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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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EXTRACTION OF RARE-EARTH ELEMENTS
FROM THE COMPOSITION
OF KARATAU PHOSPHORITES

Abstract. Karatau phosphorite concentrate is a perspective and unique raw material for complex processing,
which allows to obtain strontium, rare earth metal and fluorine compounds along with the main product - phosphorus
fertilizers. In spite of the obvious ecological expediency of complex processing of phosphorite, actually, there is the
only industrial scheme involving associated extraction of rare-earth elements, strontium and the utilization of
fluorine, based on the decomposition of phosphorite with nitric acid.

This article presents the results of a study of the decomposition of the Karatau phosphorites (Kokzhon and
Koksu deposits) with hydrochloric and nitric acids in a ratio of 1: 1, with an increase in temperature to 85-90 °C, for
30 minutes with vigorous stirring. The chemical composition of the products obtained was determined by titrimetric,
gravimetric, photocolorimetric, potentiometric methods.

Analysis of the samples showed that the mass fraction of rare-earth elements in the concentrate obtained by
extraction with nitric acid was 27%, hydrochloric acid - 36% and the extraction rate of rare-earth elements with
respect to their content in phosphorite was 75%. It is possible to obtain 20-36 kg of rare-earth metal concentrate in
the processing of 1 ton of phosphorite

Key words: rare earth elements, extraction, phosphorites, decomposition, concentrate.

Introduction. Rare-earth metals are one of the most scarce and demanded types of mineral raw
materials, since they are used in various areas, including radio electronics, engineering, nuclear industry,
chemical sector, defense industry, etc., and the global demand for them multiple exceeds the market offer
[1-4, 13]. The production of rare and rare-earth metals is a promising area of industrial-innovative
development of Kazakhstan aimed at creating high-tech industries.

Karatau phosphorite concentrate is a promising and unique raw material for complex processing,
which allows to obtain compounds of strontium, rare earth elements and fluorine along with the main
product - phosphorus fertilizers [5, 6]. In spite of the obvious ecological expediency of complex
processing of phosphorite, actually, there is the only industrial scheme involving the associated extraction
of rare-earth elements, strontium and utilization of fluorine, based on the decomposition of phosphorite
with nitric acid [7].

The aim of this work is to develop an efficient method for extracting rare-earth elements from the
Karatau phosphorites.

Methods. According to the physicochemical properties of Kokzhon, Koksu phosphorite flour
(standard grinding, moisture content 0.1-0.3%) has a bulk density (t/per m®): 1.10-1.20 on the conveyor,
1.45-1.50 when freshly poured in railway carriage, up to 1.6 after transportation by railway and 1.8-2.0
after a long-term storage in the warehouse. Dry Kokzhon, Koksu phosphorite flour is very fluid, flows like
a liquid at an angle of 15-20°. Being humidified to 0.75-1.5% flour loses fluidity and is capable of caking.
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The isolation of rare-earth elements from phosphate concentrate obtained by processing of
phosphorites from Kokzhon and Koksu deposits has been investigated.

Prior to the beginning of the main studies, X-ray diffractometric analysis of chemical composition of
the initial phosphorite has been carried out on the automatic diffractometer DRON-3 with Cu g, radiation,
B-filter. Conditions for shooting diffraction patterns: U = 35 kV; I = 20 mA; shooting 6-20; detector
2 gr/min. X-ray phase analysis on a semi-quantitative basis was performed on the diffraction patterns of
powder samples using the method of equal weights and artificial mixtures. Quantitative ratios of
crystalline phases were determined. Interpretation of the diffractograms was carried out using the ICDD
file data: powder diffractometry database PDF2 (Powder Diffraction File) and diffractograms of pure
minerals.

The essence of the method lies in the fact that the residual solid phase is subjected to secondary
decomposition. 1 kg of the phosphate rare earth concentrates and 200 g of finely ground secondary pulp
were fed to the reactor. 3.0 liters of 2N nitric acid were added to this mass. The isolation was carried out
by heating in 2 N nitric acid (sample Nel), in 2 N hydrochloric acid (sample Ne2) at solid-liquid ratio of
1: 2.5-3.5 in the presence of oxalic acid (50 wt. % excess above stoichiometry when converted to oxides
of rare earth elements). The precipitate of oxalates was separated by filtration, washed with water and
calcined [8-12].

