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Objectives. The extraction and separation of rare-earth metals is a complicated process that 
requires a multidisciplinary and detailed investigation. Liquid-liquid extraction with the use of 
surfactant, along with the thermodynamic analysis of the parameters is considered a promising 
approach. The extraction and separation of rare-earth metals from low-concentration solutions 
represents an attractive research opportunity. The extraction of europium(III) from nitric acid 
solutions in the form of dodecyl sulfates has been experimentally studied. This work focuses on 
the study of fundamental and alternative sources of rare-earth metals and their extraction and 
separation. 
Methods. The extraction was performed on a top drive ES-8300 D equipment for 30 min at 
about 700 rpm. Infrared spectroscopy (Nicolet 6700 spectrometer) was used to determine the 
type of salts extracted into the organic phase. Extraction was studied in solutions with single 
cations and with a combination of the target element and interfering cations. For the latter, the 
concentrations of extracted elements in the aqueous phase were determined by optical emission 
spectroscopy with inductively coupled plasma on an ICPE-9000 (Shimadzu) spectrometer. The 
spectrometer was calibrated using standard samples for ICP CertiPUR (Merck).
Results. The dependence of the distribution and separation coefficients of rare-earth metals 
during extraction on the pH value of the aqueous phase at equilibrium was investigated. Moreover, 
the form in which the elements are extracted was analyzed based on thermodynamic parameters. 
The minimum concentration of the target component in the aqueous phase was observed at pH 
4.0. In general, the dependence of the distribution coefficient on the pH value of the medium is 
poorly expressed over the entire range of the pH range of the water phase. Based on the spectra 
of spent and pure isooctyl alcohol, it was concluded that europium dodecyl sulfates are extracted 
into the organic phase as Eu(C12H25OSO3)3 solvates. 
Conclusions. The extraction of europium(III) from nitric acid solutions in the form of dodecyl 
sulfates was demonstrated. The advantages of the proposed method are the possibility of 
selective extraction of the target component from dilute solutions and the use of an easily available 
surfactant (sodium dodecyl sulfate). The efficiency of extraction of europium dodecyl sulfates was 
maximal in the pH range from 2.0 to 7.5, which reflects a weak dependence on the acidity of the 
aqueous phase. In addition, in the highly alkaline pH region, the extraction efficiency is reduced. 
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Цели. Литературные данные свидетельствуют о сложности извлечения и разделения 
редкоземельных металлов экстракционными методами и доказывают необходимость 
многостороннего и детального изучения данных процессов. Перспективным является осу-
ществление экстракции с применением поверхностно-активного вещества и термоди-
намическим обоснованием полученных технологических величин. Инновационной идеей 
научного исследования является применение экстракционного метода для извлечения и 
разделения редкоземельных металлов из низкоконцентрированных растворов. Экспери-
ментально изучен процесс извлечения европия(III) из азотнокислых растворов в форме до-
децилсульфатов экстракцией. Исследования ориентированы на изучение основных и аль-
тернативных источников редкоземельных металлов, способов их извлечения и разделения. 
Методы. Процесс проводили на верхнеприводном экстракторе ES-8300 D в течение 30 мин со 
скоростью около 700 об/мин. Для определения формы экстрагируемых солей в органической 
фазе применяли метод инфракрасной спектроскопии (спектрометр Nicolet 6700). Экстрак-
цию изучали в растворах с единичными катионами и с комбинацией целевого компонента и 
интерферирующих катионов. Для последних растворов концентрации экстрагируемых эле-
ментов в совместном присутствии в водной фазе определяли методом оптической эмиссион-
ной спектроскопии с индуктивно-связанной плазмой на спектрометре ICPE-9000 (Shimadzu). 
Калибровка спектрометра проводилась по стандартным образцам для ICP CertiPUR (Merck).
Результаты. Получены зависимости коэффициентов распределения и разделения ред-
коземельных металлов в процессе экстракционных процессов от величины рН равновес-
ной водной фазы с установлением и термодинамическим обоснованием формы извлека-
емых соединений. Установлено, что в процессе экстракции минимальная концентрация 
целевого компонента в водной фазе наблюдается при рН = 4.0. В целом на всем интерва-
ле исследуемого диапазона рН водной фазы зависимость коэффициента распределения 
от величины кислотности среды выражена слабо. По результатам анализа спектров 
отработанного и чистого изооктилового спирта сделано заключение, что додецилсуль-
фаты европия извлекаются в органическую фазу в виде сольватов Eu(C12H25OSO3)3. 
Выводы. Экспериментально показана возможность извлечения европия(III) из азотнокис-
лых растворов в форме додецилсульфатов экстракцией. Преимуществами предлагаемо-
го метода являются возможность избирательного извлечения целевого компонента из 
разбавленных техногенных растворов и использование поверхностно-активного вещества 
(додецилсульфата натрия). Эффективность извлечения додецилсульфатов европия при 
экстракции максимальна в исследуемом диапазоне рН от 2.0 до 7.5, что отражает сла-
бую зависимость от кислотности водной фазы. Кроме того, в сильнощелочной области 
рН эффективность извлечения экстракцией понижается. 

