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— XUMmn4yecknuun snemeHT IV rpynnbl nepmoamnvyeckom CUCTeMbI
MeHaeneesa aToMHbIM HOMep 32, aTOMHas Macca 72,60.
[lpeackasadH B 1871 r [1.1.MeHaeneesbiM, OTKPbIT B 1886 T
HeMeuKnM XnMmkom K. BuUHknepoM. NIMeeT yeTbipe CTabunbHbIX
n3otona 70Ge (20,55%), 72Ge (27,37%), 73Ge

7,67%),74Ge (36,74%) v oauH paanoaKTUBHbLIN 76Ge
7,67%) c nepnoaoM nonypacnaga 2°10° net. TemnepaTtypa
nnasneHna 958,5°C. VIckycCTBEHHO NOJIyYeHbl
MHOIO4YMNC/EeHHble paanoakTuBHble U3oTonbl. KoHPUrypauyus
BHELIHEN 3JIEKTPOHHOW 060/104KN aTOMa 4s24p2,
Ob6HapyXunBaeT TUNNUYHble aM@POoTepHble CBOUCTBA. BaneHTHOCTb
214 GeO n GeO,. [epMaHnM — OANH U3 HEMHOIMX 3/1EMEHTOB
N BewecTsB, NMNJIOTHOCTb KOTOPOro B XXMAKOM COCTOAHUK (5,57
r/cm3) Bblilwe, yeM B TBepaoM (5,33 r/cm3).

BaxHENLWNMWN ABNSAKOTCS ,
CaMOro pacrnpocTpaHeHHOro NpnMpoaHoOro NoaynpoBOAHNKOBOIO
MaTepuana, npeaonpenennsellne ero LWmMpokoe rnpmMeHeHme B
PaANO03JIEKTPOHUKE U INEeKTPOTEXHUKE.

-OpraHn4yeckune coeamHeHund c yrnepoaoMm (coaepxaTt CBA3b
«Ge-C») y4yacTBYIOT B XU3HeaAedATeIbHOCTU OpraHM3mMoB
(nepeHoC Kncnopoaa B KpoBW, MOBbLILWAKT UMMYHHbIE
CBOWCTBA,NPOTUBOOMNYX0JsiIeBas akTUBHOCTb U Ap.)
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[lonynpoBOAHUKWN — BeLleCcTBa, 3JIEKTPONPOBOAHOCTb KOTOPbIX
NpyM KOMHaATHOMW TeMnepaType UMeeT NpoMeXXyTo4yHoe 3HavyeHune
MeXay 3N1eKTpPonpoBoAHOCTbIO MeTannos (106-104 OM™t cM1) un
ananekTpukos (108 -10"12 OMt cM1) M BO3pACTaeT npu
NoBbILWIEHUN TeMnepaTypbl. Hocutensamu 3apsagia B
NoNynpoBOAHUKAX SABMASAKTCSA 3/IEKTPOHbI NPOBOAUMOCTU U
OblpKK (HOCUTEN NONOXNTENbHOIro 3ap4aaa)

CrnocobHOCTb M3MEHSATb CBOU CBOMCTBA B Ype3BblYaMHO
LULMPOKNX Npeaenax noa BANsSHUEM pas3fIMYHbIX BO34ENCTBUN
(TemnepaTypbl, OCBELLEHUS, DNEKTPUYECKOIro U MarHMTHOIO
nons v ap.) o6'ycn0|3w1a LLUMPOKOE NMpUMeEHeHUne
NoayrnpoBOAHUKOB. Ha oCHOBE pasfIMyHbIX
NoyNnpoOBOAHUKOBbLIX MaTepmnanos pa3paboTaHO OrpoMHOeE
KOJIN4eCTBO pa3HOOob6pa3HbIX NoyrnpoBOAHUKOBbLIX NMpMbopos.



FepMaHuM - NOSYNPOBOAHNKOBbLIA MaTepuan Ass 3NEKTPOHHbIX
npnbopoB (Anoabl, TPAH3UCTOPbI U Ap).

FepMaHuUM - MaTepuan anga NNH3, Npu3M, oNTUYECKNX OKOH
AaTUNKOB U Apyrux anemeHToB MIK-ontukn (Nnpo3padHocTtb B UK
obnacTtn cnekTpa MeTaJIJIM4eCcKoro repMmaHms CBepXBbICOKOW
YUCTOTbl UMEET CTpaTernyeckoe 3HayeHmne: CUCTEMbl MAaCCUBHOIO
TennoBuaeHnd, BoeHHble cnctembol MK-HaBeaeHuns, npmbopesl
HOYHOIro BUAEHUS, MPOTUBOMOXAPHbIE CUCTEMBbI U ApP.).

FepMaHuKn - KOMMOHEHT CMNJ1aBOB; €ro CrnsaBbl HA MEAHOW,
MarHMeBoOWM MU aJIlOMUHUEBOM OCHOBe 06/1a4al0T NOBbILLEHHOM
CTOUKOCTbIO B KUCJIbIX arpeCcCUBHbIX cpefax; HeKoTopble ero
crnaasBbl C APYrMMU XUMUYECKUMUN DIEMEHTAMU —
CBEpXMNpoOBOAHUNKMN.

GeTe - KOMMNOHEHT TepMoasiekTpnyeckux crsiasos; GeCla -
M3roToBsieHMe onToBoJZIOKHA; GeO2 (BbICOKMI Nnoka3aTesb
npenoMSIeHNUa N HMU3Kas ANCNepcust) — U3roToBJiIeHUE
LLUMPOKOYrOJIbHbIX OO bEKTUBOB KaMep, MUKPOCKONUA 1 ap.

MeanUMHCKME npenapaTtbl C OpraHN4YeCKMM repMmaHmemMm.



Knapk repmaHus B 3eMHou kope (1-2)"10-4 %.B reoxnMnyeckux
NpoLeccax OH TECHO CBA3aH C coceasaMn No Nepnoanvyeckon cUCTeMe -
Si, Zn, C, Cu, Sn, Ga, Ti, Zr, As, a TakXe c Fe.

B npupoaHbIX ycnoBusaxX paccesiH (CoO6CTBEHHblE MUHEpPasbl OYEHb
peaKn N MPOMbILLIEHHOIO 3HAaYeHUS 06bIYHO HE MMELOT).

B kauyecTBe NpuUMecH BCTpevYaeTCcs B MMHepanax KpeMHUSA, B MEHbLUEWN
CTEMEHN B MMHEpanax Xxesnesa U UMHKA. B noBbIWEHHbIX KOAMYecTBax
(0,001-0,1%) BcTpeyaeTcsa B cdhanepute, MarHeTuUTe, KaMeHHbIX U
OypbIX yrnsx.

repMaHMVI HaKalMJinBaeTCHa B rmaportepMmalJibHbIX U 0CaAO4YHbIX
npoueccax, roe peajamn3dyertcqad €ro BO3MOXHOCTb OTAENNTEHUNA OT KPEMHUA.

N3BeCTHO 0KOJI0 ABajLaT CO6CTBEHHbIX MUHEpPANIOB repMmaHums,
cpean KoTtopbiXx cynbdoconu: KaHpunbant — Ags(Sn,Ge)Se, aprmpoauT
— AgsGeSe, repMaHuT — Cu26FeaGeaS32, peHbepUT -
(Cu,Zn)11(Ge,As)2FeaS16 1 aAp.; okcupabl: wToTTNT—(Fe,Ge)(OH)s);
cynbdartbl: utont - PbaGe(S04)202(0H)2, dnenweput -
Pb3Ge(S04)2(0OH)6:3H20 u ap.; nocneaHne - B 30HE OKUCTEHUS.



[epMaHnin o6bIBAOT N3 BYPbIX N KOKCYIOLLNXCS
yrnew, n3 KOHUEHTPaToB YepHbIX (MarHeTuT,
remaTtuT) n uBeTHbIX (ChanepuTt) MeTannos.
MecTtopoxaeHusa Ge no 3anacam (T): Menkue — Ao
%88, cpeaHue — ot 100 go 500; KpynHblie — 6onee

Ge-yroJsibHble M-HUSA pa3pabaTbiBatoTCa B AHIINN,
KaHaae, CLUA, YkpaunHe, Poccun n ap. B CCCP B
80-x rr monydanu ok. 4,5 1/rog Ge NCKAOUYNTENbHO
Ha KOKCOXMMUYECKMNX 3aBoaax YKpauHbl. CpeaHee
coaep>xaHne Ge B 3o0s1ax yrneun - 500 r/T, a
MaKCcuMasnibHoe — A0 11 Kr/T, ewe BblWwe
KOHUeHTpauusa Ge B NpoayKTax KOKCOBaHUSA Yriieun.
MecTopoXxXaeHus npeacrtasfigtoT cobon nokasbHble
YYaCTKN YHUKANbHO BbICOKMX KOHUEHTpauun Ge B
Yrnax u YyriaucTbiX nopoaax (aprunnurtax v ap.).