1.0 ml of the liquid phase was diluted with distilled water in a volumetric flask of 100 ml. 5-10 ml
aliquots were taken for chemical and physico-chemical composition analysis: for determination of total
nitrogen, sodium nitrite and P,0s, calcium and magnesium oxide, iron, aluminum, chlorine and etc. The
solid phase had been first dried at room temperature, then in an oven at a temperature of 80-850 °C and
the mass fraction of moisture was determined.

Two different samples were tested (decomposition of phosphorites with 2 N nitric acid and decom-
position of phosphorites with 2N hydrochloric acid). 10 ml of concentrate were poured into a 100 ml flask,
then diluted with distilled water and mixed thoroughly. An aliquot of the solution obtained was analyzed
by atomic emission spectroscopy on Agilent 4200 MP-AES [8].

Then it was reanalyzed by atomic-emission spectroscopy on a DFS-13 diffraction spectrograph with a
grating of 500 strokes per mm and a linear dispersion of 0.4 nm/mm, manufactured in Russia. Excitation
of the spectra was carried out in an electric arc at current strength 14 A, detection of spectra in the
ultraviolet region 230-345 nm was carried out on PFS-03 photographic plates which are sensitive in this
wavelength interval. GSO 8670-2005 (SGD-2A), GSO 3484-86 (SGXM-2) were used as reference samp-
les. The research was carried out in the K. 1. Satpayev Scientific Research Institute of Geological Sciences
in Almaty.

Results and discussion. The Karatau phosphorite contains up to 5-7% of the rare-earth elements
70% of which are transferred to a precipitate of calcium sulfate during sulfuric acid decomposition. Along
with rare-earth elements, the precipitate contains small amounts of fluoride and phosphate ions. The
resulting sediment is a waste of the of mineral fertilizer production [14-20], called "phosphogypsum", and
forms gigantic mountains around the plants for processing of Karatau phosphorites (Taraz city).

Table 1 — Results of semi-quantitative X-ray phase analysis of crystalline phases of the original phosphorite.

Mineral Formula Concentration, %
Gypsum Ca(S04)(H,0), 43.5
Quartz Si0, 33.8
Bassanite CaS0,4°0.5H,0 19.8
Mica KAL(AISi;04)(OH), 2.9
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Figure 1 — Diffractogram of a sample of initial phosphorite (Ca-P-clay)
Table 2 — Determination of rare-earth element content in the Karatau phosphorite
by atomic emission spectroscopy (Agilent 4200 MP-AES)
# Sample Label element, nm Concentration Unit SD %, RSD
Se (196,026) 0,27 0,08 29,76
Zn (213,857) 0,15 0,00 1,68
Cd (228,302) 0,00 0,00 >100
Sr (407,771) 8,19 0,03 0,42
Ba (455,403) 1,48 0,00 0,20
SampleNel. Cu (324,754) 0,06 0,00 0,48
1 Decomposition Ni (352,454) 0,31 0,00 0,61
of phosphorites As (193,695) 0,73 0,22 29,81
2 nHNO3 Co (340,512) 0,53 0,01 1,06
Pb (405,781) -0,12 mu 0,00 1,75
Mo(379,825) 0,08 0,00 1,05
Mn(403,076) 17,73 , 0,05 0,29
Cr (425,433) 0,27 0,01 2,47
Al (396,152) 13,70, > 0,79 5,78
Se (196,026) 20280 pm 0,12 4327
Zn (213,857) 0,25 0,00 0,33
Cd (228,802) 0,00 0,00 >100,00
Sr (407,771) 10,28 0,05 0,49
Ba (455,403) 0,36 0,00 0,19
SampleNe2. Cu (324,754) 0,12 0,00 0,23
5 Decomposition Ni (352,454) 0,23 0,00 0,60
of phosphorites As (193,695) 0,75 0,35 46,98
2nHCI Co (340,512) -0,02u 0,00 5,48
Pb (405,781) -0,27 mv 0,01 2,24
Mo(379,825) 0,05 0,00 4,17
Mn(403,076) 20,44 0,03 0,14
Cr (425,433) 0,43 0,04 9,69
Al (396,152) 73,34, 5,64 7,69
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The data presented in the table prove that the highest efficiency in the decomposition of phosphorites
with mineral acids is achieved when hydrochloric acid is used (2N HCI). For example Se - 43.27 against
29.76 with nitric acid; As -46.98 vs. 29.81; Cr - 9.69 vs. 2.47, etc.

