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XypaaHryu

MoHron-lfepMaHbl XaMTapcaH alurt
ManTMan TeXHOMOTUMH UX CYPryyauiH
‘Bairanuiid  Heel,  TexHonorn’-niH
MarvcTpblH XeTeNoepuitH  OYTHYYA
“AxvcaH TYBLUHMIA cypaanraaHbl Tecen”
XMY93/IMINH XYpaaHL "OpasHac MoHron"
XXK-uitH [a3pblH XOBOP 3NeMeHTUNH
CypanraaHbl HIMKTIN XaMTpaH 3H3XYY
cyfjanraar XWicasH. CyynuiH  yeuinH
A9BLUNNTST TexHonorug raspbiH
XOBOP 9fIEMEHT ©preH X3parnargax
GONICHOOP  [9MXMIA  HUIATI3P  TYYHWUIA
3PANT X3Paryas yam eCeH HIMarAax
6aliHa. YYHT3 X0N600TOMroop raspbiH
XOBOP  3MIEMEHTUIIN  XOEPAOrY  9X
YYCBOPa3C rapraH aax OONOMXKUIAT
TOAOPXOMMOXOA CyAnaaynj aHxaapnaa

xaHayynax 60ncoH. MaHai  yncbiH
XOMMKOOHA  9HD  UWUrMaMasp  Amap
GONMOMXK, X3paruaa OGairaar cyanax

WaapanaraTai xon600TOMroop SHaxXyy
cyfanraar MoHrong aHx yaaa XWAcaH.
CyganraaHbl rofl 30puAro Hb raspbiH

XOBOP 3N1EMEHTUIH XOEPAOry 39X YYCB3p
600X HYYPCHWIA  yypxaiH xasiraan,
TOMPUIAH  XYOPUAH  yypXalH xasdrgan
60M0H AynaaHbl LaxuaraaH CTaHLblH
YHCH33C [39X aB4Y raspblH XOBOp
9NIEMEHTUIAH  aryynrbir - TOLOPXOMIOX
toM. CypanraaHpg awumrnax 30pwuaroop
MoHron yncag yyn yypxanH 4irnanasp
YN axunnaraa Aeyynaar HyypcHUin 6,
TOMPUIAH XyAPWUIAH 3 yypxairaac 60/10H 2
OynaaHbl UaxunraaH CTaHUbIH YHCH33C
HUMT 43 foaxunr ascaH. LlyrnyyncaH
O9KYYASA XUMUIAH LUMHXKNATSD XWIH,
ra3pblH XOBOP 9MEMEHTUAH aryynrbir
TOAOPXOMNCOH.  LLUMHXMNrasHuA  yp
[YHr935C Y39X34 HYYpC BOMOH HYYPCHWIA
6yTaaraaxyyHa Ce, La, Nd, 60noH Y,
TOMPUIMH  XYAPWAH  OPAbIH  aHxaary
Xyasp 6onoH 6yTasraaxyyHa Ce, La,
Nd, Sc, 6onoH Y, gynaaHbl LaxunraaH
CTaHUbIH yHCaHp Ce, Gd, La, Nd, Y 33par
raspblH XOBOP 9NIEMEHTWIH aryynra
eHep 6aiiraar TONOPXOUICOH.

Tynxyyp yr - Fa3pblH XOBOP 9MeMeHT, hioTaly, COPOH30H hpakl, ASrA3MXMIA YHC, Xy4un GOMoH

LUYATUIAH YyCranT, LaTaax, MoH XxaHananT
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EpeHxun TaHunyyynra

AxncaH TYBLUHAW cyfanraaHbl
TOCNWINH X493 Hb GINTran cydanraa
GOMOH  X3P3MKYYNax ye waTtyyaaac
OypaaX, HUAT 23 [0N00  XOHOMMIAH
XyrauaaHz YprasmKuacaH.

XYCHArT 1.-T TOCNUIH ye WwaTyyabir
y3yynaB. bantran cyaanraaHbl ye
wataHg 2 6art xyBaargaH, 6aruiiH
rMwyyH 6yp A0M00 XOHOroop TOAOpP-
XOM COABUMH XYP33HA XaWnT XWX,
cyfanraaHbl eryynan cygancaH.

BarviiH 6ycap ruiyyaTanras xapun-
LUaH M3A33M131 COMWMLOX 30pUaroop
TUMWYYL [OfI00  XOHOr  6Yp  ©epuitH
YHUICaH cyAanraaHbl axk/blH TaMaar-
N2VAT MasirTaap XeTesmk X0on6orgox
OYTHANTUIAT rapraxk axkunnnacaH.

[lonoo xoHor 6yp TaBbCaH 30pUNTbIH
XYP33HA CyancaH eryynaniH xarcaan-

XycHart 1. Tec/miiH ye wat

TbIF raprax, ron yp AyHrWitH XypaaHryir
6UUnX faanraBapTar axunnacaH.

MOHION  OpHbl  Hexuen 6Gananbir
XapransaH 9x YYCBIpuir maragnax
6ONMOH AB3KWIAH ONAOL, BeHAep Hyypc
6ONOH HYYPCHWIN faiiBap OYTaarAsXYYH,
TOMPUNH  XOEPAOrY 93X YYCB3IPyyaA24
ron aHxaapnaa xaHgyyncaH. bantran
cyAanraaHbl lWaTHbl japaa 2 6ar HarAaXx,
XamTpaH cydanraar — YprasikayynaH
XNUNCOH.

BanTran cyaanraaHbl LWaTaHA rapraH
aBcaH yp AYHA YHASCN3H X34 X343H
9X YYCB3P33C [93X aBY, UyrayyncaH
[OOXWUL  9NEMEHTUMH  LUUHXUMTS9
XWIH, [X3-UIAr TOLOPXOMICOH. TeCIMMH
CYYMIAH 5 [0M00 XOHOrT 6aruniiH 6yx
FUWYYA 66 pCAMiH XWUIAC3H Ccyaanraa,
flaanraBpaa HarTraX, TannaH 6UYCaH.

|y m

-

©HeeruitH HexLen
6aitpan 6010 MoHrona,
BONOMXKTOM 3C3X, | b
XamaapanTaii yp AYH, v
Xananuax

3ypar 1. CysanraaHbl TOCANIAH SBL, 3prax Xo1600
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1.1 [a3pbiH XOBOP 3/IeMEeHT

la3pblH  xoBop anemeHT (MX3)
Hb VENnax CUCTEMWUIH apBaH [JOJSIOOH
MeTann afemMeHTaac 6ypaasr. dArasp
SNEeMEHTYYA  Hb  XUMWAH  Yenax
CUCTEM A9X apBaH TaBaH JlaHTaHOWA

aNeMeHTYYa O6O0MoH MU3NK, XUMUINH
LMHXKO9POD  TOCTaW  CKaHaW, WUTTpU
39par anemMeHTyya 6artaar (3ypar 2) [1].

XOWiiH HArT  4.48g/cm?®9.33g/cm?,
xainax Temnepatyp 804°C-1550°C 6aiaar.

L] [
HEAYY Radq Lasth Demenls
ki . [ 3 . fare Earth il =8 ] L 4 M | o . F . L] :
ME | Ay | &l 11 L b1 o L] [
E | & M|V | & |Ma|Fe|Co | NI |Cu|In|Go|Ge| fa| S | Br | Kr
kb | & Ir | s | M | To | Mu | Bh | P | Ag | Cd | in | &n | &b | Te I | K=
= 4 . = = SR | H =
I. s | B& | s e Te | W | B8 | O8 L P | dha | g | TE | s | Bl PE | AT | &S
Lo o [ [ [ [
oo [ [ ] o [

o (s [ o o [ [sn]cn [ [

3ypar 2. XuMuiiH yenax cucTem 60/10H raspbiH xoBop anemeHT [1]

12



XYCHAIT 2. [ XO-WiH U3VK, XMMUIH LIMHX YaHapbiH XapbLyynant [2]

XuMuiiH | ATOMbIH | ATOMBIH Bukepcuith Wcanpaxyin HVAEEL:
nemeHT — - — Hart g/cm3| Xaiinax °C - P - OHre X‘;M v 6Garraamx
A Ayraap vy /(Monb+K)

NaHTaH La 57 138.9 6.146 918 37 eHreryi 3 26.2

Llepun Ce 58 140.1 8.16 798 24 eHreryit | 3 60n0H 4 27.0

Mposeogum | Pr 59 1409 | 6773 931 37 |wep 36onon4 | 27.0
HOrOOH

Heoaum Nd 60 | 1442 | 7.008 1021 35 | Yreen 3 275
AraaH

MpomeTtn Pm 61 145 7.264 1042 - AraaH 3 24.3

Camapu Sm 62 150.3 7.52 1074 45 wap 2 60n0H 3 29.6

Esporu Eu 63 151.9 5.244 822 17 eHreryit | 2 6onoH 3 27.7

[agonuHn Gd 64 157.2 7.901 1313 57 ©OHreryin 3 371

Tep6n Tb 65 | 1589 823 1356 46 ':fa"‘aiap 36onon4 | 289
Llarsap

[vcnpoan Dy 66 162.5 8.551 1412 42 wap 3 28.2
HOrOOH

Fonbmu Ho 67 164.9 8.795 1474 42 wap 3 27.2

Spbum Er 68 167.2 9.066 1529 44 AraaH 3 28.1

Tynu ™ 69 1689 | 9321 1545 48 |HAMBED 15 Gonon3 | 270
AraaH

NTTepbu Yb 70 173 6.966 819 21 eHreryit | 2 6onoH 3 26.7

Neteun Lu 71 174.9 9.841 1663 7 oHreryi 3 26.9

NTTEep6u Yb 39 88.9 4.469 1522 38 - 3 255

Ckanagw Sc 21 449 2.989 1541 85 - 3 26.5

1.2
X3parnas

['X3-MNH X3parnas, apanT Xaparuas
XU Mpax TycaM ecex XxaHanaraTan
GarHa. Janxuii HUATI3p UxaHx [XO-
WAr  KaTanmusaTop OGOSIOH COPOH30H[
awmrnagar. AHY-g X3-uiAr mnyyTtan
KaTanM3aTopbIH 30puynanTaap awmrna-
nar 6ereef Kepamuik, LN, BHreNreeHun

[a3pblH XOBOP 3/IEMEHTUMNH

rON Xaparnas 60 HaiHa.

IXO-niAH 6ycal dyxan Xaparnas
Hb ©HAep XYYMH 4YajanTai COPOH3,
Xannu, L, SNEKTPOHUKUIH
yinaBapnang xamaapHa. Ce  60/0H
La Hb KaTanusaTopblH XyBbA Yyxan
Gerees; raspblH Toc 60N0BCpyynax
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60OH An3enb TYALWHUIA HOMINT 6ONTOH
awmrnagar. Nd Hb ynamxxnanT 6070H
HyypcTeperd  6araTai  TexHomorug
COpPOH3  YMNABapnaxag dyxan ad
XONOOrONTON. SHB aHrnnana xamaapax
FXO-niAr  xaitbpua 60M0H  LaxunaraaH

TI9BPUMH  X9PArciuMmH  LaxuaraaH
MOTOP, CaNxWH YYCryypuiiH reHepaTop,
XaTyy — AWUCK, 366eBPUAH  3NEeKTPOH

TOXeepeMX, MUKPOMOH, YaHra Apury
39parT almrnaaar.

Ce, La, Nd Hb xainw yinasapnax,
TYAWHAK  XONUMOr  6OMOH  HUKENb-
MeTann rnapua 6atepeit Ynasapnaxag
yyxan ay xon6orgontoit. Ce, Ga, Nd Hb
9NEKTPOHUKNIAH canbapT X3aparuaaTai
6ereeq LCD 60/10H nnasMbIiH Aa0rad,
WKNaH Kabenb, nasep ynnaBapnan,
TYYHYI3H 3MHIATUAH TOXOOPOMMKUHA
awwvrnaragar. FX3-uiiH 6ycap xapar-
N33HA 60pA00, YC LIBBIPLIYYISX 33par
6arTaHa (XycHarT 3).

XycHarT 3. [aspbiH XOBOP 97IeMEHTUIH X3parnas [3]

AnemeHT ‘ HwiiTnar xaparnaa ‘ SnemMeHTUH 6ynar
J1aHTaH UCAUNH HOMBNT Hb OMTUK JIMH3 A3X FSPJINIAH XyrapsiblH
. HaMArAyyN4ar, KaTanmaaTop Hb TYyXuii HedTuiiH 6010BCpyynanT,
raPaNTYYArMitH dhocdop, 6aTepen, MeTan Xxansll, OHrereeHui
Hargan, KepamukT
Liepw ONTUK NIMHZ, FAPSNTYYATUIAH HOChOpbIH BHreNreeHWn HarAas, 3aw,
P MeTann, Kepamu, LUNNSH HIMINT
©HAep XY4MH YapanTai 6aiHrbIH COPOH3, 6aTapeil, MeTann XannL ML (P FeEep
Mposeoamn ep xy it L POHS, pen, b 3NEMEHT
KaTannsaTop, OHreNreeHuin HarA3N, LUNASH HIMST, KepamuK,
KaTanusatop Hb XYHA TYYXWI ra3pblH TOCHbI LUMH3YN3, 6HASP
I — XYUMH YaganTai 6aiHrblH COPOH3, HEOAUM-UTTPU-XEHIeH LiaraaH
aHap nasep, HeoaAM TeMep-60pbIH GaiHrbIH COPOH3, 6aTepel,
MeTanN XalsLl, KepamuK, LUNNSH HOMINT
Camapw Camapw-ko6anbT 6aliHrblH COPOH3, GaTapeit
EBponu OHreT TeNeBU3NitH X000 Aaxb yiaaH eHreHui ochop
NA3IBXOKYYISY
OHASP XYYMH YafanT TOrTMON COPOH3, HENTPOH LiaLparuiii acpar
[agonuHu
6yaar acBan 6ypax, pochop
Tep6u Tap6uym TeMep-ANCrpO3UyMTON HUKeNb xannw (TepheHon-1)
OHAep XY4nH YafanTai 6alHrbIH COPOH3, KEPaMUK, HaHO
Jvcnpoan AOPIXYEIA it P! P )
TEXHONOTUIH cyfanraa
OHAOP XY4UH YadanTai GaitHrbiH COPOH3, LOMWIH XsiHanTbIH caBaa,|  XYHA raspbiH XoBop
lfonbmu aneMeHTYYA,
nasep, onNTuK 6ypaac
3p6m LLnnaH nasep ecrery, MeTann xannw
Tynu [X3-Tall TeCTaW LUMHX YaHapyyaTan.
WTep6iyMm 366BpPUINH PEHTTEH TOXOBPOMXK, CTPECC XIMXKMIY, Nadep,MeTans
Y XaWnw, kaTanusaTtop Aaxb LauparuitH ax yYCBap
TNeteumn LleeH xaparnaatam
UTTepbun OHAep XYYMH YaaanTan XeHreH MeTannypruiH Xxaparnas
XOCOMMON LUMHXKT3W
CkaHan Jazep Texeepem
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1.3 [O31XUWAH raspbiH XOBOp
3/1IeMEeHTUIH Heel, 6a opAa

X3-MIH opAyyadblH UX3HX Hb XATag,
BbeTHamp Ganpgar 6ereen bpasun,
Opoc, 3HaTxar, Manaiis, 6MHea AQpuk
GanranuinH HeeLieepes yAaanHa
(XycHart  4). Xatag ync  [X3-WitH
YANAB3IPNAN3a3p TOpryy/mkK, Aapaa Hb
AMepuK, MbaHMap, ABCTpann, SH3TXar,
Manang, Opoc, TainaHg 39par ync
opfor. Xataz XxaMruiiH ToM HeeLTain 6a
O3NXWUAH raspblH XOBOP 3M1EMEHTUIH
38%, xapuH BbeTHam 19%, bpasun 18%,
Opoc 10%, SHaTX3rT 6% opLnHo. bycaa
yNC OpHyyaA Top QAyHAaa ABCTpany,

KaHag, ©wmHen Adpuk, Lpn JlaHka,
TannaHp 3spar  opHyyaad  YNACSH
GaraxaH [X3-uilH HeeL, aryynargax
6ariHa. 2008 oHAO XaTad ync A3NXMIAH
[X3-niH  ynnaeapnanuinH 90  rapyn
xysuir, 2011 oHoocC xouw 97 XyBuir
ynaBapnax GaiHa. 2014 oHOOC 9XN19H
BHXAY-bIH 3acruitH raspaac [XO-uiH
SKCMOPTOA XA3raapfianT XWMC3H Hb
OSNXMIAH 3aX 395/1 A33p ra3pbliH XOBOP
S/IEMEHTUAH XOMCLON YYCraH 3SpanT
HOMAr4axas HeneesnceH [4].

XycHart 4. Yypxarit on6opnont 2020 oHa 6a A3/XWIAH Lapuaac Aaxb Tapxay

[lanxuith uapuaac Yitnagapnan 2020

HeeL, /ToHH/ Heeu/xyBb/

Ne Ync Kuna KMAZ Ync TOHH/Xun XyBb/XKun
1 BHXAY 44,000,000 37.99% BHXAY 140,000.00 57.54%
2 BbeTHam 22,000,000 18.99% AHY 38,000.00 15.62%
3 bpasun 21,000,000 18.13% MbsiHMap 30,000.00 12.33%
4 Opoc 12,000,000 10.36% ABCTpanu 17,000.00 6.99%

5 OHaTXar 6,900,000 5.96% Magarackap 8,000.00 3.29%

6 ABCTpanu 4,100,000 3.54% OHaTXar 3,000.00 1.23%

7 AHY 1,500,000 1.30% Opoc 2,700.00 1.11%

8 peHnang 1,500,000 1.30% Tannang 2,000.00 0.82%

9 TaH3aHK 890,000 0.77% BbeTHam 1,000.00 0.41%
10 KaHapa 830,000 0.72% Bpasun 1,000.00 0.41%
11 2¥;35 790,000 0.68% BypyHan 500.00 0.21%
12 bycaa 310,000 0.27% Bycan 100.00 0.04%

Huint 115,820,000 100.00% Huint 243,300.00 100.00%




HanxunitH uapugact X3 Hb 33CTal
aann Tyraaman Ganpgar. XXuwasanban,
Llepuiir aB4 y3Ban Har casg 68 (ppm)
Galpar xamruiH an6asr Taapanaar
afieMeHT oM [5]. TeOXUMUIH  LUMHXK
YaHapaapaa raspblH XOBOp 9feMeHT
Tapyy TapxauTai. Witmaac onbopnont

XUAX3 XaHranTTalh 3sysaaH KnacTep
YYCraoryii yupaac opa 60/mK Yaaaarryi.
Yyroopss ©oHS  awwurT  ManTMasbir
raspblH XOBOP 3N1eMEHT o) Hopnamer
[6]. Oonxuitn  TX3-witH  on6opnonT,
Tapxaublr  JOOpPX 3yparT  xapyy/as
(3ypar 3).
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3ypar 3. [JanxuiiH ['X3-niiH on6opnonT, Tapxay

1.4 [a3pbliH XOBOP 3/IeMEHTUWH
reosioru, alumrtT ManTman

[X3-MMH yycan rapnbiH  Tanaap
M33X Hb XaWryyn XWAXa[ WX39XaH

TycTan. MeH aauMiiH 3acruniH  XyBbA
alumrran, alumrnax 60I0MIKTOM
KOHUEHTPpaL, WXTaM raspblH  XOBOP

9N1eMeHT WX3BYASH TancT uynyynart
Ganpar. X3 Hb WyNTNar MarmblH
yynyynart  60flOH  KapboHaTyyaagn
XyBUPMan Yynyynart wuayy Tyrasman
Ganpaar. FX3-UIH 9paNTTal aneMeHTYY
Hb MX3BYNaH KapboHaT, ncan, docdar,
cunuKaT - fdaxb  udyflyynar o yycrary
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rypBaH BafleHTblH KaTWUOH X3/163p3sp
opwgor. [a3pblH XOBOP 3/IEMEHT Hb
XVUMWUIH LUMHX YaHapbIH XyBbJ, TOPUTOWM
TOCTON 6Orees UX9BUNAH 3H TEPNIH
SNEMEHTUAH OpA, alurT ManTManaac
ONAAor.

la3pblH XOBOP 3/1EMEHTUIAH
NUNPaNyya Hb nermMatut, Asn cygan,
xarapan 6a xarapiblH 6yc, MeTann
KapboHaT  uyfyynar,  epeHxuiigee



WYATASF MarMblH Yynyynart TapxcaH
9pASC MUWHepan, TyHaman uynyynar
39parT  opwwrHO.  [laneo  LWOpPOOH
OpAblH TyHaman 4ynyynar Hb roa4/0H
KemMbpuitH xaBTrai TOMrOMH 9NCaH
qynyy, UepaniH  ranasblH  Mesa-
Bepae TorTuon, 6ara oBpbiH opayyaas
Garnpaar. MNepMuitH hocdopbIH TOrTLbIH
hochaTaap Gaanar yynyynart raspbiH
XOBOP  B/IEMEHTUIH  TapxanT  MeH
OYpTraracaH. N'ypaBaard yeunH xyasp Hb
LUYATASM MarMblH Yynyynar, kap6oHaTuT
cyaan, nana, rugporepman 6yc, ancaH
YynyyH A4OTOPX YyCMasibIH LWMMKUATUINH
XypUMTAan 33par OpHO.

[epeBaeruniti  raspbliH  XOBOP
SNIEMEHTUIH  XYA9p Hb XyHrapnacad
LLOPOOH  GOMOH  3PTHMIA  LLIOPOOH

opayyaaac ongaor [5]. OfOH TOOHbI

aWwurT ManTMan Hb raspblH  XOBOP
SNEMEHTUIr HBH 4dyxan 6ypanaaxyyH
X3Car BGOMrOH aryynaxaac rafgHa MeH
TOOHbI ALLMUIT ManTMas Hb ra3pblH XOBOP
3N1EMEHTUIN HIMBNT 3NeMeHT Hananaap
aryyngar. OArasp awurt ManTMalnblH
LeeXeH Hb alUrT ManTManblH XyaA3pT
TOOLIOFAOX XaHranTTal MX XOMXK33HMN
ra3pblH XOBOP 9NEMEHTWUIr aryyngar.
LlepuiiH 4ynyy 6a MOHasUT Hb OJIOH
TOPMAH  ranT  yyablH  YyJayyarumH
[OTOP XapblUaHrym TYrasmaa HaManNT
apasc  6onpgor.  [danxuid  gaxuHg,
apukaanargax 6GOMOMXTOM  raspblH
XOBOP 3M1eMEHTYYAUH TON 3X YYCB3p
Hb 6acTHae3nT, foMapuT, MOHAaLWT,
KCEHOTUM 33par awurt MantMals, MeH
ra3pblH XOBOP MOH LWMHI39X YaaBapTain
LaBap 33par oM.

1.5 MoHron opHbl ra3pbiH XOBOp
3/IeMEeHTUMH cyaanraa, Toum

M333N19N1

MaHan  yACblH  HyTar  [O9BCrapT
ra3pblH XOBOP 3/1EMEHTUNH Fe0NOruiiH
Lory cyganraa xvnrasaryin 4 Xanoorg,
XanaaHoypartai, Jlyruiti ron, Myuirna
xygar, Xotrop, Ap ron 33par raspbiH
XOBOp 9neMeHT33p 6Gasnar raspyyq
ONACOH. [lepBeH oOpA, TYYHWIsH 71
nnpan, 260 Op4YMM 3PABCKCIH rasap
nnapcoH. OO0 YACbIH TECOB, XYBWIH
X3BLUIMNH XepeHreep MOHIOMbIH HyTar
[O3BCrapT opwmnx Mywiruna xyaar, XoTrop,

NlyrnidH  ron, XansaH6yparTan 33par
opAyyLaZ raspblH XOBOP 3NeMEHTUINH
Xauryyn XK, HAAT rypBaH casd TOHH
UCNUIAH HeeL unpyynaag GaliHa. Heely,
TOFTOOrACOH Y 000 XYPTANHAr Y OpAbIr
alwmrnaaryi 6aiHa [8]. aspbiH Xx0BOP
3NEMEHTYYANNH X3P3arnas OpYMH YENiAH
TEXHONOMMA alWmriax Hb  HIMIrAIXK
Galiraarniti Xapasp TAr99pUINH 3panT
ynam 6yp ecex baiiHa.
Honxuin  pasap

raspblH  XOBOp
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Petore mad

SNEMEHTUH XYAPUIH Heel| LiaBxargax
6aiiraa Tyn TSArS9PasC ra3pbiH XOBOP
SMEMEHTUMr raprax aBax LWWHS Opf,
6010BCpYyyNax A3BLUMATAT TEXHONOMMIAH
apryya AsnxXui HUATUIAH  COHMPXIIbIT
TaTax 6aitHa. MOHroNn OpHbl FOBWIAH
6ycuiiH Mywrua xyaar, Xotrop, J1yruiH
rO/bIH OPAYYAAL XEHTeH raspblH XOBOP
3N1eMeHT, XapuH XOBA aliMIuiiH GyCuitH
XanzaH 6ypartain, Ynaan pan, Wap

3ypar 4. MoHrosn ynceiH [X9-uiH opayys 2022 [7]

TONroW 33par opayyaand XyHA raspbiH
XOBOP  3NIEMEHT  30HXWIXK  GaliHa.
a3pbIH XOBOP 3/1eMeHTUIMH 61e aaacaH
TOMOOXOH alMIT ManTMana kapboHat
TOPMH 6acTHae3nT, hocdaTt TepaninH
MOHa3WT, KCEHOTUM OPHO. [3TaN MaHam
yncaa 6we gaacaH alWwurT MantTMmasbiH
opa, 6Gycag  awurt  ManTMasblH
awmrnant 6anxryi 6aiHa.

