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In our earlier paper [1], a method for beneficiating organic-poor oil
shales, argillites from the Maardu phosphorite deposit hear Tallinn,
northern Estonia, was suggested. Due to their desulfuration and enrich-
ment in kerogen in the beneficiation process argillites may be used more
effectively in power engineering or for oil production. We have pre-
viously shown [2] that the mineral composition of the argillites deposited
in northeastern Estonia (Toolse phosphorite deposit) undergoes alter-
nations. The content of pyrite is higher and that of kerogen and clay
minerals lower in Toolse argillite than in Maardu argillite. While pyrite
and quartz in Toolse argillite are represented mainly by macrocrystals
and concretions, its kerogen is highly associated with the mineral part,
unlike Maardu argillite in which the fine-grained pyrite is impregnated
with quartz and clay minerals and its kerogen may be separated with
high recovery (~92 %) [1]. This study aims at providing data on the
beneficiation process of the Maardu argillite in order to show its appli-
cability to Toolse argillite. To increase the kerogen content of argillite
and carry out its desulfuration the combined processes of hydrocycling
and flotation are used. The argillite sample from the Toolse deposit was
crushed to a size smaller than 3 mm and then wet-ground in an impact
mill. The material obtained had the following grain size characteristics:

—0.050 mm 68.9 %

—0.100 + 0.050 mm 14.9 9%,

—0.200 + 0.100 mm 9.4 %
+ 0.200 mm 6.8 %

The basic flow sheet for beneficiation of argillite is shown in Fig. 1
with respect to kerogen and in Fig. 2 with respect to pyrite. In the hydro-
cycling process kerogen is separated as a light fraction (recovery 76.9 %)
and pyrite as a heavy fraction (recovery 87.0 %). The kerogen content of
the light fraction increases to 24.1 9%. The heavy fraction is subjected
to additional hydrocycling for a more complete recovery of kerogen.
As a result of the double hydrocycling of argillite a heavy fraction
with a yield of 27 9% and pyrite content of 18.9 9% was obtained. The
fraction was further directed into the flotation process of pyrite. The
recovery of kerogen in the heavy fraction is only 6.9 %.

The light fractions from both hydrocyclings are fed into the flotation
process of kerogen. Flotation is carried out on a 12-1 laboratory flota-
tion plant. As reagents the light-middle fraction of the generator
shale oil and phenolate are used. The flotation and subsequent purifica-
tion of the light fraction afford the total concentrate containing 59.5 %
of kerogen at a recovery of 53.1 %. It must be pointed out that the
flotation tails are not redirected to the flotation process, but they
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Fig. 1. Basic flow sheet for beneficiation of Toolse argillite to obtain
kerogen concentrate

Puc. 1. IlpyHnunuanbHas cxeMa ofOramleHUsl JUKTHOHEMOBOrO CJIaHIIA

Toosceckoro MECTOPOMKAEHHUHA C LEeJbI0 NMOJy4YeHHSA KOHIEHTpPaTa Kepo-
reHa
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Fig. 2. Basic flow sheet for beneficiation of Toolse argillite with
respect to pyrite ;

Puc. 2. IlpuHIMnuaIbHasa cXxeMa o0oralleHus AUKTHOHEMOBOTI'O CJIaHIla
To00JICEeCKOr0 MECTOPOKAEHUA C IeJbI0 U3BJIEYEeHUS ITUPHUTA

are removed for further analysis. This explains the relatively low
recovery of kerogen. The total concentrate yield is 15.5 %. The recovery
of pyrite in the total kerogen concentrate is only 4.1 %. In the hydro-
cycling process the recovery of kerogen in the heavy pyrite fraction
in the first stage is 23.1 % and in the second stage, 6.9 %. Accordingly,
this additional hydrocycling allows increasing the total recovery of
kerogen in hydrocycling processes to 93.1 %.

The heavy fraction of the double hydrocycling (yield 27.59%) is
directed into the flotation process of pyrite (Fig. 3). In this case, potas-
sium butyl xanthate and turpentine oil serve as reagents. In the first
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Fig. 3. Basic flow sheet for beneficiation of Toolse argillite to obtain
pyrite concentrate

Puc. 3. IlpuHOunuanbHas cxemMa 060ralieHusd JUKTHOHEMOBOTO CJIaHIIa
T0OJICECKOTO MEeCTOPOMKIEHHS C LEJbI0 IOJNYYeHHUS IHUDPUTOBOTO KOH-
HeHTpaTa

Characteristics of the beneficiation products of Toolse argillite, wt.-%
XapakTepHCTHEA NPOAYETOB oforamenusa Toonceckoro apruaamra, %

Material Yield Assay in Recovery of Assayin Recovery of
kerogen kerogen pyrite pyrite