N3 rpynnbl M-HWUW C NOMNYTHbIM repMaHMEM
BaXXHbl CTpaTUPOpMHble Pb-Zn M-HUS B
KapObOHaTHbIX TOJILAX; B HUX BblICOKME
KOHUEHTpauun repMmaHnsa B cpanepute (oK.
190 r/T1).

Cpeau xene3opyaHblX MECTOPOXAEHUM
Hanbosiee oborawieHbl repMmaHunem
BYJIKQHOINreHHO-0CcaA04Hble 06bpa3oBaHUS:
MarHeTuT-rematutoBble (27 r/T Ge )
aTaCyMCKOro Tmna um T.H. Xefie3ncTble
KBapumutbl (6 r/T Ge). NaBHbIN MUHEpPAII-
HOCUTENb FreEpMaHnNsa — MarHeTuT.



Ge-cynbdpuaHbie Mm-Husa Llymeb (Ge-Cu-
Pb-Zn-V) B HamMmnbumn n Kunyuwm (Ge-
Cu-Co-U) B 3anpe c MMHepanamu

peHbepuTtoM (Cu,Zn)11(Ge,As)2FesS16 1

repMmaHUTOM CuzeFeaGeaS32. 310
eAUHCTBEHbIE B MUPE KPYMHbIE MO
3anacaM cobCTBEHHbIE MECTOPOXAEHUS
repMaHus.
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TpyboobpasHas cynbdunaHas 3anexb
npocnexeHa Ao rinybuHbl 6onee 1km
cybcornacHo ¢ BMelaWwmnmMm
TOHKOCJIOUCTbIMW AOTOMUTaMN
aokeMbpus.

B LueHTpanbHOW YacTu Tena — _KBapuy-
nosieBowwnaToBble NopoAabl ¢ 6eaHoOM
BKPan/JI€EHHOCTbIO CyJibPNA0B.

B 6boraTtbix pyaax %8:: Cu - no 10;
Pb - 28; Zzn-11,5; Cd - 0,4-0,8; Ag
-250 r/T, a Takxe Ge, Ga, V.
Pa3zBeadaHHble 3anacbkl OLEeHUBANNUCH
B 8150 ThIC. Tgpi/gaQ C co.u,.g%): Cu
- 2-6; Pb - 3,3- » Zn - 5,9-
24,4;'Cd - 0,12; Ge - 0,013.
3anacbl repMaHns COCTaBUNN TbICAUYU
=

B MaccuBHbIX CyNbOUAHbIX pyaax
MOMMMO raneHuTa, canepura,
SHaApruTa v Ap. MMHepasioB
I'IEVIC%TCTBYI-OT peHbEPUT
(Cu,Zn)11(Ge,As)2FeaS16 1
repMmaHnT Cu26Fe4Ge4S32



Bonblwas 4yactb MMpPOBLIX 3anacoB Ge 3aksitoveHa B pyaax Ge-yrosbHblX,
XenesopyaHbix (MarHeTmuT) U nonnMeTanindeckux (cpanepur)
MEeCTOPOXAEHUN,

3anacbl Ge CLUA oueHuBarTcsa B 450 T (B OCHOBHOM 3TO LUMHKOBbIE pyAbl
MeCTOpOXAeHMN WTaTa TeHHeCcn); B Takux pyaax v 3anacbl Ge KaHaabl,
Kutasa, Asctpanumn, KaszaxcrtaHa (KonyegaHHO-NoIMMeTanim4yecKkmne
MecTopoxaeHus PyaHoro Antas).

B Poccun Ge nsenekaroT rnaBHbIM 06pa3oM U3 30/1bl SHEPreTUn4ecKmnx
yrnen mecropoxaeHun Npumopbsa n CaxannHa,; B Y3bekncraHe — U3 30/bl
AHIPEHCKOro MecTopoXxXaeHus; Ha YKpanHe — U3 noAcCMOJIbHbIX BOA MNpun
nepepaboTtke yrnen [joHb6acca Ha MeTannyprmyeckmm Kokc.

Ge n3BneKaeTCcs KNCNOTHbIM BblllesladynBaHUEM, BO3rOHKOW B
BOCCTAHOBUTE/IbHOW Ccpeae, CniaB/IieHNeM C eAKUM HATpPOM U ap.
KoHueHTpaTbl Ge 06pabaTbiBalOTCA COMSIHOW KUCSIOTOW MPU HAarpeBaHuu,
KOHAEHCAT o4YMLLaeTCa 1 noasepraeTcs rmapoMTUYECKOMY pPasioXXeHUIo C
obpa3oBaHMeM amokcuaa; nocriegHnin BOCCTaHaB/IMBAETCH BOAOPOAOM A0
MeTannnyeckoro Ge, KOTOpbIM OYMLLAETCA MeToAaMn PPaKLMOHHON U
HanpaB/IeHHOW KpUCTanan3aumm, 30HHOMN MJIABKM.

[[NaBHbIe CTpaHbl-NnpoussoanTenn repmaHnsa — Kutam (72% MnpoBoro
nponssoactea), CLUA n KazaxctaH (no 14%), lNepy (8%).
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NMONYTHbIA TEPMAHUWU B COANIEPUTE PYL
CBMHLIOBO-LIMHKOBbIX MECTOPOXAEHUA
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NMOMNYTHbIN FTEPMAHUN B MATHETUTE
XENE3HOPYAHbIX MECTOPOXXAOEHUW
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Mo aaHHbIM Feonornyeckon Cnyx6bl CLUA
(USGS, Mineral Commodity Summaries-2020)

[naBHeWLWNEe MUPOBbIE KOHEYHble noTpebutenn Ge: a/1eKTpoHMKa U
COJIHEYHble g4yenkun (B CryTHUKax), BOJIOKOHHAs M MHMpaKpacHas
OMTUKU, MNOJIMMEPU3ALMOHHbLINA KaTann3, a TakxXe MeTannyprug,
XeMmoTepanu4d, cBeToTexHuka u ap. lNpombiwnieHHocToto CLUA
exerogHo ucrnonb3lyertcs (oueHka) okono 30 T Ge.

PeunknuHr: okono 30% MupoBoro notpedbneHns Ge nokpbiBaeTcs
nepepaboTKoM CKparna pas3/iInyHbIX MPOU3BOACTB, B YaCTHOCTU Npwn
npomn3BoacTBe O0NbLWMHCTBA ONTUYECKNX NPMOOpPOB.

MupoBoe Npon3BoACcTBO papuHmnposaHHoro Ge B 2019 roay
COC'IléaBVIJ;IO (kak n rogom paHee) 130 T, 2/3 KOTOPOro NpmMxXoanTCcs
Ha KuTan.

MupoBble 3anachl (reserves) Ge, KOTOpble BO3MOXHO MOJYYUTb U3
ero rnaBHOro UCTOYHUKA - Zn-coAep>XaWwunx pya, HEN3BECTHbI.

Pecypchbl (resources) Ge B pa3BeflaHHbIX 3arnacax Zn Bcex
mMectopoxaeHunn CLUA oueHmBaroTca B 2500 T. 3HauuTenbHoe
Konnyectso Gecoaep>XuUTcd B 30/1€ U AbIMOBOM Mbl/IN MPU CropaHuu
HEKOTOPbIX SHEPreTUYeCKux yrieu.
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PeHun - xummnyeckmim anemeHT VII rpynnb 3
nespmo,qmquKom CUCTEMBDI MeHL}_elneeBa, aTOMHbIM HOMeD
75, atToMHada macca 186,207. [lpeackasaH B 1871 r
O.VI.MeHpeneeBbIM, OTKPLIT B 1925 r HeMeUKNUMU
%‘-IEHbIMM N. n B. HogoakamMun coemecTHO C¢ O.beprowm.
MeeT aBa mn3otona: cTabunbHbin 185Re (37,398%) u
paamoakTusBHbIi 187Re (62,602%), T'2=4,56°1010
net. 13BeCcTHO 19 NCKYCCTBEHHbLIX M30TOMNOB C
MaccoBbiMKU Yyncnamum ot 170 go 192. KOH%JVIFépaLI,VIFI
BHELWHWUX 3/IEKTPOHHbIX 0bonovek atoma 5ds56s2.
BanieHTHble cocTosaHUSA OoT +7 A0 -1 (onpeagensoT
MHOIO4YMNC/IEHHOCTb U pa3Hoobpa3une ero coeanHeHunn).