1.6 Xoéeppory ax yyCBIpuUMH
ra3pbliH XOBOpP 3/IeMEHT

OpYnH YENNH TEXHONOMUIAH HUAraMA
ra3pbliH XOBOP 3M1EMEHTUINH X3P3rnas
HoMOrAoy  bHaliraa  Hb  A3JXUIH
XOMMKIIHA TYYHUI BPaNT X3paruaar
MOH HAMIrayy/mk 6GaitHa. XsaTadbliH
3ax 3931 MOHOMOIOOP XAHANT TaBbXX
6alraa Hb HUANYYNSNTUAH XyMUraMan
Gaiigan, Garranb OpYHbl Heneennesc
YYASH TraspblH  XOBOP  3M1eMEHTUIAH
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ynamnant onéopnontosn caan 6ok
Galiraa 6Gereef TOAM93pPUAH  2pPanT
X9paruaa 6aliHra eceH HaMaraax 6yi
39par LWanTraaHbl ysiMaac X08paory ax
YYCBOPUNT Xalx cyfanraa SpyYMMTan
ABaraax GanHa. Tyxanno6an, yypxanH
XYYUANSr yC, HYYPC, HYYPCHWUIA AaiBap
6YTaaraaxyyHyya  (YHC),  TeMpwidH
XYAPWIAH  Xasiraan, anatut, nupome-



TannyprunH Wwaap, 6a0oKCUTbIH
ynoaraan (ynaaH waeap), dGocdorunc,
hocdaTbIH fariBap 6yTaaraaxyyH 60/10H
6ycan xasranyygaac — (Kuwwsanéan,
3NeKTPOHUK, FaIPanTyynar) MX3 rapraH
aBax cyfanraa TyAXyy XvMArgax 6aiHa.
TyYHUYNaH, 6ycaa ync OpHyyA raspbiH
XOBOP 3MeMeHTUIH 6ycag Heeuuinr
Xamx, WNPYYNaH ©eepcAunH raspblH
XOBOP 3M1IEMEHTUINH canbapbIr XerKyy-
N9X34  TYAXSL  Y3YYISXUAr  XMY33XK

HyypcHui yHe

Hanxuii fagap HUAT HYYPCHUI YHCUIAT
acap WX XaMXX33rasp YMNABSPISCasp
GarHa.  Hyypcwiir  wataax saBUaj
HYYpCTeperyviti gaexap ucan 60/0H
6yca XMNTIN XaMT UX XIMXK33HUI YHC
YYCASr. YTaaHbl XWATSN XaMT O399l
rapy 6yin HapWH LUMPX3rTON X3Cruir
03rA3MXUIA YHC TaXK y34ar 601 A3su
03rA03TYN XYHA YHCUIAT EPOOSbIH YHC
T HOPMadL HUMTBL Hb HYYPCHUN
VHC raaar. HapuiiH LUMPX3rTan YHCHUA
Tan XyBWWr 6apwnrbiH - MaTepuang
JaxuH awmrnagar. YNACSH X3Car Hb
rofl TeneB XOruWnH Lar 60M10H AanaHg
Xagranargaar.  HyypcHM  YHC  Hb
Ge, U 39par uyxan asneMeHTYYAWUIH
30XMCTOM 98X YYCB3p tOM. OAarasp
yHcHa3ac H,S0,, HNO, yycrant, ofioH ye
LwaTTai AaBMpxanH yycrant, yaxmaraaH
OVanuTUK — apraap raspblH  XOBOpP
SMIEMEHTUIAM rapraxk aBax OO0OMXTOWM
SCOXUIT CyaNaxaa, Laxunraan Ananmntuk
apraap 70% XypTanx rapuran aBax
OOIOMXTOWI  TOFTOOCOH.  HyypcHuiA
yHeaHa mynnT (3A1,0,2Si0,), kanbumT
(CaCO0,), kBapy (Si0,), rematut (Fe,0,)
39par apasc 604MCyya MN3PCaH GalHa.

6alHa.

[a3pblH XOBOP 3NEMEHTUIAr raprax
aBax aprajg GusMK apraac rafgHa
rMOPOMETannypruiH ~ 60N10H  6UO-

rMAPOMETaNNypriH - apryyn 6aingar.
CalmxpyyncaH HexeH Coprasx 30pwJ-
roop raspblH XOBOP  3/EMEHTUIMH
0n6opnox apra TEXHUKWUIAT alnrnax Ho
YHACOHAS BArasp dyxan anemeH-
TYYOUAH  YANOB3PASANAH  eBepMel
X3ParnaaTar xon600Toin rom [9,10].

CypnanraaHaac y3axaj raspbiH XOBOP
9NeMEeHT Hb amapxaH [MAponM30oL
OpAOr Ty WOH X3N63pa3p Hb raprax
asfar. Keptuc, tOgosBu4  HapblH
cynancHaap (2009) HyypCHWI YHC Hb
O3NXNAH XaMXKS3HA AyHAKaap 445 ppm
raspblH XOBOP 3/IeMeHT aryyngar rax
TOOLIOO/MK33. YHCH33C ra3pblH XOBOP
31eMEHT 0N6oPOX GOMOH HasKyynax
Hb aHxgard TYyXui 9493C 0N6OPOH
60M10BCpYYNaxaac sAnNNH 3aCritH XyBb [,
6ara 3apfnaap rymustrax 6010MXKTOMN.
Hamx gypdaxaf, HYYPCHUA A3rA3MXUR
YHC Hb OfIOH TOPSUAH raspbliH XOBOP
SneMeHTUAr —aryyngar 601 UX3HX
yypxana — SArasp  9NeMEeHTYYAWAH
36BX6H 3apuMm  Tepnayya N Gaigar.
3Arasp WwantraaHbl  yAMaac  OJfoH
KOMMaHWy[ HYYPCHWIA YHCH33C raspbliH
XOBOp 3fIeMEHT raprax aBax aprbir
CyAamK, HYYPCHWIA YHC 600BCPYYnax Hb
ynamMxknanT yyn yypxanH sAunH 3acar,
Galiranb OpYMHA 93NTaN  XyBUNHAp
3COXMIT cyaamk GaitHa [10].



YypxaiiH Xy4unnar yycman

Yypxaitt xyumnnar yycman (YXY) Hb
eHAep Xydunnar, cynbdaTbiH aryynamx,
XOPTOM  METaNIbIH — aryynam>ram Tyn
XYP331aH Byi1 OpUHbl 6OXMPASIBIH HOLTOM
acyygan yycragar. YXY Hb acap ux
X3MXK3HWUIA XOr Xaaranibir 6uiA 60Nrox,
yMaap YYHUAr LISBIPMaX Hb  ©HAep
epTerTan Tyn Yyn yypxarH TOrTBOPTOW
GanbiH  XaMMMAH  TOM  COPUITYYAbIH
HOr X3aBa3p BaiHa. YXY-MAr W1inasapnax
XaMIMiH Tyraaman apra 601 WX XaM-
YKIBHWIA Nar yyCraaar HaTpUIAH KapooHar,
LLOXOMH  4Yyflyy, LLOXOW, amMMMaK 33par
WYNTN3r  ypBa/bkaap Caapmankyynax
ABfan oM. ACyyA/ibir  LUMMOBSPIISX
OLOOTWMNH apryyh xaHraatran yp AyHryw
6ac epTer eHaepTait GailHa. TuiMaac
9H3 Hb 3AWINH 3acruitH 6ONOH TOrTBOPTOM
LLUMHS TEXHUKUIAT XOMKYYI9X C3A3M BOMXK,
TOAr93PUIAr  HEXeH C3Prasx, Xycaaryi

TeMpUINH XyAaap, xasargan

TeMpuiiH  XyOpuH  OpAbIH  Teper
6OMOH YYCaX MpOLeCCOOC xamaapaH
TOMPUWINH XYAPWIAH OpAbIH Xasraan aaxb
raspblH XOBOP 3M1EMEHTUIH aryynamx
fgH3 Oyp Oailgar. XopaB XeBYY/3H
Gaskyynax npouecc awumrnacaH 6on
Xasraan Aaxb raspblH XOBOP 3/1EMEH-
TUIH aryynamx 6ara oMponLooroop
20ppm MX3-WIH HUIMNG3P Hb Xainyynax
60/10H COPOH30H Baspkyynant
alumrnacaH TOXMonaona ra3pblH XOBop
9NeMeHT aryynamx eHaep 6aliHa
(400ppm X3-MIMH HWIMNGIP Hb OPYMM

Yp Aaraeap, Gaiiranb opuMHA y4pyyncaH
XOXMP/bIF  apuiraxag Yurnax 6GaiiHa.
YXY-00C raspbiH XOBOp 3NeMEHTUII
AnraxbiH TyA4 9xHUM 39amkmHg  Cal,
MgO acBan NaOH awwurnaH raspbiH
XOBOp SJIeMEHT aryyncaH YXY-aac Fe-
WA 3annyynax toM. XOoép Aaxb LaT Hb
raspbiH XOBOp 3MEMEHT aryyncaH Fe-
ryin 6onoscpyyncaH YXY-r cynb®oHbl
6ynar aryyncaH [X paBvpxair atiur-
naH GasxyymK, Toaopxoi pH-Tait doc-
daTblH  AaBCbIr  alUrfiaH  COHrOMOS
TyHaAacxKyynax ye LaTtaap raspbiH
XOBOp anemMeHTunr docdat 60onroH
copraoxa awurnax rom [11]. YXY-aac
raspblH XOBOP 3/IEMEHT raprax asax
Hb ra3pblH XOBOP 3MEeMEHTUIH eHaep
rapuTain 6010H XMMWUIAH BOANCHIH X3par-
N93 39parT TycTal GONOBY aryynrbiH
XyBb[l 6ara 6aiiHa.

Hb TOMPWAH XYOPUAH  aryynamram
OMpONLI00 6aiHa). fon awmnrT ManTMan Ho
6aCcTHa3WT, MOHaLMT, KCEHOTUM, anaTuT,
raAOCNMHWUT, UMPKOH oM. Oponuooroop
raspbiH XOBOp onemMeHTUMH 95% Hb
9XHWIA TypBaH apaacT Ganaar. TemMpuitH
Xaaranaac raspblH XOBOP 9NEMEHTUIAT
raprax< aBax Hb S[WAH 3aCTUMH XyBbJ
BONTOMIKTOM Geree[ MaTepuasnbIH
X3paruss, TYYHYI3H CTpaTervinH LUMHS
apra TeXHUKUIAT 61iA 60NroxX 60NOMMKUIAT
onrogor [12].

docdaTtbiH fanBap 6yTI3rA3XyyH

docohaTbIH XYY, dochatbiH
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xaargarn, dochatbiH 60pA0OHbI



fanBap 6yToarAoXyYH 39par X9 X99H
dochaTbiH  X0EPAOrY  9X  YYyCBIpT
X3 6aiiraa Hb TOrTOOrACOH. MM ax

MeTannypruiH waap

Xasirgan uaxwnraaH 6a 31eKTpoH
XOr Xasdrfjan xanayynax npouecchbiH
NMpOMeTanyprmH LlaapHaac
raspblH XOBOP 3/eMEHTUIr raprax
METaNNyprumH YUNABOPUNAH  CXEMUIT
xapaaxaH 6onoBcpyynaaryin  6aliHa.
[a3pblH  XOBOP  9NeMeHTyyA  Hb

YYCB3P33C HaiaBapTalt raspblH XOBOp
9NEMEHT  VIANABIPNAX  HGONOMXKTOM
B0MI0XbIr Xapyy/k GaitHa [13].

XYUNNTOPOYTIN MOKUN LLUMHXK YaHapTai
Tyn “33C  xaWnyynax yWnaBap’-uiH
WaapaHa LWWHrOpYYACaH  (MCaNACoH)
X3N63p33p Ouit 60K xap TyranraHbl
TACONMa3HUIA 3yyXHbl LaapaH opaor
[13].

BokcuTbIH yngaraan (ynaaH waeap)

BOKCUT Hb HaTPUMH TMOPOKCUABIH
XanyyH yycMang LWMHraaar 604MC oM.
9H3 yycMarsblH yycaaryi xaTyy xacryya
Hb LIYYrA9X 3amaap U3B3pnargsH
OOKCUTUIAH  yNaaraan  rax  ynaaH
OHreTa WaBpbIir 6ypayynasr 6aiHa.
YnaaH WaBpbIH 3pA3Ccnar 6ypanaaxyyH
Hb GOKCUTbIH Tepen, OpAbliH GanpLumnn,
60M0H TyxalHopblH baitepbIHNpoLiecc-
blH MapaMeTPYYA33C xaMaapHa. YnaaH
LaBap Hb LUMHX YaHapaacaa xamaapu

Gaiiranb opynH 6GOMOH XYHWUIA 3Py
M3HABA WX 6ara XamyKaarasp ceper
Henee y3yynasr. YnaaH LWwaepaac
XOBOp 3MEMEHT, CKaHAWyM 0nbopniox
Tanaap OIOH TOOHbI cyfanraa Gaigar.
YYH93C ra3pblH XOBOP 3/1EMEHT raprax
aBax X0ép YHAC3H apra 6aipaar. Har Hb
U3Bap TMAPOMETANNYPruiiH  npoLlecc
9CB3/1  MUPOMETA/YPruiiH  GOJSOH
rMOPOMETaNAYPruiiH XOCOMMON T3CaH
XOEp apra 6aiaar.
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1.7 Xoéeppaory 3x yycBapaac ra3pbiH
XOBOP 3/1eMEHTUUAT PU3UKUINH
apraap rapraH aBax apra

Opooroop cyanargcaH — XOéphord
39X YYCB3PT HYYPCHWA A3rASMXMIA YHC,
YYpXamH yc 3annyynax cyBar [axb
XYYUANAr yycMasn, MeH TOMPUIMH yyp-
XavH xasiraan 60/0x nar opHo. Xyaap
60noH 6Gycag 6yxuih 1 XOEpAord ax
YYCBOPYYA Hb (U3NK OONOH XUMUIAH
WKMHX YaHapaapaa XOOPOHAOO SAn-
rargaar.  Ogooroop  XOEpAory  ax
yycBapaac [XO-uir qanrax cyganraa
MoHrona cyanaraaaryii 6airaa xaanii 4
6as>xyynanTbiH apryyf, XMWiH 60/10H
®W3NK npoueccyyablr awmrnaH I X9-
WIAT XOEPAOTY 3X YYCBIP33C AnraH aBax
60NOMXKTON. XUMWIAH apraap Anraxafg
yycranTblH 60/10H MOH CONMUALIOX apryys
TYroamMan awmrnagar 6on buUsmMKmiH
apraap [XO-MAr WWrwmnx, COPOH30H
WWHX A33P YHASICNSH Anrax, HArTbiH
36pyyr awwvrnaH snrax, dnotaumniiH
apraap 6aspKyynax 3spruir xaf xaasH
aproir  awmrnax 60NOMXKTON.  Amap
X0Epaory ax yycsapaac [XO-unr an-
raxaac xamaapaH [%3p AypAcaH
npoueccyyablH anb H6OMOMMKTONI COH-
FOH allmrnaHa.

Llaxunraad CcTaHUyyAblH xadrgan
JaiBap 600X A3rA3MXMIA YHC Hb [TXO-
WIAF AnraH aBax G60NOMXKTON XOEpAOry

9X YYCBap oM. [anxuin fanap MX3HX
LaxunraaH CTaHUyya WX XOMXX33HUN
YHC raprax japaa Hb TYYHUNT33 XOTUMH
uaryyaan 6ynax acBan xypumtayynaar
faliHa. HyypCHW A3rasMxumin YHCOH[
aHxZary HyypcTan xapbuyynaxag niyy
UX XOMXKIBHMIA TXD-WiAH aryynra 6aiiaar
Hb WaTanTblH MNPOLECCbIH  fBUaA
HyypcTepery LuiatcaHTai xon6o0Ton
toM. LlaTanTbIHNpoLecchbIH Aapaa YHCaH
09X 'X3-MIAH KoHUeHTpaum 8-10 aaxumH
Hoamarafer 6aHa [14]. YyHasc ayrHaxa
O3TA9MXUIA YHC Hb [X3-MMH X0oépaory
9X YYCBap 060N0X 6ypaH BONOMXKTOM
FOM. X3AMNrasp HYYPCHUN O3MASMXMIN
YHC Hb 'X3-WiH aryynra uxTain 601084
TYYHUIT DUSUKUIAH apraap GaskyynaH
Anrax WaapAanaratan. HyypCHWA yH-
CUIIT LUMTLUKMX, COPOH30H LWMHX A33p
YHOSCNAH aAfarax, Harraap Hb snrax
39par apryyabir awmrnaH ' X3-uir 6as-
XKyynax xaf X3AsH TYpPLIVNTYYA XUArA-
CoH Baipar.

LLIMrwmx Hb yyn yypxaiH onéopnon-
TOHA UX3BYISH X3Parnaraaar XamMmruiH
Tyrasman Guamnk apra oM. 3ypar 6-1
Y3YVYJICaH HYYPCHUN A3TASMXUIA YHCIHA
WMrwmnx apra awurnand ['XS-unH aryyn-
ratay rapubir 6asKyyncHbl Aapaax
LUNMHXKWUITS3HUIA VP AYHT Xapyynas.

' BaiepblH npoLecc- BOKCUTbIM MAIMXMUIA HAaTpW BYHOY HATPUIAH MMAPOKCUATON XONbX AapanTbiH JOp Xxanaax

rnpouecc
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3ypar 5. Xvokur xacryya aax [X3-witH aryynratai
rapLiblH HWAT aryysra, Tapxant 6a MaccbiH rapy [14]

3ypar 5-aac xapaxap XUXNUr XaCrnitH
XaM¥a3 Garacax Tycam [XO aryyncaH
rapubiH aryynra He onponuooroop 600-
aac 900 ppm XYPTana HAMArAsX, -25 MM
XaMX33 [193p [XO-MMH rapy xamMrumH
eHlep aryynratai 6aiiHa. TypLMNTbIH
napaax ['X3-uiH aryynra Hb HURT [X3-
WAH aryynratain wxkun 6airaar MeH
xapXk 60HO. TuAM33ac eHaep I X3-uitH
aryynratai rapLlaac XXUxXnr XacryyaminH
XIMXK33HA YyHASCNaH [X3-uir anrax,
Baskyynax 6010MKToMN [14]. COPOH30H
ANrax aprbir awuriaH Xxoepaory ax
YYCB3p 60/10X HYYPCHWI YHC HypamMHaac
[XO-MNH aryynratain rapubir rapras
aBaxa/l MeH alurnax 601Ho.

R T r—
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3ypar 6. finraatai COpoOH30H (ppaky Aaxb [ XI-uiiH
aryynrataii rapybiH HUAT aryynamx, Tapxant, MacCbiH
rapy [14]

3ypar 6-4 HYYPCHWUI  O3TASMXUI

YHCSHA ~ COPOH30H  sAnrax  apra
awurnan MX3-MiH aryynratan rapubir
GaskyyncHbl Aapaax TypWWATbIH Yp
OyHr xapyynaB.  COpOH30H M3Apax
Yaasapblr ST-9a¢ S6 XypTan 6yypyyncaH
60JTHO.

lpadbukaac Xapaxaf [X3-MiH
KOHUeHTpauu ownponuyooroop 600-aac
900 ppm XypTan HaMIraceH 6GaiHa.
COpPOH30H M3ApPaMTruii YaHap Oyypax
Tycam [X3-MAH aryynamx HaMargax
Galiraa Hb TYPWWNTbIH VP  AYHA
xaparfax 6aliHa. XapnH COpoH30H 6yc
YAASMAS Hb MacCblH 57%-A, [X3-MiH
64%-1iAr Bypayy>K 6aitHa. MeH HarsH
yyxan axurnant 6on ST dpaky Aaxb
TOMPUIAH aryynam Matl eHaep (6apar
60%) 6aiiHa [14].

XO-niAr anrax cyfanraaH aaxb 6ac
H3r9H acyyaan Hb TEMPUIAH aryynra rom.
TempuiiH aryynratan apacaac [ X3-unr
ANraH aBaxblH 6MHe TOMPUIT Anrax
aBCHaap Xy4IWiAH 3apuyynanT 600oH
HUIAT 60N0BCPYyNanTbiH 3apa/bir 3pc
Garacrafar 60/10XbIl TOrTOOXa3 [15].
Oep HaraH Ou3MK apra 601 HArTbiH
36pYYH [93p VHASCN3H Anrax oM.
HArTbIH 36pyYH 433p ANrax aprbiH XyBbA,
XaMIUIAH HATT eHaepTein dpakuma MX9-
WAH aryynra ux 6ainx 6onoB4 X3 Hb
OYHO 33PTUAH HArTpanTal Xacryyass
nnyy 6aT 6ex, »urg TapxcaH 6aigar.
TUAM33C HATTbIH 36pYYH A33p Anrax
apra Hb LWUrWKx O60NOH COPOH30H
Tycraapnax apryya Wur yp AyHTan ouw
FOM.

TeMpuiitH XyOpWAH Xxaargan  nasp
COPOH30H  LUMHXWUIT  alnrnaH  snrax
apra 60M10H GAOTaUMIH apryya Ha/195H
cygnaracaH 6Gaiaar. COPOH30H LIMHX
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YaHapbIr aluriaH snrax aproiH XyBbf,
TOMPUIH XYAPUIAH xaargnaac [XS-umir
canraxk yaggarrym. Y4mp Hb COPOH30H
OPHbl  XYYNAr  HaMarayynaxag [X9-
99C rafjHa Temep OOOH LaxnypblH
aryynra faBxap ecfer 6aiHa. YyHaac
WanTraanaH fapaa flapaaruiiH
npoueccyyaas Temep OOMOH Laxuyp
Hb caaf 6onpor 6aitHa. COPOH3OH
WWHX  awmrnad  IX3-uir - canrax
cyaanraaHbl Aapaa GaoTauuitH aprbir
cypancaH 6aigar. XamruiH wux yp
OYHTaM Hb “Unyy 6ap3rap-LaBapnary
FMAPOKCOMMK XYYANiAH hnoTaum Hb 1.16
6askyynanTbiH xapbLaaraap 80% X3-
niar 6apbx, 17% Fe, 62% Si-r anracan”
6aiiHa [16].

YypxaH Xy4nnnar yycMman Aaxb
X9 Hb WOH xan6apasp Garaar.
LUnHraary awmrnax, WoH CONMLOX
apra, TyHagacxyynax apryygaap X9-
MAr  Gasbkyynax Oyloy siiraH  aBax
6ONOMXKTOW. 3arsap apryyabir 1.8
X0EpAory ax yyCBapa3C ra3pbiH XOBOP
SNIEMEHTUAT XUMWUIH apraap raprax
aBax [9f OVNarT uayy [O3ArapsHryi
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Tycras.
XO-mir yycrax, Gaspkyynax 33par
XVMWUIAH  MPOLIECCYYAbIH ©MHE  (DU3MK
aproir awmrnax Hb WAyy yp AYHT3N.
HYYPCHUIA  OSMASMXUIA  YHCHUI  XYyBb/A
YHAC3H ON6GOPMONTbIH  ©MHBX  KOH-
UEHTPaUMIAT  HAIMArayynaxuviH — Tyng
LUMILIMX, COPOH30H Arax aprbir Xoc-
JyyNnaH Xaparnax Hb awwurtan. MeH
Uaalnaa HYYPCHWUI YHC Hb TOMPUIAH
XYAPWAH Xaargan, yypxamH Xy4nnnar
yycMan 60/10H nartait xapblyynaxap
nayy GONOMXKUT XOEPAOrY X YYCB3ap
tOM. TOMPUNH XYOPUIH XasarA/biH XyBb/,
dnoTaumitH apraap 6askyynaxaac eMHe
HATTbIH 36pYY 3CB3/1 COPOH30H LUMHX
YaHapaap Hb Anarax aprbir awmriaH
['X3-MNH KOHUEHTPaUMNT HAIMIrAyynax
Hb XYHOPANTal Gangar. MeH TeMpuiiH
XYAPWAH Xasrfan Hb uaxuyp, TOMpUIAr
NX X3MXKIIraap aryyngar Tyn XMMWIAH
YypBa/KMAH  alumMrnanTbiH - 3apaan
eHaep, X3 anrax ron npoueccT vyp
LYHryin  6onoxon Heneenaer 6aiiHa.
YypxalH Xy4wmnnar yycmanaac XMMuIAH
apraap M X3-niar baskyynaxrai
XON600TON [O3NAr3P3HIYI MOASINNNIAT
fapaaruiiH 0sa 6ynarT Tainéapnas.



1.8 Xoéepaory ax yycBapaac raspbliH
XOBOP 3/1IeMEHTUNT XUMUMNH
apraap rapraH aBax apra

X3-uitH 6ara aryynrartai ax yycBap
YKULLIBS Hb HYYPCHUIA A3rA3MXUIA YHCIHA
[X0-23c ragHa Oycag MeTanayya
aryynargcaH Gaitgar. Xoépaory
TYYXUA 39X yycBapaac [XB-uir anrax
TYra9Mafl XMMUIH apra Hb Koarynsium,
dnokynauy, daoTaum, MOH CONWILOO,
COPGEHT alumrnax, LaxmaraaH XMMUnH
npoueccyya opHo [17].

Baliranb  [29px  9pasc  HOMOH
6ycag  XOEpAory  ax  YyycB3pa3ac
rMAPOMETANYPIUAH - aprbir  allmrnaH
[XO-MAr rapraH aBax Hb XaMrunH
epreH awmrnarggar apra toM. 9H3 Hb
yycranTt 60/10H rapraH aBax ye racaH 2
ye watTan [18].

