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Bac penaxrop:
ZKYPBIHOB Mypar ’KypbIHYJIbI, XUMHS FBUIBIMIAPBIHEIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukacel ¥ ITTHIK FBUTBIM akaieMusichiHbIH npe3ueHTi, AK «J1.B. Cokonbckuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE dJICKTPOXMMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

OJJEKEHOB Cepra3bl MbIHxkacapyJibl (0ac pegakTOpIbIH OpbIHOACAPHI), XMMUS FHUIBIMAAPBIHBIH
JoKTopsI, mpodeccop, KP ¥FA akagemuri, « Dutoxumunsy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOITUHTTHIH
mupekropsl (Kaparannsl, Kazakcran) H = 11

AI'ABEKOB Buaamumup EnoxoBuu (6ac pemaxtopiablH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsbl, npodeccop, berapycs YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
JupekTopsl (Munck, berapycs) H =13

CTPHAJ Mupocaas, npodeccop, Uexust FbUIBIM aKaJeMHUACHIHBIH ODKCHEPHUMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoyn, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUsI FEUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA axanemuri,
on-Dapadu areigarsl Kaz¥Y Y-npiy 6ipianm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®Papmauesruxa ¢daxysnpreTiHin Papmakornosus
KadeapachHEIH MeHrepymrici, JKapaTbuibicTaHy FBUIBIMIAPBIHBIH TOHAPAIIK OPTAIBIFBIHBIH JAUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD goxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirbel, @apmanust MekTebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Buranmii, punocodus mokropst (PhD, (apmanerr), Pequnr yHHBepCHTETIHIH
npodeccopsr (Penunr, Aurus) H = 40

TEJTAEB Barnar Bypxan6aiiyibl, TeXHHKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymeci, Kazakcran PecnyOmukacer WHaycTpust koHe HWH(PPAKYPBUIBIMIABIK —JaMy
munUcTpiiri (Anmarsl, Kasakcran) H =13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa [IsFsic MeuniHa KoJulepKiHiH Ipodeccopsl, Xamaap
yauBepcureTiHig Lsirpic Mmequimnaa ¢akynereti (Kapaun, [Tokxicran) H =21

®DA3BIJIOB Cepik IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabacaps! (Kaparannsl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHsS FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xwumust xoHe XUMMSUIBIK TeXHOJOTHS HMHCTHTYTHI (Bimikek,
Keipreizcran) H =4

XAJIMKOB [:xypadaii XaJuKoBHY, XUMUS FRUIBIMIAPBIHBIH JTOKTOPBL, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun areranarst Xumust nHCTUTYTHI ([lymante, Toxikcran) H =6

DAP3AJIUEB Barug Merkuaoribl, XMMUs FBUIBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akagemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempaa, ¢umocodus nokropsr (PhD, xumus), Xanplkapalblk Ta3za jKOHE KOJIIaHOAIBI
XVMWUS OJJaFbIHBIH XVMUS KOHE KOopIllaraH opTa OemnimiHiH mpe3uneHTi (Jlornon, Aarmms) H = 15
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I'naBHbII penrakTop:
KYPUHOB Mypar KypuHoBHY, TOKTOp XMMHUYECKHX HayK, npodeccop, akagemuk HAH PK,
npe3uaeHT HarmonansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HCTHTYT
TOIUIMBA, KaTanu3a u anekTpoxumun uM. /1.B. Cokonbckoro» (Anmarel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJJEKEHOB Cepra3pl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
HayK, podeccop, akagemuk HAH PK, nupektop MexayHapoHOro Hay4HO-IPOU3BOCTBEHHOTO XOJIANHTA
«Dutoxumusi» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMecTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYECKHX
Hayk, mpodeccop, akanemuk HAH Benapycu, mouerHslit aupextop MHCTUTYTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocaas, npodeccop, 3aBenyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akaaemun Hayk (Onomoyt, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX HayK, mpogeccop, akagemuk HAH PK,
[lepgsrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [xynuT, 3aBenyromnii kapenpoit ®apmaxornozun dapmareBrHiyeckoro (akymbrera
Vausepcurera Cerena, aupekTop MeXIUCIUINIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokrop PhD, mpodeccop IIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
HCCIICJOBAaHUH PACTHTENBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop ¢unocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECCKHX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepcrBo Uunycrpuu u uabpactpykTypHoro pa3sutus Pecrnyonuku Kasaxcran (Anamarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop komtemka Bocrounodt memummuel Xampaapia ans-Makuza,
¢axynsreT BocTouHoit MenuuuHb! yHuBepeuteta Xamaapaa (Kapauu, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHo# pabote VHCcTHTYTA OpraHmdeckoro cuHTe3a U yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Ilapumna Kopo0exoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, MactutyT Xumun u xumuaeckoit texnonorud HAH KP (bumkek, Keiprezeran) H = 4

