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2 Clarivate

Analytics

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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B. K. Massalimova', Kh. R. Sadieva', G. K. Matniyazoval,
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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.

YK 546.65:631.851

b. K. MacaJmMOBal, X. P. Cagnesa', I. K. MaTHI/ISISOBal,
H. I Ioii', /1. A. Kyab6aeBa', A. . Carkbim6aeBa’, A. A. baku6aes’

'Tapasckuii rocynapcTsennslii yunsepeuter um. M. X, Jlynaru, Tapas, Kasaxcran,
Tomckuil rocynapcTBeHHbIN yHuBepcuret, Tomck, Poccust

MN3BJIEYEHUE PEAKO3EMEJIBHBIX 2JIEMEHTOB
N3 COCTABA ®OCPOPUTOB KAPATAY

Annortanus. Kaparayckuii ¢ocopHTOBEI KOHIEHTPAT — MEPCIEKTHBHOE M YHHKAIBHOE CHIPbe AJIS KOMII-
JIEKCHOH TepepabOoTKH, MO3BOJISIONIEEe HOIYYHUTh, IOMHUMO OCHOBHOTO NPOAYKTa — (OCOPHBIX yOoOpeHHH, coenu-
HEHUs CTPOHLMSA, PEIKO3EeMENbHBIX 3JIeMEHTOB U (ropa. HecMOTps Ha SABHYIO 3KOJIOTMYECKYIO LIeecO00pa3HOCTh
KOMIUIEKCHOHM mepepabotku Qocdopura, B HacTOsIIee BpeMs CYLIECTBYET €IMHCTBEHHAsi NPOMBILIICHHAs CXeMa,
NpeaycMaTpUBAIOIIasl MOMYTHOE H3BICUCHUE DPEAKO3eMEIbHBIX 3JIEMEHTOB, CTPOHIMA M yTwin3anuioo ¢ropa,
OCHOBaHHasl Ha pa3jiokeHnu pocdopura a30THOM KUCIOTOH.

B nanHO# craThe mpencTaBIeHBl PE3YJIBTAaThl HCCIelOBaHUs pas3iioxkeHus ¢ocpoputoB Kaparay (MecTopox-
nennst Koxxon n Kokey) consiHOH ¥ a30THOHM KHCIOTaMH B COOTHOIIEHHH 1:1, MpW MOBBILICHUH TEMIIEPATYpPhI 10
85-90 °C, B Teuenue 30 MMHYT C UHTEHCUBHBIM IE€pEMELINBaHUEM. XUMUYECKUN COCTAB MOJIyYE€HHBIX MPOAYKTOB
OIIPENISIISUTH  TUTPUMETPHYCCKHM, I'PaBUMETPHUYCCKUM, (OTOKOJOPUMETPHYECKHM, MOTEHIMOMETPHYECKUM METO-
JaMH.
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Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

AHanu3 moyy4eHHbIX 00pa3IoB MMOKA3aJ, YTO MACCOBAsl IOJISI PEIKO3EMENbHBIX AIIEMEHTOB B KOHIIEHTPATE MPH
W3BIICUCHUH a30THON KUCIOTON cocTtaBmia 27%, CONSHON KUCIOTOH — 36%, M3BIEUCHHE PEOKO3eMENbHBIX dJIe-
MEHTOB B KOHIIEHTPAT ~ 75 % IO OTHOIIEHHIO K coaepkaHnio B (hocopure. CymecTByeT BOSMOXKHOCTD TTOJTyYEHHUS
20-36 Kr CyMMBbI KOHLIEHTPATa PEKO3EMEIIbHBIX JIEMEHTOB TIpH Iiepepaborke 1 T pocdopura.

KaioueBble ci10Ba: peiko3eMelbHbIC DJIEMEHTHI, U3BIeueHHne, PocopHThI, pa3ioKeHne, KOHLIEHTPAT.

