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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, La3 + ions, Sc3 + 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:gPEI» intergel systemwith different molar 

ratios. Further experiments on ion exchange were 

carried out in scandium (III) and lanthanum sulfates 

(III)solutions.
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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 (III) and lanthanum 

(III)sulfatesconcentration, 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 III 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): 

𝐾𝑠𝑤 =
𝒎𝟐−𝒎𝟏

𝒎𝟏
, 

where m1and m2are masses of dry and swelled ion 

exchangers, respectively, g. 

Polymer binding degreedetermination 

The polymer chain binding degree was 

calculated according to equation (2): 

𝜃 =
𝜗𝑠𝑜𝑟𝑏𝑒𝑑

𝜗
× 100%, 

where𝝑sorbed and 𝝑 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 

 

η(Sc3+), % 

τ,hour 

 

Ratio 

 

0,1 

 

0,5 

 

1,5 

 

2,5 

 

4,5 

 

6,5 

 

24 

 

26 

 

48 

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 95,8 92,5 88,6 91,6 79,6 67,7 

2:4 96,1 96,1 91,7 86,9 93,4 94 85,1 87,1 76 

1:5 95,1 93,4 90,4 93,1 96,3 91,5 93,5 95,1 75,7 

0:6 96,1 95,6 91,2 93,2 95,2 94,4 88,4 94,9 90,5 

 
As can be seen from Table 1, the highest 

sorption activity with respect to scandium ions is 

shown by the «gPAA:gPEI» 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:gPEI»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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η(La3+), % 

τ, hour 

 

 

 

0,1 

 

0,5 

 

1,5 

 

2,5 

 

4,5 

 

6,5 

 

24 

 

48 

6:0 97,0 96,6 92,0 78,0 77,3 77,5 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 93,7 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 

activity for lanthanum ions was shown by the 

«gPAA:gPEI» intergel system(5:1), and the highest 

degree of sorption (62.4 mol.% ) was observed after 

48 hours of the sorption process. 

Figure 1, and Tables 3 and 4, show the 

dependence of the extraction of scandium and 

lanthanum ions on the molar ratios of gPAA:gPEI 

in the intergel system on the time during sorption. 

As can be seen, the nature of sorption changes 

significantly over time. 

 

6:0 5:1 4:2 3:3 2:4 1:5 0:6

0

5

10

15

20

25

30

35

40

45

 0,1h

 0,5h

 1,5h

 2,5h

 4,5h

 6,5h

 24h

 26h

 48h

mol:mol

η (Sc3+), % 

 
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 

τ, 

η(Sc3+), % 

 

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 3,9 6,6 4,4 

1,5 8,9 9,8 8,6 8,9 8,3 9,6 8,8 

2,5 8,2 8,2 8,2 4,2 13,1 6,9 6,8 

4,5 4,2 9,8 9,2 7,5 6,6 3,7 4,8 

6,5 9,5 7,5 7,1 11,4 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 23,1 20,4 12,9 4,9 5,1 

48 41,2 12,6 25,1 32,3 24 24,3 9,5 
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The maximum scandium ions sorption 

occurredby the «gPAA:gPEI» intergel system (5:1) 

after 26 hours of remote interaction. At the same 

time, 36.7 mol.%was extracted scandium, which 

shows a good sorption capacity of the 

«gPAA:gPEI» intergel system  

Table. 4-The lanthanum ions extraction degreeby the «gPAA:gPEI»intergel system 

η(La3+), % 

τ, hour 

0,1 0,5 1,5 2,5 4,5 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 23,5 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 0,8 1,4 2,6 11,9 12,9 14,4 25,6 

1:5 3,1 0,2 6,3 6,1 7,9 8,9 7,1 10,7 

0:6 3,0 0 0,9 1,7 0,8 3,5 1,3 1,7 

The maximum value of the lanthanum ions 

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:gPEIover time. It 

increases in time, and the most significant increase 

(9.88%)was observed at the molar ratio of 

gPAA:gPEIequal 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 

lanthanum sorption was 36 % and 31%, 

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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СКАНДИЙ МЕН ЛАНТАН СУЛЬФАТЫ ЕРІТІНДІСІНДЕГІ БЕЛСЕНДІРІЛГЕН 

ПОЛИАКРИЛ ҚЫШҚЫЛЫ МЕН ПОЛИЭТИЛЕНИМИННІҢ ГИДРОГЕЛЬДЕРІНІҢ 

ҚАШЫҚТЫҚТАН ӘРЕКЕТТЕСУ ЕРЕКШЕЛІКТЕРІ 

Аннотация: полиакрил қышқылы (гПАК) және полиэтиленимин (гПЭИ) гидрогельдерінен 

тұратын интергелдік жүйесімен скандий және лантан иондарының сорбциясы зерттелді. 

