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SORPTION OF LANTHANUM IONS BY THE INTERPOLYMER SYSTEM BASED ON
INDUSTRIAL ION EXCHANGERS «<-AMBERLITE IR-120:AB-17-8»

Abstract: this research was aimed to study the remote interaction effect among the industrial ion
exchangers AmberlitelR-120 and AB-17-8 in the interpolymer system «AmberliteIR-120:AB-17-8» on the
growth of their sorption properties in the extraction of lanthanum ions. The studies were carried out using the
following physical and chemical methods: conductometry, pH-measurements, colorimetry, and atomic
emission spectroscopy. The experiments have shown that the remote interaction effect led to a significant
increase in such sorption properties as the sorption degree, the polymer chain binding degree and effective
dynamic exchange capacity. A significant increase in the sorption properties was observed in the interpolymer
system «Amberlite IR-120:AB-17-8» in comparison with individual Amberlite IR-120 and AB-17-8 ion
exchangers. The remote interaction effect can be successfully implemented in obtaining highly ionized
structures for a wide range of purposes.

The lanthanum ions extraction degree was calculated by the Amberlite IR-120 interpolymer system:
AB-17-8, the polymer chain binding degree and the effective dynamic exchange capacity of the Amberlite IR-
120 interpolymer system: AB-17-8. It is established that the maximum degree of sorption in the interpolymer
system Amberlite IR-120:AB-17-8 is observed within the Amberlite IR-120 ratios:AB-17-8=5:1 and 3:3 at 48
hours of remote interaction of hydrogels and is 47.7%, at which the degree of binding of the polymer chain is
4.51% and the effective dynamic exchange capacity is 2.33 mmol/g. At certain molar ratios of ionites, a
significant increase in the sorption of lanthanum ions is observed in comparison with the initial hydrogels.
These results indicate the appearance of ionized structures with a conformation that provides an optimal ligand
environment around lanthanum ions.

Key words: interpolymer system, ion exchangers, remote interaction, mutual activation, sorption,
lanthanum ions.

Introduction. Rare earthmetals are enterprises such as «UK TMK» JSC, «Kazakhmys»
strategic elements due to their unique properties. LLP, «Kazzincy» LLP, «NAC «Kazatomprom» JSC,
Kazakhstan has significant reserves of these metals «Dinatron-Kazakhstan» LLP and others.
in various minerals. Mineralogical analysis of The existing sorption technologies for the
individual deposits and man-made waste from rare earth metals extraction in hydrometallurgy are
mining, metallurgical or chemical complexes shows based on the use of ion-exchangers. Industrial ion
the attractiveness and prospects of rare earth metals exchangers are widely distributed and commercially
associated extraction. Mineral reserves of rare earth available today [4-5]. Amberlite [IR-120 ion
elements are currently estimated at about 110 exchanger is mainly used for demineralization and
million tons, for example, only China accounts for softening of hard water in power plants, for the
about half of all rare earth metals world reserves treatment of wastewater and process solutions in
which concentrated on iron-niobium-rare earth industry, as well as for the separation of non-ferrous
deposits. China has about 80 % of the world's metals, whereas AB-17-8 ion exchanger is mainly
reserves of the least common yttrium group of rare intended for the treatment of waste and recycled
earth metals [1-3]. water, and is widely used in the chemical industry.

There are about 40 explored rare earth The advantages of sorption by ion exchangers:
deposits in Kazakhstan. The production of rare 1. The possibility of extracting metals from
earths is carried out at specialized enterprises, as dilute solutions, processing pulps without their pre-

well as related products at non-ferrous metallurgy
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filtration, carrying out processes consisting of a
large number of contact stages;

2. Significant reduction in specific water
consumption compared to precipitation methods;
significant increase in labor productivity compared
to precipitation methods; relatively small loss of
sorbent;

3. Simplicity and reliability of technological
equipment [6-8].

The fields of application and use of ion
exchangers in various branches of the chemical
industry are constantly expanding, including to
solve problems in environmental protection [9].
Materials and methods.

Materials.
lon exchange resins.

The formula of the ion exchange resin
Amberlite H-form is shown in the figure 1. The
Amberlite IR-120 ion-exchanger was synthesized
by Sigma-Aldrich.

0, OH

(0]
4
J
Fig.1- Chemical formula of Amberlite IR-120.
The formula of the AB-17-8 ion-exchange
is shown in Figure 2. The ion-exchange resin AB-
17-8 (anion exchanger) was synthesized by
«LaborPharmay LP.

—QH—CH;f ~CH-CHy-

i |

CH, —CH-CH,~

H,C -N'C1~
- 7N

| HC CH, n

Fig.2 - Chemical formula of AB-17-8 ion
exchanger

In our experiments, industrially produced ion
exchangers Amberlite IR-120 and AB-17-8 were
used. These polymers were included in the
interpolymer system «Amberlite IR-120:AB-17-8»
in the aqueous medium. Further experiments were
carried out in an aqueous and lanthanum (I11) sulfate
solutions.