BBenenue. PenkoseMenpHble METAIBl SBIAIOTCS OJHUM W3 Hanbolee NEQHUIMTHBIX W BOCTPEOO-
BaHHBIX BHJIOB MHHEPAJIBHOTO CHIPbsI, TOCKOJIBKY UCIIONB3YIOTCS B Pa3IMUHBIX 00JacTsIX, B TOM YUCIIE B
pasrodIEKTPOHNKE, MAIIMHOCTPOCHWH, aTOMHOM OTpaciii, XHMHYECKOM CeKTope, OOOpOHHOH mpo-
MBIIJIEHHOCTH U T.J., ¥ TJIOOATBHBIN CIIPOC HA HUX MHOTOKPATHO TPEBBIMIAECT mpemnoxkenue [1-4, 13].
Hns KazaxcraHa NpOM3BOACTBO PEOKUX W PEAKO3EMENBHBIX METaIOB SIBISIETCS IMEPCIEKTHBHBIM
HamnpaBlIeHHEM HWHIYCTPHaIbHO-UHHOBAIIMOHHOTO Pa3BUTHSA, HANPABICHHOTO Ha CO3JaHHE B CTpaHe
BBICOKOTEXHOJIOTHYHBIX TTPOU3BOJICTB BEICOKOTO Tepeiena.

Kaparayckuii pochopHuTOBBIl KOHIIEHTPAT — MEPCIIEKTUBHOE U YHUKAIBHOE CHIPhE AJISI KOMIUIEKCHON
nepepaboTKH, TO3BOJSIONIEE IONYYHTh, ITOMHMO OCHOBHOTO MpPOAyKTa — (OCPOpHBIX yI00peHuH,
COCTMHCHUS CTPOHIINSA, PEIKO3EMENBHBIX JJIEMEHTOB W (Topa [5, 6]. HecMoTps Ha SBHYIO 3KOJIO-
THYECKYIO 1eJIECO00pa3HOCTh KOMIUIEKCHON mepepaboTku (ochopuTa, B HACTOSIIEE BPEMs CYIIECTBYET
€IMHCTBEHHAs] MPOMBIIUICHHAsT CXeMa, MpeAyCMaTpUBAIOIIas MOIMYTHOE H3BJICUCHHE PEAKO3EMENbHBIX
AJIEMEHTOB, CTPOHITUSA M YTHIN3ANMIO (TOpa, OCHOBaHHAS Ha pa3zyiokeHUH (pochopuTa a30THOW KHCIIO-
TOM [7].

Hens nanHo#t paboTsl — pa3paboTka 3¢ddekTUBHOrO crnocoba M3BJICUCHUS PENKO3EMENbHBIX dJIe-
MEHTOB U3 coctaBa dochopuron Kaparay.

MeTtoauka mpoBeaeHns KkcnepuMenta. [lo bm3uko-XxuMHIecKuM cBolicTBaM (GoCchOpHUTHAS MyKa
Mectopoxknenuit Koxxon, Kokey cranmapraoro nomoina npu Bnaxkaoctu 0,1-0,3% umeer oO0beMHBIH Bec
(8 T/M’): Ha nmenTe TpamcmopTepa 1,1-1,2, cBexkeHachlmaHHas B BaroHsl 1,45-1,5 mocie TpaHcmop-
THPOBAHUS IO JKeNe3HOW popore ao 1,6 mocie anuTensHOro xpaHeHus Ha ckmage 1,8-2,0%. Cyxas
¢docdoputHas myka Koxxon, Kokcy o4eHb MOJBMIKHA, pacTeKaeTcsi MOAOOHO JKUAKOCTH, CCHINAsCh TOJ
yrimom 15-20°. YenaxusenHas 10 0,75-1,5% Myka TepseT TeKy4ecTh U CIIOCOOHA CIIEKHBAThCA.

Bruto wmccnemoBaHo BBIAENEHHE PEIKO3EMENBHBIX AJIEMEHTOB M3 (OCPOPUTHOTO KOHIIEHTpaTa,
MOJIy4YeHHOTro Mpu nepepadbotke pochopuros Kaparay, mecropoxnennii Koxxon u Koxkcey.