XS aryyncaH opacsac [X3-nir
rapraxx aBaxblH Tynn 9pACWAr MOH
(ycaH yycMman) Xan6apT  LUMMDKYYISX
lWaapanaratan. YycrantbliH npouecc
Hb [XO aryyncaH udynyynar, Spacasc
[XO-MNr rapraH aBaar XMMWMH apra
oM. XaMruiH TYrasman apacyyaunr
yycraxaj alvrnagar 3apum apryygaac
nypAaBan:

3Ha aprbir 200-500°C TtemnepaTypT
rymuaTrafar. SHaxyy XMMWAH ypBasblH
OYHA XYXPUIH XYYUIT Hb XYXPUAH OKCUA
(xni1) Xan6apT WNNXKMHS.

3H3 xvMUiiH ypBan Hb 850°C - 900°C-T
1 uaruiH Typw Na,CO, 6a HCI XMHrmiH
3.7 xapbliaaTtanraap alwuriiaH yycrax Ho
MYy OHOBYTOM.

N asmxni HaTpuap  yycrax Hb
120-130°C-mnH  TemnepaTypT daBarf-
nar [19]. YyHwit fapaa yycman xanéspt
Oyt TXO-UIAH MOHbBIT SH3 BYPUIAH canrax
npoueccalluurnaH araH aBHa. Xoépaory
3X YYCB3P33C MEH rMAPOMETaNypruiiH
aprblH AyHA4 YYCCaH yycmanaac [XO-
WA Anraxag aapaax apryy xaparnagar
6aiiHa. YYHA:

. TyHagacxyynax

. Llaxunraax koarynaum

. XeByynaH Gasxyynax 6ytoy dnorall

. CoHromon cop6eHToop sinrax

. VIoHbI cONMNUO0 6ONOH LWWMHIFI9AT.
WoH conmnuox —aprbiH ¢yl  Tan
Hb MPOLECCbIH Japaa KX X3MXK3I3HUN
KaTMOHbl MOH BOSTIOH KOMMEKC HArAaN
aryyncaH Xy4unnar ©GOfoH  LWyNTnar
xasiraan yycman yycasr 6aiHa.
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1.9 XoépAaory ax yycBapaac
ra3pbiH XOBOpP 3/IeMEHTUUr
rapraH aBax epeHXumn cxem

HYYPCHUIA [BrAaMXUI YHCUIAT eHASP KOHLEHTpaLTan xy4nasp yycrax, XxaHanant
alumrnax 3spar Hb ypBYyy XaHAMaNTbIH NPOLECC Aax XUMWIAH YPBa/mKUNH 3apAsibir
X3MH3A3T.

HyypcHuii Yycrant Xanpgnant YpByy TyHpac-
YHC xaHgnant XKyynax

3ypar 7. HyypcHuil yHCHa9C [ X3-miir rapraH aBax epeHxmi cxem

YypxanH xy4mnnar yycman Hb ['X3-uir rapraH aBax XOEpAord ax yyCBapT MeH
xamaapaar.

YypxaiH L Yycrax TyHpac- LiaBap-
XY4unnar yc Xyynax XKyynax yynax rxs

3ypar 8. YypxaiiH Xy4nnnar yycmanaac [ X3-wir rapraH aBax epeHxui cxem

TeMpuitH XyApuiiH xasargan aaxb ['X3-WiH aryynra Hyypc 60/10H HYYPCHWIA YHC3H
[9X aryynraTait xapbuyynaxag X3-witH aryynra 6ara 6aiaar. YycranTblH 6MHE
hnoTaumniiH apraap TeMpUiH XYAPUIAH Xasranbir 6askyynaar 6ainHa.

TeMpuitH

dnotaum Xyanuiti Xaupnant Tynpac-
xaargan yycrant XKyynax

3ypar 9. TempuiiH XyapwiH xasranaac [ X9-uiir rapraH aBax cxem
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1.10 Xoéppaory ax yycBapaac N'X3-uur

6aKTepuiH yypar [33p cyypuscaH
COpPOEHT aluurnaH rapraH aBax apra

3ypar 10. [ X3-wiiH 6ara aryynratait yycmanaac [ X9-widr sinrax apra

NanmogynuH  (LanM) ragar yypar
093p cyypuncaH X3-Mir anraxk a.Bax
WMHS  WKHrE3ary  (CopbeHT) LWMHI3p
cyanargax 6aiHa. 'X3 aryyncaH aHxHbl
yycmanaac ['X3-UIr COHroMOno0p LWWH-
r39X aBCHbl fapaaraap 6ycaf meTas-
NyyAbIr aacopbunoH aBHa. YyHuid Aapaa
yycraryumiiH HeXUNMIAr  eepynicHeep
raspblH XOBOP 31EMEHTYYANNAT LUMHI 9=
433C Hb TYC Tycaj Hb A3COPOBLUIOHO.
YKNLWS3 Hb yycManblH XyYUANar OpyHbIr
©6PUNIICHOBP ICBSJT XENATOP HIMCHI3P
raspblH XOBOP 3NeMEeHTUH 6aTXKMATbIH

TOrTMON 6yypcaH COpPBEHTOOC ANrax
aBHa. AHXHbl yycman jAaxb raspblH
XOBOP 3/1IEMEHTUINH X3aMX33 Mall Hara
aryynratai 6aicaH 4 aHaXyy LUMHI9ary
Hb eHOep UuaBapwunTTan [XO-nir
aMXKUNTTal anraxk asaar 6anna [20].

SHaxyy aprbir yaawma uayy HapuiH
cyanax lWaapanaratain 6ereen TyYHUIAT
alumrnaH YANOBIPUIAH Hexuena
XaMrMiH  eHgep uasapwmntTan X9
rapraH aBaxX X3MX339H[ 6prexyynax
OONTOMXKTOW FOM.
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1.11 TempmiiH Xyp3pTal X0N600TOM
3X YYCB3P33C raspbiH XOBOP
3JIeMEHTUUr rapraH aBax apra

TemMepTail  X0N60OTON  XOEpaory
9X YYyCBapaac [X3-uir rapraH aax
AH3  BypuiH apryyn Gaigar. 9araop
apryyabiH ONIOH TOPWUIAH A33K [33p
XWACAH AH3  OYPUMH  TypLUMATYYAbIH
YP AYHMMAH Tanaap TOWM rapraxbiH
TYNA SHOXYY COABWMH Tanaapx TOBM
aryynra 6yxuii X3 X9A3H eryynauir
COHIOH cyAancaH. YYHW 335paruas
VKU TOPNNIAH XOEPAOrY aX CypBamX

093D XWNC3H TYPLWWATbIH Yp AYHra3c
WYY  EepeHXMin  OMNronT  aBaxblir
30PbXK, 9Ar33p Yp AYHMMIAH YHIAr93H[
YHASCNAH TOCAWMH UaaldbliH aXung
TOOOPXOW YNTNBN 6rex 6ONOMMKTON raxK
Y3C3H.

TeMpuitH apaac 6010BCpyynanT Hb
TYYHWIA xaargan 60n0H Gaskman aaxb
[X3-MIH GasyKnnTaH XapxXaH HeNeenx
6airaar cyanax Hb dyxasn toMm.

XycHart 5. ToMpuiiH xasrgan 60/10H anaTuTblH Xyapaac [X3-uir raprax asax apra, yp AyH [8]

MatepuanbiH 5
PKHU Tepen Apr: raynan Hexuen Y H
T a3, epe pra aprayna oxLe. p Ay

TeMPUIAH XyApUIAH Gasxyynax

COpOH30H — XeBYynaH

Llyrnyynary:

HaTpuiiH onear, baskunTbIH xapbliaa

xaaraan COpOH30H Byc

XOBYYNIOH Gaskyynax

HaTPUNH Laxuyp 1.6-1.8

fapary

TeMpuiiH =
. LIMpXarnanuiiH xamxaa
xanrpan (Tear\iamm:axaqman HancoH 6onoH 74 MUKpOHOOC 6ara
6%94}15?@ P YAYMPrasT WUPad YeA aryynroiH ecent
Galiraarymn
TeMpuitH XyapuinH o Na,CO,, 700°C "X3-nitH meTan aBant
xaargan Xainyynax 6oMoH 3ZMHNO3 calin GalicaH
X3 aryyncaH X3 aryyncaH XYHAWAH Xy4HUIA 6ONOH S;ﬁ@?iﬁ;fg;fﬁfﬁgﬂ
XyAaap Xyaap COPOH30H Anrant saiinyyncaH
A30TbIH XY4IUAH Ynamxknant xy4nasp
ﬁgag:;g':x 5 TyHapacxkyynax yycranTtbiH yycrax 60/10MXXTON
P YASP TpubyTVn docdat | xyBundap

ANaTuUTbIH XyA3p

XeByynaH Gasbkyynax

HatpuiiH oneat MeTtann aBant 90%

AnaTUTbIH XyA9p | AnaTuTbiH xyasp | Yycrant

MeTann aBant 60/10H

A30TbIH Xy4us o
¥ rapu caiH

60% xy4nnnar,

XY4UNN3arvinH TOBLUMH,
yycrax xyrataa, xytrax

AnaTuTbIH XypA, TeMIepaTyp
Gaspian LUMPX3rN3NNIAH
XOMXK33

XaTyyruiH aryynra
30%, yycrax xyrauaa
30MUH, XyTrax

xypa 200 spr/MuH,
Temnepatyp 60%

3apum X3-nitH meTann
aBant 59-74%
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TeMpPUAH  XYOPUAH 199X  60M0H
X6BYYN3H Haskyynax, COPOH30H Anrax,
xalnax 3apar AH3 GypuitH NpoLeccooc
rapax — Xasargnoir - uyrnyymx,  [X0-
NAH  GasKMNTBIT  YHBM3X  30pUroop
cypancaH. Yp AYHraaC y3aXa/ X6BYY/19H
Gashkyynax fBlLaj rapcaH xasrgan Hb
AMap 4 6ashKUAT aBargaaryi, xapuH
3CParaspaa ['X3-MnH aryynamx
6araccaH 6aliraa 4 COpoOH30H Anrapant
60MI0H xalnyynax npouecc Hb [XO-
WAH  GasbkunTaHg  wayy WX 9epar
Henee y3yy/ncoH 6aiHa. IH3 Hb MeH
ypbAYMnaH 6asxyyncaH ax Hb Uyy ad
X0NB0rAoNTON Xapyymk 6aiHa [21].

TOMpUH  XasirA/IbiH - 493X  OOJOH
[X3-UAH aryynamx eHaepTan apAcuinH
Har 60M0X anaTUTbIH XYA3P A33p X374
X3[9H cypanraa, 60M0BCPYyNanTbir
XMNC3H.  Yp  OYHMMAH  XypaaHrymr
XYCHarT 5-4 Y3YVy/13B.

TempuitH xasranaac X3 rapraH aBax
apryyaaac ToMMI0BON:

. Tepen 6ypuiiH sinrax apryygaac

X6BYYN3H HaskyynanT Hb 6ycag

apryyaran xapbLyynaxaa uiyy

caiiH MeTann aBanTTan, aryynrbiH

6CeNT calTam yp AyH y3yYacaH. [on

uyrnyynary 6a fapardaap HaTpuiiH
0neat 60M0H HAaTPUIAH Laxnyp
awmrnacaH.

« XYHANAH XY4YHUIA, COPOH30H BOMOH

LaxuiraaH ctatuk apryya Hb [ X3-

WIAH alwunrT ManTmMan aryyncaH

Martepuanaac X00COH Yynyynruimr

canraxaf Tycangar 60/10BY rapy

GaraTtal 6anaar.

. TOMPUIH Xy43p 9CBa/ Xadraan

6050H anaTuTaac ' X3-niir raprax

aBax rMapoMeTaNypriiiH apryya Hb
©6p 66p TeP/NIH Xy4u alurnacaH

OJI0H TOXMONAONA VP AYHT9 Haiiraa

Hb TOrTOOr ICOH.

. Yp OYHI camxpyynaxblH Tyna

AH3 6YPWIAH apryyablH XOCNoMbIr

NX3BYN3H alumMrnagar.

. MeTan aBanT canTai yp OyH

Y3YVYJICIH TyN TOMPUIAH Xasaraibir

Xavnyynax aprbiH Tanaap uyy nx

cyfanraa XMmx xaparTan.

. TOMPUIAH XyApUiiH hnoTaumninH

xaargang ' X3-UiH 6asxxunT

ABargaaryi, XxapyH COPOH30H

ANranT Hb TOAOPXON X3MXK33rasp

6askyyncaH 6010XbIr XapyymK

6aiHa.

SArasp 493P YHAICAIH A33XKYYA Hb
X3 aryyncaH 6aiBan Laalwua TypLlumnnT
XMIAX OONOMXMUT  XyBMNGapyyabIr
xapransaH y3ax 60M10X X34 X3A3H
XypaaHryih MpOLECCUIH CXeM raprax
GaitHa (3ypar 11). 9arasp npouecc
cxemMyya Hb X3 aryyncaH TemepTai
XON600TON 9X YYCBIPYYAUAH  LLIMHXK
YyaHap ©6ofloH X3 rapraxk aBax
30pWITOOP  TBArd3PT  XMMC3H  OJIOH
TOPAUIAH TYPLUMATbBIH VP AYHI OANrOXOA
YWUIMN3CaH  cydanraaHd — Tyaryypnad
caHan 60NroCoH FaArMNE TOMASMNSE.

TOXMPOMXTOM  Mpouecchbir  YHa-
NaxXUAH Tyna X9 aryyncaH Temeprai
XONGOOTON  XOEPAOrY  3X  YYCBIPUIAH
[99XKMHA Aapaax WNHXUAT3r XUAXUIAT
36BM16X HaiiHa.

1. Xumuiie wnkknnras (ICP REE)

2. PACUIAH LUMHXMNIT39

(MuHepanoru, MeTporpadw)

3. WMpXarnanuitH WWHXUNrea

(LWwrwyyp)

4. LLINpXarnanuinH aHrunanyyn gaxb

['X3-uiH aryynra

5. CopoH30H 6a COPOH30H 6yC

Xacryya oax MX9-uiH aryynra
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0% [X3-uiiH aryynraac
XamaapHa)

XeByynaH
basKyynax

a) TeMpUiiH xyaap,
xaargan 6asykmanaac
X3 rapraH

aBax rpasuTaup-
COPOH30H-XOBYY/13H
GaskyynanTbiH
xoconmon apra

b) TempuiiH xyasp,
xaargan 6asyxmManaac
X3 rapraH aBax
LuaTaax-yycrax
xoconmon apra

o TempuiiH TempuiiH TempuitH
TempuiiH xyAap, XYA3p, Xaaraan, XYZ2p, Xaargan, XYA3p, Xaaraan,
xaargan, basxxkman FREE Basskman basxkman
XYHAWIAH XY433p Xy4mnnar, yycrax XesyynaH
ANrax (LWMpPXaranunintH Xainyynax Xyrauaa, XyTrax Ganxyynax
X3M3K3I3HIIC XamaapHa) XYpA, Temneparyp, (xapaB X3 i
LIMPX3FN3NIAH YELUELUEL]
XaMX33 (VP Cynapcan
AVHA Y3yyA9X LWINPX3TN3IUIH
COpOH30H ANrant Vycrax XYH4UH 3yiANUitH MEIIEEELY
(copo3oH 60n10H HeNeeNInir XypcaH 6on)
COPOH30H byc Xacar YH3N13X)

c) TeMpuiiH xyasp,
xadarfan 6asxmanaac
['X3 rapraH aBax
XOBYVYNOH Gashkyynax
apra

d) TempwiiH xyasp,
xadrfan 6asxmanaac
['X3 rapraH aBax
yycrax apra

3ypar 11. TempuiiH Xyaap, 6aspkman 60/10H xasranaac ['X3 raprax aBax 60/0MXKUT CXeMyYA
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1.12 HyypcHuMit YHCH33C ra3pbiH XOBOp
a/IeMEeHT rapraH aBax apra

TeMpUIH XyapuiiH xasraan 600oH TOAr99PUIAH WMHX YaHap Hb
HYYPCHWIM YHCH33C [T X3-uir rapraH aBax HYYPCHWI rapan yyCnaac nxaaxsH
cymanraaHyyabir  XapbLyy/mk — y3Bafl xamaapgar [22].
09NXUA Aasiap HYYPCHWUIA YHC3H [193p . HyypCHWIA YHC3H A3X HaHO
XWAC3IH cyaanraa, TypwWNTYyAd OJIOH X3MXK33CT TaNCT Hb YHCHUI LUNASHA
XWAracaH 6aiiHa. YHC [93p XuidrgcaH aTOMaap TapXcaH X3T HapuiH
cypanraaHyyiblH Yp AYHA  YHOSCNSH LIMPX3rTal apACYYATaN MxXMn 6aliHa
fapaax JyrHanTYYAWUAT XU 60HO. [23].

. YHC Hb Tanct 6a amopd rax . YHC3H Aax ['X3-WitH aryynamxuimr
HapPNaraasr Xoép YHACSH aryynraac GashKyyncaH Y aHxaary HyypcaHa
6ypager [21]. AMopd das Hb aryynargax 'X9-nitH aryynraac 6ara
ovponuooroop 60-90%, ynacaH 6anHa [23].

X3CAr Hb TasICT Ye oM. X3 Hb YyypblH 3yyXHbl TeMNepaTypT
. TancT dasyyfaz ronynaoH Keapu, YYCC3H antoMUHOCUAMKAT LUMNSHA

MYJUIUT, FeMaTuT, MarHeTuT, Gepput wnmkaar [24].

LWNWHENb, aHMUAPUT, MENTUINT, XYCHarT 6 6a XYCHarT 7-A HyYPCHNIA

MEPBUHWT, NEPUKIAs, TPUKaNbLUMAH  YHCHUIA A93XKMHL XMIACSH ONIOH TOPIUIAH

antoOMKHaT, LWOXON OPHO. AnraH aBax apryyablH yp AYHMMIAH
. HyypcHWit yHCHUIA sinraa 6a XypaaHrywur y3yynas.

XycHarT 6. []argoMxuvi YHCHUIA JJ99XKWMHA XUACIH TYPLUMATYYAbIH YP AYH

X3 Hb UNYY XYHA XaCryyasA 6asxuraaHa racaH TaaMruir yryicras.
"X3-MitH apACYYA Hb 6ara HArTpanTai 9pACYYATIN HArASXK, ASTAIMXUIA
YHCHWI TOOCOHLIOP JOTOP TapxAar.

Harraap anrax Hsrtaap anrax apra Hb yp alwnrryit 6aiix maragnantai.

XaT HapUIH LLINPX3rTan MX3-WitH 8pACYYA33C XxaMaapy HArTas
CyypwiCaH sifnrax apryys yp AyH MyyTalt 6aiicaH.

HartapLnbiH
Harasmxuit AHMMNNbIH TYPLUMAT
YHC

2.71-2.95 SG 6onoH 2.45-2.71 SG

CopoH30HoOp sinrax | COpoH30H YaHap Garacax Tycam [XO-WitH aryynra ecex 6aiHa.

HYYPCHWIA A3rA3MXMIA YHCHWI XaMIMMIAH 9N63r X3C3r 600X LUNMISH ye

HyypcHuit ¢ U
[oraeMXuit yHoaH | AX 'X3-niir rapraH aBax, 6asikyynaxaf Yrnyynax xaparTon.
Aax [ X3-niH - o o
Tapxant Al, Si-Tait Xy4Tai1 xamaapanTai.

XVMUIH 60NOH AynaaHbl ypbAunnaH 6010BCPYyNanT Hb XY4IUIAH

XYHMiAR yycrant YYCranTblH rYAUSTI3/NAH VP AYHA CaliHaap HeneenHxe.
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XYCHArT 7. [Ior 1oMXUbi YHCHII J99XKNHA XUACSH TYPLUMATYYABIH yp AyH [25]

m DA MiLis

Metan aBant

1:1,860%

YHC conoHroc, AHY | W1HroHni xapblaa | HCL, HNO, | Xyrauaa

Ja6opaTopua HCL, HF,
YHC Baiixryi 35-90%
63NTracaH HNO, (Ce.Nd. V)
32-90% meTann
- HCL, HF, AnraaTan aBasTbiH XA3raap
Ba
Xyn HNO, 3yTaHMUitH naxb Yp AYH
HAT, (TorTmon 6yc yp AyH)
[Norgomxuit | Xstag, Omues | Na,CO,, xatyy Temneparyp,

XapbliaHryi caiH
TOFTBOPTOW Yp AYH

40% NaOH,

10:1, 150, 2uar

LUMHIOHWI XapbLiaa

HCL, HNO, (70-90%)

34rssp YP  AYHA  YHO3CN3H
99XYyA Hb [XO aryyncaH 6aiean
Uaawma  TyPWUAT  XUAX  BONOMXKUT
XyBUNGAPYYAbIr XapranaaH y3ax 60510xX
X34 X343H XypaaHryi NpoLECCHIH CxeM

raprax 6aviHa.
. [larnamxuii yHcaHp Gara
HArTpanTal apAcyya Tapxaar Tyn

HArTaap srax apryys Ho camHryin yp

LYHTO BaiicaH.

. COPOH30H LLMHX YaHap Byypax
Tycam ['X3 aryynam>) Hamaraax
Maraznan ouin. YHCoH goax ' XO-
NiAH TapxanT Hb Al, Si-Talt eHaep
XaMaapanTtan.

« XUMWIAH 60N0H AynaaHbl
ypbaunncaH 6010BCpyynanT Hb
MeTann aBanTaHa eHaep Henee
Y3YYN13X GONTOMMKTON.

. WaTancaH yycrax npouecc caiH
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YP AYHA XYPracaH ToXmMonanyya
Ganpar.

. LLUNpxarnanunitH Xxam»xas ecex
Tycam ['X3-uitH aryynra éyypaar.

Yp OYHI cal>XpyynaxblH Tyng

AH3 OYPUIAH apryyabIr XOcayynaH
xaparnagar (3ypar 12).
TOXMPOMMTOM  MPOLIECChbIr  YH3-

NaxninH Tyna X3 aryyncad Agsrgsmxumin
YHCHUIA  O99KMHA  Aapaax  LWMHXWI-
FOQHYYAMNT XMINAST.

XUMWUIAH WinHxunnras (ICP REE)
OPACUNH LUVHXWUIT3
(MwuHepanorw, MeTporpadw)
LLIMPX3rNaANAH LNHXKMITSS
(Wwrwyyp)

LLnpxarnanuitH aHrnnyyn naxo
["X3-nitH aryynra

CopoH30H 6a COPOH30H 6yC
XaCryya aax X3-niH aryynra



[ara3mxuin yHC

[3rasamxuii yHe

[3ras3mxuit yHC

COpOH30H Anrant

CopoH30H Anrant

CopoOH30H Anrant

LWyya yycrant
(XyumnnaruitH aryynra
Anraatan yea)

O/I0H TOP/INIAH XYUNYYA,

a) HyypcHui foraamxuii
YHCH33C X3 rapraH aBax

COPOH3O0H-yyCrant XoConaMon

apra

b) HyypcHuit fargamxuit
YHCHa3C X3 rapraH aBax
COPOH30H-yycranT (onoH
TOPMIAH XY4UI) XOCONMON
apra

XyTrax xypa, Temnepartyp,
XaTyy WWHIHWUI XapbLaa,
XYUIMIAH KOHLEHTPaLW,
yyCranTbiH Xyrauaa
(Heneenex xyunH
3YMNCYYAMIH cyAanraa)

¢) HyypcHuii foraamxuia
YHCH33C X3 rapraH aBax
COPOH30H-yycranT (Heneenex
XYUMH 3YINCYYa) XOCONMON
apra

3ypar 12. HyypcHuii yHcHaac X3 rapraH aBax
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CynanraaHbl apra 3yv

[onxui HUATSL, yypxanH xasrgan
Hb XYHWIA 3pyyn MaHg 60M0H 6airanb
OpPYMHA Ceper HeneeTal raX y3aar.
XapuH 0000 yypxavH xaargnaac X9
rapraH aBax cyganraa XunAraceHsapas
Xasaranbir fJaxvH H60MN0BCPYYIHK 3AMNH
3aCruiiH yp awmrtaii 601rox 6010MXK
6ypoax  GaitHa.  WMiamg MoHrong
XOEPAOrY 83X YYCB3IP33C ra3pblH XOBOP
9NeMeHTUIr rapraH aBax GONOMXKUIAT
cyanax uJyxan xsparuas 6GalHa. Yr
cyfanraar 9pasHac MoHron XXK-Hbl

[a3pblHXoBOP3neMeHTUNHCynanraaHbl
Hamkaac caHan 601rocHoOp 6eMHe
XUNTACSH cyfasnraaHbl erergens
TYAryypAaH [O99XK Uyrayyaax yypxaw
60/OH LlaxmiraaH CTaHLbIM COHFOCOH.
HWIAT 6 HyypCHWUIA yypxal, 3 TemMpuiiH
XYOPWIAH yypxaih G0NOH 2 Aynaabl
LaxunraaH CTaHublH YHCH33C HUIT 43
O93XKNAT LyrnyyncaH. Jasx uyrnyyncan
KOMMaHWyAbIH  EPeHXNA  M3433NNTNAT
XycHarT 8, Gaipwnbir 3ypar 13-T Tyc
TyC Xapyy/as.

