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THERMAL ANALYSIS OF PRODUCTS :
OBTAINED BY BENEFICIATION OF DICTYONEMA OIL SHALE
WITH THULE LIQUID

Introduction

It is very difficult to obtain organic matter concentrates from most of oil shales by
common methods of beneficiation. It concerns dictyonema oil shale (DOS) as well.
In the hydrocycling and flotation processes concentrates with 57.8 to 59.5 per cent
of organic matter (Toolse deposit) [1, 2] and 62.2 per cent of organic matter
(Maardu deposit) [1] were obtained. Flotoconcentrate from Toolse deposit (further:
base concentrate) was in its turn enriched with Thule liquid (K,Hgl,) which gave
very rich concentrates, up to 93.4 per cent of organic matter content.

The aim of this study was to characterize concentrates obtained by Thule liquid
beneficiation (thermal and ultimate analysis) and elucidate whether the fractionation
of DOS organic matter takes place by stepwise beneficiation with Thule liquid, or
not.

Base Concentrate

Base concentrate was obtained from Toolse DOS deposit with high pyrite content
(10.1 per cent). Flow sheet for beneficiation of Toolse DOS to obtain base
concentrate was published earlier [2]. It must be stressed that the pyrite content in
the intermediate concentrate of hydrocycling overflow was only 1.0 per cent, but that
of jarosite — 8.0 per cent. The latter is a most characteristic compound arised from
pyrite in the course of natural weathering of DOS.

The content.of pyrite in base concentrate is 1.6 per cent while that of jarosite is 6.7
per cent (!). Also quartz (11.8), hydromica (12.6), feldspar (9.5) and probably some
colloidal oxides of ferrum are present in the concentrate [1]. 57 per cent of organic
matter of DOS reached the base concentrate, 28 per cent — the pyrite concentrate
and only 15 per cent remained in the mineral residue (Table 1).

Table 1. Distribution of Organic Matter between Base Concentrate and
Other Products of Beneficiation of Dictyonema Oil Shale, %

Fraction Yield, [3] | Organic Separation of organic
matter content, [1] matter into fraction

Dictyonema oil shale (feed) 100.0 14.5 100
Base concentrate 15.5 57.8 537/
Mineral residue 57.0 4.2 15
Pure pyrite 251 - -
Pyrite concentrate 14.0 314 28
Pyrite flotation tails 114 - -
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At first concentrate of the highest organic matter content was separated with Thule
liquid diluted with water then concentrates with lesser organic matter content were
obtained by stepwise raising of the density of the solution.

Concentrates

To remove residue of flotoreagents and Thule liquid, concentrates were washed with
water and solvents at room temperature. Organic matter content in washed
concentrates was 59.8 to 93.4 per cent (Table 2). Heating loss of sulphur-rich (7.3
per cent) beneficiation residue was 13.5 per cent. Decrease in organic matter content
of concentrates correlates with decrease in carbon and hydrogen content in organic
matter and also values of atomic ratio H/C. At the same time oxygen content and
values of O/C and N/C were increased. Total sulphur content in concentrates,
determined by method [4], ranges from 1.8 to 3.5 per cent. ;

Table 2. Chemical Composition of Products of Beneficiation, %

Concent- | W* Organic | §¢ Elemental composition, daf Atomic ratio
rate matter
content c H N O4 |H/C |O/C |N/C

(100—4%"
I 32 93.4 1.8 |746 |73 |08 |17.3 |1.17 |0.17 |0.009
i | 3.8 83.5 340 LT2:5: 16 1wk 5411193 111 +]40:20:1]:0:017
I 31 78.4 33 |69.0 |6.0 |22 |22.8 |1.04 |0.25 |0.027
v 4.3 61.9 35 |67.7 |56 |2.0 |24.7 |1.00 |0.27 |0.025
v 4.4 59.8 1:6.. 1:65:1 21:5:3- 210951 27.7. '] 0:98::1:0.32 - 110.025
Residue 1.1 1325 13

*Organic matter content, by thermal analysis data, 90.4, 82.2, 78.4, 59.4, 59.8 and 10.7 %,
respectively.

