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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-carth clements, 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-carth elements with
respect to their content in phosphorite was 75%. It is possible to obtain 20-36 kg of rare-carth metal concentrate in
the processing of 1 ton of phosphorite
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Introduction. Rare-carth 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-ecarth metals is a promising arca 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 ecarth 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-carth 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 warchouse. 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 clements 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 i, radiation,
p-filter. Conditions for shooting diffraction patterns: U = 35 kV; I = 20 mA; shooting 6-28; 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 carth 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. I. Satpayev Scientific Research Institute of Geological Sciences
in Almaty.

Results and discussion. The Karatau phosphorite contains up to 5-7% of the rare-earth clements
70% of which are transferred to a precipitate of calcium sulfate during sulfuric acid decomposition. Along
with rare-carth c¢lements, 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(SO,)(H,0), 43.5
Quartz Si0, 33.8
Bassanite CaS0,-0.5H,0 19.8
Mica KAL(AIS1;015)(OH), 2.9
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Figure 1 — Diftractogram 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) 027 0,08 29,76
7n (213,857) 0,15 0,00 1,68
Cd (228,802) 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 2981
2 nHNO, 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) 1773 5 0,05 0,29
Cr (425,433) 027 0,01 247
Al (396,152) 13,70 , Ppm 0,79 5,78
Se (196,026) -0,28u 0,12 43,27
7n (213,857) 0,25 0,00 0,83
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
2 Decomp()siti()n Ni (352,454) 0,23 0,00 0,60
of phosphorites As (193,695) 0,75 0,35 46,98
2 nHC1 Co (340,512) -0,02u 0,00 548
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 HCl). 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, %
g Moist.| 2,05 | o | cun |59 B | sio, | ca0 | M0 | Fes05| ALOs | T | NaNO, | NOS
. Vs piey) 2 g 23 23 nitrogen ] 3
2 1 HINO, - 1.9 | 792 |o0112|2.06 | 077 | 209 |0.145 ]| 0.014 | 003 | %0 423 | 2,07 | 174
(liquid phase) 02
2nHNOs - o991 013 | 2.64 | 0,114 |2.06| 1.52 | 114 {00207 0,014 | 002 | 006 | 120 | 193 | 002
(solid phase)
()S/(‘)‘mmary’ — | 203 [10,52 |0,1252]4,12| 229 | 323 [0,1657| 0,028 | 0,05 | 0,062 | 552 | 400 |17.42
2 1 HNG, ~ | 08 | 61,8 [0,0082]2,06| 0,42 |23.46]0,103 [ 0,028 | 0,03 | 0,003 | 1,53 | 2.06 .
(liquid phase)
2 1 HNO3 828 | 0.5 | 792 | 0,152 |2.26 | 1,615 [ 22,830,014 | 0,014 | 001 | 006 | 223 | 208 -
(solid phase)
;‘:mmary’ - 13 [69.72(0,1602|4,32 | 2,035 | 46,29 | 0,117 | 0,042 | 0,04 | 0,063 | 376 | 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 (cm™), 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-
carth 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%, Y b-(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,Os, 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-carth 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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KAPATAY ®OCO®OPUTTEPAIH KYPAMBIHAH CUPEK-KEP DJIEMEHTTEPJI BOJIII AJTY

Annoramusi. Kaparay (ocopur KOHIEHTpaThl — KEHICHAI KalTa eHAEYTe KAKETTI MEPCIEKTHBAIBIK JKOHC
Giperei mmkizar, 01aH (oc(opIbl TRIHAWTKBIII CHSAKTHI HETI3T OHIMHECH 0aCKa, CTPOHIMHABIH KOCBUIBICTAPHI, CHPEK
JKep JEMEHTTEPIH oHE (ropabl axyra MyMKiHAIKTEpL O0ap. @ocdopurTi KemeH i KaHTa eHACY MIH aWKbIH 3KOJIO-
THAITBIK, HCTI3IEMCCIHE KapaMacTaH, Ka3ipri YaKbITTA CHPCK JKSP AJICMCHTTCPIH, CTPOHIMHIBI JKOHE (PTOpIBI sKOMai
Oein any YIIiH >KaIFbl3 OHIIPICTIK ChI30ACHI 0ap, 01 POC(HOPUTTI A30T KHIMIKBIIBIMEH bIIBIPATYFA HETI3ACITCH.

