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IIPOBJIEMA KOMIIJIEKCHOro HCIIOJib30BAHH.H 
,ll;HKTHOHEMOBbIX CJIAHD;EB 3CTOHHH 
B KA qECTBE CblPb.H ,ll;JI.H METAJIJIYPrHH 

Y,ll;K 665.7.032.57 

B nocne,zi;Hee BpeMSI B ne'laTH HeO,ll;HOKpaTHO roBOpHJIOCb O TOM, 'ITO pa6o
Tbl no npoeKTHPOBaHHIO OTKpbITOH paapa6oTKH TooJicecKoro MeCTOpom,zi;e
HHSI ScToHcKoii CCP npHocTaHOBJieHbl ,zi;o KoHn;a 1989 r. ,JJ;eno B TOM, 
'ITO ,ll;JISI npoBe,zi;eHHSI ropHbIX pa6oT KapbepHbIM cnoco6oM Heo6XO,ll;HMa 
6eaonacHaSI TeXHOJIOrHSI CKJia,zi;HpoBaHHSI Ha Heonpe,zi;eJieHHO ,ll;OJirHH cpoK 
,ll;HKTHOHeMOBblX CJiaHn;eB HJIH TeXHPJIOrHSI HX KOMnJieKCHOro npoMbllliJieH
Horo HCnOJib30BaHHSI. TeXHOJIOrHH me, 06ecne'IHBa10w;eii coxpaHHOCTb 
3THX CJiaHn;eB B OTBaJiaX ,ll;JISI HX B03MOmHoro HCnOJib30BaHHSI B 6y,zi;yw;eM, 
B HaCTOSiw;ee BpeMSI HeT. 0 B03MO)KHOCTSIX HX XHMHKO-TeXHOJIOrH'leCKOH 
nepepa6oTKH pe'IL no:u,zi;eT HHme. 
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Ta6Jluu,a 1 

XHMH'leCKHH COCTaB ,ll;HKTHOHeMOBbIX CJiaun;eB 

Maap,n;ycKoro H ToOJicecKoro MecTopom,n;enHii, % 

KoMnOHeHThl 

Maap,D;yCKOe ToOJICeCKOe 

MnHepaJihHaH '!aCTb 
SiO2 52,09 
Ab03 13,09 
Fe2O3 0,48 
FeO Z39 
FeS2 3,81 
CaO 0,82 
MgO 1,42 
K 2O 7,47 
Na2O 0,56 
TiO? 0,64 
S03 0,78 
P200 0,23 
CO2 ~17 
(H2O)k 1,39 

liTOl'O 

OpraHU'leCKaH 
Sopr 
C 
H 
N 
0 

liTOl'O 

Bee ro 

85,34 

'!aCTb 
0,66 

11,09 
1,11 
0,31 
1,82 

14,99 

100,33 

53,01 
10,48 

1,07 
1,46 
8,0 
1,63 
1,52 
4,36 
0,15 
0,59 
2,09 
0,51 
0,54 
1,16 

87,18 

(KeporeH) 
0,20 
8,84 
0,75 
0,24 
Z0l 

12,04 

99,22 

Ta6Jluu,a 2 
Cpe,n;uee co.n;epmauHe MeTaJIJIOB B ,ll;HKTHOHeMOBblX CJiaun;ax 
n;empaJihuoii 11aCTH Cesepuoii :3cronHH (OT r. KeiiJia ,n;o noc. BHiiTna) 
(~~. PaKBepecKoro cl>occl>opHTOHOCHOro paiioua (l>cl>P) H 
TooJicecKoro MecTopom,n;eHHH (TM), r /T 

MeTaJIJI CHMBOJI l{'I P<l>P TM 

KoJIH'leCTBeHHhlH aHaJIH3 
BaHaAHH V 760* 1120 1040 
MoJIH6AeH Mo 133 429 406 
YpaH u 50 He onp. He onp. 
CanHe11 Pb 100 118 118 
ll;HHK Zn 210 85 85 
Topuii: Th 12 13 13 
PeHHii: Re 0,05 0,13 0,17 
IloJiyKOJIH'leCTBeHHhlH cneKTPllJJbHhlii nHllJI1f3 

lJ;HpKOHHH Zr 160 160 150 
HHKeJib Ni 75 94 92 
MeAh Cu 92 81 77 
CTpOHI\HH Sr 70 80 64 
XpoM Cr 48 47 42 
liTTpHH y 30 40 45 
faJIJIHii: Ga 16 14 12 
Ko6aJihT Co 11 12 10 
CKaHAHH Sc 10 9 8 
liTTep6uii: Yb 4 4 4 
OJIOBO Sn 3 3 3 
Cepe6po Ag 0,5 0,8 0,7 

IT pH Me 'la H He. V onpe,ll;eJieH XHMH'leCKHM, Mo, U, Pb H Th - peHTl'eH
cneKTpaJibHhlM, Re - KaTaJIHTH'leCKHM KHHeTH'leCKHM, Zn - aTOMHo-a6cop6-
l\HOHHhlM MeTO,ll;aMH aHaJIH38. 

Co,ll;eplKaHHH Ce, Gd, Dy n Er, onpe,ll;eJieHHhle MeTOAOM cneKTpaJibHoro 
aH8JIH3a, OKa3aJIHCb HHlKe npe,ll;eJia 'lYBCTBHTeJihHOCTH MeTOAa onpe,ll;eJieHHH 
(TO eCTb MeHhllle COOTBeTCTBeHHO 30, 10, 6 u 4 r / T). 
* Co,ll;epmaHHe VB CJiaHI\aX Maap,ll;yCKOl'O MeCTOpOlKAeHHH (600- 700 r / T) HHlKe 
cpe,ll;Hero AJIH CJiaHI\eB ll;"'I. 