Thermal Analysis

The thermooxidative destruction of DOS samples and beneficiation fractions with
varying organic matter content was carried out on an OD-102 Q-1000 derivatograph
(TG=50 mg, sensitivity: DTA 250 pV, DTG 500 xV) in air stream (100 ml/min).
Organic matter content of samples was approximately 13 mg. DTA and DTG curves
with varying morphology were obtained (Figure).

Discussion

Three steps in the exothermal period were observed on DTA curves of DOS from
Toolse deposit. The first two of them with maxima at 290 and 345 °C (Figure,
position I) are characteristic to most oil shales including DOS from Maardu deposit
(290 and 370 °C [5, 6]). The third step with a maximum at 410 °C indicates a high
pyrite content in DOS from Toolse deposit, not characteristic to Maardu deposit.
Maximum at 410 °C is also characteristic to pyrite concentrate (Figure, pos. 2),
but it is lacking on DTA curves of base concentrate (pos. 2) as well as of all
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DTA and DTG curves of dictyonema oil shale from Toolse deposit: I - initial oil shale, 2 -
base concentrate, 3 - pyrite concentrate, 4 - mineral residue, 5 - dictyonema oil shale with
uranium content of 450 g/t (450 ppm), I—V - concentrates of stepwise beneficiation with
Thule liquid (see Table 2)
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concentrates of low sulphur content obtained by the use of Thule liquid (positions I
to V). It does not show up on DTA curve of beneficiation residue (pos. 4) either.
The latter curve is suprisingly similar to that of DOS samples of high uranium
content (pos. 5; on the influence of uranium to organic matter see also [6]). A peak
with a maximum at 430 °C is characteristic only to the concentrate of highest content
of organic matter, but it does not belong to pyrite, as the sample includes only 1.8
per cent of sulphur.

There is some ground to believe that the concentrate I differs from the others in
their organic matter composition. Having a higher value of atomic ratio H/C (Table
2) it probably contains more condensed ring systems or/and unsaturated aliphatic
structural elements easily subjected to aromatic condensation during thermal analysis.

DTA curves of concentrates II, III and V (Figure) do not show any similarity with
analogous curves of oil shales or oil shale concentrates studied earlier. The
peculiarity of these curves lies in three very sharp-pointed exothermal peaks at
intervals of 240 to 260, 315 to 340 and 350 to 375 °C.

The organic matter content of those concentrates is considerably higher (83.5 and
78.4 per cent) or almost the same (59.8 per cent) as that of the base concentrate
(57.8 per cent). The latter differs from concentrate V by a very strong exothermal
peak at 260 °C and also by a stronger second peak. As these concentrates contain
equal amounts of organic and inorganic matter, their different DTA curves are
presumably due to different composition of organic and/or inorganic matter.

In order to judge about interaction of mineral and organic matter of DOS in an
oxidative atmosphere one could compare DTA curves of pyrite concentrate and of
pyrite-rich initial DOS. The latter has two exoeffects belonging to organic matter
(peaks at 290 and 345 °C) characteristic to oil shales and one — characteristic to
pyrite (410 °C). The exoeffect on pyrite concentrate DTA curve (at 410 °C) covers
the exoeffects of organic matter of the concentrate although it holds twice as much
organic matter as the initial DOS.

A common view is that the inorganic part of the oil shales affects the reaction of
organic matter both physically and chemically [7]. However, pyrite and also silicates
did not affect the reactivity of the organic matter of oil shale in thermooxidative
destruction reactions, but calcium minerals increased the reactivity of the aromatic
part of the organic matter towards the oxidation reactions [7]. As DOS calcium
content is insignificant, its catalytic effect may be also excluded.

Pyrite is a chemically active mineral that turns into jarosite even during the
preservation of cores. That process evidently picks up speed during preparation of
concentrates, as DOS has to be ground superfine (68.9 per cent of shale particles
passed sieves with 0.05 mm holes) before beneficiation. So jarosite is a technological
byproduct of beneficiation, a natural constituent of DOS organic matter concentrates.

The exceptionally high thermal activity of the three DOS organic matter
concentrates cannot be due to Thule liquid or flotoreagents as the samples analyzed
were previously washed with water and solvents. We must mention that identical
sharp-peaked DTA curves arised from unwashed samples as well.

