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ELECTROFLOTATION EXTRACTION OF LANTHANUM
AND SCANDIUM HYDROXIDES FROM AQUEOUS SOLUTIONS

Abstract. Currently, rare earth metals play a key role in the production of materials for high-tech consumption
spheres, such as the electronic and electro-optical industries, information technology, biomedicine, environmental
protection, and energy conservation. In addition, rare earths are widely used in traditional areas of consumption, in
particular, metallurgy.

The washing waters of the listed industries contain a sufficient amount of valuable rare-earth elements, which
requires the development of new methods and approaches to its efficient extraction. One of the promising methods
for extracting metal compounds from aqueous solutions is electroflotation. Therefore, the study of electro-flotation
extraction of lanthanum and scandium compounds from aqueous solutions, as well as increasing the efficiency of the
process, is an urgent task.

In this paper, the influence of surfactants on the efficiency of electroflotation extraction of scandium and
lanthanum from aqueous solutions NaNO3, Na2SO4, NaCl and Na2COasis studied. It is found that the use of
surfactants is favorable for lanthanum compounds electroflotation extraction. The presence in the solution of anionic
surfactant helps to increase the degree of extraction of lanthanum compounds in all the studied solutions up to 94 -
98% after 20 minutes of treatment. In this work, the influence of the medium composition on the ~-potential of
La(OH)3 particles was investigated. Since the pH values of the solutions used in the experiments were close to the
isoelectric point of La(OH)3, the absolute values of the ~-potential are rather small. Surfactants caused no significant
change in the ~-potential, which favors their electroflotation.

The electrokinetic potential of scandium particles is positive in nitrate and chloride solutions. It is possible to
trace a correlation between the zeta potential and the surfactant type in NaCl, Na2SO4, and Na2CO3 solutions.
Cationic surfactants shift the value of the electrokinetic potential in the positive direction, while anionic ones shift
the ~-potential in the negative direction. No such trend is observed in sodium nitrate solutions. Perhaps, this is
related to complex adsorption phenomena in the course of coadsorption of different ions at the surface of Sc(OH)3
particles in the NaNO3 solutions.

On the other hand, in the case of Sc(OH)3, addition of surfactants decreases the extraction efficiency. However,
in the Na2CO3 solution, the addition of anionic surfactant NaDDS to the extent of extraction of scandium compounds
increases to 91%.

Key words: electroflotation, surface-active substance, electrokinetic potential of particles, disperse phase,
lanthanum and scandium compounds.

1. Introduction. Electrochemical technologies are widely used in the field of wastewater treatment
and processing of technological solutions containing both inorganic [1-11,35] and organic [1,6,12-22]
pollutants. Electroflotation and electrocoagulation can be efficiently used not only in sewage treatment
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with removal and destruction of pollutants, but also for separation of rare and scarce elements from
agueous solutions [6,10,23]. It seems promising to convert ions of scarce elements to the form of insoluble
compounds, i.e. hydroxides; sulfides, etc., and separate them from the solution by means of
electroflotation and electrocoagulation.

The efficiency of electroflotation extraction of metal compounds was found to depend on such
factors, as the solution pH, initial ion metal concentration, current load, disperse phase surface
characteristics (charge and particle size), presence of the supporting electrolyte, such as Na2SO4, NacCl,
Na2C0O3 NaNO3 hydrodynamic regime of electrolysis, etc. [24-26]. Special attention should be paid to the
effect of organic surfactant additives and flocculants on electroflotation in aqueous solutions. Surfactants
are often applied for optimization of the separation process; they affect the bubble size [27,28] and
therefore the oxygen transfer rate. Moreover, surfactants can also be extracted from aqueous solutions
using electroflotation [29].

However, it should be noted that the influence of surfactants on electroflotation may be more
complicated than just the decrease in the bubble size. Surfactants can be adsorbed at the surface of the
insoluble phase, which can lead to a change in the surface charge of the solid phase and thus affect the
electroflotation efficiency. The regularities and mechanism of the effect of surfactants on flotation
extraction of metal compounds have not yet been sufficiently studied.