OxapaKTepHayeM ,ll;HKTHOHeMOBble CJiaHn;bl 8CTOHHH, KOTOpble aaneraIOT 
Henocpe,a;CTBeHHO Ha <poc<popHTOBOM nJiacTe H cnoco6Hbl caMOBoaropaTbCSI 
B OTBaJiaX Kapbepa. 

,lJ;HKTHOHeMOBble CJiaHn;bl (,zi;anee - CJiaHn;bl) npe,zi;cTaBJISIIOT co6o:u nJIOT
HYIO, HMerow;yro n;BeT OT TeMHo-6yporo ,zi;o qepHoro TOHKOCJIOHCTyIO nopo
,zi;y, KOTOpaSI He paaMoKaeT B BO,ll;e H COCTOHT H3 opraHH'leCKOH (10-20 %) 
H MHHepaJibHOH (90-80 %) qacTe:u. 3anacbl H pacnpocTpaHeHHe 3THX 
CJiaHn;eB oxapaKTepH30BaHbl B CTaTbe [1]. XHMH'leCKHH COCTaB CJiaHn;eB 
Maap,zi;ycKoro H TooncecKoro MecTopom,zi;eHH:u no MaKpoKoMnoHeHTaM 
npHBe,zi;eH, no aHaJIHaaM JI. ProH,zi;ana [2, 3], B Ta6JI. 1. Cpe,zi;Hee co,zi;epma
HHe MHKpOKOMnOHeHTOB, no ,zi;aHHblM 8. IIYKKOHeHa [ 4, 5], B CJiaHn;ax 
n;eHTpaJILHo:ii qacTH CeBepHo:ii 8cTOHHH (oT r. Ke:iiJia AO noc. BHHTHa, 
B TOM 'IHCJie H ,ll;JISI MecTopom,zi;eHHSI <poc<popHTOB B Maap,zi;y H TcHTpe-Ban
KJia), PaKBepecKoro <poc<popHTOHOCHoro paiioHa (B TOM 'iHCJie ,ll;JISI MeCTO
pom,zi;eHHSI <poc<popHTOB B Toonce, AaepH, PSiraBepe H Ka6ana) H oT,zi;eJILHo 
B cJiaHn;ax TooncecKoro MecTopom,zi;eHHSI ,zi;aHo B Ta6JI. 2. 

Hccne,zi;oBaHHe cJiaHn;eB B Ka'ieCTBe noneaHoro HCKonaeMoro Ha'laJiocL 
npaKTH'leCKH cpaay nocne BTopo:u MHpoBoii BOHHbl. BcecTopoHHeMy Hay
'leHHIO HX COCTaBa H CBOHCTB, a TaKme paapa6oTKe TeXHOJIOrHH HX nepe
pa60TKH nOCBSIID;eHbl B CoBeTCKOM Coroae MHOrO'iHCJieHHble HCCJie,zi;oBaHHSI 
BcecoroaHoro HHCTHTyTa MHHepaJILHoro CblpLSI (BHMC), BcecoroaHoro 
Hay'IHO-HCCJie,ll;OBaTeJILCKOro HHCTHTyTa XHMH'leCKOH TeXHOJIOrHH 
(BHHHXT) H ,zi;p., a B ScTOHHH pa6oThl TapTycKoro yHHBepcHTeTa, Tan
JIHHHCKoro noJIHTeXHH'lecKoro HHCTHTyTa, HHCTHTyTa XHMHH AH SCCP 
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(HX), HHCTHTyTa XHMH'leCKOH H 6lrnnorH'leCKOH q>H3HKH AH 8CCP, 

HHCTHTyTa reonorHH AH 8CCP, Y npaBJieHHSI reonorHH 8CCP H AP· u 

B HaCTOameu: CTaTbe npHBeAeH o6aop peayJI1>TaTOB HCCJieAOBaHHH aa 

nepHOA 1944-1975 rr. no HCilOJlb30BaHHIO 3THX CJiaHI~eB B Ka'leCTBe 

HCXOAHOro CblpbSI AJISI rHAP0MeTaJIJiyprH'leCKOrO H3BJie'leHHSI paaJIH'IHbIX 

3JieMeHTOB. 
IIoame, Ha ocHoBaHHH AaHHbIX pa6oTbl [6] HX, 6bIJIO Hay'leHo nepepac-

npeAeJieHHe 3JieMeHTOB MemAY pa3JIH'lHblMH cppaKD;HSIMH opraHH'leCKoro 

H MHHepaJI1>Horo C0CTaBa CJiaHn;eB npH o6orameHHH. OKaaaJIOCb, 'lTO AHK· 

THOHeMOBble CJiaHD;bl O'leHb TPYAH006oraTHMbl, a 3JieMeHTbl, npeACTaBJISI-

10mHe HHTepec, pacnpeAeJieHbl no HeCKOJlbKHM cppaKD;HSIM. 
B 1944 r. B BHMCe noA pyK0BOACTBOM H.B. IlIMaHeHKo 61>IJIH BnepBble 

pacCMOTpeHbl B03MOmHOCTH IlOJiy'leHHSI H3 CJiaHn;eB ypaHa. TaM me M. H. 