Table 3 — Summary data on the chemical analysis of secondary concentrates of Karatau phosphorites,
decomposed in nitric and hydrochloric acid

Content of mass fraction, %
" Moist.| P05 | ¢ | o, 5% F | sio, | cao | Mgo | Fe,05| ALO, | T | NaNo, | NO;
O1st. 2Us 2 2 al g €03 2U3 nitrogen alNU, 3
2 n HNO; ~ | 19 | 792 |00112]2.06| 077 | 209 | 0,145 | 0.014 | 003 | 0 423 | 2,07 | 174
(liquid phase) 02
2 n HNO; 9,17 | 0,13 | 2,64 | 0,114 |2,06| 1,52 | 11,4 [0,0207| 0,014 | 0,02 | 006 | 129 | 1,93 | 0,02
(solid phase)
Os/:‘mmary’ — 12,03 10,52 |0,1252[4,12| 2,29 | 32,3 [0,1657| 0,028 | 0,05 | 0,062 | 552 | 4,00 |17.42
2 n HNO; — | 08 | 61,8 [0,0082]2,06| 0,42 | 23,460,103 [ 0,028 | 0,03 | 0,003 | 1,53 | 2,06 -
(liquid phase)
2 n HNO; 828 | 0,5 | 7,92 | 0,152 | 2,261,615 |22,83 | 0,014 0,014 | 0,01 | 006 | 223 | 2,08 -
(solid phase)
Os/:‘mmary’ - 1,3 169,72 10,1602 4,32 | 2,035 | 46,29 | 0,117 | 0,042 | 0,04 | 0,063 | 3,76 | 4,14 -

It can be seen (table 3) that after secondary decomposition of pulp, it still contains valuable elements,
which can be used as fertilizers.

Samples of secondary concentrates of Karatau phosphorites, decomposed in nitric and hydrochloric
acids, were studied by IR spectroscopic method. In figure 2, weakly pronounced bands characteristic of
phosphoric acid with frequencies of 2319 cm™ and medium pronounced bands characteristic of nitrate ions
with frequencies of 694 cm™, 729 cm™, 879 cm™ are observed.
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Figure 2 — IR spectra of solutions obtained by decomposition of Karatau phosphorites with nitric acid.
The abscissa axis is the oscillation frequency (em™), the ordinate — transmission (%)
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The IR spectra of solutions obtained by decomposition of Karatau phosphorites with hydrochloric
acid (figure 3) show medium-pronounced bands characteristic of phosphoric acid with frequencies of
2144 cm™, 2403 cm™, as well as weakly pronounced bands of 2673 cm™, corresponding to phosphoric
acid.

Figure 3 — IR spectra of solutions obtained by decomposition of Karatau phosphorites with hydrochloric acid.
The abscissa axis is the oscillation frequency (cm™), the ordinate axis is the transmission (%)

The results of chemical and physicochemical analysis of the liquid and solid phases of products,
obtained by decomposition of Karatau phosphorites with nitric and hydrochloric acids, confirm and
supplement each other and show that the main products are phosphates, nitrates and calcium chlorides.
The product also contains rare-earth elements with a mass fraction of 23-36% with respect to the initial
content in phosphorite.

Conclusions. The results of chemical composition study of Karatauphosphorite include rare-
earth elements within Se - 23,0-29,76%, Zn - 0,5-1,68%, Sr - 0,42-2,0%, Ba - 0.20-2.8%, Cu - 0.48-3.6%,
Ni - 0.61-0.75%, As - 29.81-32.0%, Co - 1.06-2,10%, Pb - 1.75-2.0%, Mo - 0.8-1.05%, Mn - 0.29-0.35%,
Cr - 2.47-3.8%, Al - 5.78-7.9% Y-(yttrium) - 0.007-0.15%, Yb-(ytterbium) - 0.005-0.7%, La-(lanthanum)
- 0.025-0.15%, Ce-(cerium) - 0.05-0.30%, Gd- (gadolinium) - 0.002%, Nd-(neodymium) - 0.04-0.05%,
Sm-(samarium) - 0.01%, Eu-(europium) - 0.001%, Tb-(terbium) - 0.005%, Dy-(dysprosium) - 0.01%,
No- (golya) - 0.001%, Er-(erbium) - 0.01%, Lu-(Lutetium) - 0.001%, Tm-(thulium) -0.0001-0.10%,
Pr-(praseodymium) - 0.02%, etc.

