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IIpo6yieMBl pPanMOHAJIBHOIO MCIIOJH30BAHUA DPECYPCOB TBEPABIX TOPIOYHX
HMCKOIIaeMBIX NPHOOpeTaloT BCE GOJBIIYI0O aKTyaJbHOCTh. VI 3mech HaA Imep-
BB IIaH BHEIJBUralOTCS rOpIOYMe MCKOIMaeMble ¢ HHU3KHM COZEpPKaHUEM
opramuvyeckoro semectBa (OB), B ciyyae mepepaboTKH KOTOPBIX OCOGEHHO
OCTpPO CTaBATCHA BOMPOCHI O PAIIMOHAJBHOM 0E30TXOAHON TEXHOJIOTHH H
OXpaHe OKpY’KaloIlei Cpeabl. JHEPreTHYECKOe MCIIOJIb30BaHHWE TOPIOYHX
ciaHueB, Gegueix OB, ociokHAETCS ABYMS OOCTOATENBCTBAMH — DTO
He3Ha4YHuTeJIbHOe cozepxanue OB ¥ mMOBHIIIEHHOE — CEPHI.

B IIpubanTuiCKOM CcJIaHIEBOM OacceiiHe pacIpOCTPaHEHHBI Troplouue
CJIaHIB ABYX THIIOB — AWUKTHOHEMOBBIE CJIAHIH (aprUJIJIUTHI) HHUMXKHETO
OPJZOBHKA M CIAHIBI-KYKEPCHUTHI cpegHero opaosuka [1]. I'maBHOe pasiu-
yue MeXAY HMMH 3aKJI0YaeTcd B TOM, YTO JJIsi IEePBBIX XapaKTEepPHO 3Ha-
YUTEeJbHO MeHbInee cozepixanume OB, Goablnee cozep’kaHUe NHUPHUTA U
TECHOE B3aMMOIIPOPACTAHHE OPraHWYECKOW M MHHepaJbHOH udacru [2].

Cmoco0Onl o6orameHus CJAaHIA-KYKEPCUTA C IeJbI0 MOJIyYeHUsI KOHIEHT-
pata keporeHa (xeporeH-90) ommcansl B [3].- Hamu npepyioskeHa cxema
oboraimeHns AUKTHOHEMOBOI'O CJIAHIA, NMPH KOTOPOH H3MeJIbUeHHBIH Ma-
TepuaJl MOABEPraeTcss rUAPOLMKIOHNPOBAHUIO U (JIOTAIMH.

B kadecTBe HCXOJHOrO MaTepHajla HCIOJAL30BAJH JUKTHOHEMOBEIE
apruJIIuTH MecTopoxaeHui Maapay u Toonce. Cyas mo MHHepaJbHOMY
coctaBy [2], MeXy HMMH HMEIOTCS OIpeJesIeHHBIe pasiuyua. B TooJce-
CKOM apruJIiiTe 3HAYHTEJbHAA YacTh IHUPHUTA U KBapla IPHUCYTCTBYeT
B BHJe KOHKDEIHi M MaKPOKPHCTAJJIOB, YTO CIOCOOGCTBYET UX PACKPHITHIO
B IIpolecce H3MeJbUYeHHsl. B MaapayCKOM AaprujiiuTe — HAIPOTHB —
NHDUT ¥ KBapI UMeIT 6oJjiee TOHKOAUCIIEPCHHIN BUJ, B HEM TaKiKe OosbIne
OB ¥ riIMHHCTHIX MHHEPAJOB (THAPOCIIOZA).

B mepBomM coo6ieHuM ONMHCHIBaeTcd O0OraljeHHe apTUJIIMTA MECTOPOIK-
penua Maapny (4-#1 yuacrok Maapayckoro ¢ochopuTHOr0o Kapbepa).

HUcxoxanyio nmpoby ApoOMIM ¥ HM3MenbYasii CHAYAJIa CYXHM CIIOCOO0M
A0 KDYIHOCTH 3 MM, a 3aTeM — MOKpPHIM 0 KpynHocta 0,05 MM B sna6o-
PaTOPHOM IeHTPOOEXK HO-OTPAKATEJIbHOM MeJbHHIle. 3MeNbUYeHHEBIH MaTe-
pHaJl IOABEeprajid THIPOUMKJIOHUPOBAHHMIO. WM3-3a O6OJBIIOH pa3HUIEI
B nioTHOCTH OB M IMPHUT MOJKHO PAa3JeNHUTh IPH UAPOLHUKIOHUDPOBA HUHU
NyJbIbl: B CJIMB NEePEeXOAUT IJIaBHBIM ob6paszom OB, a B mecku — IHPHT.

CxeMBl oforaijeHMs MaapAyCKOro APrUJIJIMTA IIPHUBEJEHHI HA PHCYH-
kax 1 u 2: mepBaA cxeMa XapakTepuayer pacupexesienue OB, Bropas —
nupuTa. WsBneuenne OB B cimB pocruraer 97,0 % , mupuTa B NMECKH —
47,2 %. IloBTOpHOE THAPOLMKJIOHNDPOBAHHUE CJMBA yBeJIHUYMBaAEeT H3BJede-
HUe mupura no 56,6 %.