Bbyn makamama Kaparay (Kewxon, Kekcy keH opberHIapsr) (JOoCOPUTTEPIH TY3 JKOHE 30T KBIIKBLUITAPBIMEH
BUTBIPATYBIH apa-KathiHAckl 1:1, Temmeparypamst 85-90°C meifin orapsimaTkana, 30 MHHYT apajibIFBIHIA Kap-
KbIHIBI TYPZIC APANACTBIPY APKBLIbI 3EPTTEY HOTIDKEICP! KEINTIPUITEH. ANBIHFAH OHIMICPAIH XUMISUIBIK Kypambl
THTPHMETPHSLIBIK, TPABUMETPISUIBIK, (POTOKOTOPUMETPHSIIBIK, IIOTCHIMOMETPHSLIBIK 9ICTEPMEH AHBIKTAJIIBI.

ATTBTHFAH HBICAHJAPIBIH TAJIIAY 6l OOHBIHINA KOHIICHTPATTAFEI CHPEK KEP 3JCMCHTTCPIHIH MACcCAITBIK YIICC] a30T
KBIIKBLTBIMCH Oomin amFanga 27%, an Ty3 KeIIKBLIIBIMCH 36% Kypaabl, CHPEK KEp 3MCMCHTTCPIH KOHICHTPATTAH
6exin any ~ 75% (ochopuTTiH KypaMbIHIAFbl KaThIHACKIHA Kapai | ToHHA (hocopurri Kalita eHACy OapbICHIHIA
20-36 Kr CHPEK e MEMCHTTEPIHIH KOHIIEHTPAT COMACHIH alTyFa MYMKIHAIr 0ap.

Tyiiin ce3aep: CHPSK Kep CMCHTTEP1, 061 ajy, BIABIPATy, KOHICHTPAT.
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HU3BJIEYEHUE PEAKO3EMEJIbHBIX 2JIEMEHTOB
N3 COCTABA ®OCP®OPUTOB KAPATAY

Annortamusi. Kaparaycku#i (pocopuTOBBIH KOHIEHTPAT — MEPCIECKTHBHOEC M YHHUKAIBHOC CBHIPHE I KOMII-
JEKCHOH TepepabOTKH, MO3BOJLIFONICE IOy YHTh, IOMHMO OCHOBHOTO MPoaykra — ocdopHbIXx ya0OpeHuii, coeau-
HEHMSI CTPOHIIMS, PEIKO3EMENBHBIX IEMEHTOB M (propa. HecMOTps Ha SBHYIO 3KOJOTHYECKYIO LENECO00OpPA3HOCTH
KOMILJICKCHOH TiepepaboTku (ocdopura, B HACTOSIIEE BPEMs CYHIECTBYET SIMHCTBCHHAS HMPOMBINIICHHAS CXEMA,
MPETyCMATPUBAIOMIAS MOMYTHOE M3BJICUCHAUC PEAKO3ECMEIBHBIX 3JCMEHTOB, CTPOHIMA M yTHim3aumio (ropa,
OCHOBAHHAA HA pa3nokeHIH HocPopuTa a30THOH KHUCIOTOH.

B nmanHOM craThe IpeaCTABICHBI PE3yJIbTATHl MCCICA0BAHHUA pasioskeHus (ochopuros Kaparay (Mecropox-
nenust KoxokoH 1 Kokcy) Co/siHON M Q30THOM KHMCIOTAMHU B COOTHOIIEHUH 1:1, IpH MOBBILEHUN TEMIIEPATYPHI IO
85-90 °C, B TeucHme 30 MHHYT ¢ HHTCHCHBHBIM MCPCMCIMHBAHHCM. XHMHYCCKHH COCTAB TMOJyYCHHBIX MPOIYKTOB
OTIPEACISUIN TUTPHMETPUUCCKUM, TPABUMETPHUYCCKUM, (POTOKOJOPHMETPHICCKHM, HMOTCHIMOMETPHUHUCCKHM METO-
JIAMH.

AHanw3 monydeHHBIX 00Pa3oB MOKA3aJ], YTO MAaccoBasd A0J PEIKO3EMEIbHBIX JJIEMCHTOB B KOHICHTPATE MPH
H3BIICUCHHH A30THOH KHCIOTOM coctaBmiaa 27%, COnmsHON KHCTOTOH — 36%, M3BICUCHHC PCAKO3CMCIBHBIX 3JIC-
MEHTOB B KOHIICHTPAT ~ 75 % 10 OTHOIIEHMIO K coaepkaHmto B (hocopure. CymecTByEeT BO3MOKHOCTD IOy YCHHS
20-36 KT CyMMBI KOHIICHTPATA PSAKO3CMEITBHBIX JICMCHTOB IpH mepepadoTtke 1 T Gochopura.

KimioueBnbie ¢/10BA: peIKO3CMENBHBIC IIEMCHTBI, H3BICUCHHUE, (POCPOPHUTHI, PA3I0KECHHE, KOHIICHTPAT.
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