The initial Karatauphosphorites contain 23.23% of the sum of rare-earth elements (in terms of
oxides), the content of the mass fraction of% CaO, P,0s, and also the compounds of iron and aluminum.
When processing 1 ton of phosphorite obtaining of about 20-36 kg of the sum of rare-earth element
concentrate is possible. The mass fraction of rare-earth elements for decomposition with hydrochloric acid
is 36%, and with nitric acid is 27%. The recovery of REE in the concentrate is ~ 75% with respect to the
initial content in phosphorite.

Source of funding for the study. Initiative project of the "Chemistry and Chemical Technology"
department "Research and development of technology for ammonia capture and processing of
phosphogypsum in the production of ammophos with obtaining of rare earth element concentrate".
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B. K. Macaaumosa', X. P. Cagunera’, I'. K. Matuusizosa',
M. T. Loii', 1. A. Kyan6aeBa', A. B. CatkbiM6aeBa’, A. A. baku6aes’

'M. X. Jlynaru areinnars Tapas MeminekeTTik yrusepcuteti, Tapas, Kasakcran,
*ToMck MeMIteKeTTiK yauBepeuteri, Tomck, Pecei

KAPATAY ®OCPOPUTTEPAIH K¥YPAMBIHAH CUPEK-)KEP DQJIEMEHTTEP/I BOJIIII AJTY

Annoranusi. Kaparay ¢ochoput KoHIEHTpaThl — KeUIeH/i KaiiTa eHjeyre KaXeTTi MepCIeKTHBAIBIK JKOHE
Oipereii mmKizar, ogaH GochOopIIbl THIHAUTKBIII CHSIKTHI HET13I1 OHIMHEH 0acKa, CTPOHIIUHAIBIH KOCBUIBICTAPHI, CHPEK
JKEep IJIEMEHTTEpIH koHe (PTopisl anyra MyMKiHaikTepi O6ap. ®ochopurTi KemeHal KaidTa eHAeyIiH allKbIH 3KOJIO-
THSUTBIK HET13IEMECiHe KapaMacTaH, Ka3ipri YaKbITTa CHPEK JKep JJIEMEHTTEPiH, CTPOHIHIA/IBI )KOHE (PTOP/IBI JKOJIaH
Oeutin ajy YILIH XaJFbI3 OHAIPICTIK ChI30achl 0ap, 0J1 GOCHOPUTTI a30T KBIIIKBLIBIMEH bIIBIPATYFa HET13/1eNITeH.

By makanana Kaparay (Kexkon, Kexcy keH opbiHIapsl) GOCQOpPUTTEPIiH TY3 JKOHE a30T KBIIIKbLIIApbIMEH
BUIBIPATYBIH apa-KaThiHackl 1:1, Temmeparypanst 85-90°C neifin sorapbimatkanga, 30 MHHYT apajibFbIHIA Kap-
KBIHIIBI TYp/€ apajacThIpy apKbUIbI 3€pPTTeYy HOTHDKENepl KeNTipiIreH. AJBIHFaH OHIMICPAIH XUMHSUIIBIK KYpPaMmbl
TUTPUMETPHUSIIBIK, TPABUMETPHSIIBIK, (POTOKOJIOPHUMETPUSIIBIK, IIOTCHIIMOMETPHSUIIBIK 9/IICTEPMEH aHBIKTAIIHI.

AJBIHFaH HBICAHIAPIBIH TalIaybl OOWBIHIIIA KOHIICHTPATTAFEl CHPEK Kep dJEMEHTTEePiHIH MacCalbIK yJieci a30T
KBIIIKBUIBIMEH Oeuin amFaHna 27%, al Ty3 KbIIIKbUIBIMEH 36% Kypazpl, CHPEK JKep 3JIEMEHTTepiH KOHIEHTPATTaH
Geunin any ~ 75% ¢ochopuTTiH KYpaMbIHAaFbl KaThiHAChIHA Kapail 1 ToHHA (ochopHTTI KailTa eHIey OapbIChIHIA
20-36 Kr cHpeK Kep IEMEHTTEPiHIH KOHLIEHTPAT COMAChIH alyFa MYMKIH/Ir1 06ap.