XAJIMKOB [Ixypa6aii XaJaumkoBH4Y, IOKTOp XHMHYECKHX HayK, mpodeccop, axkazemuk AH
Tamxukucrana, Vuctutyt xumun nmenn B.W. Hukutuna AH PT (dynran6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua orisl, JOKTOp XHMHYECKHX HaykK, npodeccop, akanemunk HAHA
(baky, Aszepbaitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopuu (Ph.D, xumus), npesunent Otnena XUMUH M OKpY’Karomieit
cpens! MexXIyHapogHOTo Cor03a YHCTO! M npukiiagHoi xumun (Jlonnon, Anrms) H =15
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EXTRACTION OF DYSPROSIUM BY D2EHPA FROM NITRATE MEDIUM

Akmaral Ismailova — Candidate of Chemical Sciences, al-Farabi Kazakh National University (Almaty,
Kazakhstan)

E-mail: akmaral.ismailova@kaznu.edu.kz. ORCID: https://orcid.org/0000-0002-5555-2705;

Gulsara Akanova — Ph.D. student, al-Farabi Kazakh National University (Almaty, Kazakhstan)
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Duisek Kamysbayev — Professor, Doctor of Chemical Sciences, al -Farabi Kazakh National University
(Almaty, Kazakhstan)
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Abstract. Rare earth elements (REE) are important metals that are often used in
modern production. In nature, REEs are found in various ores, such as phosphorus-
containing ores. Usually, a large amount of REE remains in the waste after processing
and flotation of these ores. Therefore, it is essential to process and extract rare
earth elements. In the waste of phosphorus-containing ores, dysprosium is found in
significant quantities in comparison with other lanthanides. Optimal conditions for the
decomposition of phosphate waste in a closed system have been studied. This work
considers the extraction of dysprosium from standard solutions in a nitrate medium
with the cation-exchange extractant di-2-ethylhexylphosphoric acid (D2EHPA). For
this purpose, the effect of various diluents, such as hexane, kerosene, higher carboxylic
acids (HCA), and paraffin on the extraction of dysprosium was studied. The optimal
parameters were studied: extraction temperature, pH, concentration, and volume ratio
of the aqueous phase and extractant. According to the results of the study, extraction
with the D2EHPA — paraffin system at pH 1.1-6.0 is 94 %, and the optimal volume
ratio of the aqueous phase and the extractant is 1:10. The D2EHPA — paraffin system
is adequate for extracting dysprosium. The results obtained, which are considered with
a standard solution of dysprosium, will be used to separate it from phosphate waste.

Keywords: extraction, rare earth metals, dysprosium, di-2-ethylhexylphosphoric
acid (D2EHPA), paraffin
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HUTPATTBI OPTAJIAH JUCIIPO3UI I 12T ®K-MEH
SKCTPAKLIUSLIIAY