Полимерлердің өзара активтенуінің арқасында, олардың қашықтықтан өзара әрекеттесуімен полимер 

макромолекулалары жоғары иондалған күйге өтеді, бұл мақсатты металл иондарын алу кезінде 
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полиэлектролиттердің сорбциялық қасиеттерінің едәуір өсуіне әкеледі. Зерттеулер келесі физика-

химиялық талдау әдістерімен жүргізілді: кондуктометрия, колориметрия, атом-эмиссионды 

спектроскопия. ПАК-ПЭИ интергелдік жүйесінің сорбциялық қасиеттерінің едәуір жоғарылауы 

байқалды: ПАК және ПЭИ жеке гидрогельдерімен салыстырғанда. ПАК: ПЭИ интергелдік жүйесінің 

сорбция дәрежесінің скандий және лантан иондарының 5:1 мольдік ара қатынасында 26 және 48 сағат 

қашықтықтан өзара әрекеттесу кезінде байқалды, онда сәйкесінше металл иондарының 36,7 және 

37,6% алынды. Уақыт өте келе полимер тізбегінің байланысу деңгейі жоғарылады. Бұл көрсеткіштің 

едәуір артуы скандий иондары үшін 26 сағаттан кейін гПАК–гПЭИ мольдік ара қатынасы кезінде 

байқалды және ол 9,88 %-ды құрады, ал лантан иондары үшін 48 сағ қашықтықтан әрекеттесу  арқылы 

8,10%-ды құрады. 

Түйін сөздер: интергелді жүйе, полиакрил қышқылы, полиэтиленимин,  La3+ ионы, Sc3+ ионы, 

сорбция, гидрогелдер, қашықтан әрекеттесу. 
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ОСОБЕННОСТИ ДИСТАНЦИОННОГО ВЗАИМОДЕЙСТВИЯ АКТИВИРОВАННЫХ 

ГИДРОГЕЛЕЙ ПОЛИАКРИЛОВОЙ КИСЛОТЫ И ПОЛИЭТИЛЕНИМИНА  

В РАСТВОРАХ СУЛЬФАТА СКАНДИЯ И ЛАНТАНА 

Аннотация: проведено исследование сорбции ионов скандия и лантана интергелевой системой, 

состоящей из гидрогелей полиакриловой кислоты (гПАК) и полиэтиленимина (гПЭИ). Благодаря 

взаимной активации полимеров при их дистанционном взаимодействии макромолекулы полимера 

переходят в высокоионизированное состояние, что приводит к значительному росту сорбционных 

свойств полиэлектролитов при извлечении ионов целевых металлов. Исследования проводились при 

помощи следующих физико-химических методов анализа: кондуктометрии, колориметрии, атомно-

эмиссионной спектроскопии. Наблюдалось значительное повышение сорбционных свойств 

интергелевой системы ПАК:ПЭИ по сравнению с индивидуальными гидрогелями ПАК и ПЭИ. 

Прирост степени сорбции интергелевой системы ПАК:ПЭИ в мольном соотношении 5:1 ионов скандия 

и лантана наблюдалось при 26 и 48 часах дистанционного взаимодействия, при котором извлекалось 

36,7 и 37,6 % ионов металлов соответственно. Степень связывания полимерной цепи со временем 

увеличивалась. Наиболее значительное повышение данного показателя наблюдалось для ионов 

скандия при мольных соотношениях гПАК–гПЭИ через 26 ч и составлял 9,88%, а для ионов лантана – 

через 48 ч дистанционного взаимодействия и составлял 8,10%. 

Ключевые слова: интергелевые системы, полиакриловая кислота, полиэтиленимин, ионы La3+, 
ионы Sc3+, сорбция, гидрогели, дистанционное взаимодействие. 
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