To measure the specific electrical conductivity
of aqueous solutions, a MARK-603 conductometer
was used. The concentration of hydrogen ions was
determined by the pH-meter Metrohm 827 pH-Lab.
The mass of the samples was measured by a

SHIMADZU AY220 analytical balance. Optical
density measurements for subsequent calculation of
lanthanum (I11) sulfate concentration (Laz(SO4)s)
was carried out on KFK-3M spectrophotometers.

Calculation of sorption parameters.
Lanthanum sulfate 100 mg/L was used as a model
saline solution.

The degree of extraction (sorption) of
lanthanum ions was calculated by the following
Equation 1:

n= Cinitial —Cresidual * 100% , (1)

Cinitial

where Cinitiar 1S the initial concentration of
lanthanum ions in the solution, mg/l; Cresidual -
residual concentration of lanthanum ions in
solution, mg/I.

The total degree of binding of the polymer
chain was calculated by the Equation 2:

= —2sorb__ 4 100%, )

nqiv1+n, v,

where v, is the amount of sorbed
lanthanum ions, mol; vy is the amount of Amberlite
IR-120, mol; v, - number of AB-17-8, mol; n, n; -
the amount of Amberlite IR-120 and AB-17-8
(Table 1).

The effective dynamic exchange capacity of
individual ion exchangers and the interpolymer
system was calculated using the Equation 3:

Q — _Ysorb (3)

1
Msorbent

where vsorp IS the number of sorbed
lanthanum ions, (in mol); m is the mass of the
polymer (as the sum of the masses of each ion
exchangers), (in g).

Results. In our previous research [10-11], the
remote interaction effect between cross-linked
hydrogels (hydrogels of poly-4-vinylpyridine,
acrylic and methacrylic acids) was studied. It
showed a significant increase in sorption activity
with respect to some rare-earth metal ions.

The ion-exchangers were previously swelled
separately in distilled water for 48 hours. Each ion-
exchanger in its dry initial state was placed in a
polypropylene mesh and placed in a glass of
distilled water for swelling. Moreover, during this
process, an increase in the values of swelling degree
of ion exchangers was observed; with an equal
molar ratio of ion exchangers, the swelling degree
of the Amberlite IR-120 ion-exchanger took the
value Ksy = 5.2; for comparison, this ion-exchanger
outside the interpolymer system had a swelling
degree Ksw = 4.8. This can be explained by the
mutual repulsion of similarly charged sulfo-anions
in the units of the Amberlite IR-120 ion-exchanger
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due to the additional dissociation of these sulfo-
groups. As a result of dissociation, kinetically free
hydrogen ions were formed in an aqueous medium
confirmed by experimental data (Fig. 3 and 4). With
an equal molar ratio of ion exchangers, the swelling

30 Amberite IR-120 —=— 0,08

25

20 1

151

104

degree of AB-17-8 ion exchanger took the value Ksy
= 1.70, for comparison, this ion exchanger outside
the interpolymer system had a swelling degree Ksw
=1.52.

—e—15
—h—4 5
—¥—6
—— 24
—4— 48

Fig. 3 - The swelling degree of the Amberlite IR120 ion exchanger

2,44
22
2.0 -
1.8 4
1,6 -
14 -

1.2 4

1,0

AV-17-8

T T T
51 42 33

T
2:4

T I
15 0.6

Fig. 4 - The degree of swelling of the AV-17-8 ion exchanger

Sorption properties of the Amberlite IR-120:AB-17-8 interpolymer system
The change in concentration of La® * ions during sorption by the Amberlite «IR120:AB-17-8»

interpolymer system is shown in Figure 5.
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There is a linear dependence of the
concentration change at the initial time (at 0.08
hours of interaction). The obtained results show that
the exact trend is observed during 24 hours of
remote interaction: the high sorptionarea was
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revealed at «Amberlite IR-120:AB-17-8» molar
rations equal to 5:1, 3:3 and 2:4. The maximum
sorption of lanthanum occured after 48 hours of
remote interaction at a ratio of 3:3, the initial
concentration of rare-earth metals in the saline
solution decreases from 100 to 53 mg/L. These data
corresponds to the highly ionized regions based on
electrical conductivity and pH data.