Annoramus. Cupek xep snementrepi (CXKD) kasipri 3amMaHfbl eHIIpicTe XKHi
KOJIIaHBIIATBIH MaHbBI3ABI MeTajnap Oonbin TalObuianel. Taburarta CXKD oprypmi
pynanapaa, COHBIH imiHAe KypambiHaa ¢ocdopbl Oap KeHIepAe Kezdeceni. OnerTe
Oy KeHJepAi eHAaeyneH koHe (uoTauumsuiayqan KeiliH ajblHFaH Kaiaeikrapaa CXKO
Meduepi ko Oonansl. COHIOBIKTAH CHUPEK >Kep JJIEMEHTTEpiH OHIEY JKOHE OHIIpY
ere MaHbI3ABL. Kypambiaaa ¢ocdoper 6ap KeHAEpAiH KalAbIKTapblHAA IUCIPO3HUN
0acka JTaHTaHOMITapMEH CaNbICTBIPFAaHIA alTapiblkTail Menmepae Oonansl. Docdar
KaJIIBIKTapbIHBIH JKaObIK JKYHele BIObIpaybIHBIH OHTAMIIBI MIApTTaphl 3epTTenai. by
KYMBICTa KaTHOHAJIMACTBIPFBI AU-2-3THIreKcuidocop Kekpuibl (221 DK)
SKCTpareHTIMEH HHUTPATThl OpTajarbl CTAHAAPTTHl EPITIHALIEPIHEH IUCTIPO3Uiiai
Oeunin amy KapacTeIpbUIIBI. JIMcIpo3uil SKCTpaKUUsICHIHA T€KCaH, KEPOCHH, JKOFaphl
kapOon kpiukeiaapsl (OKKK), mapadwH cHAKTBI opTYpii epiTKIIITepAiH acepi
3epTTeNi. DKCTPaKUsHBIH OHTAMIIBI TapaMeTpil KapacThIpbULABL: Temreparypa, pH,
KOHLEHTPALUS, CyJIbI Pa3a MEH SKCTPAreHTTiH KOIEeMAIK KaThIHACKL. 3epTTeY HOTHKENepi
ooiibiHma JI20I'®K — mapapun xyiecimen pH 1,1-6,0 ke3iHme sKCTpakIHMSHBIH
Oeniny nmopexeci 94% xoHe Cyinbl (pa3a MEH 3KCTPAreHTTiH KOJIEeMIIK KarbiHachkl 1:10
Kypaznel. 123I'®K — napadun xyleci nucnpo3uidai 0exin amy yiriH THIMAI OOMmbII
TaObUIABL. JMCTpO3UiiaiH CTaHAAPTTHI ePITIHAICIHEH aJbIHFAH HOTHXKeJIep OHbI ocdat
KaJIIBIKTapblHaH OOl any YIIiH NainanaHbuIagsl.

Tyiiin ce3mep: OSKCTpakuus, CHpPEK J>Kep MeTalgapbl, AWUCIPO3HUH, [OU-2-
stunrexcundocdop Kekpuibl (231 OK), napadun
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IKCTPAKIIUAA JUCITPO3US C JI2OTI'®K U3 HUTPATHOM CPE/IbI

Annoranus. PenkozemensHbie anmeMeHTH (P3D) sBISIOTCA Ba)XKHBIMH METaJlIaMHU,
KOTOpBbIE YacTO HCHONB3YIOTCA B COBPEMEHHOM Ipou3BoacTBe. B mpupone P33
BCTPEUAIOTCSI B Ppa3HBIX pylax, Takue Kak Qocdopcoaepxkamue pynsl. OObIYHO
Oonbiioe xomuuecTBO P30 ocraercs B oTxomax mocie oOpaboTku U (IoTaluu 3THX
pya. [ostomy oueHp BaykHO 0OpabaThIBaTh U U3BIEKATh PEAKO3EMEIIbHBIE IIEMEHTHI.
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B orxome ¢ocdopconepxkammx pya BCTpedaeTcs TUCTIPO3UHA B 3HAYUTEIBHBIX
KOJIMYECTBAX MO CPAaBHEHUIO C OCTaJbHBIMU JIaHTaHOUJaMU. V3ydeHbl onTHUMasbHbIe
ycnoBusi pasnoxkeHusi (QocdarHoro orxoma B 3akpeIToi cucteme. B pabote
paccMmarpuBaeTcs M3BJICUEHHME AMCIPO3MS U3 CTaHAAPTHBIX PacTBOPOB B HUTPATHON
cpeae ¢ KaTHOHOOOMEHHBIM AKCTPareHTOM IH-2-3TUirekcuidochopHOil KucioTon
(22T ®K). HccnenoBano BIUsHHE pazIUyHBIX pa3OaBUTENEH, TakHe KaK TEKCaH,
KepOCHH, BeIcine kapOoHoBbIe kuciaoThl (BKK) n napadun Ha 3KCTpakuuio AUCTIPO3USL.
N3ydeHsl onTUManpHBIE MapaMeTpbl SKCTpaKLUUU: Temrmeparypa, pH, koHUeHTpanus
1 00beMHOE COOTHOIIEHHE BOAHOW (a3bl W dKcTpareHTa. [lo uroram mcciaenoBaHus
skcTpakius ¢ cuctemoit J[20T'®K — mapadun npu pH 1,1-6,0 cocraBnser 94 %, a
ONTUMAaJIbHOE 00BbEMHOE COOTHOIIeHHE BOAHOM (haszel M 3kcrpareHTa 1:10. Cucrema
J23I'®K —napaduH sensercs 3¢ GeKTUBHBIM U151 U3BIeYeHUs quctipo3us. [lomyueHHbIe
pe3yNIbTaThl, KOTOPBIE PACCMOTPEHBI CO CTaHAAPTHBIM PAaCTBOPOM OUCIIPO3Usi OyneT
MPUMEHSITHCS TS BBIIEJIEHHS ero U3 (ocdaTHBIX OTXOAOB.