AJI1>TrayaeH H 8. r. KyaHen;oBa noKaaaJIH nepcneKTHBH0CTb MeToAa Ky'I

Horo BblmeJia'IHBaHHSI ypaHa, MOJIH6AeHa H BaHaAHSI H3 KyCK0Boro MaTe

pHaJia CJiaHn;eB. Ky'IHOe BblmeJia'lHBaHHe CJiaHn;eB ocymecTBJISieTCSI JIH6~ 

BOAOH IlOA B03AeHCTBHeM Ha CJiaHn;eBoe BemecTB0 THOHOBblX 6aKTepHH 

(Thiobacillus ferrooxidans H Thiobacillus thi~oxidans) [7], :!-H6o pacTBO· 

poM cyJI1>q>aTa oKHCH meJieaa c nocJieAy10meH pereHepan;HeH oTpa6oTaH

HbIX meJI0KOB 6aKTepHaJibHblM cnoco6oM [8]. 
B nepBOM BapHaHTe npH 6aKTepHaJibHOM OKHCJieHHH IlHpHTa 06paay10T

CSI CYJibq>aT OKHCH meJieaa H cepHaSI KHCJIOTa, nocpeACTBOM KOTOpbIX ypaH 

H APYrHe n;eHHble KOMilOHeHTbl BblmeJia'lHBaIOTCSI H3 CJiaHn;eB. TaK, B 

noJiynpoMbIWJieHHbIX OilblTaX co CJiaHn;aMH KpynHOCTbIO -3 MM aa 3-5 
Mee 6aKTepHaJI1>Horo B03AeHCTBHSI H3BJieKaeTCSI 70-80 % ypaHa, 

40-60 % MOJIH6AeHa H 15-20 % BaHaAHSI. IlpH 3TOM B KeKaX OCTaeTCSI 

OKOJIO 20-30 % ypaHa, CBSI3aHHOro C yrnepOAHCTblM BemecTBOM. Hayqe

HHe CJiaHn;ee, IlOABeprmHXCSI BblBeTpHBaHHIO B ecTeCTBeHHblX ycJIOBHSIX, 

noKaaaJio 'ITO yrJiepoAHCToe BemecTBO cnaHn;ee B 3TOM cJiyqae TaKme 

paanarae;ca, H npH 3T~M ypaH 6oJiee qeM Ha 90 % BbIM1>IBaeTcSI BOAOH. 

Bl>ImeJia'lHBaHHe ypaHa BOAHblM paCTBOPOM OKHCH meJieaa npHHD;H

Ill-1:aJibHO He OTJIH'laeTCSI OT 6HOXHMH'leCKOro npon;ecca. HcKyccTBeHHOe 

AOilOJIHHTeJibHOe BBeAeHHe Fe2(SO4)a JIHWb ycKopaeT 3TOT npon;ecc, HO 

He IlOBblmaeT CTeneHH H3BJie'leHHSI 3JieMeHTOB. ,ll;JISI H3BJie'leHHSI 

64-68 % ypaHa H 50-60 % MOJIH6AeHa OilTHMaJibHOH KOHD;eHTpan;Heii: 

Fe2(8O4)a a pacTBope (B nepec'leTe Ha Fe2O3) SIBJISieTca 20-50 r/JI npH 

pacxoAe H 2SO4 4-6 %, Pa6oTaMH BHMCa noKaaaHo, 'lTO npH Ky'IHOM 

BblmeJia'lHBaHHH MomHO aHa'IHTeJibHO CHH3HTb paCXOA peareHTOB aa C'leT 

pereHepan;HH Fe2(8O4)a (oKHCJieHHe Fe
2+ AO Fe

3+) noA AeiicTBHeM THOHO

BbIX 6aKTepHH. u 

TaKHM o6paaoM, KY'IHOe 6aKTepHaJibHOe BblmeJia'IHBaHHe - 3TO caMbIH 

npOCTOH cnoco6 H3BJie'leHHSI ypaHa H MOJIH6AeHa H3 CJiaHn;ee, AJISI KOTOPO· 

ro He Tpe6yeTCSI CTpOHTeJibCTBa KpynHbIX aaBOAOB H 6oJibWHX aaTpaT 

Ha XHMpeaKTHBbl. B TO me epeMSI cymecTBeHHblMH HeAOCTaTKaMH cnoco-

6a, KpoMe HenoJIHOrO HCilOJib30BaHHSI semecTBa CJiaHn;eB, SIBJISIIOTCSI npo

AOJimHTeJII,HOCTb H 3KCTeHCHBHblH xapaKTep npon;ecca, a TaKme noTpe6-

HOCTb B orpoMHblX nJiomaASIX IlOA 6acceHHbl AJISI BblmeJia'IHBaHHSI CJiaH

n;ee, CKJIOHHblX K caMOBOaropaHHIO. 

KaK yme 6blJIO CKaaaHo, npon;ecc 6aKTepHaJibHoro OKHCJieHHSI nHpHTa 

npoTeKaeT C He60JibWOH CKOPOCTbIO, B CBSl3H C 'leM IlPOAOJimHTeJibHOCTb 

BblmeJia 'lHBaHHSI CJiaHn;eB BeCbMa BeJIHKa. B npoTHBOilOJIOmHOCTb 3TOMY 

0KHCJieHHe IlHPHTa KHCJIOPOAOM B BOAHOH nyJibile npH IlOBbIWeHHblX TeM

nepaTypax H AaBJieHHSIX npoHCXOAHT C BbICOKOH CKOpOCTbIO H MomeT 

HCilOJib30BaTbCSI npH KHCJIOTHOM aBTOKJiaBHOM BblmeJia'IHBaHHH. IIo pe

ayJibTaTaM Jia6opaTopHbIX H nonynpOMblWJieHHblX HCilbITaHHH, ocymecTB

JieHHbIX noA pyKoBOACTBOM B. H. JlacKopHHa, 6blJia npeAJIOmeHa TeXHOJIO

rH'!ecKaSI cxeMa nepepa6oTKH CJiaHn;eB, KOTOpaSI BKJIIO'laeT B ce6si: OKHCJIH· 
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TeJibHOe aBTOKJiaBHOe BidmeJia'lHBaHHe C IlOCJieAyIOmHM cop6n;HOHHbIM H3-

