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PREFACE

Oill shales are special among organogenous rocks not only in their genesis and

composition but also in their role as power and chemical industiy raw

materials. They differ from humous caustobioliths by higher hydrogen content

in their organie matter and conseguentiy by higher yield of liguid organic

products (shale oil) from their thermal decomposition. This is why oill shales

are regarded as a potential souree for producing artificial liguid fuels and raw

materials for chemical industry. On the other hand, they are usually rich in

mineral matter and for complex utilization of oill shales the problems
connected with the utilisation of their mineral eomponents must be solved.

The reserves of oil shales are as of yet insufficiently determined. But even

the existing data presented at the 27th International Geological Congress

(1984) put them at 11.5 x 102 tonnes (the potential oil shale resources in the

USSR are estimated at 2 x 102 tonnes) or 550 billion tonnes of shale oil. Oil

shale deposits are found on all continents; the reserves are more evenly

distributed compared tooill and for many countries, 01l shales represent

practically the only type of fossil fuels. The actuality of the use of 01l shales

has always depended on the oil market; as the reserves of the latter are being

depleted, the oil shales become more and more important as a source of

energy and as alternative souree of liguid fuels and chemical raw materials.

Some rare and scattered elements are also concentrated in 01l shales.

Despite the existence of relatively broad literature on 01l shales, the data are

dispersed in different sourees and are difficult to colleet for comparative
analysis. The present edition attempts to fill this gap by collecting together the

data on oil shales of known deposits and outerops - the results of technical

analysis, data on the composition of the organie and mineral components, the

vield and composition of bitumoids and products of thermal decomposition.
The data collected in this study may be useful for evaluating the guality of 01l

shales from specific deposits for use as industrial raw materials, for creating a

classification for this class of caustobioliths or for determining, with the help of

methods of mathematical statistics, interdependence of different indices that

characterize the composition and properties of the oil shales.
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INTRODUCTION

Before presenting the data on oil shales, it would be practical to discuss first

some terminological guestions. It is of course especially important to under-

stand what is the content of the term “01l shales'. Already Down and Himus

[l] have noted that the term “oil shales* is misleading and proposed to change
it to the term “kerogenic rocks?. The absence of a precise and generally

accepted definition of 01l shales has aiso been observed later [2-s]. Duncan [6]
indicated that many deposits that are classified as oil shales are actually not

shales, li.e. fine-grained, thin-layered sedimentary rocks. Finding the name “oil

shales?* misleading, Vassoyevich [7] proposed to discard this failed term as soon

as possible and replace it by “semicaustoliths”.

At the UN syimposium on develepment and use of oil shale resemes

(Tallinn, 1968) Schlatter called the term “oil shales* a misnomer, since these

are not shales and they do not contain oill [9]. He noted, however, that this

name is firmly in use, it is convenient, short and there is no necessity to

change it.

At the present time “oil shale? is still a term that isused guite freely: on the

basis of existing definitions it is not possible to deeide uneguivocally whether a

number of organie matter (OM)-containing rocks should be ineluded into the

01l shale class or exeluded from them.

The diagnostiece significance of different properties that are regarded as

characteristic for 01l shales is now discussed with the aim of finding a more

acceptable definition for this class of caustobioliths [lo]. For this purpose, oil

shales are regarded first as a natural geological object, as a class of rocks that

comprise the crust of earth and only then as a potential industrial raw

material, i.e. mineral wealth.

