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FEATURES OF REMOTE INTERACTION OF ACTIVATED HYDROGELS
OF POLYACRYLIC ACID AND POLYETHYLENIMINE IN SCANDIUM
AND LANTHANUM SULPHATE SOLUTIONS

Abstract: the research on the sorption of scandium and lanthanum ions by an intergel system
consisting of polyacrylic acid (PAA) and polyethyleneimine (PEI) hydrogels was carried out. According to
theirremote interactionand mutual activation, the polymers passed into a highly ionized state, which led to a
significant increase in the sorption properties of polyelectrolytes during the extraction of scandium and
lanthanum ions. The experiments were carried out using the following physicochemical methods:
conductometry, colorimetry, and atomic emission spectroscopy.A significant increase in the sorption
properties of the «gPAA:gPEI»intergel systemin comparison with the individual PAA and PEI hydrogels was
observed. An increase in the sorption degree of scandium and lanthanum ions by the «gPAA:gPEI» intergel
system atamolar ratio 5:1 was observed. Moreover,the remote interaction effect after 26 and 48 hours of
sorption revealed that thescandium (37 %) and lanthanum (38 %) ions were extracted. The polymer chain
binding degreewasincreased over time: for scandium (9.88%) after 26 h, and for lanthanum (8.10%) after 48
h at molar ratios of «gPAA:gPEI» equal to 5:1.

Key words: intergel systems, polyacrylic acid, polyethyleneimine, La® * ions, Sc®* ions, sorption,

hydrogels, remote interaction.

Introduction. The growing scientific and
technical interest in rare earth metals is due to their
application in  modern high-tech fields of
technology. Depending on the market conditions
and the needs of industries, the interest in the
development of deposits and processing of rare
earth metals varied. In recent years, it has increased
significantly, for example, in Kazakhstan and in
some other countries, there is an increased interest
in rare earth metal deposits from foreign investors.
This is due to changes in market conditions and the
development of technologies that determine the
growth of demand for metals and their alloys with
unique technological properties. At the same time,
the price for some lanthanides (such as terbium,
lutetium,  dysprosium, and  europium) is
comparable, and in some cases exceeds the cost of
some precious metals, such as gold and platinum.
Kazakhstan has unique reserves of rare earth metals,
for example, in uranium, titanium, zirconium,
phosphorus, and aluminum deposits, the industrially
important content of scandium, lanthanum, and
some other rare earth metals is noted [1].

Despite the ubiquity of rare earth elements,
their concentration in the earth's crust is quite low.
There are very few deposits characterized by a high
concentration of rare earth elements that allow for
economically efficient production. Lanthanides are
not equally distributed in nature, and elements with
even atomic numbers are much more common than
odd ones. This fact affects the scale of production
and prices for rare earth metals. Sorption extraction
of rare earth metal ions from technological solutions
is one of the most urgent problems for today [2].

In this regard, the purpose of this study is to
study the sorption activity of the «gPAA: gPEI»
intergel system in relation to scandium and
lanthanum ions.

Experimental part. Materials. In our
experiments, polyelectrolytes of weak acid
(polyacrylic acid) and weak base
(polyethylenimine) were used. These polymers in
the aqueous mediumwere included into the
«gPAA:gPEl» intergel systemwith different molar
ratios. Further experiments on ion exchange were
carried out in scandium (I11) and lanthanum sulfates
(lMsolutions.
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To measure the specific electrical
conductivity of aqueous solutions, a MARK-603
conductometer (Russia) was used. The pH

measurements were provided by a Metrohm 827
pH-Lab (Switzerland). The weight of the samples
was measured usingthe analytical balance
SHIMADZUAY220 (Japan). For calculationof the
scandium (mn and lanthanum
(lMsulfatesconcentration, the optical density
measurements usingthe Perkin Elmer Lambda35
(USA) and Jenway-6305 (UK)spectrophotometers
were carried out [3-4].

Electrochemical studies.

Methodology of scandium and
lanthanumions determination. The method for
determining scandium and lanthanum ions in
solution was based on the formation of a colored
complex compound of the organic analytical
reagent arsenazo Il with scandium and lanthanum
ions andtheir concentrations the solution was
determined by a KFK-3M spectrophotometer [5-6].

The  polymers  swelling coefficient
determination

Swelling coefficient of ion exchangers was
calculated by following equation (1):
Koy = mz—ml,
mq
where miand moare masses of dry and swelled ion
exchangers, respectively, g.
Polymer binding degreedetermination
The polymer chain binding degree was

calculated according to equation (2):
§ = Zeorbed 1009,

wheredsomes and 9 are the quantities of
sorbed scandium, lanthanum ions andpolymer
sample, respectively, (in mol). If there are two
polymers in a solution, it must be calculated as sum
of quantity ofeach of them.