BJie'leHHeM ypaHa H3 KHCJIOH nyJII,Ilbl aHHOHHTOM [9]. IIpH TeMnepaType 

npon;ecca 140-150 °C, AaBJieHHH napoKHCJiopoAHOH cMeCH 15 aT, pacxo

Ae KHCJIOpo,n;a 10 % OT MaCCbl CJiaHn;eB H KPYilHOCTH 95 % CJiaHn;eB -0,15 
MM H3BJie'leHHe ypaHa B paCTBOP COCTaBJISieT 73-76 %- IIpo,n;oJimHTeJib

HOCTb npon;ecca BblmeJia'lHBaHHSI npH 40 %-HOM COAepmaHHH TBepAOro 

B ny Jlbile HaXOAHJiaCb B aaBHCHMOCTH OT npOH3BOAHTeJibHOCTH KHCJiopo,n;

HOH CTaHD;HH H COCTaBJISIJia 2-4 'I. TenJIOBOH acpq>eKT peaKD;HH OKHCJie

HHSI IlHPHTa Il03BOJISIJI BeCTH npon;ecc npH 140-150 °C 6ea AOilOJIHHTeJib

Horo IlOAOrpeBa IlYJibilbl. TeXHHK0·3KOHOMH'leCKHe pacqeTbl IlOKa3aJIH, 

'ITO aBTOKJiaBHasi: TeXHOJIOrHSI o6ecne'lHBaeT AOCTaTO'IHO BblCOKYIO CTeneHb 

H3BJie'leHHSI ypaHa H3 CJiaHn;eB H CHHmeHHe ero ce6eCTOHMOCTH B rOTOBOH 

IlPOAYKD;HH. 

HTaK, n;eJibIO paapa6oToK BcecoroaHbIX HHCTHTYTOB BHMCa H 

BHHHXTa 61>IJI0 B ocHoBHOM H3BJie'leHHe Ha cJiaHn;ee ypaHa, a nonyTHo 

- MOJIH6AeHa H BaHaAHSI. CpeAH H3y'leHHbIX B 1970 r. HanpaBJieHHH 

HaH6oJiee nepcneKTHBHbIM 6bIJI npHaHaH MeTOA KHCJIOTHOro aBTOKJiaBHOro 

BblmeJia'IHBaHHSI, aa HHM CJieAOBaJia 6HOXHMH'leCKaSI (6aKTepHaJibHasi:) 

cxeMa. 8TH MeTOAbl Il03BOJISIIOT H3BJieKaTb H3 CJiaHn;eB B cpeAHeM 

70-76 % ypaHa. HaBJie'leHHe me MOJIH6AeHa H BaHaAHSI npH 3TOM 6blJIO 

3Ha'IHTeJibHO HHme, a H3BJie'leHHe MaKpOKOMilOHeHTOB (Al, K H AP,) He 

npeAyCMaTpHBaJiocb BOBCe. 

B Te me rOAbl IlOHCKH npOMblWJieHHOH TeXHOJIOrHH AJISI nepepa60TKH 

AHKTHOHeMOBblX CJiaHn;eB BeJIHCb H a 8CTOHHH. B HX 6bIJia IlOCTaBJieHa 

aaAa'la paapa6oTaTb KaK MOmHO 6oJiee KOMilJieKCHYIO cxeMy H3BJie'leHHSI 

H3 CJiaHn;eB He TOJibKO ypaHa, HO H APYrHX KOMilOHeHTOB. C 3TOii: n;eJibIO 

a ceKTOpe o6oraTHTeJibHblX npon;eccoB HHCTHTyTa IlOA PYKOBOACTBOM o. 
KHppeTa H P. Koxa B 1960-1975 rr. HayqaJIHCb eoaMomHocTH H3BJie'le

HHSI MeTaJIJIOB H3 CJiaHn;eB B Jia6opaTopHbIX YCJIOBHSIX: 1) XJIOpHpoBaHHeM 

(JI. PIOHAaJI), 2) B03AeHCTBHeM cepHHCToii: KHCJIOTbl (r. Pasi:Jio), 3) aaoTHOH 

KHCJIOTOH (H. THMOq>eeea), 4) cepHoii: H APYrHMH KHCJIOTaMH H meJIO'laMH 

(8. MapeMsi:3 ). 

B npon;ecce XJIOPHPOBaHHSI IlPOAYKTOB nepepa60TKH CJiaHn;eB 6blJI HC

IlOJib30BaH raaoo6pa3HblH XJIOP B npHCyTCTBHH BOCCTaHOBHTeJieii:. IIpH 

XJIOPHPOBaHHH CMeCH q>JIOTan;HOHHoro OTXOAa H APeBecHOro yrJI.R B OilTH

MaJibHbIX ycJIOBH.RX npon;ecca (TeMnepaTypa 765-860 °C, npoAoJimH

TeJibHOCTb 40-70 MHH, HCXOAHaSI KOHD;eHTpan;HSI XJIOpa 50-100 %, co

AepmaHHe yrJiepo,n;a a IlOJIYKOKCe 22 % H CKOpOCTb ABHmeHHSl IlOTOKa 

XJiopa MeHee 60 CM/MHH) CTeneHb H3BJie'leHHSI 3JieMeHTOB COCTaBHJia, % : 

U 93, Mo 100, V 72, Ti 100, Fe 96, Al 93, K 93, Mg 85 H SiO2 

62. KorAa B Ka'leCTBe HCXOAHoro CblpbSI HCilOJib30BaJIH IlOJIYKOKC, CTeneHb 

XJIOPHPOBaHHSI MaKpOKOMilOHeHTOB AOCTHraJia 60-80 %, a AJI.R peAKHX 

H pacceSIHHblX 3JieMeHTOB AOXOAHJia AO 100 %. 