Jo Havaza OCHOBHBIX HCCIECJOBAaHMH OBUI TPOBEACH PEHTTCHOAU(PPAKTOMETPUUYCCKHUN aHaN3
XUMHYECKOTO COCTaBa HCXOMHOTo (ochoputa Ha aBrOoMaTuzupoBaHHOM mudpakTomerpe JPOH-3 ¢
Cuyx, — m3nnyueHueM, [-punsTp. YcnoBus cbeMkH audpakxrtorpamm: U=35 kB; =20 MA; chemka 0-20;
JIEeTeKTop 2 Tpaa/mMuH. PeHTreHoda3oBblii aHaIW3 Ha TONYKOJIMYECTBEHHONW OCHOBE BHITIONHEH I10
JuQpaKTorpaMMaM IOPOIIKOBBIX TPOO C TNPUMEHEHHEM METOJa PaBHBIX HABECOK M HCKYCCTBEHHBIX
cMmeceil. Ompenensuiuch KOJMYECTBEHHBIE COOTHOIICHHMS KpHCTaUIMYecKHX ¢a3. HMHTtepmnperanus
I paKTorpaMM MPOBOAMIIACH C UCTIOIB30BaHNEM MaHHBIX KapToTekn ICDD: 6aza mopomkoBsx Audpak-
tomeTpuuecknx maHHBIX PDF2 (PowderDiffractionFile2) m mudpakrorpamMm YHCTBIX OT TNpUMECEH
MUHEPAJIOB.

CymHOCTh croco0a 3aKIoYaeTcs B TOM, YTO OCTaTOYHYIO TBEPIYIO (a3y IMOIBEPTaroT BTOPUIHOMY
pasnoxkenuto. Bi3BemmBatoTdochaTHBI penKo3eMeNbHBIM KoHIeHTparMaccoil kr, 200 r Menko wu3-
METFICHHOMBTOPUYHOM IyJBITBI, 3aTeM IONal0T B peakTop. B »Ty maccy mobamstor 3,0 nutpa 2 H
A30THOU KUCIIOTHL. Brigenenne BeayT Npu HarpeBaHuu Ui mpoObl Nel B 2 H a30THOM KHCIOTE, UTS TPOOEI
Ne 2 B 2 H consHo#l kucnote npu cooTHomeHun T:2K - 1: 2,5-3,5 B mpuUCyTCTBUU LIABEIEBON KUCIOTHI,
KoTopasi HeoOxonnMa B konmudectBe 50 mac. % cBepX CTEXMOMETPHUH MU IMepecyeTe Ha OKCHABI PEIKO-
3eMENIbHBIX AJIEMEHTOB, OCAJ0K OKCANaTOB OTHENSIOT (PUIBTPOBaHMEM, HMPOMBIBAIOT BONOW M MPOKAJIHU-
BaroT [8-12].

Hanee Oepyt MepHyro koia0y oobemoMm 100 mu, mpuimBaroT 1,0 M sKMIKOW ¢a3bl M pa3daBISIOT
JTUCTHJUTMPOBAaHHOM Boje. M3 3Toro pactBopa OepyT 5-10 M1 alMKBOTBI JJII XMMHYECKOTO U (DU3UKO-
XMMHYECKOTO aHalli3a CoCcTaBa, OnpeaeseHne odmero a3ora, HUTpuTa Hatpus U P,Os, okcuaa KanbIus U
MarHus, jkejes3a, allfOMUHUS, XJIopa U T.A. TBepayro ¢a3y cymar cHadana Mpu KOMHATHOW TeMIieparype,
3aTeM B CyITHIbHOM 1kade mpu Temmeparype 80-85°C 1 OnpesesioT MaCCOBYIO OO BIIATH.