KuroueBble ciioBa: 3KCTpakius, peAKO3EMENbHbIE METaJbl, AUCIPO3UH, IU-2-
stunrexcundocdopnas kucnora (291 OK), napadhun

Introduction

Currently, rare earth metals (REM), i.e. 14 f-elements (Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) and 3 d-elements (Sc, Y, La) are critically important
elements for the production of magnets, fluorescent lamps, lithium hydride batteries,
etc. In nature, REM occurs in the form of various ores, such as monazite, bastnesite,
xenotime, and others. In our work, the extraction of dysprosium from phosphate waste
is considered. In phosphate slag, the amount of dysprosium is greater than the rest of
the REE. Therefore, it is important to quantify the extraction of dysprosium in the waste
of phosphorus-containing ores.

One of the effective methods of extraction of rare earth elements is extraction.
D2EHPA is often used for the extraction of REE (Acharya et al., 2015; Kolarik, 2010;
Mowafy & Aly, 2006; Ohashi et al., 2007; Pei et al., 2012; Turanov et al., 2004;
Wannachod et al., 2014a; Wannachod et al., 2014b; Wannachod et al., 2015) as a cation-
exchange extractant, that is, it is a selective extractant for REE. Also, the results of the
work of other authors who used D2EHPA with various diluents as an effective extractant
for the extraction of rare earth metals from different media are presented in Table 1.

The authors of (Erust et al., 2021) performed an extraction of Nd and Dy from a
neodymium magnet with Cyphos IL 101 and D2EHPA at pH 4.5 at room temperature.
The extraction results showed that 72.3 % Tv and 66.3 % Vn were isolated with Cyphos
IL 101 and 98.7 % Tv, 82.6% Vn using 0.4 M D2EHPA. Here you can see that the effect
of Cyphos IL 101 is significantly lower than D2EHPA.

N.A.Ismailetal. (Ismail etal.,2019) used a bifunctional extractant—di (-2-Ethylhexyl)
phosphate (P,O,) with IL Aliquat 336 (A 336), which is diluted in n-heptane. The ratio of
organic and aqueous phases is 4:1 at room temperature. Samarium showed the highest
separation factor of 2.81, and the separation factor of samarium from europium was
2.26. Samarium is easily separated from a mixture of Sm-Eu-Gd solutions in the first
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stage of extraction, and Eu and Gd in the second stage of extraction. For re-extraction,
nitric, hydrochloric, and sulfuric acids were used for comparison. Among them, HNO,
gives a high possibility of separation than HCl and H,SO,. Aliquat 336 as an extractant
was used in the following work (Jiirjo et al., 2021) compared with D2EHPA, extraction
was carried out in a highly acidic medium pH 1.5 to extract lanthanides from Estonian
phosphor ore. It has been found that U, Th, and T1 (in ore) can be selectively extracted
using A336[NO,] with concentrated nitric acid. However, the extraction of REE from
A336[NO,] is insignificant. Thus, A336[NO,] cannot be proposed as a good extractant
for REE. And D2EHPA is more selective compared to A336[NO,].