Ключевые слова: экстракция, редкоземельные элементы, эффективность извлечения, 
коэффициенты распределения и разделения, додецилсульфат натрия.
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INTRODUCTION

The use of metal extraction processes has 
increased in various sectors of the national economy 
[1, 2]. This is due to the selectivity and simplicity 
of such processes, their speed, and high efficiency at 
low initial concentrations of metal cations.

The extraction of rare-earth metals by carboxylic 
acids has been widely studied because their use 
in sulfuric and hydrochloric acid industries for 
processing rare-metal raw materials is more effective 
than, for example, organophosphates [1, 2]. The 
degree of extraction and separation of rare-earth 
elements (REE) and aluminum with octyl-phenoxy 
isopropionic acid (OPIPA) presented in [3] reaches 
86.43% with a purity of 99.69%. Cerium(III) 
extraction with a solution of oxine and 2-methyloxine 
in various organic solvents under conditions similar 
to industrial scenarios (a strongly acidic solution with 
a 0.3–4.4 mol/kg content of sulfuric acid) is reported 
in [4].

The chemistry of the extraction of lanthanide(III) 
nitrates with trialkylbenzylammonium naphthenate 
has also been investigated [5]. With a phase ratio 
of 2 : 1, rare-earth metals were extracted into the 
organic phase as (R4N)2[Ln(NO3)3(RCOO)2]. In the 
lanthanum–lutetium series, extraction is reduced, 
while the degree of yttrium extraction is significantly 
lower than for lanthanides. Trialkylbenzylammonium 
naphthenate can be used to separate lanthanides 
with lower ordinal numbers from other lanthanides 
and also in systems for removing lanthanides from 
yttrium compounds.

The extraction of lanthanum, thorium, and 
yttrium with composite materials using porous 
carriers and liquid extractants is a promising method. 
When thorium(IV), lanthanum(III), and yttrium(III) 
are extracted together from water-salt solutions by 
a composite material based on super-crosslinked 
polystyrene with trialkylamine (TAA), lanthanum(III) 
and yttrium(III) nitrates are practically not absorbed; 
when the concentration of lanthanum(III) and 
yttrium(III) increases in the aqueous phase, the content 
of thorium(IV) nitrate in the composite material phase 
increases [6]. This system can be used for removing 
thorium(IV) impurities from concentrated solutions 
of rare-earth metal nitrates.

In addition, the extraction of rare-earth metals 
from nitric acid solutions with fluoride ions has 
been reported [7, 8]. Moreover, the extraction of 
zirconium(IV) cations from hydrochloric acid 
solutions in the presence of potassium fluoride 
with 1-octanol was investigated [9]. Extraction 
methods can be thus used to obtain metal cations 
from industrial waste dilute solutions (processing 

of molybdenum, copper, copper nickel ores, apatite-
nepheline, eudialite ores, and red slurries).