Beutn ucnpitansl 2 pasHeie IpoOb! (pasnokenne GochopUToB 2H a30THOM KUCIOTOH U pa3loKeHHE
¢dochoputoB 2H consHON KucioToi). B konby oosemom 100 M mpunmBaror 10 M KOHIIEHTpara, pas-
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0aBJISIOT IUCTUTMPOBAHHON BOJOH, XOPOLIO MepeMemnBatoT. M3 3Toro pacTBopa HaOMParOT aJuKBOTY H
HCCIIEMyEeT aTOMHO-3MICCHOHHBIM CIIEKTPOCKOITUMIECKAM MeToIoM Ha mpubdope Agilent 4200 MP-AES [8].

[ToBTOpHO aHATU3UPYIOT aTOMHO-3MHCCHOHHBIM CIIEKTPOCKOITUYECKUM METOJOM Ha AH(PaKINOH-
HoM cnekrporpade JDPC-13 ¢ qudpakumonHoit pemerkoit 500 MTPUXOB HA MM U JIMHEHHOH TUcTIepcueit
0,4 aM/MM, ipon3BoacTBO — Poccus. Bo3OyskaeHue cieKTpoB MPOBOAUIIOCH B AYTe JIEKTPUUIECKOTO TOKA
cuioi 14, peructpanmsi CIIeKTpoB B yibTpaduoneToBoi odmactu ot 230 HM 10 345 HM OCYIIECTBIISLIACH
Ha ¢oromtactuHku [1PC-03, yyBcTBUTENbHBIE B 3TOM HHTEpBajie UIMH BOJMH. B KauecTBe 00pasloB
cpaBHeHus1 wucrnonb3zoBanmck ['CO 8670-2005 (CIA-2A), TCO 3484-86 (CI'XM-2). HccrnemoBaHus
IIPOBOAMIM B HAay4YHO—HCCIIEIOBATEIbCKOM HMHCTHTyTe reonormdyeckux Hayk uM. K. M. CarmaeBa B
I. AJIMaTebl.

PesyabTaTrel uccienoBanuii. B docdopute Kaparay comepxurcs mo 5-7% peaxo3eMenbHBIX
3JIEMEHTOB, KOTOpPbIE IIPU CEPHOKUCIOTHOM BCKphITUU Ha 70% mepexonsT B 0CaoK Cyib(ara KalbLus.
KpoMme penko3eMenbHBIX DJIEMEHTOB OCAJOK COACPKUT Hebonblune kojmdectBa ¢ropua- u docdar-
noHOB. [loiydeHHBI 0CaloK, 3TO — OTXOJ] MPOU3BOACTBA MUHEPAIBHBIX ya00OpeHuil [14-20], Hocsmuit
Ha3BaHue "Qocdorumc”, odbpa3yer menbple TOPHI BOKPYT 3aBOJOB IO Tepepadotke gochopuror Kaparay
(B 1. Tapaze).

Tabmuna 1 — Pe3ysbTaTsl MOIYyKOINYECTBEHHOTO PEHTI€HO(A30BOT0 aHAIN3a KPUCTANINIECKHX (a3 HCXOIHOTOo (ocdopura

Munepan Dopmyna Konuentpauus, %
I'nne Ca(S804)(H,0), 435
Ksapig SiO, 33.8
Baccanut CaS0,4°0.5H,0 19.8
Cnrona KAlz(AlSl3010)(OH)2 2.9
3
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B rvnc - Ca(S04)(H20)2 - S-Q 43 B crioaa - KAI2(AISI3010)(OH)2 -
[ «sapy - Si02 - S-Q 33.8 %

Pucynok 1 —Indpakxrorpammaodpasia ucxoxsoro pocdopura (Ca — P — i)
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Tabnuia 2 — OnpenesieHue coepiKaHus PeAKo3eMeNIbHbIX AEMEHTOB B cocTaBe hocdopuros Kaparay