Ba)kHenwmne cBOUCTBA, onpeaenstoume npmMmeHeHume
DEHUNA: OYEHb BbICOKME TeMNepaTypsbl MNjaBeHns
(31900C) u knneHmna (59000C), yCTOMUYNBOCTb K
XMMUYECKNM peareHTaMm, KaTaJmTnyeckasd akTMBHOCTb
(B 3TOM peHunn 61n30K K naTuHomnaam), BbICOKOE,
3NeKTpoconpoTusieHne. 10 XXaponpoyHOCTU - 2-1
?O%q:e W, no nnotHoctn (21,03 r/cM3) — 4-1n nocne Os,
r, Pt.



NMPUMEHEHUWUE PEHUA U EINO CIJIABOB

PeHUn n ero xaponpouHble crisiaebl ¢ W, Mo, Ta ncnonb3yrTcs B
aBma- U KocMmyeckom TexHunke (gobasku Re nosbiwatoT
NPOYHOCTb U MAACTUYHOCTb 3TUX CMJ1IaBOB; MOHOKpPUCTaMIndeckme
Ni-Re coaepxalime cnnaBbl MCNOJb3YHOTCA A1 N3FOTOBIEHUS
oNaToK ra3oTypbuHHbIX ABuratenen). 3ta obnacrb
NPOMbILIIEHHOCTM noTpebnsaeT 2/3 MMpOBOro Npon3BoACTBa
MeTanna

B npon3BoACTBe 3/1eKTPOHHbIX NMPpMO0OpPOB, B M3rOTOB/IEHUN HUTEN
HakKannBaHMA (B MacC-CreKTpoMeTpax U MOHHbIX MaHOMeTpax) U
TepMmonap (W-Re TepMonapa No3BONAET U3MEPATb TeMNepaTypbl

no 220000).

PeHneBble NOKPbLITUSA 3alUMLLAOT MEeTa/ibl OT KOPPO3UN U U3HOCA;
CaMoo4ynLarwmnecda peHNEBblE KOHTAKTDI.

PeHUn n ero coegnmHeHnsa C NNaTMHOW MPUMEHSITCA Kak
KaTanm3aTopbl Npu gernaporeHmsaumm nu KpekuHre HedTu.

PaanoakTuBHbIM U30Ton 187Re HaxoauT WKMPOKOe NpUMeHeHne B
M30TOMHOMN reoXpOoHOJIOrMKU: B pe3ysibTaTe B-pacnana oH
npesBpawaeTcs B cTabuibHbli U3oToN 1870S; NO COOTHOLLUEHUIO
1870s n 187Re paccunTbiBalOT BO3pacT MMHepasnoB. Mnposoe
MPpOM3BOACTBO MeTansindeckoro Re cocrtasnsano 44,4 7.



[10 reoxXxMMmn4yecknm CBOUCTBaM peHumn 6/IM30K K
MonnbéaeHy n Bonbdpamy (Kak npumecb BXOAUT B
MUHepasibl 3TUX MeTannoB). Re — peﬂKl/ll/l aCCesiHHbIN
351eMeHT. Knapk B 3eMHou kope 7:10-8 %.
Cob6cTtBeHHbIM MMHepan gxxe3ska3raHnt Cu(Re,Mo)S4
BeCbMa peaok.

PeHun KoHUeHTpupyetca B Mmosimbgennre (Re ot 0,1 _
0o 10-5%), 6opHuTe, B YepHbIx cnaHyax. OCHOBHOM
MCTOYHWUK NOJSTY4YEHUSI peHNsd — MoaInMbaeHoBbIe
KOHUYyeHTpaTtbl (coaepxaHune Re 0,01-0,04%).

pyrme cbipbeBble NCTOYHUKK (Cu-Ni pyabl C MOMNYTHbIM
e, NpoAYKTbl MOA3EMHOr0 BhbillenadymeaHus U,
roptoyme cnaHubl U Ap.) Mano3@P@EKTUBHDI.

Ha [)ke3Ka3raHCKoOM MeCTOpPOXAEHUN MeAUCTbIX
necyaHukoB (LleHTpasibHbi Ka3axcTaH) peHnu
KOHUeHTpupyeTcsa B OOpHUTOBbLIX, OOPHUT-
Xa/NIbKO3MHOBbLIX U FAaNIeHNTOBbIX pyaax. MMHepan
mxkeskasraHuT - Cu(Re,M0)S4 yctaHoBNEH B pyaax
3TOr0 MEeCTOpPOXAEeHUS.



HoBbi reosioro-reHeTmM4YeckKkum Trn M-HUM Re

OTKpbIT reonoramm UIM'EM PAH Ha BynkaHe
Kyapssbin (0-B ATypyn): Re, a TakXe MHOrue
aApyrme MeTtanfbl CKOHUEHTPUPOBAHbI Kak B TBEPAOW
dase (MnHepan peHMnT ReS2) nopoa KpaTtepa, Tak
N B BblCOKOTEMMepaTypHOU napora3zosomn gase (0,1-
1 r/Tnpnt =400-9000C).

29T0 pyMaposibHOE MoJsie C NOCTOAHHO AENCTBYIOLWNM
MCTOYHMKOM BbICOKOTEMMEPATYPHbIX MIOUA0B —
npuMep COBpEMEHHOIo (POPMUPYIOLLLENOCH
MECTOPOXAEHUS.

3anacbl Re B TBepaon a3e - 10-15 1; BbIHOCUTCH
Re B cocTaBe By/nKaHu4yeckmnx rasos ago 20 1/roa. B
NUMI'P> pa3zpaboTaHa TexHonorma nosiydyeHmnsa Re um
Ap. MeTas/IoB U3 naporazoBon dasbl 3TOro
BYJ/IKaHa.



[MepepaboTka cynbdpumnaHoro Re- coaep>xkauwero Cu-Mo -
Cbipbsi OCHOBaHa Ha NMUpoOMeTaNNypruyecKknx
npoueccax (njlaBka, KOHBEPTUPOBAHUE,
OKUCNNTENbHbIN 06XXNr). B ycnoBnsaX BbICOKMX
TemMnepaTyp peHuUn BO3roHseTCcs B BuAe BbICLUEro
okcmaa Re207, KOTOpbIX 3aTEM 3a4epXMUBAETCH B
cucTeMe nblsierasoynaenmeaHud. lNpu nnaeke Cu-
KOoHUeHTpaToB A0 60% Re yHocuTca razamMmu. OCHOBHas
Macca Re nocrtynaeTt n3 npoMbIBHOW CEPHOW KUCIOTHI.

O6Lwme MmpoBsbie 3anackl peHns oueHmeatotTcsa B 13000
T, U3 KOoTOopbiX B Mo-cbipbe — 3500 T, B Cu-Ccbipbe -
9500 1. CtpaHbi-nnaepsbl — CLUA, KasaxcTaH.

MupoBas nobblda peHus B 2006 r coctaBuia okoso 40
T. CTpaHbl-nnuaepbl N0 NMPOU3BOACTBY peHud — HYunu,
Ka3axcTaH.
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[lo aaHHbIM ['eonormndyeckon Cny>xx6bl CLLUA
(USGS, Mineral Commodity Summaries-2020)

Re-KOMMNOHEHTbLI NOYyYaT NPENMYLLECTBEHHO KakK NoboYHbIE NPOAYKThI
(byproducts) na Mo-koHUeHTpaToB. Re-coaep>XalWlMMN KOHEYHbIMU
NpoAYKTaMn aABNAOTCA neppeHaT aMmoHusa (APR), MeTannnyeckas nyapa v
neppeHneBas KMUCoTa.

MupoBoe pyaHnyHoe npomnssoacTtBo Re B 2019 roay Bbipocsio 3@ 1 rog Ha
0,4 T n coctaBusio 49 T, 3 Kotopbix B Ymnm — 27 1 (55,1% OT MMpoBOro),
Monbwe - 9,3 (19,0), CWLA - 8,4 (17,1), Kutae - 2,5 (5,1), a Takxe B
KazaxcTtaHe, Y36ekncraHe, ApMeEHUN N Ap. CTpaHaxX.

PeunknuHr: ckpan npomnssoactsa Ni-cynepcnsasoB U nonacren TypbuH
rmapoMeTannyprmyeckn nepepabartbiBaeTcs B MeTasiindyecknin Re. Takxke
nepepabaTbiBatoTcsa (peunkmnpyroTcs) Re-coaepxkalime KatanmsaTtopsbl. B
2019 r peynknmHrom B Mmpe 6b110 nosiydeHo ot 20 go 25 1 Re.

MupoBble 3anachkl (reserves) Re cBsi3aHbl ¢ MonmbaeHoM Cu-noppupoBbIX M-
HUN N Ha Ha4vano 2019 roga oHn coctaBunun 2400 T, n3 Kotopbix 1300 T
(54,2% oT MMpoBbIX) npuxoasTcs Ha Ymnnun, a 400 T (19,3) — Ha CLUA;
3anacbl TO/IbKO 3TUX ABYX CTpaH npeBbiwatloT 70% OT MUPOBbLIX.