CauB TpeTrbero ruApOLUKJIOHMPOBAHUSA, KOTODHIH coctaBasan 72,4 % orT
HMCXOAHOro MaTepuaya u O6bia oboramen no 24,5 9%-sHoro cozepsxkanus OB
npH HU3BJIedeHUH ero o 94,5 %, HanpaBasau Ha paoranuio. Ee ocymecTs-
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nsaau B naboparopHoi ¢gioromamune 60 A-PJI: BmecTumocts 12 i, coor-
HOIIIEHWE TBePAOi U Kuakoi ¢das B nyasmne T : 3K = 1 : 5, hroTopeareHTHl
cianuesasa cmona (1,35 kr/rt) u cinanuessit denonsar (2,78 kr/T).

Ilocyie YeTHIPEXKPATHOM MEPEOYUCTKH B mpolecce (GJIOTAanuu OB TOJY-
YeH IeHHBIA NIPOAYKT, conepxamuii 64,0 % OB (usBieuenue 89,5 %).
XBocTel ¢aoranuu cozepkanu 2,1 % OB, usBiIeYeHMe B KOHIEHTpAT
nuputa 6BI70 HesHauyuTeabHbiM — 11,2 9% . Konmenrpar OB cocraBuix
26,3 9% OT MCXOZHOIro MaTepHajia, YTO CBHJAETEJIbCTBYET O CYIIeCTBEHHOM
YMEHBIIeHUH KOJHMYeCTBa MaTepHajia AJdA JaJbHellned paspaborku. iasa
JOMOJHUTELHOTO U3BJIEYEHUsI IMHPHTA OTXOABI (JoTanmuu IOABEPrIX
rUAPOIMUKJIOHU POBAHHUIO. '

Ilecku OT Tpex TrHApPOIMKJIOHHPOBaAHHMN, B cymMMe cocraBiasoomue 27,6 %
OT MCXOJHOI'0O MaTepuasa, 66K 00'befHHEHEl U BHOBD ITOJBEPIrHYTHI I'UAPO-
IUKJOHUPOBAHUIO JJIsI OYMCTKHU OT ocTaBulerocs B HUX OB u KOHIEHTDHU-
POBaHHMSA NMUDPHUTA, B pe3yJbTaTe Yero ero cozep:xkanme gocruryuo 13,7 9%.
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Puc. 1. IlpuHuunuaabHas cxemMa o6oralleHus JTUKTHOHEMOBOIO CIAHIA
MaapaycKoro MeCTOPOMKIEHHUS C IeJIbI0 MOJydeHus KoHieatpara OB.
Yenosusble o6o3nauenusa: OF — ucxonuas pyna; L — cinus; H — mecku;
HC — ruzpouukaounuposanue; OMC — menHsIif nponykT; T — oTxox;
F — daoranusa; TC — cymmapusii koruearpatr OB; vy — Beixon, %:;
a — copmepxanue OB, %; ¢ — ussmeuenue OB, % (v, a, & IpUBEAEHEI
B CTOJIGMK B COOTBETCTBYIOIIEM B IOPSALKE)

Fig. 1. Basic flow sheet for beneficiation of Maardu alum shale to
obtain organic matter (OM). Legends: OF — ore feed, L. — light
fraction, H — heavy fraction, HC — hydrocycling, OMC — OM
concentrate, T — tailings, F — flotation, TC — total concentrate,
y — yield, wt.-%, a — assay in OM, wt.-%, ¢ — recovery of OM, wt.-%
(v, a, € are given in the column, in the respective order)
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Puc. 2. TIpusnunuaabHad cXxemMa oboramieHusd JUKTHOHEMOBOrO CJIaHIa
MecTOpoKaeHus: Maapay C ILeJbI0 HM3BJIE€YEeHHUS ITHPHUTA. Y CJIOBHEIE
o6osHauenusa: PC — mnenHsiii nmpoaykr; PF — dJioranus nupwura;
a — comepiKaHue nmupura, %; ¢ — U3BJIeYeHHE MUPHUTA, % (OcTasIbHBIE
CM. B MOAIMACHA K puc. 1)

Fig. 2. Basic flow sheet for beneficiation of Maardu alum shale to
recover pyrite. Legends: PC — pyrite concentrate, PF — pyrite
flotation, o« — assay in pyrite, wt.-%, ¢ — pyrite recovery, wt.-%
(other ones see in the legends to Fig. 1)

CiuB OT mocieAHero rufpONUKJIOHMDOBAHMA OBII HaINpaBjieH HAa (Jio-
Tanuio OB, meckM OT moCHeAHUX THIPOUHKJIOHUDPOBAHUMN OBLIM O6BenH-
HeHBl ¥ HaNpaBJIeHBl Ha (GJIOTAIMIO MHMPHUTA.