It is clear that the extraction and separation of 
rare-earth metals is a complex process that must be 
investigated from different perspectives in a detailed 
manner. Using a surfactant for the extraction, along 
with the thermodynamic analysis of the process’ 
parameters, seems like a promising approach.

The primary objectives of this work are:
• developing a method for the extraction and 

separation of rare-earth metals using surfactants and 
for the experimental assessment of distribution and 
separation coefficients and degree of extraction, 
followed by their implementation in the industrial 
processing of low-concentrated mineral raw materials;

• studying the dependence of the distribution 
and separation coefficients of rare-earth metals on 
the pH of the aqueous phase during extraction by 
determining the form in which the target elements are 
extracted, based on thermodynamic parameters. 

During the extraction of rare-earth metals from 
aqueous solutions, sodium dodecyl sulfate (NaDS), 
known as a foamer and collector, is used as surfactant 
because of its many advantages in comparison with 
other surfactants. NaDS is non-toxic (hazard class IV) 
and cheap and can be regenerated from the obtained 
products. In addition, extraction processes require 
amounts of NaDS, depending on stoichiometry of the 
chemical reaction. NaDS can be used in a wide range 
of acidity of the liquid phase. Compared with similar 
surfactants, the degree of recovery of rare-earth 
metals by NaDS has the maximum values [10–12].

This work focuses on the study of fundamental 
alternative sources of rare-earth metals, and their extraction 
and separation. According to the literature [13–18], cost-
effective sources of rare-metal raw materials are the 
minerals bastnesite Ln(CO3)F (70–75%), monazite 
LnPO4 (55–60%), laparite NaCaLn(TiO3)2(NbO3)2 
(30–35%), and xenotima (Y, Eu, Gd)PO4 (55–60%). 
Alternative sources of rare-earth metals are waste 
products of industrial processes with a poor rare-earth 
metals content, converter dusts, slags, red slurries of 
aluminum production, and mineral raw materials with 
low concentrations of the desired elements.

Modern technologies to obtain rare-metal raw 
materials focus on minerals of different types of 
deposits as sources. Russia does not have reserves 
of pure rare-metal raw materials, such as bastnesite, 
monazite, and xenotima, which are used by the rare-
earth industry abroad. In the Russian Federation, the 
most accessible and efficient sources for processing 
are the Lovozero loparite, eudialite, and Khibiny 
apatite-nepheline ores from the Kola Peninsula. 
These sources have low contents of rare-earth metals. 
The Russian rare-earth industry is currently working 
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in the development of new deposits, which is far 
from sufficient to meet the growing demand for rare 
metals and their derivatives. For the progress of the 
Russian rare-metal industry, special attention should 
be paid to the associated extraction of individual rare-
earth metals in the processing of multicomponent 
ores, and not only to the development of new 
deposits. Complex use of mineral raw materials is 
of the utmost importance in efficient resource usage. 
Since pure rare-earth metals are of great value, it is 
crucial to increase the efficiency of extraction and 
separation of rare-earth metals with similar physical 
and chemical properties, which will reduce the cost of 
these elements and their compounds, and expand the 
possibilities of their use [13–18].

This work proposes a method for the extraction 
and separation of rare-earth metals from low-
concentration solutions. The advantages of the 
method over existing processes are the possibility 
of selective extraction of the target component from 
dilute solutions and the use of easily accessible 
surfactants.

MATERIALS AND METHODS

All reagents were chemically pure. A 0.01 M 
europium nitrate solution was prepared by dissolving 
Eu(NO3)3·5H2O in 99.9% pure distilled water. 
All subsequent working solutions (0.001 M) were 
prepared from this stock. The exact concentration 
was confirmed by titration with Triton B and xylenol 
orange. For the total extraction of REE, solutions of 
Er(NO3)3·5H2O, Ho(NO3)3·5H2O, and Sm(NO3)3·6H2O 
were prepared and titrated, similar to Eu(NO3)3·5H2O. 
Sodium dodecyl sulfate (NaDS) for biochemistry 
(Acros Organics, USA, 99%, C12H25OSO3Na) was 
used as surfactant. For the experiments, a dry NaDS 
suspension was added to the working solution. Nitric 
acid and sodium hydroxide, added before setting the 
desired pH value, were freshly prepared before use. 
Isooctyl alcohol (Aldrich, USA, 96%, 2-ethyl-1-
hexanol) was used as extractant.