MupoBble pecypchl (resources) Re Ha Hadano 2019 roga oueHUBAOTCS
BennymnHom okono 11000 T, n3 kotopbix 5000 T - B CLLUA, a ocTtaBLlimnecs
6000 T - B Apyrux cTpaHax.




SAKJTIOHEHWE

m Paccesnubie metaisl repmannii (Ge) u peHuii(Re) o0nagaoT yHUKaIbHBIMA
CBOMCTBaMH, 00YCJIOBHUBIINMH WX UCKIIOYUTEIbHYIO 3HAYUMOCTh B
METaJUTypryu, SIEKTPOHUKE, ONITUKE, HedTenepepadoTKe, YHEPreTUIECKOM
MaIIMHOCTPOEHUM U 1IEJIOM PsIAe APYTUX OTpaciel SKoHoMuku Poccun, 4to
IPEIONPEACIIET OTHECEHUE UX K YUCITY CTPATern4eCKMX BU0B ChIPbSI.

m [Ipencrapienus o 3amacax B Hellpax, J00ObIYE U MPOU3BOJICTBY ITUX
paccessHHbIX MeTaIoB B P® MOTYT ObITh ITOTYYE€HBI 10 COOTBETCTBYIOIINM
[OKA3aTelIsIM YIJIEH, JKEJIE3HbIX U LIUHKOBBIX Py AJId TEpPMaHus,
MOJIMOAEHOBBIX U MEIHO-MOJIMOIEHOBBIX — /y1sl peHusi. MCh kaxaoro u3
OTHUX BUJI0OB MUHEPAIBHOTO CBHIPhS B CTPAHE 3HAYUTEIIbHEI.

m KauectBenHoe ykpemieane MCb P® 1o repmanuio u pernto- IPOMBIIIIIEHHOE
OCBOEHHE HOBBIX MoO-coiepKalux U MOIUMETAIUTNYECKUX
MECTOPOXKJAECHUN, MECTOPOKICHHUS ICMCTBYIOLIETO ByJiKaHa KyapsBbiii Ha O-
Be UTypyIl, COBEPIIEHCTBOBAHUE CYILIECCTBYIONIUX Y BHEAPEHUE HOBEUIIIUX
TEXHOJIOTUW U3BJICUEHUS MOITYTHBIX T€PMAHUs U PEHUS U3 KOHLICHTPATOB
OCHOBHBIX METAJJIOB Py U YIVIEU, CHUKAIOIIUX [IOTEPU KAK OCHOBHBIX, TAK
Y MOITYTHBIX KOMIIOHEHTOB 3TUX PYA.



[lononHeHne K peHNneBON TEMATUKE:

Martepuanbl U3 KaHOWOaTCcKou auccepraunn
YanneirmHa nen Bnagummuposunya «PynHas
MUHepanunsaunsa BbiCoKkoTeMnepaTypHbIX
dymapon synkaHa Kygpasbein (0. ATypyn,
Kypunbckune o-a)», ycnewHo 3alueHHon
B UTEM PAH B 2009 .



BynkaHnyecknun xpebet Mensexuin. Crniesa Hanpaso
BynkaHbl: Kyapssbin, CpegHuin, Mensexun. Buna ns oyxrbl
3€eBOK

do1o: HannbirmH O.B. 1999 .
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1-5 boraTbipckum
aHOe3nTOBbIN KOMIMNEKC

(Q)
6-7 PokoBckunn gauuToBbIn
komnnekc (Q)

8-9 dperartcknu
aHOEe3UTOBbLIN KOMMIIEKC

(N2-Qn1)
10-11 Kamynckuin gaumnTtoBbIn
komnsiekc (N2)

12-13 PbibakoBCKUi
aHOe3UTOBbIW KOMMIEKC

(N1-2)
14 HeTBEpTUYHbIE
OCaf04Hble OTNOXEeHUSA

15 KpaTepsbl BYSfikaHOB
16 rpaHuubl Kanbaep
17 pasnombl

18 oTMeTKM BbICOT



BbicokoTemnepaTypHas dpymaporibHas cmctema ByrnkaHa Kyopasbin
BKITHOMAET HECKOSIbKO doyMaponbHbIX nosen: MaBHoe (MakcumansHagd
Temnepatypa go 8700C) n Kynon (go 7500C) ¢ npenmyLLeCTBEHHBIM
pa3suTnemM MmonmbaeHuT-cynbdoconsHon Pb-Bi-ln mmHepanusaunu,
MonunoaeHoBoe (0o 6500C) ¢ NHTEHCUBHO NPOSABIIEHHON MONNMOAEHOBOM
MUHepanuaauuen npu oTcyTcTBumn cynogoconen, n PeHueBoe (o 6000C) c
pa3snTon peHnuT-cynodgocosnibHon Pb-Bi-Cd-In muHepanusauuven.

Penkue metannel (Re, In, Cd) BxogaT B coctaB cynbdgunaos (MoSz2, ZnS-
CdS), Pb-Bi cynbdoconen n obpasytoT cobctBeHHbIE MUHEpParbl. OTKPbIThI U
AeTanbHO OXapakTepu3oBaHbl Ba HOBbIX MUHepana: kagmouHauT CdIn2S4 n
KyapssuT (Cd,Pb)Bi2S4. OCHOBHbIMW HOCUTENAMU PEHUSA ABMISAIOTCA PEHUNT
ReS2 n monnogexHnt MoSa.

CTabunbHOCTb XMM. COCTaBa ra3oB U MX METANSIOHOCHOCTWN NOATBEPXOAET
CcTauMoHapHOCTb CUCTEMBI (Nepnog MOHUTOPUHra 18 net) ¢ obWwmmM BEIHOCOM
meTannoB (kr/rog): Zn 3500-10000, Cu 1200, Mo 500-1000, Cd 150, In 100, Sn
500-1000, Re 30-60, Ge 25-70, Bi 190-450, Te 800-1000, Au 4, PGE 41.



Bua BepwuHbl BynkaHa KyapsaBbii ¢ cocegHero BynkaHa CpegHun.

C npaBomn CTOPOHbLI BUOEH CEBEPO-BOCTOYHbIN KpaTep, B KOTOPOM PacroSiOKEHbI
Hanbonee BblcOKOTEMMNEpPATYypPHbIE pymapornbHble nonsg MnasHoe, Kynon u
3aHMMaroLLEee KXHYI0 KPOMKY KpaTtepa —MonnbageHosoe nosie. PeHneBoe none
Haxo4uTCsA B cpeaHen YacTu BepLUMHbI Ha KPYyTOW BHYTPEHHEN CTEHKE
paspyLUeHHOoro KpaTtepa. HuskotemnepartypHble Nfowanakm BUOHbI Ha garibHeEM
Kpalo BEPLUNHbI.
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OaHa u3 nnowaaok chymaponbHoro nonga Kynon.
Ha 3agHem nnaHe xpebet r.Kamyn.

doTo 2006 T.



MonubaeHoBoe chymaponbHOe norne.
Ha 3agHem nnaHe — PeHuneBoe.
doTo: O.B.YHannbirnH. 2008 .



PeHueBoe chymaponbHoe none
N pacrosfioXXeHHoe rnpaBee HU3KoTEMMNEpPAaTYpPHOe —
AHrMgpuToBOE



I 1aBHoOe noJie 1. 42

HJIb3€MAHHHT
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Hoae Kynoa 1. 67
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Penuesoe noJe 1. 21
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Penunenoe noJie 1. 39

reMaTuT

Pb-Bi cyabdoconu

KaIMOHHIUT
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rpOCCyIsipOBOro psina
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PeHneBoe none
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®PparmeHT hyMaposibHOU KOPbl,

NOKPbITBIN KpUcTannamm peHunta (06p.2194).
Pa3mep kpuctannoB Ao 3 MM. TeMHble HaneThl -

MUPOKCEH
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TunmnyHble Kpuctannbl peHuuta (ReS2)
SEM, oTpa)eHHble 3NeKTPOHbI
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CxemMaTu4yeckoe CTpoOeHMe pyaHO-MarmaTU4ecKom CUCTEMbI ByJiKaHa

Kyapsasbin.
a) NonoXeHne MarmMaTU4yeCckom Kamepbl U MarMaTnUYeCcKom KONOHHbI Mo BYSTIKAHOM;

0) cxemaTnyeckmin paspes KoHyca ByrnkaHa. [lokazaHo nonoxeHne anvkanbHOW

4YaCTn MarMaTn4eCKoUn KOJTIOHHbI N ra3onpoBoaALLNX 30H.