Table 1. The the polymer chain binding degree at different ratios of ion exchangers, (%)

t h 0.08 05 15 25 45 65 | 24 | 48
Ratio

6:0 057 | 063 | 021 | 096 | 108 | 139 | 242 | 403
51 0.36 0 109 | 077 | 109 | 149 | 343 | 446
42 027 | 033 | 055 | 099 | 128 | 087 | 297 | 408
3:3 044 | 048 | 055 | 076 | 096 | 122 | 284 | 452
2:4 0 055 | 077 | 104 | 133 | 161 | 312 | 3.74
15 044 | 067 | 048 | 102 | 122 | 123 | 254 | 330
0:6 043 | 073 | 004 | 065 | 127 | 092 | 216 | 224

The maximum values of the lanthanum ions
extraction degree by the «Amberlite IR-120:AB-17-
8» interpolymer system were observed at 48 hours
of interaction. A strong increase in the extraction
rate at the following mole ratios of «Amberlite
IR120:AB-17-8» equal to 5:1, 3:3 and 2:4 with the
lanthanum sorption rate relative to 47%, 48 %, and
39%, respectively, was observed. For individual ion
exchangers this parameter was 43 % for Amberlite
IR-120 and 23% for AB-17-8 ion exchanger. By the
lanthanum sorption time analysis, we can conclude
that the area of maximum sorption was in the ratio
of «Amberlite [R-120:AB-17-8»ion exchangers
equal to 3:3.

Conclusion. The obtained data shows the
possibility of forecasting the remote interaction
effect between acidic and basic ion exchangers, as

well as their transition to a highly ionized state
whilethey are mutual activated. The above-
mentioned results clearly demonstrate the
possibility of wusing the remote interaction
phenomenon as a new method for improving the
modern ion exchangers for maximum sorption of
lanthanum ions. Despite the lack of data on the
sorption of rare earth metals using modern polymer
structures, the use of interpolymer systems seems to
be a relevant method for developing the new
sorption technologies for the efficient extraction of
rare earth and other valuable metals. The carried out
research was mainly refer to lanthanum, but due to
the fact that all rare-earth metals are similar in
chemical properties, it can be predicted that the effect of
«remote interaction» will lead to a significant increase in
the sorption properties of ion exchangers in relation to
various rare earth metals ions.
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AMBERLITE IR-120 )KOHE AB-17-8 OHEPKOCIITIK HOH AJIMACY IHAWBIPJIAPHI
HEI'IBIHAE UHTEPITIOJIMMEPJIIK )KYUEMEH JJAHTAH HOHJAPBIHBIH CIHIPLJIYI

AnHotanus: 6yn 3eprrey Amberlite IR120 >xone AB-17-8 eHepkacinTik HOH anMacy maibIpaapbl
apachIHJIaFbl KAIIBIKTRIKTAH 63apa OpEKETTECYiH JIAHTaH HOHIAPhIH UHTEPIIOIUMED KYOBIHBIH COPOIUSITBIK
KacHeTTepiHiH ©cCyiHe ocepiH 3epTreyre OarbITTalFaH. 3epTreyiep Keleci (H3MKa-XUMUSIIBIK Taiuay
omicTepiHIH KeMeriMeH XYypri3inai: KoHmykTtoMmerpus, PH-meTpus, KomopumeTpus, aToM-3MHUCCHSIIBIK
cnekrpockonusi. Taxipnbe KepceTkeHAeH, KalIbIKTBIKTAaH e3apa opeKeTTecyiH acepi copOuus Iopexeci,
momMep Ti30eriHiH OalIaHBICTHIPY JopeXkeci XOHe THIMII JWHAMHUKANBIK aiMacy KaOileTi CHSAKTHI
COPOIUSIIBIK KACUETTEPIIH e0yip apTybIHa oKenei. KambikTan e3apa opeKeTTecy ocepi Koraphl HOHAAFaH
KEH MaKCaTThl KYPhUTBIMIAP/IbI ATy YIIIH COTTI KOJIaHbLIA alajibl.

Amberlite IR120: AB-17-8 untepnoanMepik xkxyHeciMeH JaHTaH HOHIApbIHA TOJTUMEPITIK TiI30EKTiH
OailTaHBICY JopeXKeci JKOHE WHTEPIIOIMMEPIIIK KYWCHIH THIMII JHHAMHKAIBIK aIMacy CBIABIMIBIIBIFEI
ecenrenmi. Amberlite IR120:AB-17-8 uHTepnionuMmep >KyHeciHIeri COpOLMSHBIH €H >KOFapbl JIopexeci
Amberlite IR120:AB-17-8=5:1 »xoHe 3:3 apa kaTbiHacel Imerinme 48 caraT imIiHAEC THUAPOTEIBIACPIIH
KAITBIKTBIKTaH ©3apa opeKeTTecyi Ke3inae Oaiitkamasl sxoHe 47,7% Kypaisl, Oy peTTe moinuMep Ti30eTiHiH
OaitmanpICy mopexeci 4,51%-Fa TeH >KoHE THIMII THHAMHUKAIBIK aJIMACy CHIHBIMIBUIBIFBI-2,33 MMOJB/T. by
HOTH)KENIEp JIaHTaH WOHAAPBIHBIH aiHaNachlHAa OHTAMIBl JIMTAHATHIK OpTaHbl KaMTaMachl3 eTeTiH
KOH(pOpMaIUACH 6ap HOHAATFaH KYPBUTBIMIAP/IbIH Naia O0IyBIH KOPCETEIi.