Liquid-liquid extraction was performed to 
separate europium dodecyl sulfate using isooctyl 
alcohol as the extractant. NaDS was used as the 
transport agent of europium cations from the aqueous 
to the organic phase. The surfactant (0.003 M) was 
added according to the stoichiometry of the following 
reaction:

Eu3+ + 3C12H25OSO3- = Eu(C12H25OSO3)3

The pH value was adjusted to a specific value by 
adding a 1 N NaOH solution or diluted HNO3. The pH 

value of the aqueous solutions was determined using 
a pH-150 MA pHmeter (AQUA-LAB, Russia).

The volumes of the aqueous and organic phases 
were 200 and 5 mL, respectively. The process was 
performed on a top drive ES-8300 D extractor 
(ECROSKHIM, Russia) for 30 min at about 700 rpm. 
The parameters of the extraction were experimentally 
set to achieve optimum results. The type of salts 
extracted into the organic phase was determined using 
infrared spectroscopy using a Nicolet 6700 (Thermo 
Fisher Scientific, USA) spectrometer.

Extraction of europium(III) cations in the presence 
of holmium(III), erbium(III), and samarium(III) 
cations was performed using the method described 
above. Working solutions containing Sm3+, Eu3+, Ho3+, 
and Er3+ were prepared by mixing 50 mL of 0.001 M 
solutions of each element. The volume of the solution 
with a final total concentration of 0.001 M was 200 mL. 
The concentration of the extractable elements in the 
aqueous phase was determined by optical emission 
spectroscopy with inductively coupled plasma (ICP) 
on an ICPE-9000 spectrometer (Shimadzu, Japan), 
which was calibrated using CertiPUR ICP standard 
samples (Merck, Germany).

The concentration of europium cations 
extracted into the organic phase was determined 
by the difference in concentration in the initial and 
equilibrium aqueous phases, considering the volume 
ratio of the phases:

,                                        (1)

where C0 is the initial europium concentration in the 
aqueous phase, mol/L; Corg and Caq correspond to the 
concentration of europium cations in the organic and 
aqueous phases at equilibrium, mol/L; Vaq and Vorg  are 
the volume of the organic and aqueous phases, mL.

The distribution coefficient of Eu3+ in individual 
solutions (Kdistr) and in the presence of Sm3+, Ho3+, and 
Er3+ (Kdistr∑) was calculated from the ratio of molar 
concentrations of the target component in the organic 
and aqueous phases according to [16].

The degree of extraction was calculated using the 
following equation:

                        (2)



55

Тонкие химические технологии = Fine Chemical Technologies. 2020;15(4):51-58

Natalia V. Dzhevaga, Olga L. Lobacheva

RESULTS AND DISCUSSION

Table 1 shows the results of extraction of 
europium dodecyl sulfates from nitrate solutions in 
the pH range 2.0–11.0. As seen from the data, the 
maximum distribution coefficient during extraction 
was obtained at pH = 4.0.

According to the results reported in references 
[11, 12], the Gibbs energy of formation of Eu(OH)2+ 
monohydroxocomplexes from its elements, , 
and from ions, , is 782.60 and 47.42 kJ/mol, 
respectively; that of Eu(OH)3 hydroxide is 1199.11 
and 149.23 kJ/mol, respectively. In addition, pH of 
complexation, pHcompl, is 5.80, and pH of hydrate 
formation, рНhydr, is 6.52; i.e. these are the pH 
values where the formation Eu(OH)2+ and Eu(OH)3 
hydroxides begins.