JinTepaTtypa

O COCTOSIHMM U HCMNOJ/Ib30BaHNN MUHEPaJsiIbHO-CbIPpbEBbIX
pecypcoB Poccnimnckon degepauymmn B 2016 n 2017 ropax.
[ocynapCTBEHHbIM Aoknan. MWMHUCTEPCTBO MPUPOAHbBIX PECYpPCOB W
skosiornn P®. Mockea 2018.

. CTparernsa pa3BuTUss MUHepPaJZiIbHO-CbipbeBOMN 6a3bl Poccumimnckomn

Degepaymn p[go 2035 roga. YTBepxXaeHa  pacnopsXXeHuem
[MpaButensctBa P® o1t 22.12.2018 r No 2914-p [lpeacepartenb
npasutenbcTtBa [.MeaBenes.

CTtparermss HaUMOHaJ/IbHOMN 6e3onacHoctn Poccnnuckon
Degepaynm. YTBepXxaeHa YKasom [Mpe3naeHTa Poccumnckowm
®epnepaunn ot 31.12.2015 roga No 683.

CTtparernss 3KOHOMMYECKOH 6e3onacHoctn Poccnimckon
Pegepaunn Ha nepwoa Ao 2030 ropga. YTBepXaeHa YKasom
Mpe3npenta Poccninckonm depgepaumm ot 13.05.2017 ropga. No 208.

O cruMmynupoBaHun [O06bIYM pefgKnX MeTasiZIoB. 3aKOHOMPOEKT
MognuncaH lMNpe3ngeHToMm Poccunckom ®Oepgepaunn B.[yTUHBIM B aBrycre
2019 ropma, ero OCHOBHble MnoJsioxXeHusa BcTynat B cuny 01.01.2020
roga. PaccMoTpeH B NMepBOM YTEHUN FOCyAapCTBEHHOM AYMOW.

6. Mineral Commodity Summaries-2020. USGS.
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HekoTopble CBOMCTBA repMaHus

Table 8.1  Selected properties of germanium,

Property Value Units
Symbol Ce

Atomic number 32

Atomic weight 72.63

Density at 25°C 5323 kg/m?’
Melting point 938 G
Boiling point 2820 "
Crystal structure cubic, diamond

Hardness (Mohs scale) 6.0

Specific heat capacity at 25°C

032 /(g °C)




CBoiicTBa Haubonee pacnpocTpaHeHHbIX MUMHEpPaJiIoB repMaHus

Table 8.2 Properties of the most common germanium minerals.

Typical Ge content

Name Formula (%) Appearance Crystal structure Type locality

Argyrodite Ag,GeS, 5-7 steel grey with red tint, orthorhombic, ~ Freiberg, Germany
tamishes black pseudocubic

Canfieldite Ag,(Sn,Ce)(S.Te), 1-2 steel grey with reddish tint, orthorhombic,  Colquechaca,
tarnishes black pseudocubic Bolivia

Briartite Cu,(Fe.Zn)CeS, 13-18 grey to grey-blue in reflected tetragonal Kipushi, DR Congo
light

Reniérite (CuZn), Fe,(GeAs) S . 4-8 orange-bronze, tamishes reddish tetragonal Kipushi, DR Congo

Germanite Cu,,Fe,Ce.S 5-9 reddish grey, tarnishes dark cubic Tsumeb, Namibia

brown




doTorpapumm
repMmaHmeBbIX pyam
MUHepaNnoB

(a) bpekuus
pacTBOpeHus; B UeMeHTe chanepurt
M raJIeHUT pa3JIMYHbIX CTaauMN.
PyaHnk bnan6epr, ABcTpus.
Copepr)kaHue repMmaHus B pyaax
200-300 r/T TMNU4YHOE CBMHLIOBO-
LLMHKOBOE MecTopoXXaeHue B
Kap6oHaTHbIX ToJ/LaX,
«ANBNMUUCKNUA TUN».

(b) l'epmaHueBasn pyaa
n3 mecropoxxaeHnsa Kunywwu, 1P
KOHro; MmHepanbi: peHbepuT,
TEHHAHTUT, XaJIbKOMUPMUT C
MUPMEKUTOBbIMU BPOCTKaMM
rajasura.

(c) NonocuaTtbin
repMmaHuin-cogep xawimim ccpanepmr;
pyaHuk Tpec-Mapuac, Mekcuka.

(d) Bunnemur (ZnSi0,),
copgepawmm o 1,5% repmaHus;
Tpec-Mapuac, Mekcuka.

Figure 8.1  Photographs of germanium ores and minerals. (a) Solution collapse breccia cemented by different stages
of sphalerite (different shades of brown) and galena (black] from the Bleiberg mine, Austria; grey colour is carbonate
host rock, white colour is hydrothermal calcite. This represents a typical carbonate-hosted zinc-lead deposit of the
‘Alpine type’ grading 200-300 ppm Ge. (Courtesy of W. Prochaska, Leoben.| (b} Germanium ore from the Kipushi
deposit, consisting of reniérite (Ren), tennantite (Tn), chalcopyrite (Cp) and gallite CuGaS, (Gal, forming
myrmekitic intergrowth textures in chalcopyrite. Reflected light, oil immersion. (c) Banded Ge-rich sphalerite
(grey to black with dark brown interlayers| at the Tres Marias mine, Mexico. Scale bar = 10 ¢cm; photo taken in
2006. (d) Willemite (ZnSiO,| carrying up to 1.5 wt% Ge from Tres Marias, Mexico, showing a bright blue
luminescence colour in areas of low trace element concentrations, and weak colours in areas of high trace
elements (Ge, Pb). Cathodoluminescence image. Scale bar = 0.5 mm.



Fno6anbHoe pacnpepaeneHme pyaAHUKOB, MECTOPOXXAEHUN N KPYMHbIX
PYAONPOABJZIEHUN, N3 KOTOPbIX MOXeT 6biTb NOJIy4yeH repMaHUi.

Domant

4 Producing mines

Deposit type
ROsKop mines  and
projects

Carbonate-hosted .
ZnPb ¢
Carbonate-hosted ; :
bass metal 1 Red Dg 11 Kidd Creek ™ 21 Eastam Rhodopes M Huiza
Sadiment-hosted 2 Ruby Creex 12 Sayapulio 22 Kirkl 32 Jinding
massive sulfide A A 3 Andrew 13 Potosi * 23 Lugansk 33 Lincang

: 4 Lang Bay 14 Capillitas 24 Kpushi 34 Fankou
Volca_mc-hostcd 5 Sullivan 15 Irsh-4ype * 25 Tsumeh, Otavi 35 Wumuchang
massive suffide A § Pend Orsile 18 SainteSalvy 28 Angronsk 36 Binsk

T Apex 17 Barquill 27 Kag-Symskaya 37 Shiotovsk
Porphyry and B Tres Marlas 18 Bleiery 28 West Darangiri 38 Novikovsk
vein-stockwark 8 9 Sentinel 10 Fralberg 29 Tarbagataisk 39 Kuroko-type
10 Gordonaville 20 Bor 30 Wulantuga

Velin-type
Coal and lignite ‘ ®

Figure 8.2 The global distribution of mines, depusits and major aceurrences from which germanium may be produced. Locations marked * are
producing mines where the deposit contains germanium, but which are not currently recovering the germanium,
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Table 8.3 High-grade germanium concentrations and germanium potential in various deposit types. (Based on Holl

etal., 2007.)
Typical ore grade
Class Deposit type Germaniumbearing species  Past production Potential* (ppm Ge)
Sulfide ores

1 Volcanichosted Cu-Zn(-Pb) Sphalerite (bornite, low medium <<100 (~300)
(~Ba) (Kurokotype) Gesulfides)

2a Porphyry and veinstockwork  Cu-As sulfides, bornite, low low 10-100
CuMo-Au sphalerite

2b Porphyry and veinstockwork ~ Argyrodite, sphalerite low medium 10-100
SnAg

3 Veintype (Ag-Pb-Zn) Argyrodite, sphalerite high (until 1993) low 100-1000

4 Sedimenthosted Zn-Pb-Cu Sphalerite, wurtzite high high 10-100
(-Ba)

Sat Carbonatehosted ZnPh Sphalerite, wurtzite high high 100-1000
(MVT, IRT, APT)

5d Kipushitype (KPT) Gessulfides (sphalerite) high (until 2000) medium 10-1000
polymetallic

6 Sedimenthosted stratiform Sphalerite, pyrite, rare Ge ow medium 120
Cu deposits sulfides

Oxide ores

5e Oxidation zones of Fe oxides/hydroxides, medium low 100-1000
KPT ores sulfates, arsenates

5f Nonsulfide Zn-Pb Fe hydroxides, willemite, low low 10-100

hemimorphite

% Oxidation zones of Secondary Sn hydroxide, Sn low low 10-100
Sn sulfides oxide

1 Iron oxide ores Fe oxides/hydroxides none low 10-50

Coal and lignite deposits
8a Coal and lignite Organic matter medium high 100-1000
8b Coal and lignite ash high high 10-1000

*estimated future potential difficult to assess for many deposit types due to a lack of data on germanium grade in concentrates, recovery

and reserves,/ resources.
Ag, silver; Au, gold; Ba, barium; Cu, copper; Fe, iron; Mo, molybdenum; Pb, lead; Sn, tin; Zn, zinc. APT, Alpine-type; IRT, Irish-type;
KPT, Kipushitype; MVT, Mississippi Valley-type.
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Table 8.4 Key features of the main germanium-bearing deposit classes. [Modified from Holl et al., 2007.)

