION

Our earlier studies [2-12] showed that almost all intergel systems based on
acidic (polyacrylic and polymethacrylic acids) and basic (poly-4-vinylpyridine and
poly-2-methyl-5-vinylpyridine) rare-crosslinked polymer hydrogels exhibit higher
activity than their constituents. Moreover, it was found that the ratio of polymers,
at which a high sorption of ions is manifested, differ significantly depending on the
nature of acidic and basic hydrogels and the nature of rare earth metals.

Figure 1 shows the dependence of the pH of solutions with the KU2-8:
AV-17-8 interpolymer system on time. As can be seen from the figure, their mutual
activation occurs, leading to a significant change in their electrochemical and
conformational properties. These results indicate the emergence of ionized struc-
tures with optimal conformation, providing an optimal ligand environment around
lanthanum ions.
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Figure 1 — Dependence of pH of solutions by an interpolymer system KU2-8:
AV-17-8 from time to time
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Figure 2 — Dependence of the degrees of extraction of lanthanum ions
by the KU2-8: AV-17-8 interpolymer system on time

Figure 2 shows the dependence of the degrees of extraction of lanthanum
ions by the KU2-8: AV-17-8 interpolymer system on time. It should be noted that
the transition of polymer macromolecules to a highly ionized state due to the mutual
activation of ion exchangers during their remote interaction leads to an increase in
the degree of extraction of lanthanum ions from ion exchangers in interpolymer
vapors compared to the initial ion exchangers. As can be seen from the figure, in
the interpolymer system, the degree of extraction of lanthanum ions increases with
time.

The main amount of lanthanum ions is sorbed by the KU2-8: AV-17-8 inter-
polymer systems during 48 hours of their interaction with salt solutions. The
maximum degree of extraction of lanthanum ions is observed in the interpolymer
system within the ratios KU2-8: AV-17-8 = 3: 3-2: 4 after 48 hours and is 53.94
and 54.73 mol.%, Respectively. The degree of extraction of lanthanum ions by
individual ion exchangers KU2-8 and AV-17-8 is 37.8 mol.% and 41.34 mol.%.

Table shows the degree of binding of the polymer chain (with respect to
lanthanum ions) by the initial ion exchangers and interpolymer systems KU2-8:
AV-17-8 from time to time. The most intense binding of lanthanum ions by initial
ion exchangers and interpolymer systems occurs within 48 hours. High values of
the degree of binding of the polymer chain in relation to lanthanum ions are
observed within the ratios KU2-8: AB-17-8 = 3: 3-2: 4, is 6.06% and 6.15%,
respectively.This indicates a high degree of ionization of macromolecules as a
result of mutual activation of ion exchangers KU2-8 and AV-17-8. The degree of
binding of the polymer chain of individual ion exchangers KU2-8 and AV-17-8 in
relation to lanthanum ions after 48 hours is 4.12% and 4.60%, respectively.
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Degrees of binding of the polymer chain (with respect to lanthanum ions)
by the initial ion exchangers and the interpolymer system KU2-8: AV-17-8 on time, %

Ratio Oh 05h 1,5h 2,5h 45h 6,5h 24h 48 h
6:0 0.043 0.33 1.54 1.33 0.68 1.37 3.86 4.12
5:1 0.86 0.68 1.11 1.8 1.32 1.02 3.38 5.49
4:2 1.09 0.75 2.42 4.48 1.39 3.05 3.79 4.05
3:3 1.51 0.76 2.52 1.55 0.63 2.17 3.85 6.06
2:4 0 0.35 2.21 2.43 2.12 1.28 3.75 6.15
1:5 0.40 1.12 0.94 2.24 0.80 1.52 3.41 5.66
0:6 1.94 0.94 2.33 1.47 2.38 1.57 4.60 4.60

Conclusions.

1. As a result of remote interaction within the limits of the ratio KU2-8:
AV-17-8 =5: 1-1: 5, mutual activation of ion exchangers occurs, which consists in
the fact that inter-site chains acquire an additional charge without counterions.

2. The maximum degree of sorption of lanthanum ions by the interpolymer
system KU2-8: AV-17-8 is observed within the ratios KU2-8: AV-17-8 = 2: 4 at
48 hours of remote interaction of the interpolymersystem and is 54.73 mol.%. An
increase in the degree of sorption of lanthanum ions by interpolymer systems in
comparison with individual ion exchangers is associated with a high degree of
ionization of ion exchangers in the interpolymer system.

3. The results obtained indicate that it is possible to develop an interpolymer
system selective to other ions, which can be used for a highly efficient sorption
technology for the extraction of ions of rare earths and other elements from
industrial solutions.