To solve the origin of sharp-peaked DTA curves, concentrates were treated with
10 per cent hydrochloric acid. After the treatment sharp peaks on DTA curves
almost disappeared. So those exoeffects were related to the inorganic ingredients
insoluble in water and solvents, but mostly soluble in hydrochloric acid. Although
jarosite is also soluble in hydrochloric acid while pyrite is insoluble, the sharp
exothermal peaks do not belong to jarosite as jarosite has no noticeable exoeffects
during thermal analysis at all.
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There remains the possibility that the thermal activity of the concentrates originated
from some colloidal ferrum hydroxides or from some heavy metal compounds. The
heavy metal content and the relationship of these metals to certain groups of organic
matter is under study.

We must also point out that hydrochloric acid as well as hydrofluoric acid
treatment did not alter the chemical composition of organic matter of oil shales [7].
So the differences in elemental composition of organic matter of DOS (Table 2) may
be regarded as a fractionation of DOS organic matter.

Our results indicate that concentrates obtained from base concentrate of DOS by
use of Thule liquid differed not only by the content of organic and mineral matter
but also by the chemical composition of those constituents. So Thule liquid enables
us to fractionate both organic and inorganic constituents of DOS.

X. TAAJIb, P. BECKH, B. IIAJIY, B. AXEIIHK

TEPMHYECKHWH AHAJIM3 ITPOYKTOB OGO AIIEHA A

JMKTHOHEMOBOT'O CJIAHIIA MECTOPOXJIEHH S TOOJICE
XHMIKOCTBIO TYJIE

Pesfome

Kag ¥ nomaBisiomee OOJBIDUHCTBO TOPIOYHMX CJIAHIEB, NUKTHOHEMOBBIH CIaHEI]
TPYAHOOOGOTAaTHM TPAaNHIMOHHBIMH INPOMBIIUIEHHBIMH MeTOHAaMH. TOJIBKO
noo6oramenuem xupkoctbio Tynme (K,Hgl,) OkKa3anoch BO3MOXHBIM IOJYYHTb H3
6a30BOr0 KOHIIGHTPATa TOOJCECKOTr0 cIaHa (Tabu. 1) [1, 2] KOHIIEHTPATHI, COMEPKAIIHE
0 93,4 % opranuveckoro BemecTBa (OB) (Tabn. 2).

Ilenbi0 HACTOAIIEr0 HCCIENOBaHHS ObUIO  0XapaKTEPH30BaTh  IOJIYYCHHBIC
KOHILICHTPAThI, & TAKXE BBIABUTH, UMeJa JId MecTo nuddepennuanus OB ciaHna npu
¢bparRIIHOHHPYIOIEM H0060ralcHHH.

OKa3ayock, YTo 2JIeMeHTHBIM cocTaB OB 3THX KOHIIGHTPATOB pa3iuyeH. OpraHuyecKoe
BEIIECTBO MEePBOro, caMoro 60raToro KOHIEHTpara mooGoraineHus (93,4 % OB), npu
NOJY4eHHWH KOTOPOTO MCIOJb30Ba Haubojee pa30aBleHHbI BOJHBIA pPacTBOP
xkunrocty Tyie, uMeeT HauboJblIee 3HAYEHUE aTOMHOTO OoTHOomeHus H/C. Manee, mo
Mepe BbIIENeHHS Bce GoJice OEOHBIX KOHIEHTPAaTOB COOTBETCTBEHHO YBEIHYECHHIO
NJIOTHOCTH XUAKOCTH Tyiie, XapakTepu3ayromue ux OB 3Ha4YeHUS aTOMHOTO OTHOIIEHUS
H/C ymenpmaiorces, a O/C u N/C — yBenmuuuBaiorcs (Tabi. 2).

IIpu TepMHUYECKOM aHaM3¢ MCXOJHOr0 OTUKTHOHEMOBOrO CJaHIlA ¥ MPOXYKTOB €ro
oboramenus 6bumH nojyydeHs! KpuBble [ITA u IITT pasmraHo# MOpdhOI0ruM (PHCYHOK).