XycHarT 8. []o9X LlyriyyncaH KOMAaHuyabiH epeHXUi Maoa/1as

[ | kownaws | opmmmpropen | bapumw |

TeMpuitH XyApUItH A33)K

1 [apxaHbl ToMepneruiH

ynnasap XK opa

TemepTait TOMpUNH XyAPWIAH

CanaHra anmar, Xyasp cym

2 MoHronpocuseTmeT TOYT

BaprunT TeMpuiH XyApWitH opA

XaHTuiH aitmar, [apxaH cym

3 MoHnaa XXK

ONCTa TOMPUIH XYAPWIH OpA

[lopHoroBb aimMar, XataHéynar cym

Hyypchuin paax

4 SHepxxu Pecypc XXK

YxaaH xyaar HyYpCcHUin opa

OMHerosb amar, Lloruayui cym

5 AyyH4ynyyH XK

ALYYHYYNYYHbI HYYPCHWUIA OPA

[lopHopa aiimar, XapnaH cym

6 |Baranyyp XK

BaraHyyp HyypcHui1 opa

Ynaa+6aaTtap xoT, baraHyyp ayypar

7 |lWapbin ron XK

LLlapbIH rofiblH HYYPCHWIA OpA

[apxaH-Yyn aimar, LWapbiH ron cym

8 |lWmneas OBoo XK

LLIneaa OBOO HyYypCHWiI1 opa

FoBbCyM63p aimar, Wnessrosb cym

9 |Mura 9puH XXK

Bop XynaHruiH HyypcHWiA opg

[opHoroeb aiimMar, [anaHxapranad
CcyM

[lynaaHbl LaxunraaH cTaHL,

10| Auc-4 Texk auc

YnaaH6aaTap xoT, basHron ayypar

11 | HopHoa bycwitH spunm
XY4HMI cuctem TOXK

auc

[lopHop aitmar, YolbancaH xot
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3ypar 13. []o9 LyriyyncaH opAbIH 6alpLLSbIF raspbiH 3ypar 439p TOMASIISCSH 3yparsian

2.1

OHaxyy cyfanraaHp awmrnax
30pUAITOOP  HYYPC, TOMPUNH  XYAPUIAH
opayya OONOH UaxwiraaH craHuaac
LUyrnyyncaH — Aa9XuHA — 6yrash  Hb
XUMUIAH  WHXUAraaraap [ X3-nidH

XYCHArT 9. byx A99HMI [X3-miiH HWAn6ap aryynra

L[39KNiiH TOQOPXOMNONT

CynanraaHbl yp AYH

HUMNG3PUIAT TOAOPXONACOH. HyypcHWit
099KMHA [ XD TOLOPXOMIOXA00 YHCIHA
TOAOPXOMNCOH. LUMHXNNT33HWI Y OYHI
XYCHarT 9 - XxapyyJ/icaH.

"X3-WitH HUIMNGaP
Komnanu Hap

HAMK ppm
T |Bop XynaH Hyypc Mura 9puH XXK 493.79
2 |Baranyyp BH5 BaraHyyp XK 353.53
3 |Byxen asax LWapbiH ron XK 303.53
4 |WO, 5-p pasxapra Lnsas 0B0oo XK 296.86
5 | AUC-4-yHe [ynaaHbl LaxunraaH ctaHu-4 TOYKO 25478
6 BH KOKCGXCOH Hyypc SHepski Pecype XXK 246.05
7 CAAX naap WapbiH ron XK 218.35
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8 | baranyyp bH2 Baramyyp XK 207.39

9 | YX KOKCXCOH HyypC SHepxu Pecypc XXK 199.07
10 | BH apumm xyurmii Hyypc (SSCC) SHepku Pecype XXK 19575
11 |G, 2-2 paxapra LLneas 0Boo XK 192.35
12 | barayyp BH1 BaraHyyp XK 188.53
13 | YX xasrgan (SC-541) Snepkm Pecype XXK 187.43
14 | ®.b x00COH uynyy MotronpocuseTmer TOYT 173.09
15 | floproa ALC-yHe Qggzon 6YCUIH 3pUMM XYUHUI1 cUCTEM 167.44
16 | baraxyyp BH3 Baramyyp XK 166.97
17 | BH Taxaan (PF-231) AHepexu Pecypc XXK 165.92
18 | YX Taxaan (PF-231) OHepexu Pecypc XXK 165.50
19 |WIO, 2-1 gaBxapra LLneas OBoo XK 162.29
20 | YXxasargan (FP) Snepexm Pecypc XXK 159.04
21 | bH xasirgan (SC-541) Sneprkm Pecype XXK 140.50
22 | Baramyyp BH4 Bararyyp XK 124.74
23 | YX 9punM Xy4Huit Hyypc (HCC) OHepxm Pecypc XXK 121.95
24 | CAAK poon LiapbiH ron XK 113.16
25 | Xasrpan MotronpocugeTmeT TOYT 107.58
26 | YX xasrpan (SC-446) Snepk Pecype XXK 104.44
27 | BH xasrpan (FP) SHepku Pecype XXK 104.39
28 | AllyyH UynyyH Hyypc AdyyH4ynyyH XK 93.60
29 |byxen xasrgan [lapxaHbl TomMepieruitH yinnasap XK 88.51
30 |BH xasirgan (SC-446) Suepxu Pecypc XXK 87.81
31 |HymTar gaax Motnaa XXK 84.81
32 | TempwitH 6asixkman 65% MouronpocyseTMeT TOYT 48.19
33 |Laipbi /wunam/ Mosronpocusermet TOYI 46.66
34 |Wcanpcat xasrman [lapxaHbl TomepneruiiH yinngasap XK 4484
35 | TempwitH 6asixkman 52% Mosronpocusetmet TOYI 43.86
36 | Texaan MonronpocugsetmeT TOYT 4385
37 | AHxpary xyasp Mornaa XXK 43.84
38 | 3aBcapbiH 6yT. Morronpocusermer TOYT 40.34
39 | HywTar xasirgan [apxaHbl ToemepniervitH yinnasap XK 39.88
40 | LiaiipbiH xygsp Motronpocupetmet TOYT 34.16
41 | byxan 6asbkMan JapxaHbl ToemepneruiiH yinnasap XK 33.27
42 | Hywmar Gaspkman [JapxaHbl ToemepneruiiH yinnassp XK 31.79
43 | AHxgary xyaap [lapxaHbl TeMepneruiiH yinnasap XK 31.32
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XO-UH HWMIANG3P33P TOOLIOOMCOH
LUMHXWUITIIHUI Yp LYHr33C Xapaxag
Mura OpuH XXK-uiH  Bop  XynaH
HYYPCHUI yypxaitH asax 493.79 ppm,
BaraHyyp XK-biH BaraHyyp BHS gsax
353.53 ppm, Wwueas 0OBoO XK-MiH
5-p [HaBxaprblH [9ax 296.86 ppm,
6onoH AUC-4 TOXK-MIAH 3yyxHbl YHC
254.78 ppm Tyc TyC HWMNG3p X3-MitH
aryynryys, TOAOPXOWMOTACOH. YYH33C
Y39X3[, TOMPUNH XYOAPUAH [I3XKHISC
WYY HYYPCHUIA yypxaiH [99)K 60S0H
LuaxunaraaH CTaHUbIH YHC3HA eHaep
aryynratan raspbiH XOBOpP 3NeMEeHT

TOAOPXOWMOrACOH. Tap AyHAaa XYpaH
HYYPCHUIM yypxanH [33XMHL XS unx
6aiiraa Hb 493pX YP AYHI33C Xapargax
6arHa. MeH [LIC-4 TOXK-WitH 3yyxHbl
YHC Hb X3 eHpep aryynra 3aacaH
OLC-bIH TOX33NIMNH HYYPC Hb 3pYUM
XYYHWIA 30puynanTTai awmrnagar 6ara
MAYNArTail  XypaH Hyypc Garaartain
XONOOOTON raxK Y33 HanHa.

HuiAT 43 naaxaac MXS-nitH HMAN6ap
aryyfraap xaMrumH eHzep aryynra
3aacaH 9XHWUIA 5 A93XKNIAT COHIMOH aBY yp
JIYHI XOOpOH/A Hb XapbLlyyncaH (3ypar
14).

X 3y BUEYNTE BARSD JRACAH 5 Sxdsashs ¥ BPul]yyRant

50000

25000
0000
]
# 0000
- - -
!_\!: 25000
< 200,00
TSRO0
L)
il
0.00
Eop Kymau Garmyyp
HynE BHS
Whats
o
1 2
B - wednBop A TE 355

ByEan LY, B SLIC~8
SN ERALEEE
T Ha H I:!.I:;
i [y Y
3 £ -
M6 250 98 25478

3ypar 14. [X3-WiH aryynra eHAepTa A9XKUH XapbLyynant (ppm-29p)

Mpatduvkaac xapaxad 43 [A99XKYyA  Y39X34 OYr4 XYPSH HYYPCHWIA yypXaiH
[IOTPOO eHAep aryynra 3aacaH axHWI 5 99X HaiiHa.

opAblH O39XKNIAH 3Yl;1 TOrTNbIM aXXunrnax
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2.2 Hyypc 60/10H HYYPCHWI YHC3H A3X
raspbiH XOBOP 3/IeMEHTUIAH aryynra

MOHION yNC Hb HYYPCHWI HeeLeepes
Gasinar opoH. Hyypc Hb ONOH TepMAH
SNIEMEHTYYANUNT aryymk Gaaar.
HyypcaH yenax cucTeMuitH 6airanbg
OpLUMX  BfIEMEHTYYA33C  OA00roop
WHEPTUIAH XUIAHYYA, NONOHWUIA, DpaHuUmA,
aKTUHWIA T.M 3apyM Laupar uasBxmuT
9NeMEHTYYA23C bycan 76 aneMeHTUIr
nnpyynasg GaiHa.

HyypcaHa X9 < 0.01% < 100 ppm
aryynargaar. ['X3 HyypcaHA Xaaunrasp
6ara xaMyaaraap aryynargax 601084
HYYPCHWIA on6opnonT, 6onoBCpyynan-
TbIH X3MX33H33C wWantraanaH [X3
aryynra Xxamya3 HAMIrgaX ynnaBap-
NoNWMAH a4 xonéorgonTo  Ganx
6ONOMXTOM. Hyypcnir aTaax,
Gaskyynax siBUaf rapax yHc, xaargang

3apUM  raspblH XOBOP 3MEMEHTUINH
aryynra HyypcaHa 6alicHaac 5-10 gaxuH
NXCOX, YNMaap YWNOBSPUMH apraap
anraH  aBax GONIOMXUIAT  BYPAYYIIK
60s1HO [26].

OHaxXyy cyaanraaHi eMHe XWUIC3H
cyanaayapblH X3-uitH reonorumH
ereranniiH - cyaanraabl  yp  AYHA
yHASCcnaH X3 6Gaix Maragnantai
SHepxkun  Pecypc XXK, AZyyHUynyyH
XK, Baranyyp XK, LWapbiH ron XK,
lineas OBoo XK, 6onoH Mwura OpwH
XXK 3CoH HWUAT 6 HYYPCHUI OpAblH
O9KMAT  LUIMHXKUATASHA  XaMpyyscaH.
LUMHXMAT39HUIA Yp OYHIYYAS3P TyXamH
OPAbIH ABXKMNH A3X ['XS-MitH TapxanTbir
Xapyy/fcaH.

3ypar 15.
BaraHyypbIH HYYPCHUIA yypxanH A33x Aax MX3-unitH Tapxant BaraHyypbit
120.0 HYYpCHWI
100.0 YypxaiH asusx
A9X [X3-miH
§ 80.0 Tapxant
< 60.0
S
2 40.0
©
00 mid .l . .J - Fal n m—ll
: Ce Dy | Er |Eu | Gd La | Lu | Nd|Pr Sc | Sm | Tm | Y | Yb Tb
® baranyyp BH1/66.1 | 5.1 | 3.0 | 0.0 | 13.5/30.5| 0.0 |23.1| 3.2 104 0.0 | 0.0 {30.7 2.8 0.0
= Baranyyp BH2|72.0| 55 | 20 | 1.4 (114 /319 0.0 263 7.8 105 0.0 0.0 36.1| 2.5 | 0.0
Baravyyp BH3|33.7 | 7.7 | 45 | 12|71 159| 0.0 159 44 [11.8|33 | 0.0 |57.5| 39 | 0.0
Baravyyp BH4|21.3 | 4.7 | 3.3 | 0.0 | 6.6 245 0.0 118 24 [148| 0.0 | 0.0 |326| 28 | 0.0
= Baranyyp BH5|50.4 | 9.1 | 9.7 | 26 | 18.6 48.1 1.7 [ 52.0 11.1 /264 3.6 0.0 113.7 6.6 | 0.0

bBaraHyypblH HyypCHUI yypxairaac
HAAT 5  [99K  COHIMOH  aBCaH.
WnHxmnnrasumin yp ayHa Ce, La, Nd,
Sc 6ooH Y rax anemMeHTyya 6ycaj
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['X3-yyasac apait eHaep aryynra 3aax
farraa Hb rpaduK [99p33C Xapargax
6ariHa. MeH 5 paaxHyyn ayHaaa bBHS5
ayraaptan goaxuHg Ce - 50.40 ppm, La -



48.06 ppm, Nd-51.99 ppm, Sc-26.35 ppm
60n0H Y - 113.7 ppm-nitH aryynra Tyc TycC
TOLOPXONNOrACOH 63 3Ara3p SNEMEHTYYA
Hb 6ycall A39XW TOAOPXOMIOrACOHOOC
XapbliaHryn eHgep aryynratai 6aiiHa.

LLnB33-OBOO HYYPCHUIA yypXaiiH 433X A3X MX3-uitH Tapxant

90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0

aryynra, ppm

LLINHXMAraa XuitcaH 5 099xKna Tyc Tycag
Hb X3-MIH HUIANG3PUIAT TOOLIOXK Y33X34
BH1 188.53 ppm, BH2 207.39 ppm, BH3
166.97 ppm, BH4 124.74 ppm, 6onoH BH5
353.53 ppm 6GaitHa (3ypar 15).

3ypar 16.
LInBas
OBoormiH
HYYPCHUiA
YypXxauH Jaax
n19x [X3-miiH
Tapxant

10.0
0.0 bain . L LLL n -
Ce | Dy Er Eu Gd|La Lu | Nd|Pr|Sc | Sm Tm Y |Yb Tb
® O, 5-p paBxapra 55.6 | 9.1 | 4.8 | 25 13.1/76.6 1.1 | 65.0 10.3/14.7| 3.5 | 0.0 |[37.2| 3.2 0.0
WO, 2-1 paBxapra 49.4| 3.8 | 0.0 | 0.0 12.7/458 0.0 (127 42 | 7.8 | 0.0 | 0.0 240 19 0.0
WO, 2-2 paexapra |57.8| 5.0 | 0.0 | 1.0 | 14.2/47.9| 0.0 (275 7.0 | 76 | 0.0 0.0 22.1| 21| 0.0
LnBaa OBOOrNitH HYYPCHUI

yypxamraac HUMAT 3 199X COHIMOH aBCaH.
MeH 3 foaxyya AyHAaa 5-p AaBxaprbiH
029xmHA Ce - 55.60 ppm, La - 76.64 ppm
, Nd - 65.04 ppm , 60510H Y - 37.24 ppm-
WIAH aryynra Tyc TyC TOAOPXOWOrACoH 6a
3Irasp SNeMeHTYY Hb Oycan A33X33C
TOAOPXOMNOrACOHOOC XapbLaHrym
eHIep aryynratai GaiHa. 3 A39XKHWIA

LiapbIH ronbIH HYYPCHUIA YypXanH 433X A3x FX3-nitn Tapxant

aryynra, ppm

"X3-NiAH HUIMNG3PI3P Hb TOOLIOXK V33X,
5-p OaBXaprbiH A99XMHA 296.86 ppm,
2-1-p AaBxaproiH AaaXuHA 162.29 ppm,
2-2-p AaBXaprblH A9axunHa 192.35 ppm
Tyc Tyc 6aiHa. LUMHXUNrasHui yp ayHA
Ce, La, Nd, 60M0H Y rax anemeHTyy[
6ycan 'X3-Tyyasac apait eHep aryynra
3aax 6Oalraa Hb rpaduk A33p3ac
xapargax 6aiHa (3ypar 16).

3ypar 17.
LLlapbiH rosbiH
HYYPCHMIi
YypxaviH o9

A9x [XO-miH
Tapxant

00 | T LI 1™ 1 [ =
Ce | Dy | Er |Eu Gd | La|Lu | Nd Pr | Sc |Sm|Tm Y | Yb | Tb
mbyxon goeax (619 9.2 | 47 | 1.3 6.6 568 1.5 249 94 429 85 00 706 52 | 0.0
mCAAX poon (23737 22 10 38 91 0.0 147 53 23.0| 6.1 | 0.0 18.0 24 | 0.0
CAAX peapn [50.0| 7.5 | 3.1 | 21 | 7.7 1239 27 |299| 48 284 68 | 0.0 478 3.6 0.0

lJapblH TOMbIH HYYPCHWUI yypxal-
raaC HWNT 3 [O93)X COHIOH aBCaH.

LnHxxnnrasHuin yp ayHA Ce, La, Nd, Sc
60M0H Y rax anemeHTyya 6ycan [X5-
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TYYA23C apait eHfep aryynara 3aax
6aliraa Hb rpad@ukaac xapargax arHa
(Bypar 17). MeH 3 aooxHyya AyHaaa
6yxan peaxuHa Ce - 61.87 ppm, La -
56.84 ppm, Nd - 2491 ppm, Sc-42.85
ppm 60n0H Y - 70.62 ppm-unitH aryynra
TYyC TyC TOLOPXOWIOrACOH 6a 38Araap

Bop XynaH HyypcHuU# yypxaiH A33x A3x X3-uitH Tapxant

140.0

120.0

100.0

80.0

aryynra, ppm

60.0

40.0

20.0

0.0

Dy

9NeMeHTYYA Hb 6ycaj [33XH33C
TOAOPXOMNOrACOHOOC XapbLaHryi
eHfep aryynratait 6aiiHa. 3 [099KHUIA
['X3-UIAr HUNNG3P33P Hb TOOLIOXK Y39-
X3 byxan aaax (Hyypc) - 303.53 ppm,
CAAX poog - 113.16 ppm, CAAX o934
-218.35 ppm Tyc Tyc 6aliHa (Sypar 17).

3ypar 18.

BEop XynaH
HYYPCHUIA
YypxaiiH a9
79X [X3-miiH
Tapxant

|mBor Khulan coal 74.00 9.12 8.06 | 3.80 20.61/128.6 1.02 103.310.7030.47  0.00 | 0.00 97.51/6.57 | 0.00 |

bop  XymaHruiH  HYypcHWUA  yyp-
xavraac 1 [23K COHIOH aBCaH.
WnHxmnnrasumin yp ayHa Ce, La, Nd,
60M0H Y rax anemMeHTyya 6ycag X3-
TYYA23C apavt eHfep aryynra 3aax
6aiiraa Hb rpauK 433pasc xapargax

AnyyHUynyyHbl HYYPCHUI YypXaiH A33x A3x MX3-uitH tTapxant

25.0

20.0

15.0

10.0

aryynra, ppm

5.0

0.0

6aitHa. MeH poaxwng Ce - 74.00 ppm,
La - 1286 ppm, Nd - 103.03 ppm,
6ooH Y - 97.51 ppm-uitH aryynra
TYyC TYyC TOLOPXOWMOrACOH. [ XO-MNH
HUIMNG3P33P Hb TOOLIOX Yy39x3a 493.79
ppm 6aliHa (3ypar 18).

3ypar 19.
ALYYHYYITYYHbI
HYYPCHWIA
YypXaviH 23X
219X [XO-niiH
Tapxant

Ce [Dy | Er [Eu[Gd|La|[Lu[Nd|[Pr[Sc|[sm|[Tm]| Y

Yb | Tb

= Anyyruynyyn Hyype|19.3| 2.4 | 0.0 | 0.0 (10.3/23.7] 0.0 | 7.7 | 0.0 | 6.6 0.0 | 0.0 |21.6/ 21| 0.0 |

ALYYHUYNYYH HYYPCHWI yypxanraac
1 093X COHIoH aBcaH. LUnHxxnnrasHmin
vp AyHA Ce, La, 60M0H Y rax anemeHTyyA
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6ycapn X3-Tyyasac apaii eHaep aryynra
3aa 6alraa Hb rpaduK [133p33ac
xaparfax 6ariHa. MeH aaaxuna Ce—19.3



ppm, La —23.7 ppm, 6010H Y - 21.6 ppm-
WIAH aryynra Tyc TyC TOAOPXOWIOTACOH.

IXO-UAH  HWUIANG3Pa3p Hb  TOOLOX
y39x34 93.60 ppm 6GaitHa (3ypar 19).

o o o o 3ypar 20.
SHepXu pecypc HYYpcHUI Gaskyynax yiunaBapuiH 433X A3ax FX3-uiH YP:
Tapxant OHepxku pecypc
00 HYYpCHWiA
Gasxyynax
70.0 - o
YIABIPUIAH
. 60.0 2199 ox [X3-
£ o
a WIH Tapxant
£ 50.0
g
© 400
300
200
100 H
00 L“I 1y -.l ﬂ (TH b
Ci La Lu Nd Pr Sc Sm Tm Yb Tb
®BH KOKCKCOH HYYPC 550 | 7.8 36 20 96 | 389 | 15 | 498 | 91 | 208 | 69 00 | 375 | 35 0.0
®BH xasrgan (FP) 237 27 0.0 0.0 31 195 1.0 145 0.0 145 32 0.0 19.9 22 0.0
BH xasrgan (SC-446) 286 36 0.0 0.0 0.0 13.0 19 139 0.0 98 0.0 0.0 148 22 0.0
BH xasrpan (SC-541) 39.1 35 0.0 12 4.1 25.0 0.0 230 35 13.7 42 0.0 210 22 0.0
®=BH taxaan (PF-231) 472 46 0.0 13 54 277 1.0 255 54 152 38 0.0 26.3 26 0.0
= BH apuum xyuHui Hyypc (SSCC) | 56.0 49 27 12 4.4 379 0.0 274 | 101 14.7 59 0.0 28.0 26 0.0
mYX 3punm xyarmi Hyypc (HCC) 36.9 25 0.0 0.0 35 299 0.0 157 35 9.8 0.0 0.0 183 1.9 0.0
'YX KOKCKCOH HYYPC 513 49 29 17 7.7 37.0 0.0 423 8.6 114 36 0.0 256 22 0.0
=YX xaarpan (SC-446) 333 3.1 0.0 1.1 4.5 135 0.0 15.7 23 9.7 0.0 0.0 19.2 21 0.0
=YX xaarpan (SC-541) 69.3 4.2 27 15 75 233 0.0 281 75 149 37 0.0 224 23 0.0
=YX xasrpan (FP) 56.8 4.3 0.0 15 72 19.8 0.0 259 58 137 0.0 0.0 217 23 0.0
myX taxaan (PF-231) 58.0 39 0.0 12 6.0 262 0.0 249 74 126 0.0 0.0 23.0 23 0.0

SHepxu pecypcbiH HyypcHuin  xasrgan (FP) 104.39 ppm, BH xasaraan

Gashkyynax YnnaBapasc HUAT 12 Aaax
aBcaH. WwuHxunrasHun yp ayHa Ce,
La, Nd, 60m0H Y rax anemeHTyy[ 6ycas
XO-TyyAS3C apait eHaep aryynra 3aax
Gaiiraa Hb rpadunk [93p33C Xaparfax
6aiiHa (3ypar 20). LUMHXMAras XuicaH
12 pesxkuir  Tyc 6ypuidH  TX3-WitH
HUANGIpUIAr  TooLOX — y39xa4  BH
KOKCXCOH  Hyypc 246.05 ppm, bBH

ALIC-4-nitH YHCHUI A33X A3X MX3-uiH Tapxant

120.0
100.0
80.0

60.0

aryynra, ppm

40.0
20.0
0.0

(SC-446) 87.81 ppm, BH xaargan (SC-
541) 140.50 ppm, BH Taxaan 165.92
ppm, BH apunmM xy4Huii Hyypc (SSCC)
-195.75 ppm, YX 3pumM XyYHWA HYyypC
(HCC) -121.95 ppm, YX KOKCXCOH HyypC
199.07 ppm, YX xasrnan (SC-446) 104.44
ppm, ¥X xaargan (SC-541) 187.43 ppm,
YX xaaraan (FP) 159.04 ppm, 6ooH YX
Toxo9n (PF) 165.50 ppm Tyc Tyc 6aitHa.

3ypar 21.
ALC-4-niiH
YHCHUIA JO9XK
110X [XO-niiH
Tapxant

Tb

[mTTP-4fly ash|96.63 5.6 |0.00 2.1 8.5 44.36/ 1.76 0.00|7.85 10.598.43 21.14/42.29 552 |

OLC-4-MiH YHCHB3C 1 493> COHIOH
ascaH. WurxunrasHnii yp ayHa Ce,

La 6oMoH Y rax onemMeHTyyn 6ycajg
[X3-Tyyasac apart eHgep aryynra
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3aak 6ailraa Hb rpaduk [99paac
xapargax 6GaiHa (3ypar 21). MeH
nooxung Ce - 93.63 ppm, La - 44.36 ppm,
60onoH Y - 42.69 ppm - WH aryynra

Doy OUC-biH Yy

70.00

60.00

50.00

40.00

30.00

aryynra, ppm

20.00
10.00
0.00

 A33x A3x MX3-uitH Tapxant

TYC TYC TOAOPXOWIOrACOH. [X3-MiH
HWUINNG3P33P Hb TOOLIOX Y33x34 254.78
ppm 6aiHa (3ypar 21).

3ypar 22.
JlopHoabiH
JLC-bIH yHCHWIA
199K 19X [XO-
WIH Tapxant

|mDTPP-fly ash 58.51/ 4.43 | 0.00 | 0.00 16.4629.49| 1.75 [21.20 0.00 | 5.84 | 0.00 | 0.00 27.16/ 2.60 | 0.00 |

HopHoabiH ALIC-biH YHCH33C T 99X
COHIOH aBcaH. LUMHXWMArasHUA  yp
ayHAO Ce, La 60n0H Y rax anemMeHTyya
6ycaa 'X3-Tyyasac apai eHfep aryyn-
ra 3aax Galraa Hb rpaduk [93p3ac
xapargax OaiHa (3ypar 22). MeH
naaxuna Ce - 58.51 ppm, La - 29.9 ppm,
60M10H Y - 27.16 ppm-uitH aryynara Tyc
TYC TOLOPXOMNOrACOH. [X3-UH HUIN-
69p23p Hb TOOLIOX y39x34 167.44 ppm
6alHa.