This work was supported by the Science Committee of the Ministry of Edu-
cation and Science of the Republic of Kazakhstan under projects AR08856668
within the framework of grant funding for scientific research for 2020-2022.
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T. K. XKymaoinos, JI. K. blckax, b. Tomxyckul3bi,
H. K. XKambwvinoau, H. O. Muipzaxmemosa, O. B. Cybepask

JIAHTAH NOHZIAPBIHA KATBICTBI
WHTEPITIOJIMMEPJII XKXYUEJIEPAIH CEJIEKTUBTUIIIT

JKympicra mantan noHaapeiHbiH KY 2-8 cynbhokaTrnonuTiHeH xoHe AB-17-8 anwmo-
HUTIHEH TYPAThIH HHTEPIIOTUMEPITIK KYHEeMEH COPOIMICH KapacThIpbuTaasl. THTEprenmik
KYHCHIH COPOIMSUIBIK OCNCEHIUTINH OoJbKay YIIH aijbpIMeH cy opTackiHia AB-17-8
annoHuTiMeH KY 2-8 cynbokaTHOHNTIHIH ©3apa akTUBTEHY1 3epTTeii. [‘unporensaepain
e3apa 9peKeTTeCcyl HOTHKECIH/E OJIap/bIH KAIIBIKTBIKTAaH ©3apa opeKeTTecyl Ke3iHae Io-
JMMEpIi MaKpoMOJIEeKyJiajap JKOFapbl HOHJAIFaH KyHre aybicajpl, Oy OacTamnkel MOJHU-
MepJIEpMEH CAJBICTBHIPFaHAa HHTEPrenbJl JKYNTaplarbl MOJIMMEpINi THApOrelbaepAeri
JIaHTaH MOHJIAPBIHBIH LIBIFAPBLTY ICHICHiHIH e/19yip apTybIHa SKEJe/i.

KV¥2-8:AB-17-8 unTepnonnmepIIik KyieciMeH JaHTaH HOHIAPBIHBIH CiHIPUTYiHIH €H
xorapsl gopexkeci KY 2-8:AB-17-8=2:4 apa kaThIHACHIHIA HHTEPIIONUMEPIIK KXYHEHIH
KAIIBIKTHIKTAH ©3apa opeKeTTecyiHiH 48 caraThiHaa Oaifkamambl sxoHe 54,73 MONBII KY-
paiinet.%, oHIa moauMep Ti30eriHiH 6ainaHbICTRIPY nopexeci 6,15% Kypaiiasl.
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Tyiiin ce3nep: unteprenai xyitenep,La®* nonsl, ruaporens, karunouut KY 2-8, anmo-
HUT AB-17, copbuus, necopOuusi.

Pe3iome

T. K. [icymaounos, JI. K. blckax, b. Tomxyckul3bi,
H. K. XKambovinoau, H. O. Muipszaxmemosa, O. B. Cybepask

CEJIEKTUBHOCTDb MHTEPIIOJIMMEPHBIX CUCTEM
1O OTHOHIEHUIO K NOHAM JIAHTAHA

B pabote paccmaTpuBaeTrcsi copOIHs HOHOB JJAaHTaHA UHTEPIIOJIMMEPHON CHCTEMOH,
cocrosieit u3 cynbdokatuonura KY 2-8 u anmonura AB-17-8. J{isi mporHo3upoBaHus
COpOIIMOHHOW aKTHBHOCTU WHTEPreJIeBOM CHCTEMBI NMEPBOHAYAIBHO M3yYeHA B3aUMHas
akTuBanys cyibpokatrnonnta KY 2-8 ¢ annonntom AB-17-8 B BosHOH cpexe. Benenctaue
B3aMMHON aKTHBAIIMM TUAPOTENEH B XOJ€ UX JUCTAHIIMOHHOTO B3aMMOJECHCTBUS MpPOUC-
XOJIUT TEPEeXO0] MOJUMEPHBIX MAKpPOMOJEKYJ B BBHICOKOMOHH30BAHHOE COCTOSIHHE, UTO
MIPUBOJUT K CYIIECTBEHHOMY YBEIMYEHHUIO CTETIEHU U3BJICUYECHUS MOHOB JIAaHTaHA y MOJIH-
MEpPHBIX THAPOTENeH B HHTEPTeJIeBhIX apaxX Mo CPaBHEHHIO C UCXOTHBIMH ITOJIMMEPAMH.

Brum paccunTaHBl CTETIeHh M3BJICUCHHS MOHOB JIAHTaHA WHTEPIIOJIMMEPHOH CHCTe-
Mmoit KY 2-8:AB-17-8, creneHb CBA3BIBAaHUA ITOJIMMEPHON HEMH (TI0 OTHOUICHUIO K IOHAM
JIaHTaHa) UCXOTHBIMH HOHUTAMH U MHTEpIiomMepHoi cuctemort KV 2-8:AB-17-8. Ha oc-
HOBE TOJYYCHHBIX NaHHBIX OBUI IPOBEICH CPABHUTENBHBIA aHATIH3 COPOIMH MOHOB JIaH-
TaHa WHAWBHUIYaJIbHBIMH COPOCHTAMH W MHTEPIIOJIMMEPHOU CHCTEMOU B Tpeaesax COOT-
nomenuii KY 2-8:AB-17-8=5:1-1:5.

KiioueBble cji0Ba: UHTEPreneBble CUCTEMBI, TUAPOTeIH, KaTHOHUT KY 2-8, aHHOHUT
AB-17-8, nucranuuonHoe B3auMoeiictsue, nonsl La®*, copOuus, necopOuus.
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