Tyiiin ce3mep: unteprenbai xyiie, La®* nowsl, copOims, necopOuus, HOH aaMacy IaibIpiapsl.
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COPBIIUA HOHOB JJAHTAHA HHTEPIIOJJMMEPHOM CUCTEMOM HA OCHOBE
MNPOMBIIIJIEHHBIX HOHOOBMEHHBIX CMOJI AMBERLITE IR-120 U1 AB-17-8

AHHOTAIMA. JAHHOE MCCIIEAOBaHWE OBbLIO HAIIPABICHO HAa W3YYCHHWE BIUSIHHUSA IUCTAHIMOHHOTO
B3aMMOJIEHCTBUS MEKAY IPOMBIIIIIEHHBIMU HOHOOOMeHHbIMU cMoniamu Amberlite IR-120 u AB-17-8 na poct
COpPOILIMOHHBIX CBOMCTB HMX HMHTEPIOJIMMEPHOM Napel B H3BJICYEHHMM HOHOB JaHTaHa. lcciemoBaHus
[IPOBOJMJINCH NIPH IIOMOLIM CIEXYIOMMX (PU3MKO-XMMUYECKUX METOJOB aHaJn3a: KOHIyKTomerpuu, pH-
METPHH, KOJIOPUMETPHH, aTOMHO-DMUCCHOHHOH CIIEKTPOCKOMWHU. DKCHEPUMEHTHI MOKa3alid, 4T0 3PQeKT
JUCTAaHIMOHHOTO B3aUMOACHCTBHS IPUBOJHUT K 3HAYUTEIHHOMY BO3PACTAHUIO TAKMX COPOLIMOHHBIX CBOWCTB,
KaK CTeleHb COPOLMH, CTENICHb CBSI3bIBAHUS MOJMMEPHOM Lenu U 3¢ GEeKTUBHON AMHAMHYECKOH 0OMEHHOM
€MKOCTH. 3HaYUTENHbHOE MOBHIIICHHE COPOLUMOHHBIX CBOMCTB HAONIONAETCS y MHTEPIOIMMEPHOW CHCTEMBI
Amberlite IR-120-AB-17-8 no cpaBHEHHIO C WHIUBHIyaIbHBIMU HOHUTaMu Amberlite IR-120 u AB-17-8.
O¢dexT IUCTAaHIMOHHOIO B3aMMOJCHCTBUS MOXET OBITh YCIEIIHO MCIOAB30BaH JUIA IOJIyYCHHS
BBICOKOMOHU3UPOBAHHBIX CTPYKTYP LIMPOKOTO HA3HAUCHHUS.

Bbumn paccunTaHbl CTENeHb U3BJICYSHUS] HOHOB JIaHTaHA HHTEPIIOIMMEpHOH cuctemolt Amberlite IR-
120:AB-17-8, cremeHb CBs3bIBaHUS TONUMEpHOW menu W dpdexkTuBHas nuHaMuYecKas OOMeHHas
eMKOCThUHTepToTuMepHOH cucteMsl Amberlite IR-120:AB-17-8. YcraHOBIEHO, 9TO MaKCHUMaJIbHAS CTETICHD
copOumu y uaTepnoauMepHoii cucreMbl Amberlite IR-120:AB-17-8 naOromaercs B npejieiax COOTHOIICHUH
Amberlite 1R-120:AB-17-8=5:1 u 3:3 mpu 48 yacax AWCTAHIIMOHHOTO B3aUMOJCUCTBHS THIpOTENCH U
coctasinsier 47,7%, Mpu KOTOPOM CTENEHb CBSI3bIBaHUS IMOJUMEPHOH Lernu paBHa 4,51% u s¢ddexTuBHaAsS
JMHAMHUUYecKass OOMEeHHasi eMKOCTh — 2,33 MMoJb/T. [Ipu onpeneneHHbIX MOJBHBIX COOTHOIICHUSX MOHUTOB
HabJroaeTcsl 3HAUYMTENbHBI POCT COPOLMM MOHOB JIaHTaHa MO CPaBHEHUIO C UCXOIHBIMH THIIPOTEISMHU.
JaHHble pe3ynbTaThl YKa3bIBAIOT Ha BO3HUKHOBCHME WOHH30BAHHBIX CTPYKTYp C KoH(opmauuei,
o0ecre4yrBarOIMMHU ONTUMAJIBHOE JIMTAHAHOE OKPYKEHHE BOKPYI' HOHOB JIAHTaHA.
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