The aim ofthe present work is to study the influence of different SAS: namely, anionic ones (sodium
dodecylsulfate (SDS)), cationic ones(didecyldimethylammonium chloride (D4)), and non-ionic ones -
(poly(ethylene oxide) (PEO-1500)) on electroflotation extraction compounds of lanthanum and scandium
as accompanying elements.

2. Materials and methods. Electroflotation extraction of the studied metal compounds was carried
out from model solutions containing such salts as Na2SO4, NaCl, Na2CO3 and NaNO3 (1.0 g L-1). The
initial concentration of lanthanum and scandium ions in model solutions was ¢ =50mg L_1 The
surfactant concentration in solutions was equal tol mg L_1. pH of solutions was adjusted by adding
concentrated sodium hydroxide solutions. These solutions were decarbonized using the method described
in [30].

Extraction efficiency a (%) from the solution of poorly soluble metal compounds was calculated as
the ratio of the difference of the initial ion concentration (cb mg L_1) and the final ion concentration
(cf, mg L_1) in the solution to the initial concentration:

a= i00%.
a

The mass concentration of lanthanum and scandium ions was measured according to a standard
technique using TermoScientific XSERIES Il mass-spectrometer with inductively coupled plasma.

A-potentials (particle surface charges) for the disperse phase of poorly soluble scandium and
lanthanum compounds were determined using Malvern ZetasizerNano laser analyzer for millionths-of-an-
inch and nanorange particles.

The measurements were carried out using the equipment of the Mendeleev Center for Multiple
Access.

3. Results and discussion.

3.1 The choice of solution pH. Metal ions must be converted to poorly soluble compounds
(hydroxides, sulphides, phosphates, etc.) before extracting them from aqueous solutions. The choice of
solution pH is very important for efficient treatment of agueous solutions containing lanthanum or
scandium ions. Figure shows the dependence of metal compound extraction efficiency on the solution pH.

The experimental results show that the maximum efficiency (98 %) in extracting scandium
compounds is observed at pH 7, which corresponds to the optimal pH range of 6-7 for formation of
scandium hydroxide. The maximum efficiency in extraction of lanthanum compounds is 78 % with pH 10.

The above is fully relevant for the solutions of sodium chloride, nitrate, and sulfate. Formation of
low-soluble lanthanum carbonate is also possible in the sodium carbonate solution. In this case, the
chemical composition ofthe dispersed phase can be written as xLa2(C0O3)3yLa(OH)3.
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Conditions: ¢(NaCl) = 1g L-1; cLa3+=50 mg L-1; ¢Sc3+=50 mg L'% iv= 0.4 A L-1;time 20 min.
Dependence of metal compound extraction efficiency on the solution pH:
1 - lanthanum compounds; 2 - scandium compounds

3.2 Electroflotation extraction o flanthanum. From the literature, it is known that the efficiency ofthe
process of electroflotation is significantly affected by the charge of the particles, as well as the
composition of the medium. In this work, the influence of the medium composition on the ~-potential of
La(OH)3 particles was investigated. It was established experimentally that in solutions of NaNO3 and
NaCl at pH = 10 the potential of the particles is from +8 to +12 mV, in solutions of Na2SO4, due to the
adsorption of SO”-ions - takes negative values and ranges from -8 to - 2 mV.

Since the pH values of the solutions used in the experiments were close to the isoelectric point of
La(OH)3 (10.4) [31], the absolute values of the ~-potential are rather small. Surfactants caused no
significant change in the ~-potential, which favors their electroflotation.

At the same time, the efficiency of electroflotation is increased greatly after adding surfactants into
solutions under electroflotation treatment (table 1). Since SAS applied in the present study did not change
~N-potential significantly, the positive effect is mainly due to increasing wettability of hydrated oxide
particles caused by adsorption of surfactants molecules at their surface [9, 34-36].

Table 1- The extraction efficiencies of insoluble lanthanum compounds in some supporting electrolytes
after surfactant adding. Conditions: pH = 10; co(La3+) = 50 mg L-1; ¢ (supporting electrolyte) = 1g L-1;
C (surfactant) = 1mg L-1; iv= 0.4 A L-L;time 20 min.