During extraction, the minimum concentration 
of the target component in the aqueous phase is 
observed at pH = 4.0. In general, the dependence of 
the distribution coefficient of rare-earth metals during 
extraction on the pH value of the medium is poorly 

expressed over the entire pH range. Based on the 
spectra of spent and pure isooctyl alcohol, europium 
dodecyl sulfates are extracted into the organic phase 
as Eu(C12H25OSO3)3 solvates (Figs. 1 and 2). The 
interaction between alcohol molecules and europium 
cations is confirmed by a shift in the frequency of 
νO–H valence vibrations. However, in nitrate solutions 
that do not contain NaDS, the extraction of europium 
cations does not occur due to the lack of shielding 
of the target component by non-polar hydrocarbon 
radicals.

The efficiency of extraction of europium dodecyl 
sulfates is maximal from pH 2.0 to 7.5, which reflects 
a weak dependence on the acidity of the aqueous 
phase. In the highly alkaline pH region, the extraction 
efficiency is reduced.

Table 2 shows the results of extraction of 
europium dodecyl sulfates with isooctyl alcohol 
as an extractant in the presence of erbium(III), 
samarium(III), and holmium(III).

When extracting REE from individual solutions, 
the maximum distribution coefficients are found at 
pH 4.0–4.5, where REE is extracted into the organic 

Table 1. Europium(III) cation extraction

рН [Eu3+]aq ×104 mol/kg [Eu3+]org ×102 mol/kg Кdistr

3.0 1.93 3.88 200.5

3.5 1.82 3.93 216.1

4.0 1.70 3.99 233.9

4.5 1.84 3.92 213.8

5.0 1.97 3.86 196.3

5.5 1.94 3.87 199.4

6.0 1.93 3.88 201.5

Fig. 1. Absorption spectrum of isooctyl alcohol.
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Fig. 2. Absorption spectrum of Eu extract.

Table 2. Coefficients of distribution of rare-earth elements (III) cations depending on the pH 
for extraction in the presence of interfering cations (Kdistr∑) and individually (Kdistr)

pH
Sm Eu Ho Er

Кdistr∑ Кdistr Кdistr∑ Кdistr Кdistr∑ Кdistr Кdistr∑ Кdistr

3.0 1437.3 306.9 1355.6 200.5 1282.5 443.1 1355.6 122.9

4.0 1752.4 326.2 1690.9 233.9 1481.9 481.4 1752.4 163.0

5.0 1752.4 426.2 1690.9 196.3 1529.2 404.9 1818.6 147.7

6.0 3091.7 395.6 3300.0 201.5 3300.0 359.6 4512.2 132.1

phase as alcohol solvates of medium dodecyl sulfates. 
As a result, the concentration of dodecyl sulfate in 
the aqueous phase at equilibrium is negligible. In the 
presence of interfering cations, the REE distribution 
coefficients increase by an order of magnitude and 
are maximum at pH ~ 6. At this value, REE in the 
aqueous phase are mostly found in the form of 
Ln(OH)2+ monohydroxocomplexes and are extracted 
as solvates of the main salts of Ln(OH)(DS)2·nROH. 
Thus, the consumption of dodecyl sulfate decreases, 
and the balance shifts toward extraction.

CONCLUSIONS

The extraction of europium(III) cations from 
aqueous solutions with and without the presence of 
interfering REE cations was studied. The extraction 
was successful at low concentrations, i.e., for 
concentrating components wastewater treatment. 

The maximum extraction of europium(III) cations 
was at pH 3.0–4.5, 92%, using isooctyl alcohol as an 
extractant. Moreover, compared to extraction from 
individual solutions, the distribution coefficient of 
europium(III) cations significantly increased during 
extraction in the presence of interfering ions, and the 
pH of maximum extraction shifted to higher values 
(pH ~6).