In the following work (Mishra & Devi, 2020), one can also see the extraction of
samarium in a monocyte, in which 0.1 mol/L D2EHPA in kerosene and 0.1 mol/L
trihexyltetradecylphosphonium bis(2-ethylhexyl)phosphate [P66614][D2EHPA] in
kerosene were used as a cation exchanger. The optimal separation coefficient Sm/La
= 130.83. And in this work it is also noted that D2EHPA is a better extractant than
[P66614] [D2EHPA].

Table 1 - Extraction of REE with D2EHPA with various diluents in different years (Ni’am et al.,

2020)
REE Extractant | Diluent |R, % Year References
Nd(III) D2EHPA |Kerosene |92.9 2012 (Pei et al., 2012)
Eu (I1I) D2EHPA | Kerosene | 94.2 2011 (Pei et al., 2011)
Nd (1) D2EHPA | Heptane |94.5 2014 (Wannachod et al., 2014b)
Nd, Dy and Pr | D2EHPA | Isopar-L |83.5, 81.55, and 87.93 |2020 (Ni’am et al., 2020)
Nd (I11) D2EHPA | Aliphatic |90.0 2018 (Batchu & Binnemans,
2018)
Nd (1) D2EHPA | Kerosene |90.2 2019 (Kumari et al., 2019)
Dy (III) D2EHPA |Hexane |67 2022 In this work
Dy (III) D2EHPA |Paraffin |94 2022
Dy (IIT) D2EHPA |HCA 70 2022

Also, extracts of REE with D2EHPA with various diluents and other extractants are
presented in the works (Gergoric et al., 2017; Kurdakova et al., 2017; Maslennikova &
Sinegribova, 2017; Matsumiya et al., 2021; Mohammadi et al., 2015; Raji et al., 2017,
Daware et al., 2021; Seyed Alizadeh Ganji et al., 2016; Yoon et al., 2016).

In this work, various diluents with the cation-exchange extractant D2EHPA for the
separation of dysprosium from nitrate media are considered. The influence of various
factors on metal extraction has been studied, and optimal conditions for the dissolution
of phosphate waste have also been studied. As part of the waste, dysprosium occurs
in significant quantities. Therefore, in the future, the separation of dysprosium from
phosphate waste will be considered.

Materials and methods

2.1 Reagents

The following reagents were used for the experiment: nitric acid HNO, (67 %),
D2EHPA (purity 95 %), dysprosium oxide (purity 98 %), hexane (purity 95 %),
kerosene, paraffin, phosphate waste.

101



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

2.2 Aparatus

Inductively coupled plasma - mass spectrometer ICP-MS (Agilent 7500 A, USA),
muffle furnace (SNOL 7,2/1300, Lithuania), microwave sample preparation system
(Speedwave four "Berghof", Germany), photocolorimeter KFK-2MP (Russia), [-160
MI Ionomer (Russia)

2.3 Acid leaching of phosphate waste

Acid leaching of phosphate slag was carried out in a closed system in an autoclave.
0.1000 g of phosphate waste put in a Teflon dish with a volume of 60 mL, and 5 mL of a
freshly prepared mixture of HNO, + H,0O, is added. The autoclave is hermetically sealed
and placed in a microwave oven to a temperature of 220°C in 1 hour.

2.4. Extraction procedures with diluents

For extraction, 10% D2EHPA and the diluents hexane, paraffin, and HCA were used
as an extractant. A standard solution of dysprosium with a certain concentration (9203.2
micrograms /L) was taken into a 25.0 mL volumetric flask and diluted with distilled
water. For liquid extraction, the solution was poured into a dividing funnel, pre-prepared
extractant was poured and shaken for 3 minutes. They were left for complete delamination
of the organic and aqueous phases. After 20 minutes, the phases were separated and the
equilibrium pH of the aqueous phase was measured. For solid-phase extraction, the
solution was poured into extraction flasks, pre-prepared suspended solid powder of the
extractant was poured, heated in an electric stove until the extractant completely melted
(do not allow the solution to boil). After stirring for 3 minutes, extraction was carried
out and cooled. The extract formed on the surface was separated and the equilibrium pH
value of the aqueous phase was measured. In case of the formation of a turbid solution
after extraction, the solution was filtered. After extraction, the content of dysprosium in
the aqueous phase was determined by photometric, ICP-MS method.