Supporting electrolyte
NaNO3 Na2S04 NaCl
Surfactant Electroflotation time, min
5 10 20 5 10 20 5 10 20

Extraction efficiency a, %

No SAS 55 58 22 79 68 33 51 80 56
D4 75 96 98 8L 94 97 80 86 88
NaDDS 75 93 9 77 96 97 80 9 98
PEO-1500 78 97 % 45 52 %6 92 % 9%

The results presented in Table 1 show that electroflotation of La203-xH20 in the absence of
surfactants is inefficient. The increase in electroflotation duration cannot solve the problem since the
efficiency of electroflotation even decreases with time. Apparently, this is due to the fact that the
flotocomplex formed during electroflotation is unstable and can be easily destroyed. Surfactants stabilize
the flotocomplex, which allows achieving a high extraction level exceeding 95 %. It can be noted only the
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decrease in electroflotation extraction efficiency in the presence of non-ionic surfactant PEO-1500
observed in sodium sulfate solutions.

3.1 Electroflotation extraction of scandium. According to data presented in figure, pH equal to
7.0 was chosen for Sc203xH?20 electroflotation extracting. The ~-potential of Sc203xH20 is still unknown
[32]. Approximate value of 7.2 was reported in [33]. Based on this value, one can suggest that the solution
pH chosen for electroflotation extraction of scandium hydrated oxides is close to Sc203xH20 isoelectric
point.

A-potentials of Sc203xH20 particles were small in absolute value in all investigated solutions. The
~N-potential is negative in both sulfate- and carbonate-containing solutions. The electrokinetic potential is
positive in nitrate and chloride solutions. It is possible to trace a correlation between the zeta potential and
the surfactant type in NaCl, Na2SO4, and Na2CO3 solutions. Cationic surfactants shift the value of the
electrokinetic potential in the positive direction, while anionic ones shift the ~-potential in the negative
direction. No such trend is observed in sodium nitrate solutions. Perhaps, this is related to complex
adsorption phenomena in the course of coadsorption of different ions at the surface of Sc(OH)3 particles in
the NaNO3 solutions. The PEO-1500 non-ionic surfactant causes almost no change in the “~-potential in
sodium chloride and sodium nitrate solutions. However, the zeta-potential shifts towards more negative
values after addition of PEO-1500 into Na2SO4 and Na2CO3 solutions.

Addition of surfactants to the solution under electroflotation leads to an expected decrease in the
average particle size. This effect is most pronounced in both chloride and nitrate solutions, whereas in
solutions of Na2SO4 or Na2CO3 the average size of hydroxide particles decreases to a lesser extent. In a
solution ofNa2CO3, the average particle diameter of the dispersed phase is 26-29 ~m, and in the presence
of anionic and cationic surfactants, it decreases to 21-23 “m. A smaller size of hydroxide particle may
facilitate formation of a flotocomlex during electroflotation.

Results of experiments on electroflotation of a scandium-containing dispersed phase (table 2) show
that electroflotation extraction is most efficient in sodium chloride solutions. At the same time, the
efficiency of electroflotation is lower in sulfate and nitrate solutions, where addition of surfactants even
leads to a decrease in the electroflotation efficiency. Probably, this is related to an increase in the absolute
value ofthe ~-potential that causes a decrease in the flotocomplex stability.

Table 2 - Extraction degree of insoluble scandium compounds in some supporting electrolytes after adding of surfactants.
Conditions: pH = 7; c0(Sc3+ = 50 mg L_1;c (supporting electrolyte) = 1g L_1c (surfactant) = 1mg L_%iv=04 AL 1

Supporting electrolyte

NaNO3 Na2SO4 NaCl Na2CO3
Surfactant Electroflotationtime, min
5 10 20 5 10 20 5 10 20 5 10 20

Extraction efficiency a, %

No SAS 97 98 9 a B 92 9% 98 98 47 49 56
D4 94 96 97 17 21 41 56 1 88 69 75 77
NaDDS 51 53 64 33 20 22 65 71 9 0 a a
PEO-1500 48 72 80 23 % 88 81 86 90 38 46 58