Acknowledgments
The work was supported by the scholarship of the 

President of the Russian Federation for young scientists and 
postgraduates, project SP-347.2019.1 “Innovative approach 
to the effective extraction of rare earth elements by ion flotation 
with the possibility of their individualization in the processes 
of concentration of dilute solutions of technogenic Genesis.”

The authors declare no conflicts of interest.



57

Тонкие химические технологии = Fine Chemical Technologies. 2020;15(4):51-58

Natalia V. Dzhevaga, Olga L. Lobacheva

2. Kostikova G.V., Zhilov V.I., Tsivadze A.Y., Sal’nikova 
E.V. Use of carboxylic acids in the extractive conversion 
of rare earth chlorides into nitrates. Russ. J. Inorg. Chem. 
2017;62(7):1003-1006. 
https://doi.org/10.1134/S0036023617070105

3. Wang Y., Wang Y., Su X., Zhou H., Sun X. Complete 
separation of aluminium from rare earths using two-stage 
solvent extraction. Hydrometallurgy. 2018;179:181-187. 
https://doi.org/10.1016/j.hydromet.2018.06.004

4. Roy S., Basu S. Synergistic extraction of cerium(III)-
oxinates in presence of tributyl phosphine oxide. J. Indian 
Chem. Soc. 2015;92(8):1199-1206.

5. Пяртман А.К., Копырин А.А., Жихарев Д.А. Экс-
тракция нитратов лантаноидов(III) и иттрия(III) нафтена-
том триалкилбензиламмония в толуоле. Журн. прикл. хи-
мии. 2003;76(1):57-61.

6. Пяртман А.К., Лищук В.В., Кескинов В.А. Экс-
тракция нитратов тория(IV), лантана(III) и иттрия(III) 
композиционным материалом на основе полимерно-
го носителя и триалкиламина. Журн. прикл. химии. 
2006;79(8):1280-1284.

7. Wang Y., Ge J., Zhuo W., Guo S., Zhang J. 
Electrochemical extraction of lanthanum in molten fluoride 
salts assisted by KF or NaF. Electrochem. Commun. 
2019;104:106468. 
https://doi.org/10.1016/j.elecom.2019.05.017

8. Cánovas C.R., Chapron S., Arrachart G., Pellet-
Rostaing S. Leaching of rare earth elements (REEs) and 
impurities from phosphogypsum: A preliminary insight for 
further recovery of critical raw materials. J. Clean. Prod. 
2019;219:225-235. 
https://doi.org/10.1016/j.jclepro.2019.02.104

9. Kabangu M.J., Lubbe S.J., Crouse P.L. Extraction and 
Separation of Zirconium Using 1-Octanol. Mining, Metallurgy 
& Exploration. 2020;37(1):93-100. 
https://doi.org/10.1007/s42461-019-0089-z

10. Lemlich R. Adsorptive bubble separation techniques. 
N-Y., London: Academic Press; 1972. 244 р.

11. Чиркст Д.Э., Лобачева О.Л., Джевага Н.В. Тер-
модинамика образования гидроксидов и гидроксоком-
плексов лантана(III) и гольмия(III). Журн. физ. химии. 
2011;85(11):2011-2014.

12. Чиркст Д.Э., Лобачева О.Л., Берлинский И.В. 
Термодинамические свойства гидроксосоединений и 
механизм ионной флотации церия, европия и иттрия. 
Журн. физ. химии. 2009;83(12):2221-2226.

13. Ksenofontov B.S. Simulation of wastewater treatment 
in flotation machine. In: AIP Conference Proceedings. 
2019;2195(1):020070. 
https://doi.org/10.1063/1.5140170

14. Kubota F., Goto M. Application of ionic liquids for 
rare-earth recovery from waste electric materials. In book: 
Waste Electrical and Electronic Equipment Recycling: 
Aqueous Recovery Methods. 2018. P. 333-356. 
https://doi.org/10.1016/B978-0-08-102057-9.00012-3 