2.5 Photocolorimetric determination of dysprosium
After extraction, the concentration of dysprosium in the aqueous phase was

determined using a photocolorimetric method. To do this, aliquots were taken from
the solution after extraction and transferred to glass. Added 1 ml ascorbic acid, 1 ml
buffer solution pH = 3.5, and 2 ml Arsenazo III. On the [-160MI ionomer, the pH of the
solution was adjusted to 2.6 + 0.1, the solution was brought into a measuring flask with
a volume of 25.0 ml, then the optical density was measured on a photocolorimeter at
a wavelength of 670 nm. The metal content is determined according to the calibration
schedule. The concentration of dysprosium in the aqueous and organic phases was
calculated by equations 1 and 2:

Cv = (C,-C**)-undiluted (1)
Corg: (Cinit-cw) (2)
where C" is the concentration of the aqueous phase, C__is the concentration of the

organic phase, C, , is the concentration of the initial solution, C# is the concentration
of the calibration graph.
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2.6 Extraction of dysprosium
D2EHPA is a cation-exchange extractant, so the reaction mechanism can proceed in
the following form:

[Ln”]aq +2 [(HA)Z]Org [LnA3'HA]Org + 3H* 3)
where, Ln — Dy, HA - D2EHPA, K, — equilibrium constant;

[LnA3-HA]org [H*]?
[Ln3+ Jag ([((HA)z]org )? (4)

A=

The 3- and 4-equations show the extraction mechanism between lanthanides and a
cation-exchange extractant.

[Dy"], +2 [(HA),],, [DyA, HA]  +3H" 5)

[DyA3'HA]org [H*]?

Ka=
A [Dy3+ ]aq ([(HA)Z]org )?

(6)

The 5" and 6™ equations present the mechanism of the extraction process between
the aqueous phases of dysprosium and the organic phases - D2EHPA.

Extraction proceeds according to the following degrees: dissolution of organic
reagents in the aqueous phase; formation of the extracted complex and distribution of
the extracted complex in the aqueous and organic phase.

Results and discussian

Extraction of dysprosium by organic substances of various classes

This section presents the results on the effect on the extraction of dysprosium
D2EHPA of the nature of the solvent, the concentration of the metal in the aqueous and
the reagent in the organic phase, the ratio of the organic and aqueous phase.

The effectiveness of extraction reagents depends on the nature of the diluent. In
some cases, the diluents themselves act as an extractant. Therefore, it is necessary to
choose the optimal reagent and diluent for the extraction of dysprosium. Various cation
exchange reagents have been used as diluents, which can themselves be good extractants.
Organic substances of various classes were used as diluents: hexane, kerosene, higher
carboxylic acids (HCA), paraffin.

The results of extraction of dysprosium with different diluents are shown in Figure
1. Extraction can be accompanied by polymerization, solvation, ionization in two
phases. Therefore, it is reasonable to use the distribution coefficient of dysprosium
for the quantitative description of extraction, which is equal to the ratio of the total
concentrations of the substance in two phases, organic and aqueous, and on its basis to
calculate the degree of extraction.
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CDy=l,1'10'4 mol/L, t=20-70 °C; = 3 min;
1 - kerosene; 2 - hexane; 3 - HCA; 4 — paraffin

Fig. 1 - The effect of the acidity of the medium on the extraction of dysprosium with various solvents

Figure 1 shows the extraction of dysprosium with various diluents. Extraction with
hexane and kerosene was carried out at room temperature, and with paraffin and HCA
at 70°C. During the study, an interesting phenomenon of metal distribution between the
aqueous and nonpolar organic phase is observed without the reaction of the formation
of complexes for the solvents paraffin, hexane and kerosene. As a result of the study,
hexane and kerosene extracted dysprosium up to 7 % in the pH range 1-5. And with
high-temperature extraction, the degree of metal extraction with paraffin is 65 %, and
with HCA is 59 %.