[23pX  WHUHXWUNT33HUIA VP AYHTYY-
[193p GaiiryyncaH rpadvkyyaaac xapa-
xaf, GUAHUA COHIOH @By LUMHXKITYYIC3H
HYYPC GOMOH HYYPCHWA OYTaaraaxyyHA
Ce, La, Nd, Y, rax 'X3-yya 6ycaan Hb
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WNYy aryynra TOAOPXOMNOrACOH GalHa.
YYH33C y39X34MeTaMOP(U3MbIH ye LaT
6araTait Hyypc Hb ' X3-MIAr xapbLaHryi
eHllep aryymk 6Gailraa 6ereefl 3H3
Hb VX3BYMSH T3AM93PUAH  OpraHuk
6oancTol XonbooToi Gaipar. ©epeep
Xan6an  HyypCHWIA  MeTaMopdU3MbIH
WwaT MXCax fABUad TYYHA aryynargax
MASBXTAN (DYHKUMOHaN 6ynar ueepex
Tyn AaBC xan63pasp aryynargax X9
6OMIOH XOBOP  3NIEMEHTWIH  aryynra
baracgar.  Tapuur  Hyypc  6OnoH
aHTpauuT Hb XS 6ara aryyngar
Hb YYHT21 xonb6ooTon. WitmM  yupaac
cyfanraaHfaa S4rsap yypxanr COHroH
aBY, M X3-NiAr TOQOPXOMICOH.



2.3 TeMpwuitH xygap 60oH
6asKyynanrtaac rapcaH
6YT33arg3XYYH A3X ra3pbiH XOBOp
3NeMeHTUIH aryynra

CyyMiH  yel TOMPUMH  XYAPUIH
xadranaac [ X3-wir qanrax cypanraa
SPUMMTIN  ABargax 6GaliHa. TemMpuiiH
XYOpWiiH — Tepen  60M0H  HashKyynax
MPOLIECCOOC  Hb  XamMaapd  TeMpPUitH
XYOPWIAH xaargan aaxb ['X3-uiH aryynra
eep eep OGalpar. XapBaa dnoTauninH
apraap 6askyyncaH 605 xasrgan gaxb
X3 aryynra 6Gara 6ainHa (I'X3-WitH
HWING3p oponuooroop 20 ppm). XapuH
LWaTaax 60/I0H COPOH30H CenapaTopoop
GaskyyncaH 601 xasargan gaxo X9 Hb
nnyy eHaep GaiHa (TX3-WiAH HUIANG3P
oviponiooroop 400  ppm).  3apum
cynanraaraap TOMPUIH XYAPUIAH
aHxgard gaaxug [XO-niH aryynra Hb

TeMepTalt TOMPUIH XYAPUIH Gasikyynax yWnaB3IpuinH 433X Aax MX3-uiH
Tapxant

25.0

20.0

15.0

10.0

aryynra, ppm

5.0

0.0

TOMPUWNH XYAPWIH Xasrgan aaxb [ X3-uiH
aryynraac 6ara 6angar rax y3ax 6ariHa.
M6H NX3HX TOMPUIAH XYAPWIAH Xasraang
KBapL, 6010H TOMPUIAH XYAPWIAH MCN33C
6ypanar 6ereep xaargan Aaxb ra3pbiH
XOBOP 9p/9C Hb GacTaHesuT, MoHaLUT
Garix  mMaragnanta  6a  3pACUIAH
MOXNOTMNH XaMyka3 0.2-720 MKM 6aiiHa.
CypnanraaHf awuvrnax O99KWMIAr COH-
FOX00 ra3pblH XOBOP 9AEMEHTUIr
aryynra 6Gaiix 60NOMXTON 3 TeMpWitH
XYOPWUAH  yypXalr COHrOH aB4 99X
aBCaH.
Llyrnyyncan
LUMHXXNNAT93ra3p
XOMNyyncaH.

XUMWAH
TOAOP-

[99)KMHA29
[X3-mir

3ypar 23.
Temepraii
TOMPUH
XYAPUAH
Gasxyynax
YUIABSPUIH
299K Jax [ X3-
WVH TapxanT

Ce | Dy Gd | La | Lu | Nd

Pr | Sc Sm | Tm Yb | Tb

W 6yxan xasraan 228/ 26 0.0 00|40 92 20 118

0.0 131/ 0.0 | 1.0 [19.8 2.3 | 0.0

W HyHTar xasraan 97 0000 00|00 /00 78|00

00|00 00|43 85|51 45

WcanpcaH xaargan | 134 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 7.5 | 0.0

0.0 0000 | 41[103 54 42

Byxan Gaskman 0.0 0.0 00000000 124 0.0

00|00 00|67 00|76 65

®Hyutar 6askman | 0.0 12.4

6.4

W AHxgary xyasp 0.0 00|00 00/0.0 0.0 102 0.0

0.0 00 0053|577 55 47
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LWVHXKMArS3HWA  yp  AYHIYY493p
TyXaiH opAblH A33KUH 19X [X3-uiH
TapxanTtbir  XapbllyyncaH rpadwukaap
xapyyncaH (3ypar 23).

TemepTait TOMPUIH XYAPUIH
yypxamraac HUMT 6 [339K COHIOH aBCaH.
WnrkmnrasHuin yp ayHA Ce, La, Nd, Sc
60/10H Y rax anemeHTyya 6ycap XOS-
YYO93C apaii eHep aryynra 3aax 6airaa

Hb rpacduk [33paac xaparfaxk GaiHa.
MeH 6 [99XHYY4 [AyHOaa TeMpUIiH
XYOPUIAH BYXan XasraibiH AaaxuHa Ce -
22.84ppm,La-9.14ppm,Nd-11.78 ppm,
Sc-13.09 ppm 60n0oH Y - 19.82 ppm-uiiH
aryynra Tyc Tyc TOOOPXOMMOrACOH 6a
9/Irasp aNeMeHTYYA Hb Bycaf] [99XKHI3C
TOAOPXOMNOrACOHOOC XapbLiaHryin
eHAaep aryynratai 6aitHa (Sypar 23).

3ypar 24.

BaprunTtbiH TOMPUItH XYAPUiA vy

Tapxant

40.0

35.0

30.0

25.0

20.0

aryynra, ppm

15.0

10.0
5.0 I I
0.0 Ce Dy Er Eu
53 0.0 00 0.0
0.0 0.0 00 0.0
0.0 0.0 00 0.0

0.0 0.0 00 00
38.0 46 00 00

NI
Gd La

0.0
0.0
0.0
0.0
0.0

Lu
1

216 4
20.8 4.8
211 56
214 6.8
29.0 0.0

B Toxaoan

3aBcapblH 6yT.
B TempuitH 6aspkman 52%
B TempuitH 6aspkman 65%
B Xaarpan

6 099KHUIA [X3-UMH  HUINNG3IP3ap
Hb TOOLIOX Vy39x34 O6yxan xasraan -
88.51 ppm, HyHTar xaargan- 39.88 ppm,
MNCANACOH Xasaraan -3 -44.84 ppm 6yxan
6asikman - 33.27 ppm, HyHTar 6askman
- 31.79 ppm, aHxpary xygap (Texsan)
-31.32 ppm Tyc Tyc 6GaiHa. HyrHanT
XMnXa 6Gashkmanaac Wunayy xasrasbiH
OYTo9rAaXYYHA [X3-MiH aryynra
eHep 6aiiraa Hb A9KMNH LWMPXArNaN
6aracax ve[ raspblH XOBPbIH 3pACYYA
Yeneenerfex, ' X3-wnH aryynra ecceH
6alHa.

BapruntbiH  TemMpuiiH  XyOPWIAH
yypxawraac HUMT 4 033X COHIOH aBCaH.
nHxknnrasHuin yp ayHa Ce, La, Nd
60M0H Y rax anemMeHTyya 6ycag IX3-
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Y K A33XK A3X X3-uiH Bapruntoix

TOMPUIiH
XYAPUIAH
Gaspkyynax
YinaBapuiiH
199X f1ox [XO-
WH Tapxant

‘I: |||
Nd m
9

Pr Sc Sm T
0.0 00 6
0.0 0.0
0.0 0.0
0.0 0.0
4.3 0.0

Y Yb
5.9

0.0
0.0

0.0
0.0
0.0
0.0
16.5

0.0
0.0
0.0
0.0
24

7.8
93 00
10.8 0.0
0.0 10.8

6.9
7.9
9.2
21

TYYA23C apait eHfep aryynra 3aax
6aiiraa Hb rpaduk 493pa3aC xaparfax
6aiHa. MeH 4 [993xHyyad AyHAaa
TOMPUIH XYAPUAH XasaranablH O93XKUA
Ce - 38.01 ppm, La - 28.96 ppm, Nd -
16.46 ppm , 60onoH Y - 10.76 ppm-ninH
aryynra Tyc TyC TOAOPXOWMOrACOH 6a
3Ara3p 9NEMEHTYYA Hb Byca A99KH33C
TOAOPXOMNOrACOHOOC XapbLaHryin
eHAep aryynratai 6aiHa. 4 A33>KHWI
"X3-NiAH HNIANG3P33P Hb TOOLIOXK Y33X3 [
TeMpuitH 6asdkman (52%) - 43.86 ppm,
6askman (65%) - 48.19 ppm, 3aBcapblIH
6yT93raaxyyH - 43.86 ppm, xaargan -
107.58 ppm 6GaiHa (3ypar 24).



AncTai TeMpUIAH Xyap yyp.

30.0

25.0

20.0

15.0

aryynra, ppm

10.0

5.0

0.0

Ce | Dy | Er Gd | La | Lu

A33X A3xX MXJ-uitH TapxanT

1 7

3ypar 25.
oncrant
TOMPUIiH
XyApyH
YypXailH 429X
219X XO-miiH
Tapxant

18]

Nd | Pr | Sc | Sm | Tm | Y | Yb

‘lHyHTaI’IZlGS)K 226| 0.0 00 | 00| 0.0 269 43

69 | 00|00 00 64|91 85

= Auxgary xyasp | 102] 0.0 | 0.0 | 0.0 | 0.0 [21.9 24

00 00 00|00 36 0058

ancTai TOMPUIAH XYOPUIAH
yypxairaacaHxgar46010H HyHTar racaH
2 093K COHrOH aBcaH. LLUMHXNNrasHnn
vyp ayHA Ce 60n0H La rax anemeHTyya
6ycan XO-yyaaac apait eHaep aryynra
3aa OGalraa Hb rpaduk [23paac
xaparfax 6GaiHa (3ypar 25). MeH 2
[93XKH33C HYHTar A39X Hb [A93XKMHA
Ce - 22.64 ppm 60M0H La - 26.93 ppm
aryynra Tyc TyC TOAOPXOWIOrACOH
6a 94rasp snemMeHTyy4 Hb 6ycag
[93KHI3C TOLAOPXOMNOrACOHOOC
XapbLaHryin eHaep aryynratait 6aliHa.
2 A99XKHUIA [X3-MiAH HWMMNG3pa3p Hb
TOOLOX Y33X94 aHxaary asax - 43.81
ppm, HyHTar Aasx- 84.81 ppm 6GaliHa.

[323px  TOMPUIH  XYAPWUIAH  6OMOH
OYTa3arA3XYYHA XUNCBH XUMUIMH
LWMHXXNATS3HUIA YP AYHI93p GairyyncaH
XapbLlyynanTblH rpadukyyaaac xapaxag,
OUOHWIA  COHIOH @BY  LUMHMKJTYY/IC3H
noaxHyyaan Ce, La, Nd, Sc, 6onoH Y, rax
raspblH XOBOP 3N1EMEHTYY aXurnaraax
GaiHa.  MeH  TeMpUH  XyOpWiAH
A99XKYYAUNH 3y TOrT/IbIM aXurnasarsl
aHxaard AasxHaac unyy xaargang I xXo-
WAH aryynra 6ycag 6yTaarAaxyyHa9
6ogoxon WYY TOAOPXOMIOrACOH
Galiraa Hb TOMPWIAH XyaopT Oaliraa
'X3-yya Gashkyynax MpoLecCbiH AyHA
Yeneeneraex, aryynra ecceH 6anHa.
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Fa3pbiH XOBOp 3/IEMEHTUWNH 3ax

399/1MWH 6HOOIrM1UH HexLen 6angan

3.1 la3pbiH XOBOp 3/1IeMEHTUIH

yungeapnan

1948 OH XYpTan ASNXWUIH [ X3-MiH
OVANSHX XYBUIAT OHITXSr, bpasunininH

LWOPOOH  3MCHWIA  opAyyAaac ahar
GaiicaH 6a  1950-mag  oOHbl  yeq
OMHea  ADPUKMIAH  BapyyH — My

faxb CTvHKamcKkpaasn yypxan [fdaxb
MOHaLMTaap 6aanar opa AsNXMnH [X3-
UAH 39X yycBap 6aicaH. XapuH 1960-
aac 1980-aag oH xypTan KanudopHu
faxb MoyHTaiH naice (Mountain Pass)
raspblH XOBOpP 3NEMEHTUIH  yypXxai
AHY-bIH  Tapryynardy  yinaBapnaary
GalicaH. ©OHeepdep JHATXar, ©OMHe[
Adbpukniii - opayya TXS-uH  3apum
Gashkmanbir  yiinABapnacasp Haitraa
4 XATafblH YWANABIPNSAUAH  [3praf
uap Xxypaaraapas 6Hara 6arHa. 2017
OHA XdATah VyAC [ASNXWAH  raspblH
XOBOP  3NIEMEHTUMH  HeeuniH  81%-
WAr  YANABIPNACaH Gereen AMANIHX
6ytoy 36,7%-uir Hb ©Bep MoHronooc
0n6opnoxaa. ABCTpPanu Hb A3NXMIAH
YANABOPASNNIAH T15%-NIAr 9351431 XOEP
Jlaxb TOMOOXOH Yinasapnary om [27).
[anxuitH 6yx XYHA XOBOP 9MEMEHT
(ancnpo3  39par)  Hb  MoAMMETanNn
BasH 060 opa 39par XaTafAblH ra3pbiH
XOBOp 9NeMeHT33C rapantai. bapyyH
ABCTpanuimH  XOWA4  X3CarT  OpLUMX
Xonnc Kpunkaac 3yyH emHen 3yrt 160
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KM-T OpLUMX BpayHc PanHXMIAH yypxan
Hb 0fooroop O6yTasH 6GalryynanTbiH
waTaHjaa 6aitraa 6Gereej XaTagaac
rafiHa aHxHbl TOMOOXOH AWCMPO3NYM
YNABapnary 6o10x TeneBTal GaliHa
[28].

SpPanT HAMArACaH Hb HUANYYNaNTa
XYHAP3M  YYPYyy/DK, ASNXWMA  JaxUHA
raspblH XOBOP MeTansblH XOMCAONA
OPOX BUIA Fr3C3H 6ONTOOMIKIION yiam byp
HaMaracaap 6aitHa. 2009 OHOOC XOMLLIXM
X3[9H KUMMNH Japaa OanxunH [XS-
NIAH 3PANT X3P3russ LWMHS TOMOOXOH
39X VYCBIPYYAMIT Ouin BOAroxryn 60:
Xun o 6yp  HWiAnyynantascaa 40,000
TOHHOOP [aBax TeneBTalt HalHa.
2013 oHp EBponblH Xon6oo 2arasp
9NEMEHTYYAS3C Xamaapantan, [XO3-
niAr Bycag anemMeHTYYA33p OopJyynax
OOIOMXKIYIA,  AaxvH  6onoBCpyynanT
6araTtait 33praac wantraanaH ' X3-miH
9PANT HOM3IA3HS MK MBS ACIH

Uaawwn6an, 9panT  HIMIrAsX,
HWIANYyNanT 6ara 6aliraaraac Mpasayig
YH3 ecex xaHanaraTait 6aiiraa 6ereef
XaTagaac 6ycap ync opHyyn [XO-
WAH yypxain H33x 60noM»XK 6uin. X3
Hb ©COH H3M3arAaX Oy M3A33NINIAH
TEXHOOTUIH canb6apT  3alawryi
Waapanaratan  6Gaigar  Tyn  9panT



HOMOArAoX bGaliHa. I'X3-uir awmrnagar
LUMHD  OYTI3rAdXYYHA yxaanar yTac,
OMKNTaNn Kamep, KOMMbKOTEPUAH 34
aHry, xarac jpgamxkyynary rax MaT
OHAep TEXHOMNOrNIAH TOHOI TEOX8BPOMIK

GartaHa. YYH33C ragHa Caprasrgsx
SPUMM  XYYHWI  TEXHOMOTW, USPruiH
TEXHUK X3PArcan, Wwun VyinaBapnan,
METannypru rax Mat canéapyygan uiyy
TYrasman awmrnaragar.

!d- lpiml  Procic tson ol
are Eanh Cendes,
1950 - FO00

3ypar 26. VIcas[iCaH raspbiH X0BOP
N1EeMEHTUVIH YAnABaPAS A3NXMIH
XOMXK3BHUI [27]

Ty 17, ;
H:umzut::Ei_u_l:ﬂ_"_
ra

2019 oH roxaf Xatag ync M'XS-unH 17
TOPUAH UCSN YINABIPNAXK, O3JIXUIH
YNC OpHYYyAaa 85-95 XyBUAT HUANYYNCSH.
YyHun  Tan  xyBuiir - MbsiHMapaac
SKCMOPTONCOH XYAP33C rapraH aBCaH.
Tyc yncap eHrepceH oHpa 6ytoy 2021
OHJl 60MICOH TOPWIAH 3PranTWH Aapaa
OHAep  KOHUEHTpauuTah  XYAPUAH
HUANYYNaNT xA3raapnargax maraarym
60/COH oM. TyyHUNaH, BHXAY Hb AHY

6010H EBpPOMbIH XONGOOHbLI OpHYyAaac
TaBbCaH JAWMH 3aCruiiH XOopur apra
XOMIKIIHUIA  3CPAr  TOMUBXUAH  Tynf
XOBOP 3NIEMEHTUAH 3KCMOPTOO [axnH
OYYpYYy/DK  Maragryi rax Taamarnax
6aiicaH. MX3-yya Hb LaxunraaH MawuH
YWNAB3PAX,  ©HAep  TEXHOOMMH
LBPINH X3P3arnasHy Yyxan matepuan
6onaor.
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3.2 [a3pbliH x0BOP
3ax 333N

HonxuiiH  TX9-MAH  3ax  3937UIH
xomkas 20271 oHpa 5,595.32 casa awm.
fonnapaap YHanaracaH 6aiHa. 2022
oHA 6,335.74 cas am.ponnap 6aitx

Globel Fare-Earth Metals Marks

ki Sassr e b pros w8 CALE ol 17 4%

UED 11 Gl il

L T .

e T

AL ARTH

[anxuiH  XO0BOp  METafblH - 3ax
3391 2021 oHA 5595.3 caa pgonnapaap
YHONarAox TeneBTal GaiHa. JanxuiiH
XOBOp MeTan/blH 3ax 333/MAH ecenTt
13.4%, 2027 oH raxag 11905.0 cas
gonnap  60MHO 9  TOOL|OOSICOH.

3JIeMeHTUWUH

6a  13.40%-WAH KUNWAH  HUIANMBN
ecenTuitH xyppaap (CAGR) 2027 oH
roxap 11,905.04 caa am.gonnapt Xypax
TenesTal 6anHa [29].

3ypar 27. []anxuwiiH ra3pbiH XOBOP
B/IeMeHTMVIH 3ax 35371 [29]

e LN

Bas>KyynanTbiH anb aprbir COHroXooc
xamaap4 8AWNH 3aCTUMH YP alUrnir Hb
TooL 000X 6010MXKTON. Llaawnaan 3ax
399/IUMH Ccydanraar HapumBYIaH XUmx
X3HI HUAYYN3aX B3 M9Aras xapransax
V39X X9ParTait 6o GalHa.

XycHart 10. 2075-20217 OH XypTas1X ra3pbliH XOBOP 91EMEHTUIH NCIMIH COHIOrACOH AyHAax YHa (am.[onnap/Kr)

o e comror s T v Lz L L L

Tep6uUyMbIH UCaN, XaMruiiH 6ara uasaplumnT 99.99% 564 415 501 455 507 670 | 1300
JMCNpOosuitH 1can, xamruidi 6ara LasapLumnt 99.5% 279 198 187 179 239 261 400
HeoanMuiiH ncan, xamruiid 6ara ussaplumnt 99.5% 48 40 50 50 45 49 49
EBPONWItH 1can, xaMruiitH 6ara uasaplumnt 99.99% 344 74 77 53 35 31 31
Lepnyin, 35% nanan A R R N
JlaHTaH ucan, xaMruitH 6ara uasapwmnnt 99.5% 3 2 2 2 2 2 2
LlepvitH ncan, xamruiti 6ara uaBapwmnnT 99.5% 3 2 2 2 2 2 2
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[@spblH XOBOp 3/1IeMEHTUIr rapraH

aBaxaz, 6auranb opuMHp, Y3YY19X
Heneenen

AX YANABIP  XyphauTal  XemKmK
9X3MICHI3C XOWLL A3NXWin aasap I X3-miH
Xanryyn, on6opAoATbIH 3PANT X3Parlad
XypaauTar Hamarasxk 6aviHa.  Miimp
Gairanb Op4YMHA Y3YYaX Heneennuir
TOOOPXONOX YHACSH LWaapa/iara MaHan
OpHbI XyBbf Y Tynrapaaz 6ariHa.

CynanraaHbl 9H3 X3CArT HYYPCHUN
YHCH23C 6ytoy XOEpAOorY 3X YYyCB3p3ac
['X3-UNr rapraH aBax ynnaxunnaraaHaac
rapy 60n30LUryi 6airanb OpUMHL Y3y yI1ax
HeNeeNNINIAT TOAOPXOMMIOB. HYYPCHWI YHC
Hb MOHron opoHz awmrnargaxk Gairaa
HUMT 30 OopYMM  AynaaHbl LaxuiraaH
CTaHUaac xaarfan xan6apasp rapaar.
YHC Hb GailranuiiH HeeUWir aluurnaag,
TYYH93C  XasracaH  YMNABSPNSAMIAH

Japaax Xxadrgan — ragsr - yTraapaa
Gairanuiti Heel, GuLL FoM. YHCUIT foTop
Hb A3rA3MXMIA GONMOH A3rA3MXMIA BYC YHC
raX aHrmnaar .

Oargamxuit - yHewidr - dynaaHbl  4-p
LaxmnraaH ctaHu, AMranaH LC xasargan
Xan63pa3p Anrax 6osnoxyilaap raprax
GaiiHa. MaHaii OpoH[, HyypCWiir aynaaH
6OMOH LaxmiraaH apyvM Xy4HU 30puy-
nanTtaap awmrnagar Tyn yyp ambcrasbiH
XYBbA, HYYPCHWMIA “3alNWryit Xaparnaa'’
Tl OPOH[ TOOLIOrA0HO.

OHAOXYYy  xaargan  Hb  [ynaaHbl
LaxunraaH CTaHUbIH XasrafbiH fanadHg
N XasaAraax, YMAr Hb araapT YypLUWX,
YNABIA3M X3CAr Hb XOPCeHA YNALaT.

4.1 Baitranb opunHA Y3YYNaxX ceper

HeJieenoen

Baliranb OpYMHA y4mpd GON30LLMYiA
XOp XOHeenunr ypbauyuiaH Taamar-
naxbiH - TYna  TXO-ur  xoéphord  ax
YYCB3P33C Hb rapraH aBax npoLeccooc
Gaiiranb  OpuMHA  y3yynax  6yx
TOPAVIAH  HENeeNNAr  TOOOPXOMIOX
LWaapanaratai 6aingar.

OH3 cypanraaraap xa4 X94sH COHUP-
XONTOW Yp [yH rapcaH. Tyxanntan xam-
TVIAH eHaep aryynraram sx YYCBapyYAuitH
HAOr Hb [AynaaHbl UaxuaraaH CTaHUbIH

HYYPCHWI YHC 6alB. MitMaac 6ua aHaxyy
HYYPCHUI YHCH33C X3 rapraH aBax
TEXHONOMMIAH YN ABL Hb XYP333H 6yl
OPYMHA  Y3YYN3X Heneennuir TyyHWiA
OHBP 9PCAINTAIN BYPaNAdXYYH TyC BYPT
Hb TOOOPXOMIOB.

OHO XBCarT aHxfary ax YyyCcBapaac
6uW, Xoéphory ax yyceapaac [XO-
WIAr rapraH aBax Mpouecc Hb Gairanb
OpYMHA IMap 3epar 600H ceper Henee
Y3YYNArVIAT TOLOPXOMMOB.
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YYHA:
1. Araaprt y3yy/ax Heneenen

2. XepceHf y3yynax Heneenen
3. Ypramang ysyynax Heneenen

AraapT y3yynax Heneenen

Yn  axwunnaraaHaac araap  op-
YMHA Y3YY19X XaMIUAH eHaep Henee-
6N Hb araapblH  HapWH  TOOCHbI
lMpXarnar 6ereef, YYHUAr AnrapnbiH
KO3 OULEHTUIAT alLmMrnaH TooopXonnaor
[31]. AnrapnbiH  KOSMOULMEHT ragor
Hb TOOCHbI ANArapfblH 3pUMUIAr Bytoy
TyXallH XxyrauaaHg araapT siirapcaH
OOXVPAYYNardmiiH XaMyKaar TyxalH YN
axunnaraaHbl  TYBLWHA  YPXKYYICH

E = Ax EF x (1-ER/100)

CTaTUCTUK AYyHAAX HOM. HyypCHWIA YHC
30par a/nmMBaa 9x YYyCBIpaaC rapy 6yw
6oxmpayynary 60AUCbIH HUAT XaMXKI3
Hb 9X VYYCB3p OYPWAH  AnrapnbiH
KOa(DOUUMEHTUIAr  3X  YYCBIP  BYPUIAH
TOOrOOP YPXKYY/ICIHTAM TaHLUYY 6GaliHa.
Araap 60x1pyynard Hb ax YyCBap 6ypaac
Anrapax 6ereef TSAraapUnH anrapantbiH
XYYUH 3YWANIAT TOOLIOX LaapasiaraTtan.