METOZIOM aTOMHO-3MHCCHOHHOM CIeKTpocKonnu Ha mpudope Agilent 4200 MP-AES

Ne HaumenoBanue Mertka 3nemeHTa, T ——— Enununa SD %,
H/TT poObI HM HeHTpan U3MepeHHs RSD
Se (196,026) 0,27 0,08 29,76
Zn (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
Cu (324,754) 0,06 0,00 0,48
[Ipoda Nel.
. PasiiokeHue Ni (352,454) 0,31 0,00 0,61
docdopuros 2u As (193,695) 0,73 0,22 29,81
HNO;
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
Ppm
Se (196,026) -0,28 u 0,12 43,27
Zn (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
Cu (324,754) 0,12 0,00 0,23
Ipo6Ga Ne2.
) PaznoxeHue Ni (352,454) 0,23 0,00 0,60
d)OCd)OpngOB 2 As (193,695) 0,75 0,35 46,98
H
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

W3 TabauIel BUIHO, YTO TPHU PA3IOKEHUH (ocPOpPUTOB MHHEPATHHBIMH KHCIOTaMH, d()(QEKTHUBHO
BcKphiBaeT coyisiHas kuciora (2u HCI). [o coaepxanuto 3neMeHTOB, Hanpumep Se - 43,27 npotus 29,76;
As - 46,98 nportus 29,81; Cr - 9,69 npotus 2,47 u T.A.

W3 Tabnumpl 3 BUIHO, YTO TPH BTOPHUYHOM PA3JIOKEHUU ITYJBIIBI OCTAIOTCS LIEHHBIC JJIEMEHTHI,
KOTOpBIE MOTYT OBITh HCIIOJIB30BaHbI B KAUECTBE YIOOPCHHH.

UK-criekTpOCKOIMYECKUM  METOJOM OBUIM  HCCIICJOBaHbl MPOObI BTOPUYHBIX KOHIIEHTPATOB
¢dochopuror Kaparay, pa3nokeHHBIX B a30THOU M COJNIHOM KucioTe. Ha pucynke 2 HabmronatoTcs ¢iabo
BBIPA)KEHHbIC IIOJIOCHI, XapakTepHble misi (ocdopHOi KucmoThl ¢ uactoTamum 2319 oM™, cpenme
BBIPQKCHHBIE T0JI0CHI, XapaKTEPHbIE /ISl HUTPAT-HOHOB ¢ yacToTaMu 694 cm™', 729 em™', 879 e

Ha UK-cnekTpax pacTBOpOB, MOIYYCHHBIX pa3ioxeHHueM dochopuroB Kaparay conssHON KHCIOTOM
(pucyHok 3), HaOMIOMAIOTCS CpenHE BBHIPAKCHHBIC ITOJIOCHI, XapaKTepHbIe M (GochopHOM KUCIOTHI C

gacrotamu 2144 cm™, 2403 cm™, a Takke c1aGo BBIpasKEHHbIE MOTOCH 2673 ¢M™', COOTBETCTBYIOIIHE
dochopHoit kucnore.
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Tab6muua 3 — CBo/iHbIC JaHHBIC [0 XMMHYECKOMY aHAIIU3Yy BTOPUYHBIX KOHIEHTpaToB (ochoputos Kaparay,
Pa3IOXKEHHBIX B @30THOM U COJITHON KHCIIOTE

Conepxanue MaccoBoi 10H, %

No
i Bra- | b oo or | o, [s02 | F | sio, | Ca0 | MO | Fe,05 | ALOs | O™ | NaNo, | NOF
U 205 2 4 2 g 23 2931 oot 2| Lon
2HHNO3

- 1,9 | 7,92 | 0,0112 | 2,06 |0,77| 20,9 | 0,145 0,014 | 0,03 | 0,002 | 4,23 | 2,07 17,4
(xuzkas ¢asa)

2H HNO3

9,17 | 0,13 | 2,64 | 0,114 | 2,06 |1,52| 11,4 [0,0207| 0,014 | 0,02 | 0,06 | 1,29 | 1,93 | 0,02
(TBepmas daza)