Anionic surfactant NaDDSwas found to suppress the electroflotation process in NaN O3 Na2SO4 and
NaCl solutions. On the other hand, the results obtained in sodium carbonate solutions in the presence of
SDS can be considered as promising. The degree of extraction of scandium compounds from a solution
containing NaDDS increases from 56% to 91%. Apparently, this is related to a different chemical
composition of the dispersed phase particles in sodium carbonate solutions. One can say that the phase
formed in carbonate solutions most probably contains not only hydroxides, but also insoluble carbonates.
The regularities of electroflotation of such particles differ from hydroxide particles.
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4, Conclusions. From the obtained experimental data it is established that electroflotation of
scandium is highly efficient in surfactant-free solutions. The addition of surfactants causes a decrease in
the electroflotation efficiency. The only exception is sodium carbonate solutions. In this case, the addition
ofthe anionic surfactant is useful.

On the other hand, surfactants significantly improve the efficiency of La(OH)3electroflotation. The
presence in the solution of anionic surfactant helps to increase the degree of extraction of lanthanum
compounds in all the studied solutions.
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CYNbl EPITIHAINEPAEH NAHTAH XX3HE CKAHAUN TMAPOKCUATEPTH
SNEKTPOPNOTALUNANDBL, X)KONMTMEH B0JT1MN ANTY

AHHoTauma. Kasipri kesemge cupek KesfeceTiH Xep MeTangapbl Xorapbl TEXHONOTUAMBLIK cananapfa, aran
aliTKaHAa, 3NEKTPOHAbI XXIHE 3NeKTPOONTUKa/bIK Cana, aknapaTTbiK TEXHOMOrUs, 6MoMefuLMHa, KopLllaraH opTaHbl
Kopray, aHeprusHbl YHemiey cananapbiHia matepuangap eHaipiciHae epekile opblH anagbl. CUpeK Ke3feceTLl Xep
mMeTangapbl A3CTYpAi cananapga, SrHW MeTanyprus canacbiHia fa KellHeH KongaHblnagbl. 0 HAIpICTiH >Korapblga
KenTipinreH cananapbliHbIL, arbiHAbl CyblHAA XETKINIKTI A3apexxeae KyHAbl 60/bIN caHanaTblH CUPEK Ke3AeceTiH Xep
meTangapbl kesgecefa, COHAbIKTaH onapabl 6yn arbiHAbl CyAaH 6enin anyfbly, Xaua 34icTepiH oiinan Tabyfabl KaxeT
eTear byn 6arbiTTa aneKTpopaoTaLNA 34iCi - Cynbl epiTIHAINEPLEH METaNN KOCINbICTapbIH 6enLw anybll nepcnek-
TWBTI 34icTepiHiH 6ipi 60abIin caHanagbl. Con cebenTi NaHTaH MEH CKaHAMI KOCbINbICTaPbIH Cy/bl ePTHALWEPAEH
3N1eKTPOGN0TaUUANBIK XXONMEH 6enin any »aHe 6yn YAepicTw, TMIMAINITIH Xorapblnaty e3ekn macenenepain oipi.

XKymbICTa CKaHAMI MeH faHTaHAbl Cynbl epiTiHAiNepAeH 3NeKTPo(paoTaLMANbIK >XONMeH 6enw any
TWMALWNHe 6eTTiK aKTWBN 3aTTapfbly, 3cepi 3epTTengi. BeTTik akTWMBN 3aTTapibl KOMgaHy apKblabl NaHTaH
KOCbINbICTapblH 31eKTPOMIOTaLMANbIK XOAMeH 6enll anyra 60naTblHAbITLI aHblKTangbl. EpiTiHAigeri aHWoHAbI
6eTTik aKTUBN 3aTTap 6ap/blK 3epTTeNreH epiTiHAinepae 20 MUHYTTbIK eHAEeYAeH COM NaHTaH KOCbINbICTapbiH 6eLy
any papexecwu, 94-98 %-ra feliiH >XorapblnayblHa anbin Kenegi. byn XymbicTa opTa KypambiHbil, La(OH)3
6enweKTeply M-noTeHuManbiHa 3cepi 3epTTengi. KcnepMMeHTTepAe KOMAaHbIAraH epiTiHginepaiH pH kepceTkiuwi
La(OH)3-TiH 13031eKTp/LL HYKTECiHe XaKblH 60/1raHAbIKTaH |-noTeHLManbiHbIL abcontoTa KepeceTKiTepi TeMeH.
BeTTiK akTMBTI 3aTTap ~-nNoTeHUNaNbIHbIL, e3repyiHe acepiH TUris6eii.