QqeBHAHO, 'lTO XJIOpHpOBaHHe npeACTaBJISleT co6ou: 3q>q>eKTHBHblH Me

TOA KOMilJieKCHOii: nepepa6oTKH CJiaHn;eB. OAHaKO XJIOPHPOBaHHe no 

CBOeMy xapaKTepy - npon;ecc BeCLMa HenplUlTHblH, CBSI3aHHL1R C annapa

TypHbIMH TPYAHOCT.RMH, Tsi:meJibIMH yCJIOBHSIMH TPYAa H aarpsiaHeHHeM 

cpeAbl, HeAOCTaTKaMH MeTOAa SlBJISIIOTCSI TaKme Heo6XOAHMOCTb npHcyTCT

BHSl BOCCTaHOBHTeJI.R B npon;ecce XJIOPHPOBaHHSI H TPYAHOCTH C peaJIHaa

n;HeH orpoMHblX KOJIH'leCTB TeTpaXJIOPHAa KpeMHHSl, o6paayromeroca B 

npon;ecce. 

B CJiyqae HCilOJib30BaHHSI CYJibq>HTHoro MeTOAa 30Jiy CJiaHn;eB o6pa6a

TblBaJIH BOAHbIMH pacTBopaMH cepHHCToro aHrHAPH,D;a ( cepHHCTOH 

KHCJIOTOH). IIoJiy'leHHblH pacTBOp OTAeJISIJIH OT OCaAKa H nocpeACTBOM 

KHilH'leHHSI ocymecTBJISIJIH Aecop6n;HIO cepHHCToro aHrHAPHAa c OAHOBpe

MeHHbIM ocamAeHHeM cy Jibq>HTHoro KOHD;eHTpa Ta H3 paCTBopa. HaBJie'le

HHe 3JieMeHTOB B paCTBOP H3 30Jlbl, IlOJiy'leHHOii: IlPH cmHraHHH CJiaHn;eB 

MaapAycKoro MecTopomAeHHSI npH TeMnepaType 550 ° C, B Jia6opaTopHbIX 
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OilhITaX npH KOMHaTHOH TeMnepaType (16 - 21 °C) H nap:u;HaJibHOM ,ll;aBJie
HHH cepHHCToro raaa P.0 , 0,1-1,0 aT 6hIJIO cne;i;yrom;HM, % : U 76, Mo 
53, V 42, Ti 4, Fe 28, Al 4,5, K 3. B yKpynHeHHhIX na6opaTopHhIX 
OilbITaX npH 10-KpaTHOH pe:u;HpKyJIHI.J;HH K03q>q>HI.J;HeHThI HaBJie'leHHSI OT
;i;eJibHhIX 3JieMeHTOB OKaaaJIHCb HHme (B CJiy'lae ypaHa, HanpHMep, TOJibKO 
56-57 %). KaK BH,ll;HO, CYJibq>HTHhIH MeTO,ll; He CJIHIIIKOM aq>q>eKTHBeH 
,ll;JIH nepepa6oTKH cJiaH:u;eB. 

IlpH HCCJie,ll;OBaHHH aaOTHOKHCJIOTHOH nepepa6oTKH CJiaH:u;eB B Ka'leCTBe 
HCXO,ll;Horo ChlpbSI HCilOJibaOBaJIH aoJiy, noJiy'laeMyIO cmHraHHeM CJiaH:u;eB 
B TOilKe c KHil~HM CJIOeM npH TeMnepaType 800 °C. IlpH BbIID;eJia'IHBa
HHH aoJihI cJiaH:u;eB TooJicecKoro MecTopom;i;eHHH 20 %-HOH aaoTHOH KHc
JIOTOH npH OTHOIIIeHHH T-m 1 : 5 H TeMnepaType 100 °C HaBJie'leHHe 
aJieMeHTOB B pacTBop cocTaBHJio, %: U 75, Mo 66, V 98, Ti 16, Fe 
34, Al 22, Ni 72, Cu 93, Ca 65. BH;i;Ho, 'ITO 3THM MeTO,ll;OM nepcneKTHBHO 
HaBJie'leHHe Ha CJiaH:u;eB JIHIIIb TSimeJibIX MeTaJIJIOB, a ,ll;JIH MaKpOKOMilO
HeHTOB OH Heaq>q>eKTHBeH. 