CyMMapHbIi

o - 2,03 | 10,52 | 0,1252 | 4,12 |2,29| 32,3 [0,1657| 0,028 | 0,05 | 0,062 | 5,52 4,00 |[17,42
BBIXOJ, %

21 HCI1

- 0,8 | 61,8 | 0,0082 | 2,06 |0,42]| 23,46 | 0,103 | 0,028 | 0,03 | 0,003 | 1,53 | 2,06 -
(xuaxas ¢aza)

2u HCl

828 | 0,5 | 7,92 | 0,152 | 2,26 [1,615] 22,83 | 0,014 | 0,014 | 0,01 | 0,06 | 2,23 2,08 -
(TBepmas daza)

CyMMapHbIf

b ~ | 1,3 69,72 0,1602 | 4,32 [2,03546,29 | 0,117 | 0,042 | 0,04 0,063 | 3,76 | 4,14 | -
BBIX011,%

291
woo-

e T L L = LA — T = — T L e T LA — T [

Pucynox 2 — UK-criekTpsl pacTBOpOB, OIYUSHHBIX pa3iioxkeHneM pocdopuros Kaparay a30THOI KHCTIOTOMH.
Lo
Ocp abcmuce — 9acToTa Kojiebanuii (cM ), 0Ch opAMHAT — mporyckanue (%)
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Pucynok 3 — UK-criekTpsl pacTBOpOB, MOTYYEHHBIX pa3iokeHneM (ocdoputo Kaparay comstHOM KUCTOTOM.
L
Ocp abcmuce — 9acToTa KoJiebaHuii (cM ), 0Ch opAMHAT — mporryckanue (%)

PesynpraTel XUMHUYECKOTO M (PU3UKO-XMMHYECKOTO aHANN3a JKUIKON W TBepAOW (a3sl MPOIYKTOB,
MIOJIY4eHHBIX pasnokeHueM dochoputoB Kapatay a30THOW M COJSTHOW KHUCIOTaMH, MOITBEPKAAIOT U
JIOTIOJIHSAIOT JIPYT Jpyra W TOKa3bIBalOT, YTO OCHOBHBIM MPOJYKTOM SBISIOTCS (pocaThl, HUTPATHI U
XJIOpUAB! Kanblus. B cocraBe mpoyKkTa Takke UMEIOTCS PeIKO3eMeIbHBIE AIIEMEHTHI C MAaCCOBOM MoJieit
23-36% 10 OTHOIIICHHUIO K UCXOJHOMY COJICpKaHMIO B (hoctopure.

BuiBoasbl. Pesynbrarel ucciieoBaHusi XUMUYECKOTO COCTaBa IMOKAa3alik, 4To B cocTaBe (oCcHOpUTOB
Kaparay umerotrcst peako3emenbHbIe 3JeMEHTH B npeaenax 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-(uttpuii) - 0,007-0,15%, Yb-
(utrepbuit) - 0,005-0,7%, La-(manTan) - 0,025-0,15%, Ce-(uepwmii) - 0,05-0,30%, Gd-(ramomunwmii) -
0,002%, Nd-(meomum) - 0,04-0,05%, Sm-(camapwuii) - 0,01%, Eu-(eBpomuii) - 0,001%, Tb-(tepbuii) -
0,005%, Dy-(auctiposuit) - 0,01%, Ho-(rosnswmit) - 0,001%, Er-(a3p6wuit) - 0,01%, Lu-(moreruii) - 0,001%,
Tm-(tymuit) - 0,0001-0,10%, Pr-(mpazeomgum) - 0,02% wump.

Ucxomusie ¢ocdopurel Kaparay conmepxar 23,23 % cymmer P30 (B mepecuere Ha OKCHIBI)
conepxanue maccoBoi monu % CaO, P,Os, a Takxke coeuHeHus xenesa u aqroMuHus. [Ipu nepepaborke
1 T dpochopura MOXKHO MOTYUUTh OKOJIO 20-36 Kr CyMMBI KOHIICHTpaTa PEAKO3EMEIbHBIX SJIEMEHTOB.
CogepxkaHue MacCcOBOH JOJU PEAKO3EMEIbHBIX 3JEMEHTOB MPU BCKPBITUU COJSIHOM KUCHOTOH - 36%,
a30THOM kucnoToil - 27%. Ussneuenne P3D B koHmeHTpar ~ 75 % MO OTHOIIEHWIO K COJEPKAHHUIO B
dochopure.