E = anrapan; A = ynn axunnaraaHbl TyBLUMH

EF = Tooc anrapyynax Xy4mH 3y,

ER = HWIAT anrapanTbir 6yypyynax yp almr %

XycHart 11. HyypcHuii yHCHaaC [X3-wiir rapraH aBax ypbA4unaH 6010BCpyyIax TeXHONOMIH ye Lwartyya

TeXHONOrniiH Hap

YHC33 T93B3pNax

ABTOMaLLUMHaap

YHAC3H npouecc HapuiiBunncaH TexHONOruitH npouecc

YHC xonux

CaBnax

TaaBopNax/ T93BPUNH 3ait
Aunx

300BOP/IOH XYPrax,
6yynrax siBL

YHCHWI ypbaumnaH
6antran

LLnaxkyynaH aumx
Byynrax

YHCuiAr 6anTrax
Casnax

Xasx

3ypar 28. []L|C-4 HyypCHWIA YHC, HYYPCHMIA 0BOOTbIH Gakiaan
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XepceHp, y3yynax Heneenen

[X3-MiAr rapraH aBax npoLeccooc
aHXaH WaTHbl XepCeHa y3yynax ceper
Heneennunr a4y  y3axsg, [ALC-biH
YHCH33C [X3-MIr rapraH aBCHbl fjapaa
TyXaVH rapraH aBantaz OpCOH X3Crasc
MX3HX X3OMXKIBHWUI Xxaargan yYHC i
3afdran Tan6ang xaargax TenesTown
GaliHa. ©epeep xanban HUWT AaxuH

almrnacaH YHCH33C 1 Xypaxryit XyBb Hb
n X3 6aitHa.

CynanraaHbl mMaTepuanbiH  XyBbfl
anuBaa Cceper Heneennuinr Toouoxon
apT 6Gaiiraa xaanii 4 ALIC-4-nitH yHewiar
faxvH  6onoBcpyyncHaap — Gailrans
OPYMHA Y3YYNaxX Heneenen Hb “‘ayHa’
TYBLUMHA Haiix Maragnantai 6aiHa.

YcaHp y3yynax Heneenen

YHCUIAr JaxuH aliuriax npouece Hb
oepee Gairanb [29p OGangar L2Bap
ycaHd Vy3yynax Heneenen Hb “6ara”
SPCABNTONL TOOLOrOOX M. XapuH
Gaskyynax MpoLEeccToo yC aluurnax,

JanaHrvitH TexHonorn, apra apradnan
awmrnax 6on6airanb OpYnHI HONeeNex
HEeeNWIAT TOOLIOOOX Liaapasararai
FOM.

4.2 bBaiiranb opuUHp, Y3YYNaX
6ycap Heneenen

OMHe XWWrACSH CcydanraaHyygaac
y39x37 [T X3-Mir X0EpAory ax yycBapaac
rapraH aBaxal, fgapaax  aepar
Heneennyya 6ainHa:

1. HyypcHWiA yHCaHA aryynarpax
K, U, Th 33par eHaep TyBLUHWIA Liaupar
NOIBXT SIEMEHTYYA Hb XYHUIA 3pyyn
M3HA3[ Coper HeneeTal Y Heree Tanaac
ypramibir 43MXKUX XepCUAr 60pAoX YN
ABLak 9epar Henee yayynasr 6aiiHa
[33], [34].

2. YHaraH 6aiiranvapaa 6aiiraa
aHxgard  opA  raspbir - awmrnaxap
AMap 4 OpYMH  yewiH Gairanbg
99NTal TEXHWK TEXHOMOrM alumrnacaH
Gaitranbfl  Y3yynax Heneenen  Hb
TOp X3MXKI3raopaa HGairanb OpYHbI
OYpanasxyyH Tyc 6ypasp eHaep Yp
fnaraBap  ysyynasr.  YyHWA  OpoHA
XOEPA0ry 9X YYCBIPUIAT faxuH allmriax
Hb Gaiiranb OpYMHA LUYYA Y3Yynax
Henee xapblUaHryi 6ara 6ainHa.
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AyrHanTt

10.

52

OpYMH YeWrnH OMOH ASBLUMATAIT  TEXHOMOrW, YWANABIPASNL  3alswryi
Wwaapanaratain X3-MAH 9panT HAMAraaxX, HUMANYYNSNT XOMCACOHOOP YHS
TacpanTryi ecceep 6aiiHa.

Baliranb opuuH, 3WiAH 3acar, Xyy/b TOrTOOMX, XyflanfaaHbl XA3raapnant 33par
acyyanyyaaac yyasH X3-minH 0n60opnonToa 3apyM HAraH Xxsa3raapnanTyya 6uit
60COH.

3araap acyyanyygaac xamaapd [X3-uiiH 29panT Xxaparuds 6GaliHra eceH
HamMargayk GaliraaTain xonb6ooToiroop MX3-UiH aryynra 6yxuii XoEpaord ax
yycBapaac X3 rapraxk aBax cyfanraa 9apunMTain XMintrasx taiHa.

HYYpC, HYYPCHWUI YHC, TOMPUIH XYA3P, TOMPUIH XYAPWUWH Xxasarjan 33par
XOEPAOry ax yyCcBap3ac MXO-UH aryynrbir TOLOPXOWNOXbIH Tyng MoHrong
HYYPC OONOH TOMPUIAH XYAPUAH YUrNISN33p YN axunnaraa sByy/x Ganraa
yypxanHyyaaac Aa9XKUIr LyrayyncaH.

Xo€paory ax yycBapasc X3 rapraH aBax apryy/blH Tanaap eMHe cyanaracaq
M3[39, MaTepuanyyablr LyryymK, apra apradnanbir cygancaH.

Cypanraang 11 KoMnaHnac HUNT 43 Ao3XKWIT aBY, ToAraapT [ X3-uitH aryynroir
TOAOPXOWICOH.

Yp AYHr93C xapaxag, HUNT LWMHXWUATASHL XaMpyysicaH A33KHI3C HYYPCHUN
[9KMHI XaMrniiH eHaep X3-MitH aryynra ToAopXxomnoracoH (HWin6ap MX9-
WIAH aryynra Hb ~500 ppm).

Xamruniii eHaep Hb ‘Mura 3puH” XXK-nitH Bop XynaHruiiH HyYpCHUIA yypxarH
199 — 493.79 ppm.

HWIAT wyrnyyncaH AaaxuitH aniinanxag Ce, La, Y rax anemeHTyyg 6ycag I'X9-
93C33 eHfep aryynrartai 6aiiHa.

HUNT 093XH33C 3apUM HYYPCHUA A39XKYYA Hb aHxaapas TaTaxyml, XaMXKI9H[
6alicaH 4 YIMNAB3PWIAH yp alumrTaii aryynra saaraaryil 60/Ho.



11.

12.

13.

14.

15.

OMHex cyflanraaHyyaaac xapaxag, A39XKMiH LUMPX3rNaruitH Xamxaa 6aracaxag
raspblH XOBOP aNEMEHTUIH aryynra ecex GaicaH Hb GUAHWIA cyfanraaHbl Yp
LYHT3 TOXMPY HaiiHa.

OMHex cyfasiraaHaac y39xa[ XYPaH HYYPCOHA raspbiH XOBOP S/IEMEHT eHAep
6aiaar racaH yrHanT Hb MaHal cyaanraaHbl Yp AyHA MeH HOTNIOrA0XK GaliHa.

Yp AyHT camkpyynaxbiH Tyn4 cyfdanraaHz alimrnacaH [AsdKUNr yypxamraac
COHIrOX aBax[aa TyxaliH OpAblIr TeNeemx Yagaxynw 1iyy ONoH A39XKMUAT COHIOH
aBY, lapaaruiiH cyjanraanfaa alurnax Hb 3ynTan FoM.

UaawpablH cypanraang [XS-uilH eHfaep aryynra yayynaceH 6aiplumnaac
HOMBNTA9P [39XK aBY HAPUMBYMICAH LUMHXWITSS XWX LWaapanaratam. Yump
Hb MOHIOf1 OPOH Hb HYYPCHWIA Heeleepes taanar yypaac 6uasHA 60M10MXK
6aiiraa raxx xap>x 6aiHa.

OMHex cyfanraaHaac Y39x3[ HYYPCHWIA LWaTaax Mpoueccooc xamaapy [ X3-
niAr - GaskyynantaHn Heneenger Tyn laTaanTblH  TYPWUATUAT  XUIAXA99
napamMeTpYYAUNT Hb ©epuYMiK, YHCaHA 6Gairaa XO-WiiH aryynraj XopxaH
HeneemK 6araar TOAOPXONIOX LaapanaraTal.
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Abstract

Master's students of German—Mongolian
Institute for Resources and Technology
conducted this research project jointly
with the Rare Earth Elements Research
Unit at Erdenes Mongol LLC, in partial
fulfilment of their required Advanced
Research Project. The main purpose
of this research was to determine the
content of rare earth elements from
coal mining ash, from iron ore mining
tailings, and from thermal power plants,
as possible secondary sources for
rare earth elements. We collected 43
samples from 6 coal mines, 3 iron ore
mines, and from the ashes of 2 thermal

power plants in Mongolia. Chemical
tests were conducted on the samples
collected, in order to determine the
content of rare earth elements. Results
from the chemical analysis revealed the
presence of: Ce, La, Nd, and Y elements
in the coal and coal products samples;
Ce, La,Nd Sc,and Y in the iron deposits;
and Ce, Gd, La, Nd, and Y in the thermal
power plant’s fly ash samples. In the next
phase of the research project, plans are
to conduct additional hydrometallurgical
experiments on the high REEs-containing
samples.

Keywords: - rare earth elements, flotation, magnetic fraction, fly ash, alkaline and acid leaching, roasting,

physical separation, ion extraction



Background

Preparatory part and overall, of the
advanced research project continued
for 23 weeks in total. Project timeline
overview is shown as Table 1. Depending
on the direction of the main focus each
week, different contents of peer reviewed
scientific articles were searched from
the internet and chosen to be read by
each of the members in the team.

As there can be many types of articles
depending on the content and the
purpose, it was required for the members
to fill in article key notes template for
every week to orderly gather the relevant
findings and also to efficiently provide
the rest of the team with fundamental
information of their individual findings.
Main goals of each different week and
all of the article’'s names that have been
read by the team is provided. The team
members were initially assigned to write
individual summaries on the findings

Table 1. Project timeline overview

for each different week for the report of
the project. Due to that problem, each
of the members were assigned to focus
on different topics that were relevant to
the main topic of the project and write
summary review on their findings and
report it. It should be noted that the main
focus of the research was directed to
topics of REE containing fly ash and iron
related secondary sources due to higher
probabilities of source and sample
availability considering the situation in
Mongolia. After the preparatory stage,
2 teams were united and did research
together. Based on preparatory research
results, samples are collected from
several possible secondary resources
and chemical analysis was performed
in the collected samples. In the last 5
weeks, all team members contributed to
writing the report.
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Figure 1. Team approach to the research project

Define further _ Continue

= " h
research required -

based on the findings



Introduction

1.1 Rare earth elements

Rare earth elements (REE) are a
group of seventeen metallic elements.
However, these elements contain the
fifteen lanthanides on the periodic table,
plus scandium and yttrium, which are
similar physical and chemical properties

that occur within the periodic table
(Figure 2) [1]. In general, the range
characteristic of REE density is 4.48g/
cm3 - 9.33g/cm3, and the heating
temperature is 804°C-1550°C.
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Figure 2. Rare earth elements - Mendeleev periodic system [1]

Rare earth elements are divided into
two groups; the first group contains

10

heavy elements, and the second group
contains light elements.



Table 2. Comparison of physical and chemical properties of REE [2]

Atomic Density | Melting Vicker's Oxidation At h_eat
number g/cm3 point°C | hardness LIS BE capacity
J/(mol+K)

Lanthanum| La 57 138.9 6.146 37 Colorless 3 26.2
Cerium Ce 58 140.1 8.16 798 24 Colorless 3and 4 27.0
Praseo- Pr 59 | 1409 | 6773 | o3 a7 |Yelow | s anda | 270
dymium green

i’:‘;‘:dym’ Nd 60 1442 | 7008 | 1021 35  |Redviolet 3 27.5
Promethi | by 61 | 1450 | 7264 | 1042 - |Pink 3 243
Samarium Sm 62 150.3 7.52 1074 45 Yellow 2and3 29.6
Europium Eu 63 151.9 5.244 822 17 Colorless 2and3 27.7
Gadolinium|  Gd 64 157.2 7.901 1313 57 Colorless 3 37.1
Terbium Tb 65 158.9 8.23 1356 46 Pale pink 3and4 289
Dyspros- | 5 66 | 1625 | 8551 | 1412 4 |Paleyelow) 4 282
um green

Holmium Ho 67 164.9 8.795 1474 42 Yellow 3 27.2
Erbium Er 68 167.2 9.066 1529 44 Pink 3 281
Thulium Tm 69 168.9 9.321 1545 48 Pale green | 2and 3 27.0
Ytterbium Yb 70 173.0 6.966 819 21 Colorless 2and3 26.7
Lutetium Lu vl 174.9 9.841 1663 77 Colorless 3 26.9
Yttrium Yb 39 88.9 4.469 1522 38 - 3 255
Scandium Sc 21 449 2.989 1541 85 - 2 26.5

1.2
demand

The uses, applications, and demand
for rare-earth elements has expanded
over the years. Globally, most REEs are
used for catalysts and magnets. In the
USA, more than half of REEs are used
for catalysts; other major uses are for

Applications of REE and

ceramics, glass and polishing.

In addition, REEs are used for
the production of high-performance
magnets, alloys, and electronics. Ce and
La are important as catalysts, and are
used for petroleum refining and as diesel

"



additives. Nd is important in magnet
production in traditional and low-carbon
technologies. REEs in this category are
used in the electric motors of hybrid
and electric vehicles, generators in
wind turbines, hard disc drives, portable
electronics, microphones, and speakers.

Ce, Laand Nd areimportantin making
alloys, and in the production of fuel cells
and nickel-metal hydride batteries. Ce,

Table 3. The rare earth elements usage [3]

Ga and Nd are important in electronics
and are used in the production of
LCD and plasma screens, fibre optics,
lasers, as well as in medical imaging.
Additional uses for REEs are as tracers
in medical applications, fertilizers, and
in water treatment. REEs have a variety
of commercial uses for each element
described in Table 3.

Element ‘ Typical uses ‘ Element group
Lanthanum oxide additive in optical lenses increase light refraction,
Lanthanum the catalyst is heavy crude oil reformation, lighting phosphors, batter-|
ies, metal alloys, polishing compound, ceramics
. Polishing compound for optical lenses, lighting phosphors, batteries,
Cerium : S
metal alloys, ceramics, glass additives
SrEssadymiuT H|g.h-power permanent magnets, battenes, metal alloys, catalysts, Light rare earth
polishing compounds, glass additives, ceramics AlEmETh
The catalyst is heavy crude oil reformation, high-power permanent
: magnets, neodymium-yttrium-aluminium-garnet lasers, neodymium
Neodymium |, ; h
iron-boron permanent magnets, batteries, metal alloys, ceramics,
glass additives
Samarium Samarium-cobalt permanent magnets, batteries
Europium Phosphor activator for the red colour in a colour television tube
Gadolinium H\g_h-power permanent magnets, paint or coating against neutron
radiation, phosphors
Terbium iron -nickel alloy with dysprosium (Terfenol-D) used in
Terbium stealth technology, lighting phosphors, high-power permanent
magnets
Dysprosium High-power permanent magnets, ceramics, nanotechnology research
Hioh l rods | el Heavy rare earth
Holmiurm igh-power permanent magnets, nuclear control rods, lasers, optica demam
coatings
Erbium Doped fibre laser amplifiers, metal alloys
Thulium Few uses due to rarity and properties similar to other REEs
Vi Radiation source in portable X-ray equipment, stress gauges, lasers,
metal alloys, catalyst
Lutetium Few uses due to rarity and properties similar to other REEs
Scandium High-strength light weight metallurgical applications
Associated
Yttrium Neodymium-yttrium-aluminium-garnet lasers, lighting phosphorus
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1.3 World REE: abundance,
deposits, and resources

The major known REE deposits
occur in China and America, with much
smaller reserves found in India, Brazil,
Malaysia, and South Africa. Production
has been dominated by China, with
additional production from Australia,
India, Malaysia, Russia, and Thailand.
But China's reserves of REEs are the
largest, accounting for 38 percent of
the world's resources. Approximately
33 percent is in the United States, 12
percent in Australia, and five percent in
Malaysia and in India. Other countries
including Brazil, Canada, South Africa,
Sri Lanka, and Thailand made up the

remainder. However, in 2008, China
accounted for more than 90 percent of
the world's processing of REEs, and by
2011, China accounted for 97 percent
of world production. Beginning in 1990,
the  Chinese  government-imposed
restrictions on the extraction and export
of REEs. Work has also begun to limit
the number of Chinese and foreign joint
ventures; thishasledtoanincreaseinthe
price of REEs on the world market. With
44 million tons of reserves and 140,000
tons of yearly mine production, China
tops the list for REE mine production and
reserves. Despite the fact that Vietnam

Table 4. REE Mine Production Abundance in the Earth’s Crust: 2020

Abundance in the Earth's crust

Mine production

Ne Country resell"veersyi:atronsl resell')veersyienarercl Country :,ne :z;r;s;lr :)ne r;;t;lr
1 China 44,000,000 37.99% China 140,000.00 57.54%
2 Vietnam 22,000,000 18.99% us. 38,000.00 15.62%
3 Brazil 21,000,000 18.13% Myanmar 30,000.00 12.33%
4 Russia 12,000,000 10.36% Australia 17,000.00 6.99%

5 India 6,900,000 5.96% Madagascar 8,000.00 3.29%

6 Australia 4,100,000 3.54% India 3,000.00 1.23%

7 us. 1,500,000 1.30% Russia 2,700.00 1.11%

8 Greenland 1,500,000 1.30% Thailand 2,000.00 0.82%

9 Tanzania 890,000 0.77% Vietnam 1,000.00 0.41%
10 Canada 830,000 0.72% Brazil 1,000.00 0.41%
11 South Africa 790,000 0.68% Burundi 500.00 0.21%
1 | Qe 310,000 0.27% Other 100.00 0.04%

Total 115,820,000 100.00% Total 243,300.00 100.00%




and Brazil have the second and third
largest reserves of rare-earth metals,
with 22 million tons and 21 million tons,
respectively, their mine production is
among the lowest of all countries, at
only 1,000 tons per year [4].

As an example, at 68 parts per
million, cerium is the 25th most
abundant element in the earth's crust.

i |

RAaaa0a0

The planet's crust has a large number
of rare earth elements. As a result, it is
just as common as copper [5]. Because
of their geochemical properties, REEs
are frequently distributed. This means
that they are not found in thick enough
clusters to be worth mining very often.
These minerals are known as rare earths
because of their scarcity [6].

Figure 3. World REE's production and reserves

1.4 REEs: geology and mineralogy

Knowing the diversity of REEs is
very helpful in exploration; For example,
economically  viable and  usable
concentrations are usually extracted
from crystalline rocks. REEs are more
common in alkaline igneous rocks
and carbonates than in mafic rocks.
Critical elements typically occur as
trivalent cations -rock-forming minerals
in carbonates, oxides, phosphates, and
silicates. REEs are chemically similar
to thorium and are commonly found
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in deposits and minerals in this type
of element. REEs occur in a variety of
rock units across Wyoming. Reported
Precambrian REE occurrences are
hosted by pegmatites, veins and dikes,
faultsandrupture zones, metal carbonate
rocks, disseminated minerals in generally
alkalic igneous rocks, and in met
sediments. Sedimentary occurrences in
paleo-placers are found primarily in the
Cambrian Flathead Sandstone and the
Cretaceous Mesa Verde Formation, as



well as local, slighter deposits in many
units. Disseminations of REEs are also
reported in the phosphate-rich rock of
the Permian Phosphoric Formation.
Tertiary-aged hosts include alkaline
igneous rocks, carbonatite veins, dikes,
hydrothermal zones, and apparent
depositions from solution movement
within  sandstone. Quaternary REE
hosts can be found in alluvial- placers
and paleo-placers [5]. Many minerals
are known to contain REEs as essential

1.5 Research an

constituents, and a greater number
contain REEs as accessory elements.
Only a few of these minerals host large
enough concentrations of REEs to be
considered ore minerals. Alunite and
monazite occur as relatively common
accessory minerals within many types
of felsic igneous rocks. Globally, the
principal commercial sources of REEs
are the minerals bastnaesite, loparite,
monazite, and xenotime, and rare earth
ion-adsorption clays.

d overview

information on REEs in

Mongolia
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Although no comprehensive
geologicalinvestigation of REEshasbeen
carried out in Mongolia, locations rich
in REEs have been found in Khanbogd,
Khalzanburegtei, Lugiin Gol, Mushgia
Khudag, Khotgor, and Ar Gol. There have
been four deposits discovered, as well

Figure 4. Opportunities for mining REEs in Mongolia 2022 [7]

as 71 occurrences and approximately
260 mineralized sites. State budget and
private money is now being used to
explore the Mushgia Khudag, Khotgor,
Lugiin Gol, and Khalzanburegtei deposits
in Mongolia for REEs, and a total of 3
million tons of oxide reserves have been

15



discovered. Despite the fact that reserves
have been identified, no deposits have
yet been exploited and put to profitable
use [8]. The demand for REEs has been
rising as a result of their increasing
use in modern technologies. As REE
ore reserves become depleted around
the world, new sources and methods
for extracting REEs have piqued global
interest. Mushgia Khudag, Khotgor and

Lugiin gol deposits in the Gobi region
are dominated by lights REEs, while
Khalzanburegtei, Ulaan Del, Shar Tolgoi
deposits in around the Khovd province
zone are dominated by heavy REEs.
Independent major minerals in REEs
include carbonate-type (bastnaesite)
and phosphate-type (monazite and
xenotime). But there are no independent
mineral deposits in our country.

1.6 REEs from secondary sources

The growth of REEs usage in modern
technological society has increased
global demand. Additionally, China's
monopolistic control over the market,
has led to a decrease in supply. Due
to environmental concerns regarding
conventional mining of REEs, and
a constantly growing demand, an
increased interest has arisen in research
that focuses on finding promising,
secondary sources containing REEs.
Perhaps our study will stimulate other
countries to stimulate develop their own
REE industry asweare. Current concerns
about the lack of diversity in the supply
of REEs have spurred new research into
utilizing domestic sources, especially

Coal Ash

The world continues to produce
vast quantities of coal ash. During coal
combustion, large amounts of ash are
created, together with carbon dioxide
and other gasses. The fine particle ash
that rises up with the flue gasses is

16

from secondary sources such as acid
mine drainage (AMD), coal, coal by-
products (coal fly ash), iron ore tailings,
apatite, pyrometallurgical slag, bauxite
residue (red mud), phosphor-gypsum,
phosphate by-products and wastes (e.g.,
electronics, lighting). REE extraction
methods include physical separation,
in addition to hydrometallurgical and
bio-hydrometallurgical techniques. The
application of those REE extraction
techniques for enhanced recovery
has been driven primarily by the
unique industrial applications of those
important elements [9,10].

called fly or flue ash, while the heavier
ash that does not rise is termed bottom
ash; collectively these are referred to as
coal ash.

Half of fly ash is beneficially reused,
primarily in construction materials. The



rest is stored, mostly in landfills and
impoundments. Coal fly ash is a decent
source of critical elements like Ge, and U,
including REEs. This ash is investigated
for REE recovery by H,SO, leaching,
HNO, leaching, multistage resin-in-
leach, and electro-dialytic reversal (EDR)
with recovery rates as high as 70% REE
in EDR. Minerals identified in the coal fly
ash were mullite (3A1,0,-2Si0,), calcite
(CaCO,), quartz (Si0,), and hematite
(Fe,0,). Studies have suggested that
REEs are often extracted in their ionic
form because they are easily hydrolyzed.
Kertis and Yudowich (2009) estimated

that coal fly ash contains 445 ppm of
REEs on an average global basis. The
REE extraction process from fly ash is
much less intensive than that of mining
a raw product. Additionally, coal fly ash
contains a full range of REEs, whereas
most mines have only some kinds of
these elements. Because of this, many
companies are exploring methods to
extract REEs from coal fly ash and
investigating whether coal fly ash
processing can become an economical
and environmentally friendly alternative
to traditional mining [10].