CopmepxaHue NHUPUTA B HCXOJHOM [AJiA (JIOTAIlMM MaTepuaje OBLIO
10,5 % npu ussaeuenuu 51,7 %. IIpu daoranuu rupura ¢GJoTopeareH-
TaMu OblnM GyTHakcaHToreHat kKajus (200 r/r) u ckunuzap (2400 r/T),
coorHomenue T : 3K = 1 : 5. ®uoranuio ocyllecTBiaAJu B Jaa6opaTOpHOM
doromamunae ®M-1M BmecTumocThio 1,5 1. B peayabTaTe GBI MOJNy4YeH
KOHIIEHTPAT IHUpPHUTa, copepxkamuii 25,9 % FeS,; npu ussieuenuun 46,6 %.
HyHO oTMeTHTH, 4YTO IpU (IOTALMK INHPHUTA HE HCIOJb30BAJUCH IIECKHU
THAPONMKJJIOHUPOBAHUA OTXOZOB Gioramuun OB, B KOTOPEIX H3BJIEYEHHE
nupuTa cocraBiasio 24,4 %.

JdaHHBIe O IPOAYKTaX O0OrallleHHWs NPUBEJEeHBI B Tabiauie.

PesynpraTel ray6oxkoro o6oramieHus aprujiJIATA MECTOPOKIeHUSA
Maapay mnOKa3BIBAIOT €ro BBICOKYIO 3(M(EeKTUBHOCTHL B oTHomeHuu OB:
IpU BBICOKOM cTenmeHM usBieuyeHusa (92,2 %) 6wv1n monyuen 63,5 % -ubIi
koHIeHTpaT OB. 3HauuTENbHO XyiKe OBIJIM PE3yJbTATHl O MUPHUTY, IIO-
CKOJIBKY OH IIPHCYTCTBYeT B H3Yy4YE€HHOM CJIAHIE 18 OYEeHb TOHKOJIUCIIEpC-
HOM BHJE.
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X apakTepuCTHKAa MPOAYKTOB oboramenus Maapayckoro apruyiarta, %
Beneficiation of Maardu alum shale, wt.-%

Marepuan Brixon Copepxka- Copepxanue
aue OB THPHUTA

Material Yield Assay in Assay in
organic pyrite
matter

HcxonHblit aprujmT

Feed 100.0 18.8 4.0

CiMB ruZipOUMKIOHUPOBA HUA

Light fraction 72.4 24.5 2.4

Konnenrpar OB

Organic matter concentrate 26.3 64.0 1.7

MunepanbHbIi 0TXOH (IoTaAIAKA

Flotation tailings 46.1 2.1 2.8

IlecKky TUAPOLMKJIOHHDPOBAHUS 2

Heavy fraction 19.8 2.1 10.5

KoHnenTpar mupura

Pyrite concentrate ] %1 — 25.9

IIipuBeneHHas cxXeMa IpeJCTaBIAET CO00H OOMH U3 BO3MOXXHBIX BapHMaH-
TOB oborameHus caaHueB, 6egunix OB. Wemaemasa cremeHb obGorameHHA
onpegensiercs ILeJbI0 M CIOCOOOM JajibHEHIIero IPUMEHEHHs KOHIIeHT-
para OB, a TakXe 3KOHOMHYECKHMH coolOpakeHHsSIMH. B cBOIO ouepens,
HeoOXoauMas CTeneHb O0orameHuss 00yCcJIOBIMBaeT BHIOOD COOTBETCTBYIO-
Ier0 BapHAHTA NPUBEACHHOM BHIIIE CXEMBI.

SUMMARY

0Oil shales from some deposits are poor in organic matter (OM). This circum-
stance as well as the high sulphur content make their use as a solid fuel dif-
ficult.

The present paper considers possibilities of enhancing the efficiency of uti-
liZzing such shales by enrichment and desulphuration on an example of Maardu
alum shale, North Estonia. For this purpose, the combined processes of hydro-
cycling and flotation are used (Figs. 1 and 2). By the hydrocycling of the shale
ground to —0.05 mm OM is separated as a light fraction (recovery 97.0 %) and
pyrite as a heavy fraction (recovery 56.6 %). After its additional purification
and enrichment up to 24.1 9%, the light fraction is directed into the flotation
process. The concentrate obtained in 92.3 9% recovery contains 63.5 9%, of OM.

The organic content in the flotation tailings has been decreased to 2.1 9%,.
The recovery of pyrite to the OM concentrate is low, 11.2 %. The heavy fraction
containing 13.7 9% of pyrite is also directed into the flotation process affording
the concentrate in 46.6 % recovery with the pyrite content of 25.9 9%.

The results have demonstrated the applicability of the flow sheet presented
to the beneficiation of OM whose recovery is 92.2 %,. However, such good results
have not been obtained in the beneficiation of pyrite because the OM of Maardu
alum shale is very deeply impregnated with fine-grained pyrite. The characteris-
tics and yields of the beneficiation products are given in Table.
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