B nenoM, TUKRTHOHEMOBBIA ClIaHell MecTOpOXneHus TooJice XapakTepusyeTcs 6oJiee
BBICOKHM COLCPKaHHUEM IIUPHUTA, YEM CIIaHEL] MECTOPOXICHHA Maapay. B cBsA3H ¢ 3THM
Ha KpuBbIX [ITA TOOJICECKOrO ClIaHIIa MPOSBISETCS MOMOJHUTEILHBIA MUK Npu 410 °C
— MUK TEPMOOKHUCIUTEILHOMN NECTPYKIIMM MUPUTA (PUCYHOK, 1), KOTOPBINA OTCYTCTBYET
Ha kpuBbIX [ITA Maapayckoro cianna [5, 6]. U3 ocTaibHBIX P06 aHAJIOMHYHBIN ITHK J1aJl
TOJIbKO IMPUTHBIA KOHIEHTPAT (PHCYHOK, 3).

B oTimyme OT BceX HM3y4YeHHBIX HaMH TOPIOYMX CJIaHIIEB M KOHIeHTPaToB ux OB,
kpuBble [ITA KOHIeHTPaTOB Hoo6oramenus II, Il u V oTamyaoTcs HaJIMYUEM OCTPBIX
9K30TepMHYECKHX 3G(EKTOB B TeMIEPAaTypPHbIX HHTepBajdax 240—260, 315—340 u
350—375 °C. IlIpencraBieHHbIE Ha DHCYHKE€ KpPHMBBIE IIOJyYeHbI IPH aHaJM3e
KOHIIEHTPAaTOB, NPOMBITHIX BOJOW M PAaCTBOPHUTEJSIMM C ILIeJIbIO yNAaJCHHS Kak COJIEH
Xungkoctd Tyne, Tak U (GIOTOPeareHTOB, MCHOJIb3YEMBIX IPH IMOJYyYeHHH 6a30BOrO
KOHIeHTpaTa. [IpoMbIBKa He BiMsANa Ha MOpdosoruio KpuBbiX [ITA; U TOJBKO MOCHE
06paGOTKH KOHIIEHTPATOB 10 %-HbIM BOXHBIM pacTBOpoM HCl 0cTphIe 3K30TEpPMHUYECKHE
3¢ derTh NPaKTHYECKH Hcye3ai. OTCIoNa CIENyeT, YTO 3TH 3¢ EKTH ObLIM CBA3aHbI
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C HEOPraHWYeCKMMH BOLOHEPACTBOPUMBIMH COeNHHEHHAMH. ITHPHT K TaKOBHIM He
OTHOCHUTCS. CKITIOYMTE MOXHO H KHCIIOTOPAaCTBOPUMBIN SIPO3UT — TUITMMHBINA IIPOLYKT
BHIBETPUBAHUSA [IUPHUTA B Cllydyae UKTHOHEMOBOTO ClIaHIa, TaK KaK, pPa3jiarasich, OH 1aeT
TOJIBKO 3HN0d(dderTr. IT0 Bcelt BepOATHOCTH, OCTPhbie 3K303DdeRTH 06YCIOBICHBI
HEKOTOPBIMH COSIMHECHMAMH XKeJle3a MM TAXKEJIBIX METaJLIOB.

Takum 06pa3omM, npu GpakKIHOHUPYIOIEM NO0GOTaIMEeHUHA TUKTHOHEMOBOTO CIIaHIIa
XHOKOCThIO TyJie MmoJyyaroTcsi KOHIEHTPATHI, KOTOPhIE Pa3MYalOTCs HAJIMYHEM HIIH
OTCYTCTBHEM TEPMOAKTHBHBIX (T.€. TAKHX, KOTOPbIC aKTUBHBI CAMH MJIM KaTaJIM3UPYIOT
TEePMOOKHUCIUTEIbLHOE pa3noxeHne OB) BOIOHEPACTBOPHMBIX KHCIOTOPAaCTBOPHUMBIX
HEOPraHWYecKUX coemuHeHWA. OB KOHIUEHTPAaTOB HNOOOOTAINECHUS Pa3IM4aeTcsi Kak
3JIEMEHTHBIM COCTaBOM, T4K W IMOKA3aTE/IIMHA TEPMHYECKOTO aHAJIMA3a.
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