Class

1

2a

2b

5a

5b

Deposit type

Volcanichosted massive

sulfide Cu-Zn(-Pb)
(-Ba) (VMS)

Porphyry and
veinstockwork
CuMo-Au

Porphyry and
veinstockwork Sn-Ag

Veintype Ag-Pb-Zn(-Cu)

Sedimenthosted
massive sulfides
Zn-Pb-Cu(-Ba) (SMS)

Carbonate-hosted base
metal deposits

Mississippi Valleytype
(MVT) Zn-Pb-Fe(-Cu)
(Ba)(F)

Irish4ype (IRT)Zn-Pb(-Ag)
(Ba)

Alpineype (APT) Zn-Pb
Kipushitype (KPT)

polymetallic
CuZnPbAgAs

Brief description

Features

Examples

Lenticular seafloor massive

sulfide orebodies, often
with footwall stringer
zones

Medium to large,
low-grade stockwork of
quartz veinlets and
disseminations in felsic
intrusive rocks

Stockworks and arays of
ore veins in subvolcanic,
felsic intrusions

Ore veins hosted by
sedimentary and
magmatic rocks

Concordant lenses of
stratiform massive to
semimassive sulfides
and sulfates (baryte),
often with footwall
stringer zones and
stockworks

Semi-massive to
disseminated sulfide
ores (Pb-Zn(-Cu)) in
carbonate rocks

Hosted in carbonate
successions since the
Palaeaproterozoic; very
common type

Hosted in Lower
Carboniferous carbonate
rocks

Hosted in Triassic
limestones

Hosted in Neoproterozoic
limestones (central and
SW Africa)

In extensional oceanic
settings; associated with
volcanic (basic to acid)
rocks. Ge concentrations
up to 100 ppm in recent
ores, up to 370 ppm in
Kurokotype deposits

In compressional tectonic
settings; Cebearing
sulfides occur in peripheral
z0nes of porphyry systems,
including late-stage
epithermal veins

Mineralization includes
argyrodite and Ge-bearing
Sn minerals

Heterogeneous group of vein
deposits found in different
tectonic settings

Hosted by clastic marine
sediments, including black
shales, along continental
margins or in intracratonic
rift settings

Stable carbonate platforms;
low-temperature
(commonly <300°C)

Signifcant age difference
between host rock and
mineralisation; sulfur
derived from thermal
sulfide reduction

Bacteriogenic sulfur source

Bacteriogenic and
nonbacteriogenic sulfur
sources

Hightemperature fluids
(250450°C}; sulfur
derived from thermal
sulfate reduction. Highest
Ge grades known

Kuroko-ype ores (Japan);
Neves Corvo CuSn-Zn
(~Ag-SeInGe) (Portugal);
Gorevskoe Pb-Zn (Russia);
Ozernoe Zn-Pb (Russia)

Capillitas (Argentina); Bor
(Serbia); Chelopech
(Bulgaria); Ladolam
(Papua New Guinea)

Potosi/Bolivian Ag-Sn belt’
Barquilla (Spain)

Freiberg (Germany); Noailha
Saint Salvy (France); Kirki
(Greece)

Red Dog (Alaska, USA);
Jinding/ Lanping (China)

Worldwide from the early
Proterozoic to Cenozoic

Elmwood-Gordonsville distric
(Tennessee, US.A.); Pend
Oreille (Washington,
USA.), Tres Marias
(Mexico); Fankou, Huize
(China)

Navan, Tynagh, Lisheen (all
Ireland)

Bleiberg (Austria); Mezica
(Slovenia); Cave de Predil
(Italy)

Tsumeb (Namibia); Kipushi
(DR Congo); Kabwe
(Zambia); Ruby Creek
(Alaska, USA.)

(Continued
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¢ 84 Continued
Deposit type Brief description Features Examples
Oxidation zones of KPT Extensive oxidation of Ge in Fehydroxides, and fsumeb (Namibia); Apex
deposits primary sulfide ores forming secondary Ge (Utah, USA))
minerals
Sedimenthosted Stratiform disseminated Low-temperature diagenetic Kupferschiefer (Poland,
stratiform Cu deposits sulfide mineralisation to epigenetic deposits Germany); Central African
associated with formed from oxidized Copperbelt (DRC, Zambia)

|ron oxide ores

Coal and lignite

carbonaceous sediments

Precambrian banded iron
formations; Phanerozoic
volcanogenic:
sedimentary deposits

Extensive beds of coal and
lignite close to bedrock
contacts

fluids of low salinity

Ge in iron oxides from
sedimentary deposits; low
Ge in Fe skarn deposits

Up to 3000 ppm Ge in fly
ash from coal combustion

Hamersley Range (Australia)
Krivoi Rog (Ukraine),
Atasu type (Kazakhstan)

Lincang, Wulantuga (China);
Tarbagataisk, Shotovsk
(Russia); Lugansk
(Ukraine); Angrensk
(Uzbekistan)

Ay silver; As, arsenic; Au, gold; Ba, barium; Cu, copper; F, fluorine; Fe, iron: In, indium; Mo, molybdenum; Pb, lead; Se, selenium; Sn, tin;

i

AL



Houe 83 Simplified germanium
processing flow diagram. (BGO, bismuth
permanium oxides (Bi,Ge,O,,); PET,
pulyethylene teraphthalate.) (Based on
Hutterman and Jorgenson, 2005 and
Naumov, 2007.)

Germanium-bearing
ores, coals, flue dusts
(0.001-0.01%)
¥
Grinding, sieving,
magnetic
separation, flotation
v
Germanium concentrate
(5-30%)

\Z
Chlorination,
distillation,
purification

v
Germanium
tetrachloride (GeCly)
\d

r> Hydrolysis

Germanium
dioxide (GeO,)

Reduction

A4
First reduction
metal
A4

«—

Zone refining

\
. 4 Intrinsic germanium metal
(polycrystalline)

\J

Crystal growing/
pulling

\4
Single-crystal

Germanium-bearing scrap

Pyrometallurgy
hydrometallurgy

¥ —  PET catalysts

v T~

> Fibre optics

Crystals (BGO)
y-ray detection

Medicine Phosphors

Alloys,
compounds

—> Optical casting
A

Infrared lenses

germanium
v ~a

Single-crystal
wafers

X-ray mono-

Solar cells
chromator crystals
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Table 85  Summary of the major end-use markets of germanium. (Data from Guberman, 201 1)

Market sector End use (2010)* Usage Germanium product
Fibre optics 30% Communication networks GeO, dopant within the cores of optical
glass fibres; Ge is deposited with silica
on the inside of a pure quartz tube
that is drawn into fine fibres
Infra-red optics 25% Night vision systems; optical instruments  Polycrystalline and single crystals; nype
such as camera lenses, IR spectroscopy; Ge doped with P or Sh; Ge lenses and
military, active car safety systems, windows; GeO, is used as a component
satellite systems, fire alarms of glasses in wide-angle camera lenses
and microscope objectives
Polymerisation catalysts 25% Plastics (polyethylene terepthalate, PET) GeO, is used to make PET heat resistant
for water bottles (Asia)
Electronics and solar 15% Wireless devices, optical communication SiGe-based chips compete with GaAs and
electrical applications systems, hard disk drives, GPS Si chips (since 1997)
Semiconductors Transistors, rectifiers, lasers Germanium doped with Sb, As, P (ntype
semiconductor), Ge doped with Al, B,
Ga, In (ptype semiconductor);
amorphous semiconductors
Diodes Lightemitting diodes (LEDs) Ge substrate for high brightness LEDs
Transistors Supercomputer Si-Ge heterojunction bipolar transistors;
silicon-on-insulator technology
Solar cells Space-based photovoltaic solar cells Polished Ge wafers for multilayer solar
cells (improved efficiency compared to
silicon)
Radiation detectors 5% Detection of gamma radiation, e.g. air Single crystals of ultra-pure Ge

Superconductors

Medicine

traffic control

Chemotherapy, dietary supplement,
antioxidant, super nutrient, diagnosis
of diseases

Melting Ge and other metals to produce
superconducting alloys, e.g. Nb,Ge;
vacuum sintering and annealing;
thermal dissociation; electrolysis;
chemical vapour deposition methods

Ge-organic compounds (Ge-132) found in
medicinal plants; Bis-beta carboxyethyl
Ge sesquioxide (Ge-Oxy 132);
colloidal Ge

“estimated share of global annual sales volumes of germanium.
Al, aluminium; As, arsenic; B, boron; Ga, gallium; GeO,, germanium dioxide; In, indium; Nb, niobium; P phosphorus; S, antimony; S, silicon
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" Fibre-optic systems [ Infrared optics I Polymerisation
catalysts
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olectric applications medicine

figuie 8.4  Comparison of global end-uses of
germanium in 1990, 2000, 2007 and 2010. (Data from

Ciuberman, 2011.)
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Table 86 Active and potential producers of by-product germanium from sulfide ores and selected projects under
development. Annual germanium production capacity is the installed capacity, except where the value is in
parentheses when it is potential capacity.