Acid mine drainage (AMD)

AMD poses severe environmental
pollution problems because of its
high acidity, sulphate content and
toxic metals. AMD continues to be
considered one of the greatest mining
sustainability challenges because of
the massive volume of waste generated
and therefore, the associated high
cost of treatment. The most common
method to treat AMD is by neutralization
with alkaline reagents such as sodium
carbonate, limestone, lime, or ammonia,
which generates large volumes of
sludge. Current REE recovery methods to
tackle the problem are inadequate, and
those that work is costly. Therefore, this
serves as a motivation to develop new
techniques that are both economical

Iron ore, tailings

Iron ore deposit tailings’ REE
concentration  depends on  the
generation process and type of ore

and sustainable and solves the
unwanted consequences that damage
the environment. REE separation from
AMD: a) Preliminary stage of removal
of Fe from AMD-containing REEs
using Ca0, MgO or NaOH; b) Second
stage where the Fe-free treated AMD
containing REEs, are concentrated
using an IX resin, containing a sulfonic
group; and c¢) a selective precipitation
stage using phosphate salts at a fixed
pH to recover REEs as phosphates [11].
Extraction of REEs from AMD is helpful
to REE recovery (high recovery) and
chemical consumption (low chemical
consumption), but it contains a lower
grade of REE (low grade in large volume).

deposit. If the process is flotation, REE
concentration in the tailing is low (for
reference - around 20ppm TREE). REE

17



concentrations in tailings undergoing
a roasting and magnetic separation
process are higher (for reference -
around 400ppm TREE which is close
to iron ore TREE concentration). The
main minerals are bastnasite, monazite,
xenotime, apatite, gadolinite, and zircon.
Approximately 95% of REEs are found

Phosphate by-products

The presence of REEs has been
recognized in  several phosphate
secondary sources including phosphoric
acid, phosphate tailings and phosphate
fertilizer by-products. The extraction

Metallurgical slag

The employed metallurgical flow
sheets have not yet been developed for
recovery of REEs from pyrometallurgical
slag of the Waste Electrical and
Electronic Waste (WEEE) smelting

in the first three minerals. The recovery
of REEs from iron tailings can be
economically feasible if the need for a
material as well as its strategic viability
allows novel techniques to emerge. If
these techniques focus on the recovery
of a particular element, extraction would
be profitable [12].

of REEs from such sources has been
explored and demonstrates the viability
of reliable REE production from such
sources [13].

process. Because of the high affinity of
the REEs for oxygen, the REEs end up in
diluted (oxidic) form in the slag of the so-
called “copper smelter” and eventually in
the slag of the lead blast furnace [13].

Bauxite residue (red mud)

Bauxite is digested in a hot sodium
hydroxide solution. The solution is
clarifiedbyfilteringoffthe solidimpurities,
which form the so-called bauxite residue
or red mud. The composition of red
mud depends on the type of bauxite,
the mining location, and therefore the
process parameters of the Bayer process
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[13]. Red mud poses a significant and
hazardous problem. There are numerous
studies on the extraction of rare earths
and of scandium from red mud. The
two main approaches are either purely
hydrometallurgical processes or a
combination of pyrometallurgical and
hydrometallurgical processes.



1.7 Physical extraction methods
of rare earth elements from
secondary sources

We have several secondary sources
of REEs including coal fly ash, acid
mine drainage, and its sludge, and
tailings from iron mining. Each ore
or source has individual physical and
chemical properties. Therefore, there is
no well-known process for recovering
the REEs from secondary sources.
However, there are several chemical
and physical processes for enrichment.
In the chemical process, leaching and
ion exchange methods are well-known.
In the physical separation method,
REEs could be enriched or separated by
screening, magnetic separation, density
separation, and froth flotation. The
appropriate process selected to obtain
the optimum combination to recover
REEs from secondary sources.

Coal fly ash is a by-product of power
plants. Throughout the world, all power
plants dispose of large amounts of
ash and then landfill or accumulate the
ash. Coal fly ash contains higher REE
concentrations than that of the original
coal, as the carbon content burns during
the combustion processes; thereby
increasing the REY concentration
about 8-10 fold [14]. As a result, coal
fly ash could be a promising secondary
source. Even though coal fly ash has a
favourable grade of REE, it should be

treated by physical separation methods.
Several experiments have been made
on coal fly ash for enriching REEs, using
screening, magnetic separation, and
density separation methods. Screening
is the most common physical method,
usually used in the mining sector. The
following graph shows the results of
screening analysis on coal fly ash.

Figure 5. Total REE content, distribution and mass yield
in particle size fraction [14]

The above graph shows that REE
contentincreasedfromaround600t0900
ppm with decreasing particle size, and
the highest RER grade was measured at
the -25 mm size fraction. The distribution
of individual REE elements showed the
same trend as the total REEs. Therefore,
particle size separation can be utilized
for REY recovery and to segregate the
high REY content fractions [14]. The
magnetic separation method can also
be used to recover REEs from secondary
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sources, especially from coal fly ash. The
following graph shows the experimental
results of magnetic separation on coal
fly ash. The magnetic susceptibility of
the particles decreased from S1 to S6.

LRSS
Figure 6. Total REY content, distribution, and mass yield
in different magnetic fractions [14]

As illustrated in the graph, the
concentration of the REEs increased
from approximately 600 to 900 ppm.
The trend indicates that the REE content
increased with decreasing magnetic
susceptibility. The non-magnetic
fraction had the highest mass vyield (i.e.,
57%) and 64% of REEs occurred in this
fraction. Another significant finding was
a very high concentration of iron content
(nearly 60%) in the S1 fraction [14].
Moreover, another rare-earth project
found that removal of the iron-based
minerals prior to leaching, substantially
reduced acid consumption and overall
processing cost [15]. Another physical
separation method is density separation.
In this experiment, REEs were expected
to be found in a high-density fraction,
yet REEs were found trapped in middle-
density fractions and distributed evenly.
Thus, density separation is not as
efficient as the screening and magnetic
separation methods.
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In iron ore tailings, magnetic
separation and froth flotation methods
are tested. The magnetic separation
method cannot separate REEs from
the iron ore tailing source. This is
because, with increasing the magnetic
fleld intensity, the grade of REE, iron,
and silica increases. In later processes,
iron and silica have diverse effects.
Furthermore, a froth flotation test was
performed after magnetic separation.
The maximum result from “rougher—
cleaner hydroxamic acid flotation was
80% REE recovery at a 1.16 enrichment
ratio, with 17% Fe and 62% Si removed”
[16].

In the acid mine drainage solution,
REEs are leached and extracted into ions.
Itis possible to enrich or extract the REEs
by the processes of solvent extraction,
ion exchange, and precipitation. These
processes are more related to the
chemical extraction section.

To sum up the physical separation
section, physical separation can be used
to enrich or separate the REEs prior to
the leaching or flotation processes.
For the coal ash, it is useful to use a
combination of screening and magnetic
separation to increase the concentration
prior to the main extraction process.
Moreover, coal ash is a more promising
secondary source compared to iron ore
tailings and AMD solution or sludge. For
the iron ore tailings it is hard to increase
the concentration of the REEs by using
the density or magnetic separation
method prior to the froth flotation. And
iron ore tailings contain a lot of silica and



iron, which could lead to the high cost of
using reagents and the inefficiency of the
main extraction process. Enrichment or
extraction of REEs from AMD is related

to the chemical extraction processes
and its detailed information is written in
the section of chemical extraction.

1.8 Extraction of REEs from
secondary sources using
chemical methods

Low-grade sources of REEs, for
example coal fly ash, typically contain
many REEs and other metals mixed in.
Common processes for the recovery of
REEs from secondary sources include
chemical precipitation, coagulation,
flocculation, flotation, ion exchange,
adsorption, and electrochemical
processes [17].

Hydrometallurgy is a well-developed
process for the extraction of REEs
from REE-carrying substances such
as natural ores and other secondary
sources. Itincludes two stages: leaching
and separation [18].

REEs need to be in ionic (an aqueous
solution) form to be extracted from
their associated minerals. Leaching is
the chemical process used to release
REEs from the REE-bearing rocks and
minerals. Some techniques used for REE
leaching fromm common resources are:

This method is performed in the

temperature range of 200 to 500°C.
Sulfuric acid produces sulphide oxide
gasses during the process

A hydrochloric acid leach process is
optimized under roasting conditions
using NA,CO,: slag weight ratio of 3:7 at
850°C-900°C for 1 hour.

Caustic soda leaching is carried out in
the temperature range of 120 to 130°C
[19].

Then, different separation processes
are used to recover REEs from the
aqueous solution. The recovery of
REEs from secondary sources, or from
the aqueous solution obtained during
hydrometallurgy, is generally performed
using common methods such as:

. precipitation

. electrocoagulation,

. flotation

. solvent extraction (SE)

.ion exchange

. adsorption
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The ion exchange process produces complexing agents. In the solvent
large amounts of waste solutions extraction process, all spent solids leave
which may be acidic or basic, and the process as wastes.
which contain displaced cations and

1.9 Main schemes of recovery
REEs from secondary sources

REEs from coal fly ash using acid leaching, solvent extraction, and acid regenerated
in the stripping step, which reduces the chemical cost.

5 Solvent S S
Coal Fly Ash Leaching Extraction Precipitation Filtration

Figure 7. Main chemical processes of REEs from coal fly ash

REEs from acid mine drainage is the second main resource. The recovery methods
can be classified as precipitation, adsorption, diffusion dialysis, and ion-exchange.

— Il Separation

AMD sludge > Precipitation > Redissolution > precipitation > puyrification

Figure 8. Main chemical processes of REEs from AMD

Total REE concentration in iron tailings is normally less than coal and coal refuse.
Before the leaching process, the concentration of REEs is increased by the flotation

process.

Acid Solvent

Iron tailings Flotation
Leaching Extraction Precipitation

Figure 9. Main chemical process of REEs from iron tailing
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1.10 New method for extraction and

separation of REEs from low-grade
sources uses a bacterial protein

Figure 10. A new method of REE extraction from low-grade sources

The new method relies on a protein
called lanmodulin (LanM) that first binds
to all the REEs in the source. Then, other
metals are drained and removed. By
changing the conditions of the sample,
for example by changing the acidity
or adding ingredients called chelators,
individual types of REEs become
unbound and can be collected. Even

when a sample has very low amounts of
REEs, this new procedure successfully
extracts and separates heavy REEs with
high purity [20].

The researchers plan to optimize the
method so that fewer cycles are required
to obtain the highest-purity products,
and so it can be scaled up for industrial
use.
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1.11 Summary of the extraction
methods of REEs from iron ore
related sources

There have been various extraction
methods conducted on iron-related
secondary sources. In order to give a
comprehensive review of the results
of those methods, a few articles with
concise content on the topic were
reviewed, in order to gather the results
of different experiments on different
types of samples. At the same time, the
aim was to have a more generalised
understanding from the results of
others’ experiments, on similar types
of secondary sources. Based on the
evaluation of those findings, it was

concluded that these sources could
provide useful direction in the future
work of this project.

One of the topics that is worth
studying and understanding, is how
iron mineral processing itself affects
the enrichment of REEs in its tailings
or concentrate. Iron ore samples and
its tailings from the different processes
such as flotation, magnetic separation
and roasting were collected and studied
to evaluate the enrichment of REEs. The
outcomes indicated that tailings from
the flotation process did not result in

Table 5. Summary of the results of different methods of extracting REEs from iron tailings and apatite ore [8]

Material

Classification SLER WS

Procedure and Methods

Results

Additives

Magnetic-Flotation

collector: sodium

Iron ore tailing Non-Magnetic

floatation

oleate, sodium silica+{ Enrichment ratio 1.6-1.8
depressant

Iron tailings - -
9 Iron tailing (Rich in

silica) table

Knelson and shaking

No upgrade was observed
when the particle size was
less than 74 mm

Iron ore tailing Roasting

reached good recovery in
REEs

Na2C03 700C and 2 M HNO3

REE-bearing ore | REE-bearing ore

Separation

Gravity and Magnetic

Successfully rejected
nonmagnetic gangue
minerals

Apatite magnetite
ore

Precipitation Stripping

Tributyl phosphate

from nitric acid Viable alternative to

traditional acid leaching

leaching
Apatite ore Flotation Sodium oleate 90% recovery
Apatite ore Apatite ore Leaching agent Nitric acid Good recovery and yield

Apatite concentrate|
particle size

Acidity level, leaching
time, agitation rate,
temperature and

Acidic 60%, solids
30%, Leaching time
30min, Agitation
rate 200rpm,
Temperature 60°C

Recovery of some REEs
were from 59-74%
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any enrichment. In fact, the opposite
was found; this process resulted in the
depletion of REE content. However,
magnetic separation and the roasting
process had a higher influence of
enrichment of REEs. This also indicates
that sources that have been pre-
concentrated have the potential of being
a strategic reserve for REEs [21].

There were several studies and
process methods conducted on iron
tailings samples and on apatite ore,
which is one of the types of mineral
compounds that contain higher content
of REEs. A summary of the results is
shown in Table 5.

From the results of different
extraction methods conducted on iron-
related sources:

. For the various separation methods,

the flotation process gave consistent

upgrading of the results, with better
recoveries compared to the other
methods. The main collector and
depressants were sodium oleate and
sodium silica.

. Gravity, magnetic and electrostatic

help to reject the gangues from the

REE mineral- bearing materials, but

at lower yields.

. Hydrometallurgical methods of

extracting REEs from iron-related ore

or tailings, and apatite, were found

to be efficient in many cases with

different types of acids.

. Combinations of different methods

are usually used to enhance the

results.

. More research should be conducted

on the roasting method on iron

tailings, as it was found to bring

good results in the recovery.

. There was no enrichment in REEs in

the tailings of iron ore flotation, while

tailings in the magnetic separation

process indicated some enrichment.

Based on those findings, Figure 1 is
rough process’ flowsheet that might
be considered as feasible experimental
options, should our samples contain
promising REE grades. It should be noted
that these flowsheets are proposed on
the basis of findings that were focused
on understanding the properties of
REEs containing iron-related sources,
and the different types of experimental
results from them, with the purpose of
extracting the REEs in Figure 11.

Recommended analysis of the REEs
containing  iron-related  secondary
source samples, to evaluate suitable
process methods

1. Chemical analysis (ICP REE)

2. Mineral analysis (Mineralogy)

3. Size fraction (Screening)

4. REE content in different particle

size distribution

5. REE content in magnetic and non-

magnetic parts
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Iron ore, tailing, Iron ore, tailing, Iron ore, tailing, Iron ore, tailing,
concentrate concentrate concentrate concentrate
Gravity Flotation (if the Acidity,
separation(depending Roasting particle size has temperature,
on the particle size) reached the agitation
liberation of REE) rate,leaching
time, particle
size (for the
Magnetic separation leaching evaluation of
(depending on REE factor influence
content in the magnetic on the results)
part)
Flotation

a) Combined method
of gravity-magnetic-
flotation to recover to recover REE from
REE from iron ore, iron ore, tailing and
tailing and concentrate  concentrate

b) Combined method
of roasting-leaching

¢) Method of flotation
to recover REE from
iron ore, tailing and
concentrate

d) Leaching method
to recover REE from
iron ore, tailing and
concentrate

Figure 11. Possible iron ore tailing enrichment flowsheets to be considered
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1.12 Summary of the extraction
methods of REEs from coal ash

Comparedto studies onthe properties
and extraction methods of REEs from
iron-containing  secondary  sources,
there were more results published on
the topic of coal ash, since there have
been and still are many ongoing studies
worldwide. Based on the findings of
the previous research, that focused on
understanding properties of fly ash, the
following key points were made:

+ Fly ash contains two main phases

which are referred to as the

crystalline phase and the amorphous
phase [21]. Amorphous phases are
about 60-90% and the rest usually
are in the crystalline phase.

+ The crystalline phase mainly

includes quartz, mullite, hematite,

magnetite, ferrite spinels, anhydrite,

melilite, merwinite, periclase,
tricalcium aluminate, and lime.

« The differences found in the

coal ash samples, and their
characteristics, are highly dependent
on the origin of the coal [22].

+ The coal ash samples are in the
form of nanoscale crystalline,
corresponding to overlapping ultra-
fine minerals that are atomically
dispersed in the fly ash glass [23].

« The minerals that contain REEs
were found to be less in the ash than
in the original coal, even though the
REE content in the ash is enriched
[23].

+ REEs are partitioned into
aluminosilicate glasses formed at
boiler temperatures [24].

Table 6. Results of physical separation on different experiments conducted on fly ash samples

Procedure and
Souree Tpe “

The hypothesis that REE would be enriched in heavier fractions was
rejected RE minerals are incorporated with other lower-density minerals
and dispersed inside fly ash particles.

Density separation

This might make density separation inefficient.

Density-based separators were the least effective methods due to
ultrafine grain size of Re minerals

Fly ash Density fraction test |2.71-2.95 SG and 2.45-2.71 SG

samples

Magnetic separation | REE content increases as the magnetic properties decreases

REE in the glass phase, the most abundant constituent of coal fly ash8

aggﬁgﬂgjgi&s should be targeted for extraction and concentration.
fly ash Strong correlation with Al, Si
Acid leaching chemical and thermal pre-treatment would result better extraction

performance for acid leaching
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Table 7. Results of leaching experiments conducted on both fly and bottom ash samples [25]

s Leaching
mm Pre treatment

e
Results in recovery
one HCL, HF, Different v range from 32-90%
HNO, pulp density, (not consistent
yasn | Ko o . e
/ States anj%?ggggz(g;f HCL, HNO, Relatively better and
40% NaOH, 10/1 consistent results
solid-liquid ratio, HCL, HNO, (70-90%)
150, 2h
Tables 6 and 7 are shown, to provide recovery performance.
a summary of the results of different + There are some cases where
extraction methods conducted on coal sequential leaching processes were
ash samples. yielding good results.
Based on those findings, Figure 12 is « REE content usually decreased with
a ‘rough process’ flowsheet that might an increase in particle size.
be considered as feasible experimental + A combination of different methods
options, should our samples contain is usually used to enhance the
promising REE grades. results.
« Density separation methods were Recommended analysis of the
the least effective on fly ash due properties of REE-containing fly ash
to its dispersion in lower density samples, to evaluate suitable process
minerals. methods
« There is a possibility that REE 1.Chemical analysis (ICP REE)

content increases as magnetic
properties decrease

« REE distribution in fly ash has high
correlation with Al, Si.

« Chemical and thermal pre-treatment
might have a high influence on

28

2 Mineral analysis (Mineralogy)
3.Size fraction (Screening)

4.REE content in different particle
size distribution

5.REE content in magnetic and non-
magnetic parts



Fly ash sample

Fly ash sample

Fly ash sample

Magentic separation

Magentic separation

Magentic separation

Stirring speed

Direct leaching (with
different levels of addity)

Different types acids

temperature,liquid/solid

ratio, acid concentration

leaching time (study on
influence factors)

a) Combined method of
magnetic-leaching (direct) to
recover REE from coal fly ash

b) Combined method of

magnetic-leaching (various

¢) Combined method of

acids) to recover REE from coal ~ factors) to recover REE from

fly ash

coal fly ash

magnetic-leaching (influencing

Figure 12. Possible ash enrichment flowsheets
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Methodology

Worldwide, mine waste, which used
to be harmful to human health and
the environment, is now becoming the
second most sought-after source of
REEs. The first step is to determine the
REE content by collecting samples from
mines and thermal power plants. With
the collaboration of REE Research Unit

Table 8. Samples collected from locations in Mongolia

at Erdenes Mongol LLC, and based on
their previous research on potential
secondary sources of REEs in Mongolia,
a total of 43 samples were collected
from 6 coal mines, 3 iron ore mines and
2 thermal plants. The locations of the
collected samples are shown in Figure
13.

e | Company Name Name and Type of Mine

Iron ore and iron ore product samples

1 DMP LC Tumurtei iron ore mining Selenge Province, Khuder Sum
2 g/lgENGOLROSTSVETMET Bargilt iron ore mining Khentii Province, Darkhan Sum

3 Monlaa LLC

Elstei iron ore mining

Dornogovi Province, Khatanbulag
Sum

Coal and coal product samples

4 ENERGY RESOURCES LLC

Ukhaan Khudag coal mining

Umnugovi Province, Tsogtsii Sum

5 | ADUUNCHULUUN LC

Aduunchuluun coal mining

Dornod Province, Kherlen Sum

6 | BAGANUURLC

Baganuur coal mining

Ulaanbaatar City, Baganuur District

7 | SHARIIN GOL LC

Sharin Gol coal mining

Darkhan-Uul Province, Sharin Gol
Sum

8 | SHIVEE OVOO LC

Shivee Ovoo coal mining

Govisumber, Shiveegobi Sum

9 |MEGAERINLLC

Bor Khulan coal mining

Dornogovi, Dalanjargal Sum

Coal ash samples

10 | TPP 4 SOE

Thermal power plant

Ulaanbaatar City, Bayangol District

11| DTOG SOE

Thermal power plant

Dornod Province,Choibalsan City
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Figure 13.

2.1 Results

Locations of the collected samples

In this study, different types of coal coal samples, REEs are analysed from
and iron deposits and thermal power the ash. The results of the analyses are
plant samples were analysed for shownin Table9.

identifying the content of the REEs. For

Table 9. Total REE contents of collected all samples

Re@““ SAMPLE NAME COMPANY NAME TOTAL REE, ppm
1 BKH coal Mega Erin LLC 493.79
2 Baganuur BNS Baganuur LC 353.53
3 Whole sample Shariin Gol LC 303.53
4 ShO, level 5 Shivee Ovoo LC 296.86
5 TTP-4fly ash TTP-4 SOE 254.78
6 BN coking coal Energy Resources LLC 246.05
7 SAAJ top Shariin Gol LC 218.35
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8 Baganuur BN2 Baganuur LC 207.39
9 UHG coking coal Energy Resources LLC 199.07
10 BN thermal coal (SSCC) Energy Resources LLC 195.75
11 Sho, level 2-2 Shivee Ovoo LC 192.35
12 Baganuur BN1 Baganuur LC 188.53
13 UHG reject coal, (S-541) Energy Resources LLC 187.43
14 | BPemptyrock Mongolrostsvetnet SOE 173.09
15 Dornod thermal power plant-fly ash DTOG SOE 167.44
16 Baganuur BN3 Baganuur LC 166.97
17 BN feed (PF-231) Energy Resources LLC 165.92
18 UHG feed PF-231 Energy Resources LLC 165.50
19 | Sho, level 2-1 Shivee Ovoo LC 162.29
20 UHG reject coal (FP) Energy Resources LLC 159.04
21 BN reject coal (SC-541) Energy Resources LLC 140.50
22 Baganuur BN4 Baganuur LC 12474
23 UHG thermal coal(HCC ) Energy Resources LLC 121.95
24 | SAAJ bottom Shariin Gol LC 113.16
25 | Tailing Mongolrostsvetmet SOE 107.58
26 UHG reject coal (SC-446) Energy Resources LLC 104.44
27 BN reject coal (FP) Energy Resources LLC 104.39
28 Aduunchuluun coal Aduunchuluun LC 93.60

29 Whole tailing DMP LC 88.51

30 BN reject coal (SC-446) Energy Resources LLC 87.81

31 Powder sample Monlaa LLC 84.81

32 Iron concentrate 65% Mongolrostsvetmet SOE 48.19

33 Zn slime Mongolrostsvetmet SOE 46.66
34 Tailing (oxidized) DMP LC 44.84
35 Iron concentrate 52% Mongolrostsvetmet SOE 43.86
36 Feed Mongolrostsvetmet SOE 43.85
37 Primary sample Monlaa LLC 43.84
38 Middling Mongolrostsvetmet SOE 40.34
39 Powder tailing DMPLC 39.88
40 7n ore Mongolrostsvetmet SOE 3416
41 Whole concentrate DMP LC 33.27
42 Powder concentrate DMPLC 31.79

43 Feed DMP LC 31.32

32




From the results of Table 9: the REE
content of Mega Erin LLC from the
Bor Khulan coal mine sample (Result
#1) is 493.79 ppm; the REE content of
Baganuur's BN5 sample (Result #2) is
353.53 ppm; REE content of Shariin gol
LC is (Result #3) 303.53 ppm, for Shivee
Ovoo LC fifth layer's sample (Result
#4) the REE content is 296.86 ppm;
and TPP4's REE content (Result #5) is
254.78 ppm. These results are the top
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As can be seen from the graph
above, among the 43 samples, the first

5 mines with the highest REE content.
From the result of our analysis, the top
REE-containing mines are extracting
lignite coal. As well as, TPP4 is using
lignite coal, which has low calories

A comparison graph was made
between the election results of the 5
samples with the highest content of
REEs from the total of 43 samples
(Figure 14).

T By
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Figure 14. Samples with the highest content total REES

5 deposit samples with high content are
all samples from lignite mines.

33



products

Mongolia is rich in coal deposits.
Mined coal contains a wide range of
elements; for example, 76 elements
from the periodic table are found in coal.
In coal, rare earth elements are present
in amounts at 0.01 % <100 ppm grade.
However even though the grade of REEs
is less, there is a possibility for significant
REE recovery and use due to the huge
volume of coal mining and processing.
The content of REEs in the ash and

REE content distribution in the samples at Baganuur coal mine

120.0

100.0

2.2 REE content in coal and coal

waste from burning and enriching coal is
5-10 times greater than the REE content
in the coal deposits. This creates an
opportunity to recover REEs from coal
mining [26]. In this research, based on
the geological data, 6 coal mine samples
(Energy Resources LLC, Aduunchuluun
LC, Baganuur LC, Shariin Gol LC, Shivee
Ovoo LC, and Mega Erin LLC) are
analyzed. The results of the analyses are
shown in the following figures.

Figure 15.

REE content,

distribution in
the samples at

Baganuur coal
£ 80.0 mine
5
g
= 60.0
£
g
5 40.0
8

ol B . |

oo M it x . . —

Ce Dy | Er | Eu|Gd |  La Lu|Nd Pr|Sc| Sm Tm| Y
= Baganuur BN166.11/ 5.15 | 3.05 | 0.00 |13.51/30.46/ 0.00 23.12 3.18 [10.41/ 0.00 | 0.00 [30.71] 2.83| 0.00
= Baganuur BN2|71.97| 5.46 | 2.04 | 1.3611.37/31.92 0.00 26.32| 7.80 [10.54| 0.00 | 0.00 [36.08| 2.52 | 0.00
Baganuur BN3(33.72| 7.72 | 4.46 | 1.25 7.07 |15.88| 0.00 |15.94| 4.39 [11.82 3.33 | 0.00 |57.53 3.87 | 0.00
Baganuur BN4 21.29) 4.73 | 3.33 | 0.00 | 6.65 24.49 0.00 11.75 2.36 |14.76 0.00 | 0.00 (32,55 2.83  0.00
= Baganuur BN5 50.40| 9.13 | 9.75 | 2.6218.56/48.06| 1.66 51.99/11.12/26.35| 3.64 | 0.00 |113.7 6.59 | 0.00

These results are from 5 samples
in total from the Baganuur coal mine.
According to the test results described
in this graphic, the relatively higher
content of elements are: Ce, La, Nd, Sc
and Y, along with other, smaller amounts
of REEs., Ce-50.40 ppm, La-48.06 ppm,
Nd - 51.99 ppm, Sc-26.35 ppm and Y -
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113.7 ppm was found in sample number
BNS; relatively higher amounts then
found in the 5 other samples. The total
amount of REEs, separate from the 5
tested samples, were: BN1 188.53 ppm,
BN2 207.39 ppm, BN3 166.97 ppm,
BN4 124.74 ppm and BN5 353.53 ppm
(Figure 15).