15. Иваненко В., Корнейков Р., Локшин Э., Петров 
А. Ионообменные процессы при дезактивации жидких 
радиоактивных отходов. Экология и промышленность 
России. 2018;22(1):20-25. 
https://doi.org/10.18412/1816-0395-2018-1-20-25

16. Kumari A., Singh S., Parmar K., Pathak D.D., 
Jha M.K. Treatment of monazite processed effluent to 
recover rare earth metals (REMs). J. Ind. Eng. Chem. 
2020;83:421-429.
https://doi.org/10.1016/j.jiec.2019.12.015

2. Kostikova G.V., Zhilov V.I., Tsivadze A.Y., Sal’nikova 
E.V. Use of carboxylic acids in the extractive conversion 
of rare earth chlorides into nitrates. Russ. J. Inorg. Chem. 
2017;62(7):1003-1006. 
https://doi.org/10.1134/S0036023617070105

3. Wang Y., Wang Y., Su X., Zhou H., Sun X. 
Complete separation of aluminium from rare earths 
using two-stage solvent extraction. Hydrometallurgy. 
2018;179:181-187. 
https://doi.org/10.1016/j.hydromet.2018.06.004

4. Roy S., Basu S. Synergistic extraction of cerium(III)-
oxinates in presence of tributyl phosphine oxide. J. Indian 
Chem. Soc. 2015;92(8):1199-1206.

5. Pyartman A.K., Kopyrin D.A., Zhikharev A.A. 
Extraction of Lanthanide(III) and Yttrium(III) Nitrates 
with a Toluene Solution of Trialkylbenzylammonium 
Naphthenate. Russ. J. Appl. Chem. 2003;76(1):55-59. 
https://doi.org/10.1023/A:1023335615099

6. Pyartman A.K., Lishchuk V.V., Keskinov V.A. 
Extraction of thorium(IV), lantanum(III), and yttrium(III) 
nitrates with a composite solid extractant based on a polymeric 
support impregnated with trialkylamine. Russ. J. Appl. Chem. 
2006;79(8):1266-1270. 
https://doi.org/10.1134/S107042720608009X

7. Wang Y., Ge J., Zhuo W., Guo S., Zhang J. 
Electrochemical extraction of lanthanum in molten fluoride 
salts assisted by KF or NaF. Electrochem. Commun. 
2019;104:106468. 
https://doi.org/10.1016/j.elecom.2019.05.017

8. Cánovas C.R., Chapron S., Arrachart G., Pellet-
Rostaing S. Leaching of rare earth elements (REEs) and 
impurities from phosphogypsum: A preliminary insight for 
further recovery of critical raw materials. J. Clean. Prod. 
2019;219:225-235. 
https://doi.org/10.1016/j.jclepro.2019.02.104

9. Kabangu M.J., Lubbe S.J., Crouse P.L. Extraction and 
Separation of Zirconium Using 1-Octanol. Mining, Metallurgy 
& Exploration. 2020;37(1):93-100. 
https://doi.org/10.1007/s42461-019-0089-z

10. Lemlich R. Adsorptive bubble separation techniques. 
N-Y., London: Academic Press; 1972. 244 р.

11. Chirkst D.E., Lobacheva O.L., Dzhevaga 
N.V. Thermodynamic properties of lanthanum(III) and 
holmium(III) hydroxo compounds. Russ. J. Phys. Chem. A. 
2011;85(11):1872-1875. 
https://doi.org/10.1134/S0036024411110057

12. Chirkst D.E., Lobacheva O.L., Berlinskii I.V. The 
thermodynamic properties of hydroxo compounds and the 
mechanism of ion flotation for cerium, europium, and yttrium. 
Russ. J. Phys. Chem. A. 2009;83(12):2022-2027. 
https://doi.org/10.1134/S0036024409120036

13. Ksenofontov B.S. Simulation of wastewater treatment 
in flotation machine. In: AIP Conference Proceedings. 
2019;2195(1):020070. https://doi.org/10.1063/1.5140170