Annual Ge production
Ce resources Ce grade ~ (maximum capacity) ~ Status of
Deposit Country  Mining Company' Type (tonnes)  (ppm) intonnes peryear  operation
Huize China  Yunnan Huize Lead ~ Sulfide ore 500-600 40 10(30) production
and Zinc Mine?
Jinding (Lanping) China Sichuan Hongda ~ Sulfide ore 3000 10-100 10 production
Co, state’
Fankou China  Zhongjin Lingnan ~ Sulfide ore 600 100 15 production
Nonfemet,
Cuangdong state*
Red Dog AK, USA  Teck Resources® Sulfide ore (SMS) 1200 15 40(200)  production
Lubumbashi DR Congo  GTL® Slag 2250 100250 2(20) production
Kipushi DR Congo  Unclear’ Sulfide ore (KPT) 1500 68 care and maint,
(1993)
Andrew and Darcy Yukon,  Overland Resources ~ Sulfide ore (SMS) 88 18 exploration
Zn deposits Canada  Ltd®
Tres Marias Mexico  War Eagle Mining ~ Sulfide and 150 150 (10) exploration
Company’ oxide ore (MVT)
Pend Oreille WA, USA  Teck Resources®  Sulfide ore (MVT) 300 10-100 (50) care and maint,
(2009)
Cordonsville/ TN, USA  Nyrstar, Tennessee ~ Sulfide ore (MVT) 800 20 (35) care and
Elmwood Valley Resources” maint,
Kolwezi DR Congo  ENRC" Slag 5007 development,
suspended
09/2009
Tsumeb Namibia ~ Emerging Metals  Slag 530 260 (10) exploration
Ltd.”
Current production ca. 80
Potential future ca. 380

production

Refneries and smeltrs not included

“Cetesouee fom Zhan (2003 Ge race s ke 2 an averageof seen analyes publised by Han et . (2007)

O reserves + esures of163. Mt grading 6.9% In VetalsEconomic Group, 2011, e esve callte for a (consenative estinate
0f 30 ppm inZn ore concentrte

“Probably a majo Ge sorc; sphlrt ontains 30-170 ppm Ge ol et l, 2007).Ore esees te 42 Mt at 397% In, poducton i
2008 s 117200 tonnes Zninconcentte(etels EconomicsGroup, 201)

"Based o proven and probable resenes of 85 Mt grading 18.2% Znand 4 6% b, and a stmated Ge ontent o 15 oo,

“Goupement e e ubumbash, 009 poducion s 4590 tonnes C, 3000 tomes 20000 tonnes Zn oide

e reseves caluated fom 23.4 M emlning e rescurce doun t 1500 m el (Kampunzu et al, 2009)

“Minrl esurce (May 2009) 895 Mt & 5% I euivlen; 132 ppm Ce n 2 concetate (8% ). Inccate resources 4 Mt at 185
0/t Ce at 3% Incutoff Al 2008) http://www‘overlandresources‘com/pdfs/lnvestorPresentationﬂoundUpZOllVancouver-ZSJanH.pdf

“Ceresee stmate for 1 Mt regrading 150 pom Ge inthe e Mrias mine: ttal reses on the propery may b sigifcanly bigger,
Pevious producion (1949-1992) was 62 tonnes Ce Sainifdkatet l, 2009)

Resee stimate ased on proven ar probable resenesof 47 Mt grading 79 2 and 124 Pb,and 100 ppm Ge n the Zn concentate
"Resee esimtes forthe mines e gven as 39 Nt at 3% I and 20 pom Ge. Returmed resides fom 1 producton at the Clarkile
Tennesse, smeervete expete 1 conan up o 45 tonnes per earCa ad 35 tones peryear Ge (Cubermn, 2008)

“Furasin Ntural Resources Corpration (ENAC) purchase i depoi fom Fist Quanum n 201

“Purchased from Ongapolo in 2008
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Table 8.7  Active and potential producers of by-product germanium from germanium-rich lignite and coal, and
selected projects under development.

Ge resources ~ Ge grade in Ash
Deposit Country Company Type (tonnes)  coal (ppm)  content%  Status of operation
Lincang China Lignite 1060 850 5-20 production
Wulantuga China Tongli Ce Refine  Lignite 1700° 2407 21 production '
Co,, Ltd,
Wumuchang China Lignite 4000 (7) 30-50 exploration
Novikovsk (Central ~ Russia SUEK”? Lignite 1665 700 closed; produced 850
and Southern) tonnes Ge from
1960 to 19805
Luchgorsky/Bikinsk  Russia asce Lignite 2600 300 42 exploration
Tigninskiy/ Russia SUEK? Lignite 340 53 closed
Tarbagataisk
Pavlovsk (Spetzugli +  Russia SUEK *? Lignite 1015 450 1827 production
Luzanovsk)
Smolianinovsky/ Russia SUEK Lignite 880 1043 21 exploration
Shkotovsk
Rakovsk Russia Lignite 380 230
Kas-Symskaya Russia Krasnoyarskaya  Lignite 11,000° 205° 17 exploration
mining co.
Angren Uzbekistan ~ JSC Uzbekugol ~ Hard coal 180 30 2-6 currently no Ce
extraction
Church deposit, ND,USA  Entrée Cold ® Lignite 165 40-70 exploration

Sentinel project

'Resources and average Ge contents from Seredin & Finkelman (2008), unless otherwise stated

“Ge production from coal in China is about 30 tonnes per year, with 16 to 25 tonnes from the Lincang deposit (Mikolajzak, 2011)
Seredin et al. (2013)

ISUEK, Siberian Coal and Energy Company

“CISC, Luchegorsky Fuel Energy Company

“Evdokimov et al. (2004)

SExploration project for uranium-molybdenum in lignite-bearing sedimentary strata
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Table 8.7  Active and potential producers of by-product germanium from germanium-rich lignite and coal, and
selected projects under development.

Ge resources ~ Ge grade in Ash

Deposit Country Company Type (tonnes)  coal (ppm)  content%  Status of operation
Lincang China Lignite 1060 850 5-20 production
Wulantuga China Tongli Ge Refine ~ Lignite 1700° 2407 21 production '
Co, Ld.
Wumuchang China Lignite 4000 (?) 30-50 exploration
Novikovsk (Central ~ Russia SUEK? Lignite 1665 700 closed; produced 850
and Southern) tonnes Ge from
1960 to 1980s
Luchgorsky/Bikinsk ~ Russia asc? Lignite 2600 300 42 exploration
Tigninskiy/ Russia SUEK* Lignite 340 53 closed
Tarbagataisk
Pavlovsk (Spetzugli +  Russia SUEK? Lignite 1015 450 18-27  production
Luzanovsk)
Smolianinovsky/ Russia SUEK Lignite 880 1043 21 exploration
Shkotovsk
Rakovsk Russia Lignite 380 230
Kas-Symskaya Russia Krasnoyarskaya  Lignite 11,000 * 205° 17 exploration
mining co.
Angren Uzbekistan ~ JSC Uzbekugol  Hard coal 180 30 2-6 currently no Ge
extraction
Church deposit, ND,USA  Entrée Cold © Lignite 165 40-70 exploration

Sentinel project

'Resources and average Ge contents from Seredin & Finkelman (2008), unless otherwise stated

“Ge production from coal in China is about 30 tonnes per year, with 16 to 25 tonnes from the Lincang deposit (Mikolajzak, 2011)
Seredin et al. (2013)

JSUEK, Siberian Coal and Energy Company

“CISC, Luchegorsky Fuel Energy Company

SEvdokimov et al. (2004)

SExploration project for uranium-molybdenum in lignitebearing sedimentary strata
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Figure 8.6 Germanium dioxide price [minimum 99.99%, monthly averages), 1992-2011. (Data from BGR

database, 2012.)
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Table 14.1 Selected properties of rheni

um. (Modified

after Treichel, 2000.)