Hcrounuk ¢punancupoBaHusi ucciaegoBanus. MHunuatuBHelil npoekt «MccnenoBanue u paspa-
0OTKa TEXHOJIOTHH YJIaBIIMBAaHHUS aMMHaka W TepepaboTku ¢ocdoruiica B Mponu3BoacTBe ammodoca ¢
MOJIyYEHUEM KOHIIEHTpATa PEAKO3EMEIbHBIX 3JIEMEHTOB» Kadeaphl « XUMHS U XUMUYESCKas TEXHOJIOTHSI.
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KAPATAY ®OCPOPUTTEPIIH KYPAMBIHAH
CHUPEK-)KEP DJIEMEHTTEPI BOJIIIT AJTY

Annoranus. Kaparay ¢ocopur koHIEHTpaTHl — KEIIeHII KaiTa eHIeyre KaKeTTi MEepCIeKTUBANBIK >KOHE
Oipereii mmkizar, omaH GochOopIIbl THIHAUTKBIII CHSAKTHI HET13T1 OHIMHEH 0acKa, CTPOHIIUHAIBIH KOCBUIBICTAPHI, CHPEK
KEep INIEMEHTTEpPIH KoHe (TOpIbl anyFa MyMKiHIikTepi 06ap. dDocdopuTTi KemeHl KaiTa eHACYIIH ailKblH KO-
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JIOTHSUTBIK HET13/IeMeCiHe KapaMacTaH, Ka3ipri yaKbITTa CHPEK JKep AIEMEHTTEPiH, CTPOHIIUAIBI JKOHE PTOPIBI JKOIai
OeJiIm ay YIIiH jKaJFbI3 OHOIPICTIK chI30ackl 6ap, ol GochOPUTTI a30T KBIIIKBUTBIMEH BIIBIPATyFa HEeTi3IeNTeH.

Byn makamaga Kapatay (Kexokon, Kekcy keH opbHIapbl) GpochOpHUTTEPiH TY3 KOHE a30T KBIMIKBUIIAPHIMEH
BIIBIPATYBIH apa-KaTelHAcHl 1:1, TemmepaTypaHbl 85-90°C neiiin skorapbuIaTKaHma, 30 MHUHYT apajibIFbIHIA Kap-
KBIHZBI TYPZE apaylaCThIpy apKbUIBI 3epTTEY HOTHIKENepl KeNTIpireH. AJBIHFAH OHIMIEPIIH XUMHUSUIBIK KYpaMbl
TUTPUMETPHSIIBIK, TPABUMETPUSIIBIK, (POTOKOIOPUMETPHUSIIBIK, HOTEHIMOMETPHSIBIK OMICTepMEH aHBIKTaJIBL.

AJIbIHFaH HBICAHIAPIBIH TaJaybl OOUWBIHIIIA KOHIICHTPATTAFbl CUPEK Kep JCMEHTTEPIHIH MaccalbIK yJieci a30T
KBIIIIKBUIBIMEH Oetin anFanga 27%, ajl Ty3 KbIIKBUIBIMEH 36% Kypajbl, CHPEK Kep 3JCMEHTTePIH KOHICHTpATTaH
Oeuin any ~ 75% ¢ochopHTTiH KypaMbIHAaFbl KaThiHACKIHA Kapail 1 ToHHa (ocdopurti KaiiTa eHuey OapbhiChIHIA
20-36 Kr cHpeK *kep JIEMEHTTEPiHIH KOHLIEHTPAT COMAcChIH alyFa MYMKIH/Ir 0ap.

Tyiiin ce3mep: cupek xep IeMeHTTepi, O any, bIABpPaTy, KOHIIEHTpAT.
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