Sorption degree determination

The sorption degree was calculated using

Table.1-Scandium content in the aqueous

medium after sorption by the intergel system of
hPAA:hPEI depending on the time

Table.1-Scandium content in the aqueous medium after sorption by the intergel system
of hPAA:hPEI depending on the time

n(Sc*), %

shour

0,1 0,5 1,5 2,5 45 6,5 24 26 48
Ratio
6:0 95,1 97,7 91,1 91,8 |95,8 90,5 61,2 | 78,7 58,8
5:1 97 98,6 90,2 91,8 |90,2 92,5 66,2 | 63,3 87,4
4:2 95,5 91,8 91,4 91,8 |90,8 92,9 81,7 |76,9 74,9
3:3 95,6 92,4 91,7 958 |925 88,6 916 | 79,6 67,7
2:4 96,1 96,1 91,7 86,9 |934 94 851 |87,1 76
1.5 95,1 93,4 90,4 93,1 |96,3 91,5 935 |951 75,7
0:6 96,1 95,6 91,2 93,2 |95.2 94,4 88,4 |949 90,5

As can be seen from Table 1, the highest
sorption activity with respect to scandium ions is
shown by the «gPAA:gPEIl» interpolymer systems
in a molar ratio of 5:1, whereas according to the
residual salt concentration results in the solution, the
highest degree of sorption (63.3 mol.%) was
observed after 26 hours of the sorption process.

Table 2 shows the results of the
lanthanumresidual concentration after sorption by
the «gPAA:gPEl»intergel systems as a function of

time. The lanthanum ions sorption by individual
hydrogelsg PAA (6:0) and gPEI (0:6), and the
«gPAA:gPEI»intergel  systems  (5:1+1:5)was
provided fromthe lanthanum sulfate solution with a
concentration of C (La2(SO4)= 100 mg/L.

Table.2-Residual concentrate ionof
lanthanum in the aqueous medium after sorption by
the «gPAA:gPEI» intergel system depending on the
time
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n(La*), %
sour
01 05 1,5 2,5 45 6,5 24 48

6:0 97,0 96,6 92,0 78,0 773 775 67,3 61,7

5:1 96,6 96,8 100 90,0 76,5 80,4 69,3 62,4

4:2 98,6 97,4 90,7 87,9 86,7 87,1 67,6 64,2

3:3 96,4 96,3 97,1 93,0 89,9 86,5 73,7 68,8

2:4 99,2 99,2 98,6 97.4 88,1 87.1 85,6 74,4

1:5 96,9 99,8 937 93,9 92,1 91,1 92,9 89,3

0:6 97,0 100 99,1 98,3 99,2 96,5 98,7 98,3

According to Table 2, the highest sorption lanthanum ions on the molar ratios of gPAA:gPEI

activity for lanthanum ions was shown by the in the intergel system on the time during sorption.
«gPAA:gPEI» intergel system(5:1), and the highest As can be seen, the nature of sorption changes
degree of sorption (62.4 mol.% ) was observed after significantly over time.

48 hours of the sorption process.
Figure 1, and Tables 3 and 4, show the
dependence of the extraction of scandium and

n (SC3+), % — 0,1h
45 — —e— 0,5h

40 -
35 |
30

25

20
154

10

Fig. 1-Dependence of the degree of scandium ion extraction by «gPAA:gPEI» intergel
system as a function of molar ratios

Table. 3-The degree of extraction of scandium ions by the «gPAA:gPEI» intergel system

n(Sc?), %

T
hour gPAA:gPEI (mol%:mol.%)

6:0 5:1 4:2 3:3 2:4 1.5 0:6
0,1 4,9 3 4,5 4,4 3,9 4,9 3,9
0,5 2,3 1,4 8,2 7,6 39 6,6 4,4
15 8,9 9,8 8,6 8,9 8,3 9,6 8,8
25 8,2 8,2 8,2 4,2 131 6,9 6,8
45 4,2 9,8 9,2 7,5 6,6 3,7 4,8
6,5 9,5 75 7,1 114 6 8,5 5,6
24 38,8 33,8 18,3 8,4 14,9 6,5 11,6
26 21,3 36,7 231 20,4 12,9 4,9 51
48 41,2 12,6 251 32,3 24 24,3 9,5
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The maximum scandium ions sorption

time, 36.7 mol.%was extracted scandium, which

occurredby the «gPAA:gPEI» intergel system (5:1) shows a good sorption capacity of the
after 26 hours of remote interaction. At the same «gPAA:gPEI» intergel system
Table. 4-The lanthanum ions extraction degreeby the «gPAA:gPEI»intergel system
n(La%*), %
shour
0,1 0,5 15 2,5 45 6,5 24 48