PaanomeHHe CJiaH:u;eB co m;eJIO'laMH npoBO,ll;HJIH KaK B HOpMaJibHhIX 
ycJIOBHSIX, TaK H npH IlOBbIIIIeHHhIX ;i;aBJieHHH H TeMnepaType. B nepBOM 
cJiyqae cJiaH:u;hI Maap;i;ycKoro MecTopom;i;eHHH paaJiaraJIHCb c 10 %-HhIM 
paCTBOPOM rH,ll;POOKHCH HaTpHSI npH COOTHOIIIeHHH T-m 1 : 3 H TeMnepa
Type 100 °c B Te'leHHe 30 MHH. HaBJie'leHHe 3JieMeHTOB B paCTBOP COCTa
BHJIO, % : U 18, Mo 54, V 21, Ti 1, Cu 21, Ni 9, Zn 12. B onbITax 
B aBTOKJiaBe B Ka'leCTBe HCXO,ll;HOro Bem;ecTBa 6paJIH aoJiy, IlOJiy'leHHYIO 
npH CmHraHHH CJiaH:u;eB Maap;i;ycKoro MeCTopom;i;eHHSI B CJIOe npH TeMne
paType 450 °c. 3oJiy o6pa6aThIBaJIH paCTBOpoM 10 %-HOH rH;i;poOKHCH 
HaTpHSI IlpH TeMnepaType 150-160 °C H ,ll;aBJieHHH 6-9 aT B Te'leHHe 
2 'I. CTeneHb HaBJie'leHHSI 3JieMeHTOB B paCTBop COCTaBHJia, % : u 19' 
Mo 86, V 25, Ti 7, Cu 23, Ni 19, Zn 27. AHaJiorH'IHhle onbIThI c HCilOJib
aoBaHHeM 10 %-Horo paCTBOpa Kap6oHaTa HaTpHSI OKaaaJIHCb 6oJiee 3q>
q>eKTHBHhIMH TOJibKO B OTHOIIIeHHH ypaHa - ero HaBJie'leHHe COCTaBHJIO 
34 % npH HOpMaJibHOM ;i;aBJieHHH H 41 % B aBTOKJiaBe. PaaJiomeHHe 
CJiaH:u;eB m;eJIO'laMH OKaaaJIOCb HenepcneKTHBHhIM. 

Ha MHOrO'IHCJieHHhIX Hay'leHHhIX B HX BapHaHTOB rH,u;poMeTaJIJiyprH'le
CKoro HaBJie'leHHSI MeTaJIJIOB H3 CJiaH:u;eB TeXHOJIOrH'leCKH HaH6oJiee nepc
neKTHBHhIM OKaaaJICSI cepHOKHCJIOTHhIH cnoco6, OCHOBaHHhIH Ha paaJiome
HHH aOJihI CJiaH:u;a cepHOH KHCJIOTOH. ,l1;JIH Hero 6bIJI paapa6oTaH H npoBe
peH B yKpynHeHHhIX Jia6opaTOPHhIX OilbITax (B. AxeJIHK) BapHaHT KOMil
JieKCHOH nepepa6oTKH cJiaH:u;eB TooJicecKoro MecTopom,u;eHHH. Ilpe,u;Jio
meHHYIO TeXHOJIOrH'leCKyIO cxeMy KOMilJieKCHOH nepepa6oTKH, KOTopaSI 
B o6m;Hx qepTax 6bIJia OilHCaHa B CTaTbe [l], 6oJiee ;i;eTaJibHO HJIJIIOCTpH
pyeT PHCyHOK. 

Ilo 3TOH cxeMe ,u;o6bITble CJiaHI.J;hI ;i;po6SITCSI H HaMeJib'laIOTCSI ,ll;O KpynHo
CTH -5 MM. HaMeJib'leHHhIH MaTepHaJI o6mHraIOT B TOilKe c KHilSIID;HM 
cJioeM (P. Yyacoo H P. JfaaHe) npH TeMnepaType 800-810 °C ;i;o noJIHoro 
BhlropaHHH opraHH'leCKOH 'laCTH. Ha raaoB, o6paayrom;HXCSI npH ropeHHH 
CJiaH:u;eB, npe;i;ycMaTpHBaeTCSI YTHJIHaoBaTb cepHHCThIH aHrH,ll;PH,ll; H HC
IlOJibaOBaTb Ha6bITO'IHOe TeilJIO ,Zl;JISI IlOJiy'leHHSI 3JieKTP03HeprHH. IloJiy
'leHHYIO npH o6mHre ropSl'lyIO aoJiy CMeIIIHBaIOT C 75 %-HOH cepHOH KHC
JIOTOH npH T-m 4: 3 ;i;o o6paaoBaHHH o,u;Hopo;i;HoH nacThI, KoTopyro 
npoKaJIHBaIOT BO Bpam;arom;HXCSI Tpy6'1aTbIX ne'laX npH TeMnepaType 
250-300 °CB Te'leHHe 10-15 MHH. IloJiy'leHHhIH npo;i;yKT BbIID;eJia'IHBa
IOT BO,ll;OH no MHorocTyneH'laTOH nepKOJISID;HOHHOH cxeMe ,Zl;O Hachlm;eHHSI 
paCTBOpa aJIIOMHHHeBo-KaJIHeBhIMH KBac:u;aMH. IlpH 3TOM HaBJie'leHHe 3Jie
MeHTOB B pacTBop cocTaBJISieT, %: U H V 80-90, Mo 65-75, Ti H 
Fe 60-70, Al 40-50 HK 25. 

Ha HaChIID;eHHhIX pacTBOPOB npH OXJiam,u;eHHH HX ,Zl;O KOMHaTHOH TeMne
paTyphI (20 °C) BhIKpHCTaJIJIHaOBbIBaIOTCSI KBaCI.J;hI. Hx OT,Zl;eJISIIOT I.J;eHTpH-
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q>yrHpOBaHHeM H nepeKpHCTaJIJIH30BbIBaIOT .zi;o IlOJiy'leHHSI qHcToro npo

,zi;yKTa. JlteJie3o BLI,ll;eJISIIOT H3 q>HJibTpaTa B BH,ll;e KPHCTaJIJIOB cepHOKHC

JI0THoro meJie3a (II) nocJie B0CCTaH0BJieHHSI paCTBopa npH IlOMO~H me

Jie3HbIX CTpymeK, THTaH - rHJJ;POJIH30M (JI. PIOHJJ;aJI), a MOJIH6,zi;eH, BaHa

,ll;HH H ypaH - HOHHLIM o6MeHoM (P. IlaJIBa,zi;pe), aKcTpaKn;HeH (H. THMO

q>eeBa) HJIH HOHHOH q>JioTan;HeH (H. HoxaHHec). OcTaBwHecst TBep,zi;Lie 

0CTaTKH, ,ll;OJISI KOT0pbIX 0TH0CHTeJibHO HCXO,ll;HOH 30JlbI C0CTaBJISleT 84 %, 

HCil0Jib3YIOT ,ll;JISI H3r0T0BJieHHSI CTP0HTeJibHbIX MaTepHaJI0B (HanpHMep, 

CHTaJIJIOB), KOTOpbie B pe3yJibTaTe npe.zi;mecTBYIO~eH o6pa6oTKH CbIPbSI 

yme He pa.zi;HoaKTHBHbI. 