Feed 100.0 17.3 100.0 6.2 100.0 -

Light hydrocycling :

fraction (B-1) 55.4 24.1 76.9 1.0 13.0

Heavy hydrocycling

fraction (A-1) 446 9.0 231 12,5 87.0

Heavy double hydro-

cycling fraction (A-2) 27.5 2.4 6.9 18.9 83.3

Total kerogen

concentrate 15.5 59.5 53.1 % £ 4.1

Kerogen flotation

tails (T;-1) 11.8 4.2 2.8 0.5 1.0

Total pyrite concentrate  10.5 — — 48.8 80.5

Pyrite flotation tails

(Ts-3) 5.6 - - 1.9 1.7

stage pure pyrite is separated in the form of concretions (concentrate
assay in pyrite is 97.8 %). The tails undergo further flotation and in
the second stage the fine dispersed pyrite is separated. The tails from
the last flotation are almost pure quartz (assay in quartz 88.5 %) [2].
The total pyrite concentrate contains 48.8 % of pyrite with a high

recovery — 80.5 %.
In the Table the beneficiation products are characterized. In the bene-
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ficiation process of argillite the concentrates of " kerogen (yield
~15—20 %) and pyrite (yield ~10—15 %), as well as the mineral residue
(~65 9%) can be separated.

To sum it up the flow sheet presented enables beneficiation of Toolse
argillite relative to kerogen, as well as removal of pyrite. The application
of the above processes depends on the mineral composition and nature
of raw materials, and hence, different approaches, such as additional
grinding of beneficiation intermediates, may be required.
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Pe3srome

B namreii npexbpigymeii crathbe [1] 6bl1a mpejacTaBaeHa cxeMa OGOraleHUsl JUKTHO-
HEMOBOrO cJIaHIla MecTopokaeHusi Maapay ¢ menbio ero Gosee adhdeKTHBHOrO
HCIIOJIb30BaHUA B dHepreTuke. IIpensioikeHHOe KOMOMHHDOBAHHOE IIPHMEHEHUE
METOAO0B THJPOIUKJIOHUDPOBAHUS U (DIOTALMU INO3BOJSET IIOBBICUTH COAEpPIKaHHE
KeporeHa ¥ IIPOBOAMTEH obeccepuBaHMe ClaHIa. B maHHO# cTaThe obCykpaercs
BO3MOXHOCTh IIDHMMEHEHHS IIPEeIJIOKEHHON CXeMBI AJid O0OramieHus JUKTHOHE-
MOBOro cjaHIna MecTopoxkgeHuss Toonce. Kak maBectHo [2], TOoJsicecKHMii QUKTHO-
HEMOBHIH CJIaHel] OTJIUYAeTCA OT MaapAyCKOTO CJIAaHIA HAJWYUEM YaCTH [MHUDPHUTA
B BHJle KOHKPeIMH M MaKpPOKDHUCTAJJIOB, & TaKXXe TOHKHUM B3aHMOIIPOPACTaHHUEM
KeporeHa ¢ MUHepPaJbHOHW 4YacThIO CJIAHIA.

ITo HamIUM JaHHBIM, B IIPOLIECCE THAPOIUKIOHUPOBAHUSA U3MEIbYEHHOrO CIaHIa
B CJIMB BEIZieJIfAeTCA KeporeH npH usBiedeHuu 76,9 % (puc. 1), a B mecku — mupur
c¢ usBiedenuem 87,0% (puc. 2). CormacHo 0oGcykgaeMoil cxeme CJIHMB HANpAaB-
Jdercsa B IIpouecc GJOTAIUM, I'Ae IOJy4aeTcss KOHUEHTPAT KEepOoreHa, COoAepsKa-
HHEe KOTOpOro B KOHIeHTpaTe cocTraBiaseT 59,5 %. IlecKu IruApOIMKJIIOHHPOBA-
HUSA HaANPaBJAIOTCA B Ipomecc GJIOTAWU LJIs BHIJEJNEHHUA IHPUTHOIO KOHIEHT-
pata (puc. 3). B mepBoii crazuu GIOTAUN BEIAEJAETCS YUCTHIA MaKPOKDPHUCTAJLIM-
YeCKMH ITMPHUT, 3aTe€M — TOHKOAMCIIEPCHBINA, CBA3aHHBIA C KEPOT€HOM ¥ MUHEpPAaJhb-
HOM dacTeio ciaHna. Cozep:xkaHuWe NHPHUTA B OOIIEM KOHIIEHTPATE COCTABJISET
48,8 9%, (usBneuenue 80,5 %).

Cyzs mo mOJydeHHBIM JAHHBIM, MOXKHO CAeJIaTh BHIBOJ, 4TO 3G(eKTHBHOCTH
NIPUMEHEeHUA IIpeJJIOKEeHHOH CXeMbl 000oralleHUs 3aBUCHT OT MHHEPAJbHON CTPYK-
TYpbl HMCXOZHOTO MaTepuaja. {18 ZoCcTUKeHUA Gojiee MOJHOrO BHIJEJIEHUS KOH-
IIEHTPAaTOB MOXXHO DEKOMEeHJOBATh JOIOJHUTEJbHOE H3MeJIbUeHHe IIPOMEIXyTOoU-
HBIX NPOJYKTOB IIPEJCTABJIEHHON CXeMbl 00OralleHus.
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