6:0 3,0 3,4 8,0 22,0 22,7 22,5 32,7 38,3

5:1 3,4 3,2 0 10,0 235 19,6 30,7 37,6

4:2 1,4 2,6 9,3 12,1 13,3 12,9 32,4 35,8

3:3 3,6 3,7 2,9 7,0 10,1 13,5 26,3 31,2

2:4 0,8 08 1,4 2,6 11,9 12,9 14,4 25,6

15 3,1 0,2 6,3 6,1 7,9 8,9 7,1 10,7

0:6 3,0 0 0,9 17 0,8 3,5 13 17

The maximum value of the lanthanum ions lanthanum sorption was 36 9% and 31%,

extraction degree occurredat the ratios of
gPAA:gPEI (5:1) after 48 hours of remote
interaction, 37.6 mol.% was extractedlanthanum.

Show the dependence of the polymer chain
binding degree (for scandium and lanthanum ions)
of the intergel system gPAA:gPElover time. It
increases in time, and the most significant increase
(9.88%)was observed at the molar ratio of
gPAA:gPElequal to 5:1 after 26 hours of
interaction. The polymer chain binding degree for
lanthanum ions by individual hydrogels of
polyacrylic acid and polyethylenimine after 48
hours of sorption was 8.10 mol.%. For 6.5 and 48
hours, a significant increase in this value was
observed, which is especially noticeable when the
ratios of hydrogels were 4:2 and 3:3.

The maximum values of the degree of
extraction of lanthanum ions by the PAA - PEI
intergel system were observed at 48 hours of
interaction. A high increase in the degree of
extraction was observed at the molar ratios of
gPAA:Gpeiequal to 4:2 and 3:3, the degree of

respectively, while this parameter for individual
hydrogels was 38% (gPAA) and 2 % (gPEI).

Conclusion. The effect of remote interaction
showed an increase in sorption activity towards
scandium and lanthanum ions by the intergelsystem
consisting of two hydrogels. The highest sorption of
scandium and lanthanum ions by the interpolymer
system occurred at the ratio PAA:PEI equal to 5:1.
A particularly high increase in the sorption degree
was observed after 26 and 48 hours, at which the
extraction degree of scandium ions was 37 % and
lanthanum 38 %. A significant increase in the
sorption degree of scandium and lanthanum ions by
the intergel system in comparison with the
individual hydrogels can be attributed to the high
ionization degree of hydrogels in common intergel
system. The obtained results indicate the possibility
of using intergel systems in a highly efficient
sorption technology for extracting rare earth
elements (including scandium and lanthanum) from
various solutions to solve technological,
environmental, andother issues.
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CKAHJIU MEH JIAHTAH CYJb®ATHI EPITIHICIHJAEI'T BEJICEHIIPLITEH
HOJIMAKPUJI KbIIKbIJIbI MEH INIOJIM3TUWJIEHUMUWHHIH I'MIPOT'EJIBAEPIHIH
KAHBIKTBIKTAH OPEKETTECY EPEKIIEJIIKTEPI

AnHoTamus: mommakpui KelIKeUTB! (TIIAK) xone mommdtunenumud (TIIOU) rumporensaepineH

TYpaTblH HUHTEPreNaiKk >KylheciMeH

CKaH,[[I/Iﬁ JKOHC JIaHTaH HOHIAAPbIHbIH COp6LII/I$ICLI

3epTTEIL.

[NomumepnepiH ©3apa aKTUBTEHYIHIH apKaChIH/IA, OJIAP]IbIH KAIIBIKTHIKTAH ©3apa SpeKeTTeCyiMeH OJIUMep
MaKpOMOJIEKyJIaTaphl >KOFapbl MOHMANIFAaH KyHTe eTemi, Oy MakKcaTThl METaT MOHAAPHIH ady Ke3iHIe
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TTOJIMAIIEKTPOIUTTEPIIH COPOIUSUTBIK KACHETTEPiHIH eldyip ecyiHe okenendi. 3epTreynep Keneci (u3mka-
XUMUSJIBIK =~ TaIIay OMICTEPIMEH O KYPTi3iimi: KOHAYKTOMETPHS, KOJOPUMETPHS, aTOM-3MHCCHOHIBI
cnekrpockonusi. [TAK-TIOUW wHTeprenmik »KyHeciHiH COpPOLUSIIBIK KACHETTEpPiHIH eloyip JKOFapbLIaybl
Oatikangel: [IAK xone I[1OU xeke runporensaepimen canbicteipranaa. [TAK: 119U unTeprennik xxyhecinin
copOIHs JopeKeCiHiH CKaHIMH KoHe JJTaHTaH MOHJAPhIHBIH 5:1 MONBIIK apa KaTbiHackiHAa 26 sxoHe 48 caraT
KAITBIKTHIKTAH ©3apa opeKeTTecy Ke3iHae OailKannabl, OHAa COWKECIHIIe MeTall MOHAApBIHBIH 36,7 jkoHE
37,6% aybIHIIbL. YaKbIT ©TC Keje ToJauMep Ti30eriHiH OalIaHbICy JEHTell )KOFapbuIaibl. Byl KepceTKimTiH
e19yip apTysl ckaHaud noHAapsl yimiiH 26 carartad keilin TIIAK-TIIOU Monbxik apa KaTblHachl Ke3iHIe
Oaitkaabl skoHe o1 9,88 %-1b61 Kypaabl, ajl JaHTaH HOHIAPH! YITiH 48 caF KalIBIKTHIKTaH OPEKETTECY apKBIIBI
8,10%- b1 Kypasbl.