In the considered pH range, there is no sharp change in the extraction of dysprosium
for all diluents. But when using kerosene and hexane, the solution is emulsified,
which complicates the separation process. Therefore, for further research, a mixture
of paraffin and HCA can be chosen as a solvent, because one of them is inert, and the
second increases the extraction properties of the extractant. The extracts obtained after
extraction are solid and homogeneous, easily separated from the solution after cooling,
and the solutions are translucent, which makes it possible to determine dysprosium by
photometric method.

3.2 The effect of diluents on the extraction of dysprosium with D2EHPA

It is necessary to identify the effect of cation exchange reagents, in particular higher
carboxylic acids, on the extraction of dysprosium D2EHPA. Therefore, we considered
the extraction of dysprosium with (10%) D2EHPA with diluents such as hexane, higher
carboxylic acids (in HCA), paraffin.

The results of the extraction of dysprosium D2EHPA are shown in Figure 2.

104



Volume 2, Number 455 (2023)

Fa
- ] e 3
m ]
a = " —
— _.-'-'. s TT——
- i [l u
=
am
m
=m
im
L T T T T Ll T
L] - - - = ] il

CDy=1,l 10* mol/L, t=70C; =3 min;
1 - D2EHPA - hexane, 2 - D2EHPA-HCA, 3 - D2EHPA -paraffin

Figure 2 - Extraction of dysprosium D2EHPA in various diluents depending on the acidity of the aqueous
phase

The extraction curve of dysprosium D2EHPA-hexane (1) and HCA (2) increases
slightly with an increase in pH at a medium acidity of 1.2-2.5 to 67 %, with an increase
in acidity, extraction decreases slightly. The degree of dysprosium extraction when
using HCA was Ry, ~70 %. The use of carboxylic acids did not improve the extraction
of dysprosium. Extraction of D2EHPA — paraffin (3) metal proceeds in a wide pH range.
AtapH of 1.1-6, the extraction is R, ~94 %. AtpH 1-5.0, dysprosium is in the aqueous
phase in the form of cationic hydroxo-ion. At low concentrations of hydrogen ions,
D2EHPA is a cation exchange reagent. As a result of the study, the cation-exchange
extractant D2EHPA was proved, since it has high extraction properties, is available and
is widely used in the technology of obtaining dysprosium, and paraffin as a diluent.

3.3 Effect of the extractant concentration on the extraction of dysprosium with the
D2EHPA - paraffin system

The influence of the extractant concentration plays an important role in the study of
the metal extraction process. This section studies the extraction of dysprosium D2EHPA
of different concentrations in paraffin, depending on the acidity of the medium. In
slightly acidic and neutral solutions, D2EHPA exhibits the nature of a cation-exchange
reagent. As a result of dimerization of D2EHPA, the extracted complexes obtained
during extraction may possibly be solvated by acid molecules. Therefore, the study
of the effect of the concentration of D2EHPA on the extraction of dysprosium makes
it possible to determine the metal ratio: the extractant in the complex and the optimal
concentration of the extractant for practical use. Extraction extraction of metal was
carried out by D2EHPA-paraffin melt. The concentration of the reagent varied from 5
to 20 %.

The concentration of dysprosium was 1.1-10* mol/L, the extraction time was 3
minutes, the temperature was 70°C, the volume ratio of water and organic phase was
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1:10. The extraction of dysprosium D2EHPA depending on the acidity of the aqueous
phase is shown in Figure 3.