14. Kubota F., Goto M. Application of ionic liquids for 
rare-earth recovery from waste electric materials. In book: 
Waste Electrical and Electronic Equipment Recycling: 
Aqueous Recovery Methods. 2018. P. 333-356. 
https://doi.org/10.1016/B978-0-08-102057-9.00012-3

15. Ivanenko V.I., Korneikov R.I., Lokshin,E.P., 
Petrov A.M. Ion-exchange processes in deactivated 
liquid radioactive waste. Ekologia i promyshlennost 
Rossii = Ecology and Industry of Russia. 2018;22(1):20-
25 (in Russ.). 
https://doi.org/10.18412/1816-0395-2018-1-20-25



58

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2020;15(4):51-58

Solvent extraction of europium(III) from technogenic solutions with the use of surfactants

About the authors:
Natalia V. Dzhevaga, Cand. of Sci. (Chemistry), Associate Professor, Saint-Petersburg Mining University (2, 21 Liniya, 

Vasil’evskii ostrov, St. Petersburg, 199106). E-mail: dzhevaga331@mail.ru. Scopus Author ID 37060535100, ResearcherID 
L-6217-2016, https://orcid.org/0000-0001-5150-3415

Olga L. Lobacheva, Cand. of Sci. (Chemistry), Associated Professor, Saint-Petersburg Mining University, (2, 21 Liniya, 
Vasil’evskii ostrov, St. Petersburg, 199106). E-mail: Olga-59@yandex.ru. Scopus Author ID 17233818000, ResearcherID G-6008-2011, 
https://orcid.org/0000-0002-8383-8890

Об авторах:
Джевага Наталья Владимировна, кандидат химических наук, доцент, Санкт-Петербургский горный уни-

верситет (199106, Санкт-Петербург, 21-я линия В.О., д. 2). E-mail: dzhevaga331@mail.ru. Scopus Author ID 37060535100, 
ResearcherID L-6217-2016, https://orcid.org/0000-0001-5150-3415

Лобачева Ольга Леонидовна, кандидат химических наук, доцент, Санкт-Петербургский горный университет 
(199106, Санкт-Петербург, 21-я линия В.О., д. 2). E-mail: Olga-59@yandex.ru. Scopus Author ID 17233818000, ResearcherID 
G-6008-2011, https://orcid.org/0000-0002-8383-8890

The article was submitted: May 28, 2020; approved after reviewing: July 21, 2020; accepted for publication: July 30, 2020. 

16. Kumari A., Singh S., Parmar K., Pathak D.D., Jha 
M.K. Treatment of monazite processed effluent to recover rare 
earth metals (REMs). J. Ind. Eng. Chem. 2020;83:421-429. 
https://doi.org/10.1016/j.jiec.2019.12.015

17. Bugrieva E.P., Dyakin V.I., Selivanovskiy А.K., 
Trubakov Y.M. Understanding the possibility of extracting 
easily recoverable rare metals from niobium/rare earth ores of 
the Tomtor deposit. Tsvetnye Metally. 2020;(2):50-56. 
https://doi.org/10.17580/tsm.2020.02.06

18. Smirnova E., Lutskiy D. Improving the efficiency of 
purification in the technological cycles of limestone processing. 
ARPN Journal of Engineering and Applied Sciences (ARPN-
JEAS). 2019;14(12):2306-2309.

17. Bugrieva E.P., Dyakin V.I., Selivanovskiy А.K., 
Trubakov Y.M. Understanding the possibility of extracting 
easily recoverable rare metals from niobium/rare earth ores of 
the Tomtor deposit. Tsvetnye Metally. 2020;(2):50-56. 
https://doi.org/10.17580/tsm.2020.02.06

18. Smirnova E., Lutskiy D. Improving the efficiency of 
purification in the technological cycles of limestone processing. 
ARPN Journal of Engineering and Applied Sciences (ARPN-
JEAS). 2019;14(12):2306-2309.

Translated from Russian into English by N. Isaeva
Edited for English language and spelling by Enago, an editing brand of Crimson Interactive Inc.