REE content distribution in the samples from Shivee-Ovoo coal mine
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Figure 16.

REE content
distribution in
the samples
from Shivee
Ovoo coal mine

Pr | Sc | Sm Yb

mShO, level 5 |55.6| 9.1 | 48 | 25 |13.1|76.6| 1.1 |65.0

10.3|14.7| 35 | 0.0 |37.2| 3.2 | 0.0

®ShoO, level 2-1/49.4| 3.8 | 0.0 | 0.0 |12.7|45.8| 0.0 |12.7

42|78 0000 |240| 1.9 | 0.0

ShO, level 2-2|57.8| 5.0 | 0.0 | 1.0

14.2|47.9| 0.0 |27.5

7076|0000 |221|21 00

The 3 samples from the Shivee Ovoo
coal mine show relatively higher content
of REEs such as Ce, La, Nd, and Y; other
REEs were also present, as shown in this
graphic. Ce - 55.60 ppm, La - 76.64 ppm,
Nd - 65.04 ppm, and Y - 37.24 ppm were
measured in sample number ShO level 5;
among 3 other samples these elements

REE content distribution in the samples from Sharin Gol coal mine
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have relatively higher content of RREs
than those found in other samples. The
total amount of REEs separate from the
5 tested samples were found to contain:
ShO level 5-296.86 ppm, ShO level 2-1 -
162.29 ppm, and ShO level 2-2 - 192.35
ppm (Figure 16).

Figure 17.

REE content
distribution in
the samples
from Sharin Gol
coal mine

Tm Y

Pr | Sc | Sm Yb

= Whole sample |61.87| 9.23 | 4.72 | 1.29 | 6.64 56.84 1.48

24.91

9.37 |42.85/ 8.50 | 0.00 70.62 5.20 | 0.00

= SAAJ Bottom (23.69| 3.68 | 2.25 | 1.01 | 3.82|9.13 | 0.00

14.67

5.31 23.03/ 6.10 | 0.00 18.03 2.44 | 0.00

SAAJ top 49.98 7.49 | 3.10 | 2.10 | 7.72|23.86| 2.74

29.89

4.80 28.41) 6.83 | 0.00 47.83| 3.60 | 0.00

The 3 samples the Shariin Gol coal
mine show relatively higher content of
the following REEs elements: Ce, La,
Nd, Sc and VY. Other REEs are present
in the amounts shown in the Figure 17.
Additional REE-containing samples were
measured in the following amounts: Ce
- 61.87 ppm, La - 56.84 ppm, Nd - 24.91

ppm, Sc-42.85 ppm and Y - 70.62 ppm.
One sample from among 3 other samples
were found to have relatively higher REE
content than those found from other
samples. The calculated total amount
of REEs separately from the 3 tested
samples were: 303.53 ppm, SAAJ bottom
-113.16 ppm, and SAAJ top -218.35 ppm.
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REE content distribution in the samples of Bor Khulan coal mine

140.0

content, ppm

Figure 18.

REE content,
distribution in
the samples of
Bor Khulan coal
mine

120.0
100.0
80.0
60.0
40.0
20.0
%% "Ce Dy [ Er [Eu|Gd | La|Lu [Nd|Pr|Sc Sm|Tm| Y [Yb|Th

|mBor Khulan coal |74.0/9.12 8.06 3.80|20.6|128.1.02|103./10.7 30.4/0.00 0.00 97.5 6.57 0.00|

The one sample taken from the Bor
Khulan coal mine showed relatively
higher content of REEs:Ce, La, Nd, and
Y, along with other, smaller amounts
of REEs, as shown in Figure 18. The

REE content distribution in the samples of Aduunchuluun coal mine

25.0

15.0

content, ppm

10.0

0.0

amounts were: Ce-74.00 ppm, La-128.6
ppm, Nd-103.03 ppm,andY-97.51 ppm
and the. calculated total amount of REEs
from this one sample was 493.79 ppm.

Figure 19.

REE content,
distribution in
the samples of
Aduunchuluun
coal mine

Ce | Dy | Er [Eu|Gd

La [ Lu [Nd | Pr

Yb | Th

sc[sm|[Tm| v

[m Aduunchuluun coal 19.28 2.44/0.00| 0.00 10.2823.69 0.00 | 7.68| 0.00 | 6.59 | 0.00 | 0.00 21.58 2.06| 0.00

One sample in total from the
Aduunchuluun coal mine was tested,
and showed relatively higher content of
REEs such as: Ce, La, Nd, and Y. Other
REEs were also found and tested, as
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shown in Figure 19. The amount of REEs
in the one sample taken at this mine site
contained: Ce — 19.3 ppm, La — 23.7
ppm, and Y - 21.6 ppm and the total
amount of REE was 93.60 ppm.



REE content distribution in the samples from Energy Resources coal
processing plant

content, ppm

Ce Dy Er Eu | Gd La Lu Nd

Figure 20.

REE content,
distribution in
the samples
from Energy
Resources coal
processing
plant

=BN Coking Coal 550 | 78 | 36 | 20 | 96 | 389 | 15 | 498

375 | 35 | 00

=BN Reject Coal (FP) 237 | 27 | 00 | 00 | 31 | 195 | 10 | 145

00 | 145 | 32 | 00 | 199 | 22 | 00

BN Reject Coal (SC-446) | 286 | 36 | 00 | 00 | 00 | 130 | 19 | 139

00 | 98 | 00 | 00 | 148 | 22 | o0

BN Reject Coal (SC-541) | 391 | 35 | 00 | 12 | 41 | 250 | 00 | 230

210 | 22 | 00

BN feed (PF-231)

=BN thermal coal (SSCC) | 560 | 49 | 27 | 12 | 44 | 379 | 00 | 274

280 | 26 | 00

mUHG thermal coal(HCC) | 369 | 25 | 00 | 00 | 35 | 299 | 00 | 157

35 | 98 | 00 | 00 | 183 | 19 | 00

=UHG coking coal 513 | 49 | 29 | 17 | 77 | 370 | 00 | 423

256 | 22 | 00

=UHG reject coal (SC-446)

BUHG reject coal, (S-541) | 693 | 42 | 27 | 15 | 75 | 233 | 00 | 281

224 | 23 | 00

BUHG reject coal(FP) 568 | 43 | 00 | 15 | 72 | 198 | 00 | 259

217 | 23 | o0

BUHG Feed PF-231 580 | 39 | 00 | 12 | 60 | 262 | 00 | 249

230 | 23 | 00

There were 12 samples selected
from the coal processing plant of Energy
Resources. Relatively higher content of
elements such as Ce, La, Nd, and Y other
REE's were found, as shown in Figure
20. The total calculated amount of REEs
of the 12 separately tested samples
was: BN coking coal - 246.05 ppm; BN
reject coal (FP) 104.39 ppm; BN reject

REE content distribution in the samples from Thermal Power Plant 4-Fly ash

coal (SC-446) 87.81 ppm; BN reject coal
(SC-541) 140.50 ppm; BN feed - 165.92
ppm; BN thermal coal (SSCC) -195.75
ppm; UHG thermal coal (HCC) -121.95
ppm; UHG coking coal 199.07 ppm; UHG
reject coal (SC-446) 104.44 ppm; UHG
reject coal (SC-541) 187.43 ppm; UHG
reject coal (FP) 159.04 ppm; and UHG
feed (PF) 165.50 ppm.

Figure 21.

REE content,
distribution in
the samples
from Thermal
Power Plant-4-
fly ash

1200
100.0
£
g 80.0
5 60.0
=
o
© 40.0
20.0
0.0
[mTTP-4fly ash|96.63 5.6 |0.00|2.11 8.5 |44.36 1.76 0.00 7.85 10.59 8.43 21.14/42.29 552 |

From the one sample taken from
Thermal Power Plant-4 (TTP-4), results
show a relatively higher content of
elements such as Ce, La, and Y other
REEs, as shown in Figure 21. The REE

content was determined from this fly ash
sample: Ce - 93.63 ppm, La - 44.36 ppm,
and Y - 42.69 ppm and the total amount
of REEs from this site was 25.78 ppm.
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REE content distribution in the samples from Dornod Thermal Power Plant-
Ash
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Figure 22.

REE content,
distribution in
the samples
from Dornod
Thermal Power
Plant- ash

[mDTPP-ash|585] 4.4 | 0.0 | 0.0 (165 295 1.7 [21.2] 0.0 | 58 | 0.0 | 0.0 27.2 26 00 |

One sample from the Dornod Thermal
Power Plant (DTTP) ash was examined.
It yielded relatively higher content of
elements such as Ce, La, and Y, and
other REEs, as shown in Figure 22. The
amount of REES from this sample from
DTTP ash was found to contain Ce -
58.51 ppm, La - 29.9 ppm and Y - 27.16
ppm. The calculated total amount of
REEs from this sample was 167.44 ppm.

Based on the above test results, it
was determined that the REEs Ce, La,
Nd, and Y, and small amounts of other
REEs were found in the coal samples
that we selected for testing. It means
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that coal with the lesser structure of
metamorphism have relatively higher
content of REEs, and usually it is related
to their organic substances. In other
words, the group of active functions is
reduced during the process of increasing
metamorphic levels of coal, and it is
affected by reducing the content of
salt-type rare earth and other elements.
Sparse coal and anthracites contain
less REEs, and it is related to the above
reason. Therefore, we've chosen the
mine deposits mentioned above for our
research and determined the content of
rare earth elements from them.



2.3 REE content from iron mines

Recently, research has been
intensified to separate REEs from
iron ore tailings. REE content from
iron mining tailings depends on the
beneficiation process and type of ore
deposit. If the process is flotation, the
REE concentration in tailings is low (for
reference - around 20ppm Total REE)
and REE concentration in tailings after
the roasting and magnetic separation
processes is higher (for reference -
around 400ppm Total REE, whichis close
to iron ore Total REE concentration) [29].
Some studies have suggested that the
enrichment of the REE content of iron
mining tailings is much higher than
that of the REEs found in the primary

REE distribution in the samples from Tumurtei iron processing plant
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ore. One finding from of these studies
indicated that most iron mining tailings
are composed of iron oxides and quartz.
Quartz and iron oxides contain rare earth
minerals. Rare earth minerals in the
tailings are likely to be bastnaesite and
monazite. The particle size of rare earth
minerals in the tailings varies but can
range from 0.2 to 720 um.

With the collaboration of the REEs
Research Unit and based on their
previous research on potential secondary
sources of REEs in Mongolia, samples
were collected from 3 iron mines. REE
content of the collected samples was
determined by chemical analyses. Figure
25 shows the results of these analyses.

Figure 23.

REE distribution
in the samples
from Tumurtei
iron processing
plant

Y

Ce Er | Eu | Gd Nd

Lu
2.0

Dy

Pr | Sc | Sm

™ Yb | Tb
1.0 23|00

= whole tailing 228/ 26 0.0|0.0] 40

11.8

0.0 [13.1 0.0 19.8

= powder tailing 9.7 /0.0 0.0 0.0 0.0 7.8 0.0

0.0/00 00|43|85 51|45

tailing(oxidized) 13.4/ 0.0 | 0.0 | 0.0 | 0.0 75]0.0

00|00 00|41|103 54|42

whole concentrate | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 12.4

0.0/00|00 6700|7665

= powder concentrate| 0.0 | 0.0 | 0.0 | 0.0 | 0.0 12.4| 0.0

00|00 00|65|00 65|64

wfeed 0.0/00|00 0000 10.2| 0.0

00|00 00|53|57 55|47

The 6 samples from the Tumurtei
iron ore mine show relatively higher
content of REEs such as Ce, La, Nd, Sc
and Y than the other elements described
above. The REE content was determined
to be: Ce - 22.84 ppm, La - 9.14 ppm,

Nd - 11.78 ppm, Sc-13.09 ppm and Y -
19.82 ppm from all 6 tailings samples
and these elements have relatively
higher REE content than those found
in other samples. The total amount of
REEs for the 6 samples was: -88.51 ppm
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for whole tailing wastes, 39.88 ppm for that the content of REEs increased as
powdered tailing, 44.84 ppm for tailing sample fraction size decreased. This
(oxidized), 33.27 for whole concentrates, could be caused by liberation of REE-
31.79 ppm for powder concentrates and  containing minerals during the grinding
31.32 for original ore (feed) (Figure 23).  process in the plant.

From these results, it was observed

o o ) Figure 24.
REE distribution in the samples from Bargilt iron processing plant REE distribution
40.0 in the samples
350 from Bargilt
30.0 iron processing
c plant
g 25.0
Q
< 20.0
[
g 15.0
o
10.0
I il
oo | | I I
Ce Dy E Eu Gd Lla Lu Nd Pr S Sm Tm Y Yb
H Feed 5300 00 00 00 216 41 00 00 00 00 69 00 59
Middling 00 00 00 00 00 208 48 00 00 00 00 78 00 69

M Iron concentrate 52% 0.0 0.0 00 00 00 211 56 00 00 00 00 93 00 79
M lron concentrate 65% 0.0 0.0 00 00 00 214 68 00 00 00 00 108 00 92
M Tailing 380 46 00 00 00 290 00 165 43 24 00 00 108 21

A total of 4 samples were obtained The samples contain relatively higher
from the iron processing plant of Bargilt. amounts of these REEs than is found in
Samples with the relatively higher REE- the other samples. It's calculated total
containing amounts included: Ce, La, amount of REE's We also calculated
Nd, Y, and other smaller amounts of the percentage of REEs found in the
REEs, as shown in Figure 25. The total following sources: iron concentrate
amount of REEs found in these sample  (52%) - 43.86 ppm; iron concentrate
tailings are: Ce - 38.01 ppm; La - 28.96 (65%) - 48.19 ppm; middling- 43.86 ppm
ppm; Nd - 16.46 ppm; and Y - 10.76 ppm.  and tailing- 107.58 ppm (Figure 24).

REE distribution in the samples from Elstei iron ore mine F’g"’eA25-A )
30.0 REE distribution
’ in the samples
25.0 from Elstei iron
ore mine

£ 20.0

Q
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£ 15.0

€

o

© 10.0

@
)
<

o 1 1

Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y b
= Primary sample 10.25 0.00 0.00 0.0 0.00 21.87 2.40 0.00 0.00 0.00 0.00 3.56 0.00 5.76
Powder sample 22.64 0.00 0.00 0.0 0.00 26.93 4.33 6.93 0.00 0.00 0.00 6.39 9.06 8.53
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A total of 2 samples were obtained
from the Elstei iron ore mine. As shown
in Figure 25, relatively higher amounts of
the following REEs were found: Ce and
La other smaller amounts of REEs. The
amount of each REE was determined
to be: Ce - 22.64 ppm and La - 26.93
ppm from the one powder sample.
These elements have relatively higher
REE content than those found in other
samples.

From these

results, the powder

samples (43.81 ppm total REE) were
higher in REE content than primary
sample (84.87 ppm total REE), indicating
enrichment from the grinding process.

From these results, it was observed
that the content of REEs increased as
sample fraction size decreased. This
observation was as same as ash result.
This could be also caused by liberation
of REE-containing minerals during the
grinding process in the plant.
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Supply and Demand for REEs

3.1 Rare Earth Elements Production

Until 1948, most of the world's rare
earths were sourced from placer sand
deposits in India and Brazil. Through
the 1950s, South Africa was the world's
rare earth source, from a monazite-
rich reef at the Steenkamskraal mine
in the western province. Through the
1960s until the 1980s, the Mountain
Pass rare earth mine in California made
the United States the leading producer.
Today, the Indian and South African
deposits still produce some rare-earth
concentrates, but they are dwarfed by
the scale of Chinese production. In 2017,
China produced 81% of the world's rare
earth supply, mostly in Inner Mongolia
although that location had only 36.7%
of reserves. Australia was the second
and only another major producer, with
15% of world production [27]. All of
the world's heavy rare earths (such as
dysprosium) come from China’s rare
earth sources such as the polymetallic
Bayan Obo deposit. The Browns Range
mine, located 160 km southeast of Halls
Creek in northern in Western Australia,
is currently under development and is
positioned to become the first significant
dysprosium producer outside of China
[28].

42

Increased demand has strained
supply, and there is growing concern
that the world may soon face a shortage
of the rare earths. In several years from
2009 worldwide demand for rare earth
elements was expected to exceed
supply by 40,000 tonnes annually unless
major new sources could be developed.
In 2013, it was stated that the demand
for REEs would increase due to: the
dependence of the EU onthese elements;
the fact that REEs cannot be substituted
by other elements; and that REEs have a
low recycling rate.

Furthermore, due to the increased
demand and low supply, future prices are
expectedtoincreaseandthereisachance
that countries other than China will open
REE mines. REE is in increasing demand
due to the fact that they are essential for
new and innovative technologies that
are being created. These new products
that need REEs to be produced are: high
technology equipment such as smart
phones; digital cameras; computer
parts; semiconductors, etc. In addition,
these elements are more prevalent in the
following industries: renewable energy
technology; military equipment; glass
making; and metallurgy.
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In 2019, China supplied between 85%
and 95% of the global demand for the 17
rare earth powders, half of them sourced
from Myanmar. After the 2021 military
coup in that country, future supplies of
critical ores were possibly constrained.
Additionally, it was speculated that
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the PRC could again reduce rare earth
exports, to counter-act economic
sanctions imposed by the US and EU
countries. Rare earth metals serve as
crucial materials for EV-manufacturing
and high-tech military applications.

3.2 Rare Earth Elements Market Size

The Global Rare Earth Metals Market
size was estimated at USD 5,595.32
million in 2021, USD 6,335.74 million
in 2022, and is projected to grow at a

Gigha! FRare-Larm Matals Marke!
Bl dppnast b geae o @ R oF By

L 1 el G e

Lk B 0 17 i

P p————

Compound Annual Growth Rate (CAGR)
of 13.40% to reach USD 11,905.04 million
by 2027 [29].

Figure 27.
Global RE metals market [29]
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The Global Rare Earth Metals Market
was estimated to be valued at $5595.3
Million in 2021. The growth rate of the
Global Rare Earth Metals Marketis 13.4%,
with an estimated value of $11905.0
Million by 2027. Key companies in the
Global Rare Earth Metals Market include
Alkane Resources Ltd., American Rare
Earths Limited, Arafura Resources
Ltd., Avalon Advanced Material Inc.,
Baotou Hefa Rare Earth Co. Ltd., Baotou
Jinmeng Rare Earth Co. Ltd, Canada

Rare Earth Corporation, China Minmetals
Rare Earth Co. Ltd. and China Northern
Rare Earth (Group) High [30]. To make
the business case, the calculations differ
depending on which method is chosen.
Furthermore, the markets to which the
RREs should be supplied are also a
consideration.

From the above table, price was
increased suddenly in 2020. In 2021, the
price of terbium oxide and dysprosium
oxide was doubled the price of 2020.

Table 10. Average price of selected rare earth oxides from 2015 to 2021(in U.S. D per kilogram)

e e

Terbium oxide 99.99% minimum

415 1300

Dysprosium oxide, 99.5% minimum

279 198 187 179 239 261 400

Neodymium oxide, 99.5% minimum

48 40 50 50 45 49 49

Europium oxide, 99.9% minimum

344 74 77 53 35 31 31

Mischmetal, 65% cerium, 35% lanthanum 7 5 6 6 6 5 6
Lanthanum oxide, 99.5% minimum purity 3 2 2 2 2 2 2
Cerium oxide, 99.5% minimum purity 3 2 2 2 2 2 2
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REE Extraction: Environmental

Impact

In light of the rapidly growing demand
for REE exploration and production
around the world, we are faced with
the fundamental need to identify the
environmental impacts to predict
potential environmental harm.

In this part of the study, the potential
environmentalimpact of the extraction of
REE from coal ash (secondary sources)
is determined. This coal ash is produced
as waste from approximately 30 thermal
power plants across Mongolia. Coal ash
is classified into fly ash and bottom ash.
Therefore, ash is not a natural resource
in the sense that it is a post-industrial

waste that has been used and discarded
from natural resources.

Only fly ash can be combusted
separately as waste at on both Thermal
Power Plant (TPP) number 4 and
‘Amgalan” TPP.

In Mongolia, coal is used for heating
and electricity, so it is considered a
country with the "inevitable use" of coal
in terms of its cold weather climate
condition.

Then, this waste is exposed outdoors
in thermal power plant tailins dams,
where the moisture evaporates into the
air, and the residue remains in the soil.

4.1 Adverse environmental impact

To anticipate potential harm to the
environment, it is necessary to identify
all  potential environmental impact
effects from the extraction process of
REEs from secondary sources.

This study yielded several interesting
results, for example, one of the sources
with the highest grade was coal ash from
thermal power plants. Therefore, we
determined the environmental impacts

Impacts on air

The main or the biggestimpact of REE
extraction activity on the atmosphere is
the fine particle dust, which is identified

of this coal ash extraction technology
for each of its high-risk components.
Also, in this section, the positive and
negative effects of extracting GHG from
secondary sources rather than primary
sources are described.

1. Adverse impact on air

2. Adverse impact on soil

3. Adverse impact on water

using the dust emission factor [31]. The
emission factor is a statistical average
of the intensity of dust emissions, or
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the amounts of pollutants emitted into
the air during a given period, which is
multiplied by the rate of activity. The
total amount of pollutants emitted by
any source, including coal ash, shall be

E=AXEFx(1-ER/100)
E = emissions; A = activity rate;
EF = emission factor,

ER =overall emission reduction efficiency %

equal to the emission factor for each
source multiplied by the number of each
source. Air pollutants are emitted from
each source and their emission factors
must be calculated.

Table 11. Technological steps of pre-treatment of coal ash extraction

Technological name Technological detailed process

1. Ash collection

- Ash mix

- Ash packing

- Delivery/transportation distance
- Loading

Mechanical transporting
stage until the disposal
phase, using auto vehicle
2. Ash pre-treatment

- Transportation

- Unloading

- Ash arrangement
- Packaging

- Disposal

Figure 28. Coal ash and coal stockpile condition at Thermal Power Plant-4

Thermal Power Plant - 4 maintains
a coal ash waste basin holding area of
approximately 30 — 40 hectares, by way
of comparison, that is approximately 10
times bigger than the area of Sukhbaatar

Adverse impact on soil

Considering the impact on the soil by
the REE extraction process, it is expected
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square.

For further detailed studies, it may be
convenient to use Equation 1 to calculate
the negative impact on air.

that most amounts of the treated ash
from the extraction process are dumped in



the open field. The REE extracted amount
shows that <1% out of the total recycling is
feed ash. However, it is too early for us to
estimate any impact on the soil.

However, it is too early to estimate any

Adverse impact on water

The process or recycling ash itself,
“low” risk in terms of causing harm to
natural water, unless it uses methods with

adverse impacts on the study material,
and the environmental impact of TPP-4
ash recycling is likely to be at a “moderate”
level.

water consumption in its leaching and
tailings-related technology.

4.2 Other impacts of REE extraction

According to previous studies, the
following are positive effects of extracting
REEs from secondary sources:

1. Highlevels of radioactive elements
such as K, U, and Th contained in coal ash
are harmful to human health, on the other
hand, they have a positive effect on the
process of fertilizing the soil that supports

plants [33] [34].

2. No matter how the modern, eco-
friendly technologies are used in mining
operations, the impact on the environment
has high consequences for each factor.
However, the direct environmental impact
of reusing secondary sources is relatively
lower than the mining operation tself.
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Summary

10.

11

12.

48

The prices of REEs, which are essential to many advanced technologies in
modern days, have been constantly rising due to increasing demands and supply
shortages.

There are some constraints in the conventional mining of REE as a result of
environmentaland economicissues followed by legislation and trade restrictions.

Due to these issues and the constantly growing demand for REEs, research to
find secondary sources with promising REE content was highly sought.

To investigate the viability of the sources as potential repositories of rare earths,
and the different types (fly ash, coal process plant, iron ore), samples from
various locations in Mongolia were collected.

REE extraction methods from the mentioned sources have also been reviewed
and studied.

With the collaboration of the REE research unit, a total of 43 samples were
collected from 11 mines and their REE content was determined.

From the results, it was revealed that TREE grades from the coal sources
sampled were ~500 ppm

Sample of Bor Khulan coal mine for Mega Erin LLC — 493.79 ppm
Elements, namely Ce, La, Y, were the highest in most of the collected samples.

Even though there were a few coal samples with considerable content of REEs,
overall, they didn't reach the cutoff grade.

. Previous researchers have found that REE content increases as the size fraction

decreases. Our findings in this study match these results. cite

In addition, previous research has shown that lignite coal has higher content of
REEs compared to other types of coal. Our findings also match this research.cite



13.

14.

15.

A potential downside of our study design was that only one sample was taken
from each study site. In the future, more samples should be taken from each site
in order to improve the sample representativeness.

In the future, experiments should be performed on the high-REE content
grades, even if they dont meet the cut-off grade, in order to develop optimum
processes, for REE extraction. This is because these sources are in relatively
higher abundance, thus contributing to the overall potential yield.

According to other research, different conditions of the coal combustion process
has an effect on the enrichment of REEs in their ash, Therefore, combustion
testing should be conducted to evaluate how its various parameters affect the
enrichment of REE-containing ash.
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