As can be seen from Figure 3, the degree of extraction of the extraction curve at
5%-D2EHPA-paraffin was 75-85 %, and the extraction curves with melts of 10 %, 15
%, 20 % D2EHPA-paraffin are close to each other, in this regard, a mixture of 10%
D2EHPA-paraffin was selected for further study.
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1-5 % D2EHPA-paraffin, 2-10 % D2EHPA-paraffin, 3—-15 % D2EHPA-paraffin,
4-20 % D2EHPA -paraffin; CDyzl.l 10* mol/L, t=70°C; =3 min

Figure 4 - The effect of medium acidity on the extraction of dysprosium with different concentrations of
D2EHPA

3.4 Effect of dysprosium concentration on extraction efficiency

Extraction was carried out by a D2EHPA melt with a constant concentration in
paraffin and a metal concentration in the range of 1.0-10*—1.0-10~° mol/L in the aqueous
phase. The study was carried out at constant values: the ionic strength of the solution, the
ratio of the aqueous and organic phase, temperature, extraction time. At concentrations
of dysprosium greater than

10-3mol/L, a sharp decrease in metal extraction is observed. At metal concentration
values

1.0-10%-1,0-10° mol/L the degree of extraction of dysprosium does not change.
Thus, the concentration of dysprosium in the aqueous phase of 1.0-10* mol/L was
selected for further study.
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Figure 5 - Effect of dysprosium concentration on extraction efficiency

3.5 Effect of the phase ratio

One of the factors influencing metal extraction is the volume ratio of phases. The
extraction process in most cases is determined by the process of complexation, which
is greatly influenced by the phase ratio. Metal extraction was carried out by D2EHPA-
paraffin melt, the volume ratio of the organic and aqueous phase varied between
1:10—:500. The concentration of the extractant was 0.304 mol/L, the concentration of

dysprosium in the aqueous phase was 1-1
the temperature was 70°C. The pH of the
shows the dependences of the degree of
ratios at constant pH. With a ratio of the o

0 mol/L, the extraction time was 3 minutes,
medium remained constant pH = 2. Table 2
extraction of dysprosium at different phase

rganic phase and the aqueous phase of 1:100,

the degree of extraction is already quite low — 40 %.

Table 2 - Effect of the phase ratio on the extraction of dysprosium by D2EHPA-paraffin melt

Vol Vg |R %

1:5 98
1:10 98
1:20 99
1:50 84
1:100 40
1:200 7
1:500 5

C,.=0.304 mol/L; pH=2; CDy

=110*mol/L; t=70-90C; =3 min

As follows from the table, for the quantitative extraction of dysprosium, a high ratio
of the aqueous phase and the extractant should not be taken. The most optimal volume

phase ratios are 1:5-1:20.

107



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Thus, the obtained optimal conditions for the extraction of dysprosium have found
practical application in extracting it from phosphate waste.

3.6 Results of decomposition of phosphate waste in a closed system

A mixture of concentrated nitric acid and hydrogen peroxide was used to decompose
phosphate waste. The scheme of the decomposition process is given below:

Sample of phosphate waste HNO, coney T H,0, ICP-MS analyses.

According to the scheme of the decomposition process, the sample is cooled to room
temperature, then poured into a 50 mL volumetric flask and brought to the mark with
bidistilled water. The resulting phosphate waste solution was filtered through white
filtered paper, and then a quantitative analysis of the composition of the sample with
ICP-MS was carried out. The results obtained after the decomposition of the sample are
shown in Table 3.

Table 3 - ICP-MS results after decomposition of the waste by microwave autoclave method
EEE ©, %
u

Tb
Dy
Ho
Er
Tm
Yb
Lu
)

According to the results of the decomposition of phosphate waste, it can be
concluded that the content of dysprosium in the sample is quite high, compared with
other REE. The content of REE in the composition of the waste decreases in the series
Dy>Er>Ho>Tm> Eu >Tr >Yb>Lu.

Conclusion

Comparative indicators of diluents with the extractant D2EHPA in an acidic
medium are considered. The effectiveness of diluents decreases in the series paraffin>
HCA > hexane = kerosene. The paraffin - D2EHPA system is the most optimal for the
separation of dysprosium. Optimal conditions of metal extraction and decomposition of
phosphate waste have been investigated. In the phosphate waste, the concentration of
dysprosium is greater than the rest of the REE. Therefore, further work will be devoted
to quantitatively separation of dysprosium from the waste, while taking into account the
optimal parameters with a standard metal solution, which are presented in this work.
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