Tyilin ce3aep: cupek xep dJIeMeHTTepi, 06N aiy, bIABIPaTy, KOHIIEHTPAT.
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b. K. Maca.m/IMOBal, X. P CaJmeBal, I. K. MaTHHSBOBal,
W.T. Ioii', JI. A. Kya6aesa', A. b. Carkpim6aeBa’, A. A. Bakn6aes’

'"Tapascknit rocynapctBeHHbIH yHuBepcuTeT nM. M. X.[lynaru, Tapas, Kazaxcran,
Tomckuii rocyiapcTBeHHbIN yHUBepcUTeT, Tomck, Poccus

MU3BJEYEHUE PEJKO3EMEJIBHBIX JIEMEHTOB
N3 COCTABA ®OCP®OPUTOB KAPATAY

Annoranus. Kaparayckuit GpochopHTOBBIN KOHIICHTPAT — MEPCICKTUBHOEC U YHHUKAIBHOE CHIPHE IS KOMII-
JICKCHOH mepepaboTKH, TO3BOJISOIICE MOMYYUTh, IOMHMO OCHOBHOTO MPOAYKTa — (POCHOPHBIX YIOOpEHUH, Coeau-
HEHHS CTPOHIIHS, PEIKO3EMENBHBIX 3JeMeHTOB U (hropa. HecMoTpst Ha SIBHYIO 3KOJOTHYECKYIO LIEIeco00pa3HOCTh
KOMILTEKCHOU TepepaboTku (ocdopura, B HacTOsImee BpeMs CYIIECTBYET €AMHCTBEHHAs IPOMBINUICHHAS CXEMa,
MpeaycMaTpUBAIOIIasl IOMYTHOE W3BJICUCHHE PEAKO3EMENBHBIX JIIEMEHTOB, CTPOHILHUS W YTHIH3AUUI0 (TOpa,
OCHOBaHHas Ha pa3yiokeHnn (hochopuTa a30THON KHUCIOTOM.

B nmaHHO# craThe NpenCTaBICHbI PE3YJIbTAaThl UCCIENOBaHus pa3noxkenus ¢pochoputoB Kaparay (MecTopoxk-
neans Koxxon m Kokcy) conmsHON M a30THON KHCIOTaMU B COOTHOWICHHWH |:1, TP MOBBIIIEHUH TEMIEPATypHI 0
85-90 °C, B teuenne 30 MHHYT ¢ MHTEHCHBHBIM I€PEMENINBAHNEM. XUMHUYECKUH COCTAaB IOIYYEHHBIX MPOILYKTOB
onpeaAc/IM TUTPUMETPUUICCKUM, T'PABUMCETPUYCCKHUM, (l)OTOKO.]'lOpI/lMeTpI/I‘ieCKI/IM, MOTCHIUOMETPUICCKUM METO-
JTAMH.

AHau3 Moy4YeHHBIX 00pa3IOB MOKa3al, YTO MACCOBas J0JIS PEAKO3EMENbHBIX JIEMEHTOB B KOHIICHTPATE MPH
M3BJIEYEHUHN a30THOM KHUCIOTOM coctaBuia 27%, COJNHON KUCIOTON — 36%, U3BIEUEHUE PEAKO3EMENbHBIX 3Jie-
MEHTOB B KOHIICHTPAT ~ 75 % II0 OTHOIIEHHIO K cojiepkaHuio B pocopure. CymiecTByeT BOZMOKHOCTh TTOJTYICHUS
20-36 Kr cyMMBI KOHIIEHTpAaTa PEIKO3EMEIBHBIX JIEMEHTOB MpH miepepabotke 1 T pocdopura.

KuroueBble cjIoBa: peIKO3eMeNbHBIC JIEMEHTHI, H3BJIeUeHNE, POCHOPHUTHI, pa3IoKEeHHE, KOHIICHTPAT.
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