HuTpaTTbl X3He XNopuaTi epiTiHAinepae CKaHAWA GenllekTepLull 31eKTPOKUHETUKANbIK MOTeHLManbl oL,
A-noteHymanbl kaHe NaCl, Na2S04 >xsHe Na2CO3 epiTiHginepingeri 6eTTiK akTWBTI 3aTTap TWMi apacbiHAa
KoppenaumsaHbl 6akblnayra 6onagbl. KatmoHabl 6eTnK akTUBTI 3aTTap 31eKTPOKMHETUKASBIK NMOTEHLMAN M3HL Ou
6arbITKa, an aHMOHAbl 6eTNK aKTWBTI 3aTTap |-NoTeHUManbliH Tepic 6arbiTKa bIrbiCTbipagbl. AN HaTpUiA HUTPaTLI
epTHAraHAe MyHpal TeHAeHuusa Gainkanmaigbl. Byn NaNO3 epitiHginepiHge Sc(OH)3 6enwekTepiHiH 6eTiHae
3pTYpni noHAapabIL coagcopbumackl KesiHge KYPgeni agcopbumns KyobiibicTapbiHbIL XYPyiHe 6aiinaHbICTbl 601Yybl
MyMKLW. EKiHWI TapanbiHaH, 6eTTik akTuBTI 3aTTap Sc(OH)3-Tw, 6enin any A3peXecCiHiH TWMALWNH TeMeHAeTei.
Anaiiga Na2CO3 epiTiHgiciHe aHMOHAbI 6eTNK akTKBTI 3aT NaDDS-Ti KOoCKaHAa CKaHAWIA KOCbINbICTapbiH Genin any
papexeC 91 %-ra fieiiH >korapbliangbl.

TywH ce3gep: anekTpotnoTaums, 6eTTiK-aKTUBTI 3aT, OenlleKTW, 31eKTPOKMHETUKANbIK NOTeHuuan,
aucnepcTi hasa, NaHTaH X3He CKaHAWA KOCbINbICTaphbl.
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SNEKTPOPTOTALUMNOHHOE N3BNMEYEHWE TMAPOKCNAOB
NAHTAHA 1 CKAHAWA U3 BOAHbLIX PACTBOPOB

AHHOTauuMa. B HacTodllee BpeMs pefKO3eMefibHble MeTan/bl UrpaloT K/IYEBYH pofib B MPOW3BOACTBE
mMaTepuanoB A5 BbICOKOTEXHONOIUYHbLIX Cep NOTpebfeHns, TakMX KakK 3/EeKTPOHHAs W 3MeKTPOONTUYecKas
oTpacnu, UHHOPMaLMOHHbIE TEXHOMOrNK, BMOMeaULMHA, OXpaHa OKpYXatoLleld cpedbl, aHeprocbepexxeHne. Kpome
TOro, pedkue 3eMM HaxofAaT LUMPOKOe MNPUMEeHeHMe B TPagWLMOHHBLIX cdepax MoTpebneHns, B YaCTHOCTU
meTanaypruun. NMpomMbiBHbIE BOAbI MEPEYNUCNEHHbIX OTPac/ieil NPOMbILLIEHHOCTM COAePXKaT 40CTaTOHHOE KONMYeCTBO
LieHHbIX pefKO3eMefIbHbIX 3/1IEMEHTOB, YTO TpebyeT pa3paboTKM HOBbIX METOLOB W MOAXOAO0B K ero aththeKTUBHOMY
n3BneyeHnto. OAWMH M3 MEPCMEeKTUBHbIX METOA0B W3B/EeYEHWUs COEAMHEHWIA MEeTannoB U3 BOAHbLIX PacTBOPOB -
anekTpognoTaymsa. Mo3ToMy MccnefoBaHWe 31eKTPOGIOTALMOHHOIO M3B/EUYEHUS COEAMHEHUIA NaHTaHa U CKaHAuS
13 BOJHbIX PacTBOPOB, a TaKXe MOBbILIeHMe 3PPEKTUBHOCTY NpoLecca ABAAETCA aKTyanbHOR 3afadeit.