He.zi;ocTaToK cnoco6a - oqeHb 6oJibWOH pacxo.zi; cepHOH KHCJIOTLI: npH 

npaKTHqecKH Ha6JIIOJJ;aeMOH CTeneHH cepHOKHCJIOTHOro pa3JI0meHHSI 30JlbI 

CJiaHn;eB no pacqeTaM Tpe6yeTCSI 388 Kr 100 %-HOH KHCJIOTbI Ha 1 T 

30JibI. CTOJib BbICOKHH pacxo.zi; KHCJIOTbI ,zi;eJiaeT nepepa6oTKY CJiaHn;eB 0ilH

caHHbIM BLIWe MeT0,ll;0M HepeaJibHOH, Il0CK0JibKY ,ll;0CTaToqHo aq>q>eKTHB

HLie cnoco6LI pereHepan;HH HCilOJib30BaHHOH cepHOH KHCJIOTbI He H3BeCT

HbI. 

HTaK, Ha cero,ll;HSIWHHH ,zi;eHb CBe,zi;eHHSI 0 TeXH0JI0rHH H3BJieqeHHSI Me

TaJIJI0B H3 ,ll;HKTHOHeM0BbIX CJiaHn;eB 8CTOHHH Il03BOJISIIOT 3aKJIJOqHTb CJie

.zi;y10~ee. 

- BcTpeqaJO~HeCSI B JIHTepaType yTBepm,zi;eHHSI 06 0TCYTCTBHH HCCJie

,ll;OB8HHH B o6JiaCTH TeXHOJIOrHH nepepa6oTKH ,ll;HKTHOHeMOBbIX CJiaHn;eB 

8CTOHHH He CO0TBeTCTBYIOT ,zi;eHCTBHTeJibHOCTH. 

- CooTBeTCTByIO~He TeXHOJIOrHqeCKHe H3bICKaHHSI npoBO,ll;HJIHCb HaqH

H8SI C 1944 r. B HeCK0JibKHX HayqHO-HCCJie,ll;OBaTeJibCKHX opraHH38Il;HSIX 

CoBeTCKOro Co10aa, B TOM qHcJie H B 3CTOHCKHX. 

- ,ll;HKTHOHeMOBLie CJI8HIJ;bI Tpy,zi;Hopa3JI0»(HMbI H Tpy,zi;Hoo6oraTHMbI. 

8KOHOMHqecKH peHTa6eJibHLie H KOHKypeHTOCilOC06Hbie TeXHOJI0rHH H3B

JieqeHHSI H3 HHX HHTepecyIO~HX np0MbIWJieHHOCTb MeTaJIJI0B B CoBeTCKOM 

Co10ae noKa He paapa6oTaHLI. 

. - B CBSl3H C OTKpbITHeM B 8CTOHHH 6oraTLIX q>ocq>opHTOBbIX MecTopom

,zi;eHHH, BO BCKpbIWHOH TOJI~e KOTOpbIX 3aJieraIOT 3HaqHTeJibHbie aanacLI 

,ll;HKTH0HeM0BbIX CJiaHn;eB, oco6o 3JI06o,zi;HeBHOH CT8HOBHTCSI Heo6xo,zi;H

MOCTb npo,zi;oJimaTb IlOHCKH C0BpeMeHHbIX TeXHOJI0rHqecKHX cnoco6oB 

KOMilJieKCHoro H3BJie'leHHSI H3 CJiaHn;eB Bcex IlOJie3HbIX KOMilOHeHTOB. He

o6xo,zi;HM coBepweHH0 HOBLIH no.zi;xo.zi; K aToH cJiomHoH npo6JieMe, KOTopLIH 

ll03BOJIHJI 6LI paapa60T8Tb 3K0HOMHqecKH H 3K0JioruqecKH onpaB,ll;8HHbie 

TeXHOJioruqecKHe pemeHHSI. 
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A PROBLEM OF COMPLEX PROCESSING OF ESTONIAN ALUM SHALE 
AS A RAW MATERIAL FOR METALLURGY 

At present, investigations into the technology of extracting metals from 
Estonian alum shale allow us to draw the following conclusions . 

- Statements in the technical literature about the absence of research 
into the Estonian alum shale technology are not true. 

- The respective technological research was carried out in a number of 
research institutes in the Soviet Union in 1944-1975. The most promising 
methods worked out by them are the following. 

- The method of heap bacterial leaching of metals from lump material 
of alum shale developed in the All-Union Institute of Mineral Raw Materials. 
This is the simplest method which does not require building of big plants 
and large expenses for chemical agents, and still enables us within 3 to 5 
months to extract from alum shale 70 to 80 % of uranium, 40 to 60 % of 
molybdenum and 13 to 20 % of vanadium. The principal drawbacks of the 
method, besides incomplete utilization of alum shale, are the need for a large 
territory for the industry and pollution of the environment. 