Property Value Units

Symbol Re

Atomic number 15

Atomic weight 186.21

Density at 25°C 21023 kg/m’

Melting point 3180 6

Boiling point 5926 %

Hardness (Mohs scale) 7.0

Specific heat capacity at 25°C 0.14 /(g °C)

Electrical resistivity at 25°C 18.40 nQm

Thermal conductivity 48 W/(m °C)
463 GPa

Young's modulus

HekoTopbie
CBOMCTBaA
peHus



lable 14.2 - Rhenium-bearing minerals. Most rhenium
is produced from molybdenite.

Name Formula Rhenium content

Rhenilte ReS, 14%

Tarkianite (Cufe)(ReMo).S,  49to56%
Dehezkazganite  ReMoCu,PbS, 22%

Molybdenite Mo3, <10 ppm to 11.5%
Castaingite CuMo.S, up to 1%
Uraninite uo, up to 2700 ppm

Gadolinite Y,Fe*Be 51,0, upto I ppm

PeHnym-
coaepxawiume
MUHepanbl.
NMopasnaoLWyLo
MaccCy peHus
nosy4yaror
n3
MonunbpeHuTa



Kpuctannbl peHumta
(ReS,) pasmepom
oKoJ10 1 MM; 13
(yMaposibl BynKaHa
KyapsBbin
(Kypunbckue o-Ba,
3an. MNaundpwnka)

Figure 14,1 Crystals of rheniite, ReS,,

about | mm in size,
from a fumarole on Kuc Iriavy vole: mn Kurile Islands,
western P dL’ll c. |Photo courtesy of R, Lavinsky,

iR lILk_‘-s C (ll")
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Table 143 Rhenium content of molyhdenite in various deposit types worldwide.

Re {ppm)

Country Deposit Average Range References

Porphiyty copper deposils

Canada LosneaValley 330 254-350 Sinclair et al. {in prep.)

Canada Gibraltar 443 238-/50 Sinclair ¢t al. [2009)

Canada Island Copper 1784 1704-1863 Sinclair et al. (2009)

Chile Chuquicamata 220 194.250 Giles and Schilling {1972); Mathur
et al. (2001)

Chile Collzhuasi 410 368-448 Mathur et al. (2001)

Chile El Salvador 630 Giles and Schilling (1972)

Chile E! Teniente 390 182-1154 Mathur et al. (2001}

Chile Escondwda 1355 Mathur et al. (2001)

Kazakhstan Kounrad 664 241930 Ivanov et al. {1969)

Mongolia Erdenel 535 Gerel and Munkhtsengel {2005)

Peru Cerro Verde 3280 3061-3497  Mathuretal. [2001)

United States Bagdac 460 330-642 Bana et al. (2003)

Porphyry coppergold deposits

Armenia Kadzharan 340 20-1610 Ivanow et al. (1972)

Armenia Agarak 820 57-6310 Magakian et al. (1984)

Canada Snowficld 3519 Pretium (2011}

Iran Sar Cheshmeh 1000 9001160 Shariat and Hassani [1998)

Mongaliz Oyu Tolgoi 1500 H. Stein (pess, comm,, 2007)

United States Bingham 360 120-2000  Giles and Shilling 1972)

United States Petble 130 900-2260 fiebagliati et al. {2009}

Uzbekistan Kal'makyrDalnee 1200 150-2100 lvanos et al. (1969); Golovancy et al.
{2005)

Parphyry copper-molybdenum depasits

Canada Schaft Creek 590 Bender et al, (2007)

Perul Toquepala 790 1H7-1496 Giles and Schilling |1972); Mathur
et al. (2001)

United Statas Siemita Esperanza 600 90-1800 Giles and Schilling [1972)

Porphyty molybdenum deposits

Canada Endako 35 15-67 Sinclair et al. 2009)

United States Climax 35 11-80 Giles and Schilling (1972)

United States Henderson 14 718 Giles ard Schilling (1972)

United States Thompsen Creek 120 Sinclair et al. {in prep)

Porphyry tungsten-molybdenum deposits

Canada Northem Dancer (Logtung) 22 Sinclair et al. {2009)

Canada Sisson 9 612 Sinclair et al. {in prep.)

Kazakhstan Verkhnee Qairaqty 57 47-66 vanow et al. (1972)

Vein relybdenum deposils

Australia Werlin 1062 300-2098  Horton (2010)

Canada Playter 402 185-1047 Kilpatrick and Grieco (2010)

Japan Daito 132 116-188 Ishihara (1388)

Norway Knaben it 1-28 Fleischer {1959); Giles and Schilling

(1972)
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Figure 142 Rhenium content of molybdenite versus molybdenum grade in porphyry deposits. (Revised after

Sinclair et al., 2009.) (Cu, copper; Mo, molybdenum; Au, gold; W, tungsten|
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Figure 143 The global distribution of significant rhenium-bearing deposits.
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Figure 14.4 The main sources of primary rhenium
production in 2012 [tonnes). {Data from MMTA,
2012a, courtesy of Lipmann Walton & Co Ld.}
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figure 145 Rhenium grade versus tonnage of significant thenium-bearing deposits, diagonal lines represent tonnes (¢}
of contained thenium. Revised after Sinclair et al,, 2009, [Cu, copper) Mo, molybdenum; Au, gold; W, tungsten; Ni,

pickel, PGE, platinum-group elements|
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Figure 14.7  Summary of the production Super alloys Mﬁzm'

of thenium and products.
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Figure 148 The main sectors of rhenium consumption
in 2012 [tonnes). |Data from MMTA, 2012a, courtesy
of Lipmann Walton & Co Ltd.) ]



Table 14.4 (b) Specification for rhenium metal
pellets, superalloy grade. (Data courtesy of MMTA,
2012b.)
C Maximum permitted
(a ) I-I e L" M qj M Ka Ll' M ﬂ content (ppm, unless
Element otherwise stated)
ﬂo I-IYCTM M bIX Re 99.9% minimum
J
5
coaep>XaHn" o .
Tl 5
351eMeHToB (ppm) ; F
g
B NMeppeHarte - :
Ag 5
a M M O H M ﬂ - Table 144 (a) Specification for catalyst grade ammonium g\ls ]?
perrhenate. (Data courtesy of MMTA, 2012b.| cd 50
Maximum permitted |Gna zg
content (ppm, unless
( b ) C rl e Lll M Cb M Ka Lll M ﬂ Element otherwise stated) ZE 53
- ini 20
,D,O n YCTM MblX z; 685 6932% minimum Z: i
coaep>xaHum "‘ 0 o o
p Ci 50 cl 50
ﬂ ClaZ 100 K 10
3/1€eMeHTOB (ppm) . - : -
Cu 50 S 20
B I-I en n ETa X Ir 75 0 3(;8
Fe 50 N
MeTaN/INYecKoro n 2 w
Mn 50 W 500
p e H M ﬂ Mo 100 Mn 20
Ni 50 P 200
J
«cynepcnsiaBHON» i » u :
K 200 Co 100
Fpa,ﬂ,a L',MM . Rh 50 Cr 100
Si 50 Cu 70
A 50 Hf 200
Ng 50 Nb 200
Sn 50 Ni 100
In 50 Ta 200
As, Ca, Fe, K, Mg, Na, Pb, Sn 200 total Ti 200
As, Co, Cr, Cu, Mn, Ni, Sb, Si, Sn 200 total v 200
H,0 0.10% — Ir 200




CocTtaB cynepcnnasa MSX-4

Table 145 Composition of Cannon Muskegon's
CMSX-4 superalloy. (Data from C-M Group, 2012

Element Content (wt per cent)
Cr 6.5
Co 9.0
Mo 0.6
W 6.0
Ta 6.5
Re 30
Al 5.6
Ti 10
Hf 0.1

Ni 61.7




Coaep>kaHue peHUs B cynepcrnJjiaBe M LieHa nocjiegHero

Table 146 The influence of the price of thenium on the cost of superalloys as a percentage of the total cost of input
raw materials. (The source of the prices used in these calculations is Metal Prices.com on 28 September 2011. The
thenium contents of the superalloys are from various published sources.|

Rhenium price (US$/kg)
$1215 $2205 $5952

Rhenium Alloy Alloy % alloy Alloy % alloy Alloy % alloy

content cost cost cost due cost cost due cost cost due
Alloy (%) (US$/kg)  (US$/kg) toRecontent  (US$/kg) toRecontent (US$/kg) toRe content
CMSX:3 0 5.15
CMSX4 3 66.95 55 95.99 69 20842 86
CMSX10 6 103.24 12 162.63 81 38751 92
Rene N5 3 66.95 54 96.65 68 209.09 85
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Figure 149 Rhenium price trend, 1971-2010, |Data from USGCS up to 1993 and from Lipmann Walton & Co Ltd
after 1993,
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