B paboTe M3y4yeHO BNMAHUE MOBEPXHOCTHO-aKTWMBHbIX BELLECTB Ha 3((eKTUBHOCTb 3MEKTPO(IOTALNOHHOIO
M3BMIEYEHUS CKaHAWSA W NaHTaHa U3 BOLHbIX PACTBOPOB. YCTaHOBMEHO, YTO UCMO/b30BaHWE MOBEPXHOCTHO-aKTUB-
HbIX BELLEeCTB MPUBOAUT K 3NeKTPO(NOTALUMOHHOMY W3B/IEYEHUIO COEAUHEHWIA naHTaHa. Hanuume B pacTBoOpe
aHWOHHOTO MNOBEPXHOCTHO-aKTMBHOMO BeLecTBa CMOCOOGCTBYET MOBbLILIEHUIO CTENeHW W3BNEYEHUS COeAWHEeHWUI
NnaHTaHa BO BCEX WCCMeAoBaHHbIX pacTBopax Ao 94 - 98 % nocne 20 MMHYT 06paboTku. B paHHOW paboTe 6b110
nccnefoBaHO BAMAHWE cocTaBa cpedbl Ha "-noTeHuman yactuy La(OH)3. Mockonbky 3HaveHuss pH pacTBopos,
MCNOMb30BaHHbIX B 3KCMEPUMeEHTaX, 6binn 6/M3KU K M3031eKTpuyeckoil Touke La(OH)3, abcontoTHble 3HaYeHUs
A-noTeHuMana [OBOMLHO Masbl. [MOBEPXHOCTHO-aKTMBHbIE BELLECTBA HE BbI3BA/IM 3HAYMTE/bHbLIX W3MEHEHWUI
A-noTeHLMana, 4To cnocobCcTBOBANO MX 3NEKTPOMAOTALMN.

JNEeKTPOKMHETUYECKUNIA NOTEHLMAN YacTUL, CKaHAMS NOMOXUTENEH B paCTBOPax HATPATOB U X/10pMA0B. MOXHO
NpocneauTb KOPPensaumnio Mexay ~-noTeHumanom v TUNoM NOBEPXHOCTHO-aKTUBHOTO BellecTsBa B pacTBopax NacCl,
Na2S04 n Na2CO3 KaTvOHHble MOBEPXHOCTHO-aKTUBHbIE BeLLeCTBa CMeLLalT 3HAYeHWe 3/1eKTPOKMHETUUYECKOrO
noTeHLMana B NON0XKMTENbHOM HanpaBneHWU, a aHUOHHbIe CMeLLaloT A-NoTeHLMan B 0TpuLlaTe/lsHOM HanpaBieHUN.
B pacTBopax HuUTpaTa HaTpua TakoW TeHAeHUMWM He HabnopaeTcsd. BO3MOXHO, 3TO CBSI3aHO CO C/IOXHbIMM
ABNEHUAMM aAcopbLMmM NpK coafcopoLMmM pa3INYHbIX MOHOB Ha NoBepxHocTH Yactul, Sc(OH)3 B pactBopax NaNO3.
C 4pyroil cTopoHbl, 406aBNEHNEe MOBEPXHOCTHO-aKTUBHbIX BELLECTB CHUXXAET IP(EKTUBHOCTL U3BneveHns Sc(OH)3.
OgHako B pactBope Na2CO3 pobasneHMe aHMOHHOrO MOBEPXHOCTHO-aKTUBHOro BelecTBa NaDDS cTeneHb
N3B/IEYEHNS COEANHEHWIA CKaHANA yBenn4ymBaeTcs 4o 91%.

KntoueBble cnoBa: 3neKTpothioTaLms, NOBEPXHOCTHO-aKTUBHOE BELLECTBO, 3/1EKTPOKMHETUYECKUIA NOTeHLMan
yacTuy, aucnepcHas asa, CoeiMHEHNs NaHTaHa U CKaHAuS.
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