Tyiiin ce3aep: uHTepremn i sKyiie, MOMMAKPUI KBIIKBLIEL, TTOMMyTHIeHMEH, La®* nonsr, Sc* monsl,
copOLust, THAPOreNAep, KAIBIKTaH SPEKeTTeCy.

Jaxymanuios T.K.Y, Torxyckbizsl B.2°, Ackap T.2, T'paxyassuuioc 10.B.°
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E-mail: bakytgul.sakenova@mail.ru

OCOBEHHOCTH I!I/ICTAHHI/IOHHOFO“B3AI/IMOI[EﬁCTBPI$I AKTUBUPOBAHHBIX
I'MAPOT'EJIEN ITIOJIMAKPNJIOBOU KNCJIOTHI M1 TIOJIND THJIEHNMHUHA
B PACTBOPAX CYJIb®ATA CKAH/IUSA 1 JIAHTAHA

AHHOTaNMSA: IPOBEICHO UCCIIEAOBaHUE COPOIMHI NOHOB CKaHAMS U JIaHTaHA HHTEPrelIeBOH CHCTEMOH,
cocrosiieit u3 ruaporeneid nonuakpmwioBoil kucioTsl (rIIAK) n nmommstunenumuna (rIION). bnaromaps
B3aMMHOI aKTHBAIWM IOJHMMEPOB MPHU MX AMCTAHIMOHHOM B3aMMOJIEWCTBHM MaKpOMOJIEKYNBI IOIMMeEpa
MIEPEXOAT B BHICOKOMOHH3MPOBAHHOE COCTOSHWE, YTO MPHUBOAHUT K 3HAYUTEIHFHOMY POCTY COPOIIMOHHBIX
CBOMCTB MOJMAJIEKTPOIIUTOB MPHU U3BJICUEHUH HOHOB IIEJIEBBIX METaIOB. VcciienoBanus NpoOBOIMWINCEH PU
MOMOILY CIIEAYIOINX (PU3UKO-XUMHUYECKHX METOJIOB aHaIM3a: KOHAYKTOMETPHH, KOJIOPUMETPHH, aTOMHO-
SMHCCHOHHOM crekTpockonuu. Habnromanoch 3HAaYMTENBHOE MOBBIIEHWE COPOLMOHHBIX CBOMCTB
naTepreneBoit cucremsl [TAK:IIOU mo cpaBaeHuio ¢ wHAamBHayansHeMH THAporensmu [TAK wu TIOU.
[Ipupoct crenenun copbuun nutepreneBoii cucremsl [IAK:IIOM B MonbHOM coOTHOIIEHHH 5:1 HOHOB CKaHIUS
U JaHTaHa Habmoaanoch npu 26 u 48 yacax TUCTAaHIIMOHHOTO B3aMMOJAEHCTBHUS, IPU KOTOPOM HM3BJIEKAIOCH
36,7 m 37,6 % WOHOB METaJUIOB COOTBETCTBEHHO. CTETEHb CBS3BIBAHMS MOJUMEPHON IIETIH CO BPEMEHEM
yBenMuuBasiach. HanOonee 3HauuTeNbHOE MOBBINICHWE TAHHOTO IOKa3areiss HaOJroJanoch A HOHOB
CKaHIUs pu MOJbHBIX cooTHOLEHUAX TITAK—TIIDU uepes 26 4 u coctassit 9,88%, a 1151 HOHOB JIaHTaHA —
yepes 48 4 qUCTaHIIMOHHOTO B3anNMOercTBUs U cocTaBisit 8,10%.

KiroueBble cjioBa: MHTEPTENICBBIC CHCTEMBI, TIOTHAKPUIIOBAS KUCIIOTA, TTOJMATUIICHAMIH, HOHBI La*,
wons! Sc¥, CopOLHs, TUAPOTEIH, JUCTAHIIMOHHOE B3aMMO/ICHCTBHE.
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