- _The metho~ of oxidizing autoclave leaching of alum shale with subsequent 
sorpti~m extraction of uranium from the acid pulp with anion-exchange resin. 
In this process, extraction of uranium into solution during 2 to 4 hours is 
73 to 76 %, The extraction of other metals was not even considered and thus, 
the method developed in the AU-Union Research Institute of Chemical 
Technology cannot be considered economical. 

- Th7 sulfuric acid_ method of complex extraction of metals developed in 
the Institute of Chemistry, Academy of Sciences of the ESSR. It involves 
burning the alum shale in a fluidized bed at 800 °C and subsequent processing 
of ashes by sulfuric acid. In this case, extraction of elements into solution 
is as follows, %: U and V 80 to 90, Mo 65 to 75, Ti and Fe 60 to 70, 
Al 40 to 50, K 25. Aluminium potassium sulfate (alum) is crystallized from 
the sulfu~i~ acid ~oluti?n as a marketable product after further purification. 
The remaining residue 1s processed into ceramic. 

~ccording to calculations, co_nsumption of sulfuric acid is 388 kg of 100 % 
acid per 1 t of ashes. Such a high level of consumption of sulfuric acid makes 
this process at present impractical since there are no sufficiently efficient 
methods for sulfuric acid regeneration yet. 
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We can conclude that alum shale is a valuable complex mineral raw material. 
In connection with the discovery of rich deposits of phosphates in Estonia 
(in the upper layers of which there are large deposits of alum shale), the 
necessity to carry on technological research in order to develop methods of 
complex extraction of all useful components from alum shale becomes especially 
urgent and topical. So far, methods like this are non-existent. It is highly 
necessary to develop entirely new, ecologically nonhazardous and economically 
justified approaches. 

Academy of Sciences of the Estonian SSR, 
Institute of Chemical and Biological Physics 
Tallinn 
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I'OPIOTJHE CJIAHil,bl 
OIL SHALE 

1989 6 / 1 

Y,ll;K 665.7.032.57(7 + 81 + 474.2) 

B.M.E~HMOB,X.A.KYH4E~b 

TEXHOJIOrHqECKHE CBOHCTBA rOPIOqffX CJIAHD;EB 
MECTOPOm,ll;EHHH rPHH PHBEP H HPATH 

KaK H3BeCTHO, CaMhle KpynHhle B MHpe Mecropomµ;eHH.fl ropIO'IHX CJiaHii;eB 

pacnoJiomeHhl B CillA (I'pHH PHBep) H BpaaHJIHH (nepMCKHe cJiaHn;hl 

q>OpMaIJ;HH HpaTH). IloaTOMy He CJiy'laHHO TO, 'ITO HMeHHO TaM Beµ;yTC.fl 

cepbe3Hhle HCCJieµ;oBaHH.fl 8THX HCKOnaeMhIX. TaK, paapa60TKa npo6JieMhl 

HCilOJib30BaHH$1 HX ,ll;JI.fl npOH3BO,ll;CTBa HCKyCCTBeHHOI'O »tH,ll;KOI'O TOilJIHBa 

,ll;OBeµ;eHa µ;o HCilhITaHHH Ha KPYilHhIX OilhITHO-npOMhIIIIJieHHhIX ycTaHOB

Kax. 

IlpH conocTaBJieHHH acpcpeKTHBHOCTH H oco6eHHOCTeH OCBaHBaeMhIX B 

CillA H Bpa3HJIHH H OTe'leCTBeHHhIX cnoco6oB IlOJIYKOKCOBaHH.fl ropIO'IHX 

CJiaHn;eB O'leHb Ba»cHO 3HaTb, KaKOBhl cnen;Hq>H'leCKHe CBOHCTBa TeXHOJIO-

Ta6Jluu,a 1 
XapaKTepBCTHKa o6pa3~0B ropIO'IBX CJiaH~eB, % 

IloKaaaTem. MecTOpOlKAeHHe 

I'pHH HpaTH :3CTOHCKOe 
PHBep 

CoAepmaHHe: 
BJiara 0,36 2,6 
,ll;HOKCHA yrJiepOAa (CO2)t 17,3 2,6 18,7 
3oJia npoKaJIHBaHHH Ad 68,3 79,8 46,5 
YcJIOBHas: opraHH•rncKas: Macca (YOM) 14,4 17,6 34,8 
Cepa o6~as: st 0,65 4,19 1,85 

B TOM 'iHCJie: 
cy JII,cpa THas: 0,02 0,04 0,05 
nHpHTHaH 0,35 4,00 1,30 
opraHH'leCKaH (no pa3HOCTH) 0,28 0,15 0,50 

YAeJihHaH TenJIOTa cropaHHH Qg. M,D;m/Kr 5,36 5,61 13,40 
BhIXOA npOAYKTOB B peTopre (rOCT 3168-66): 

CMoJia 9,7 7,0 23,6 
BoAa nHporeHeTH'lecKas: 1,2 1,3 1,8 
I!OJiyKOKC 86,7 88,2 69,5 
raa H nOTepH (no paaHOCTH) 2,4 3,5 5,1 

BhIXOA CMOJihl Ha YOM 67,4 39,8 67,8 
XHMH'leCKHH COCTaB 30Jihl: 

SiO2 44,3 60,3 23,1 
CaO 20,5 2,8 56,5 
MgO 7,4 3,1 4,2 
AbO3 12,8 13,2 4,9 
Fe2O3 5,5 12,0 4,4 
Na2O 3,5 } 6,9 } 2,5 
K2O 2,8 
803 2,4 1,7 3,3 

Ii Toro 99,2 100,0 98,9 
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