As a defining characteristic of oil shales, almost all authors mention their

capacity of generating significant guantities of liguid organie products (shale
oll) upon their thermal decomposition [l-3, 5,6, 9-29], although this property
is rarely Charaeterized guantitatively; [3, 16; 21 -24...25]. The: fllorine
characteristics are also considered diagnostic (in the order of freguency that

they are mentioned in the literature): high mineral eontent [1 2; 4 6. 3; 1
15, 19:21; 23, 25,.26; 29. 30-35]; nsolubility of the majer fraction of its OM

in organic solvents [l-3, 5,6, 11-16, 18-20, 26, 29, 35, 36], shale-like, thin-

layered structure [2, 11, 13, 14, 16-21, 25, 37, 38], sapropelic origin [4, 8,9,
13, 14. 16. 20, 22. 23, 25, 32, 3942], speeiec elemental ecomposition and

ESspecjally enmelhment in hydrogen'(3, 16. 1920 23 27° 32 40 e eapaeiy
ot dryshale tö jenite from a mateh [l3, 14. 25. 39 37. 3Š3] (era liskter [43])
relatively low degree of catagenetic transformation of their OM [9, 28, 35, 41,
44, 45] and autochthonousness [6].
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The colour of the shale and composition of its mineral part are freguently
mentioned in the deseriptions but these cannot serve as defining features since

colour of 01l shales may vary from light gray, almost white (Novodmitrovo
shale, the Ukraine) and dark yellow (kukersite) todark brown, almost bliack

(Scottish shale) and the mineral matrix may be with aluminosilicate, carbonate

or silicate material prevalling.
Even though the capacity of oill shales to ignite and burn (or smoulder)

with production of a strong odour is convenient to use for analysis under field

conditions, this property should still be considered oniy a suggestive indicator

since it is characteristic of all sediments that contain sufficient amounts of

moderately transformed OM such as coals, rocks impregnated with oil, ete.

IF one eonsiders shaliness [l3, 14. 16; 21, 37, 38]vas defined n [23], this

property is not observed in many caustobioliths that by a number of other

significant features can be grouped with 01l shales. The thin-layered structure,

that is sometimes mentioned [2, 11, 17-20, 25], lis characteristic for a number

of rocks that have nothing in ecommon with oill shales apart from this feature.

Conseguentiy, the diagnostic value of the above-mentioned features is not

significant. It is inevitable to accept the fact that neither are all 01l shales

shales nor do all of them burn.

The jn situ formation of the OM as a defining property of oil shaies shouid

be regarded with reservation since kukersite, for example, has allochthonic

origin according to some authors [46] and it cannot at all be excluded that

some others are not similar. From the geological viewpoint it is guite possible
that the formation of allochthoniec shales could take place not only via

transport by water essentially simultaneously with its formation as 1t possibly
happened during the formation of kukersite, but also as a result of a later

alluvial deposition of the OM into the preformed deposits of shale.

On the other hand, the insignificant solubility of the OM of oil shales in

low-boiling organiec solvents (benzene, chloroform, etc.) appears tobe an

important distinguishing property as it allows to differentiate typical (pyro-
bituminous) 01l shales from the rocks impregnated with organiece compounds
that are essentially soluble (natural asphalts, oil-sands, etc.).

It is the guantitative aspect that needs clarification here. Taking into

account that in most rocks that are classified as oil shales, the yield of the

bitumoid does not exceed 20 % of OM (and is usualiy significantly less than

that), this amount can be accepted as an approximate upper limit. In addition

to that the OM of 01l shales, and not the OM of little transformed combustible

rocks of the humous type, is characterized by low solubility in agueous
solutions of alkali (I.e. insignificant content of so-called humic acids).

The rest of the proposed characteristic features have tobe examined in

more detail.

High mineral content is, aceording to most authors, characteristic for oil

shales; the opinions on the actual guantity of mineral substances, however,
differ guite significantly. Thus, the lower limit for OM content has been

proposed tobe (%): traces [l, 19] (the upper limit of mineral content is not
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defined in [ll, 15, 30] either), 5 [2B], more than 5 (4 % shale oil in the rock)

[6]. 10421 23; 35]; 1015 [8.25]; 15.[5) 32 417] 203384 43].

The situation is no better with the upper limit of OM content that has been

proposed tobe (%): 30 [23], 35 [47], 40 [4, 19, 32], 50 [33-35], more than 50

[l], 55 2]) appr 60 (meore than 30 Bo] or 332 [1 B ot aincenl

material), 75 [3l], 60-80 [2s]. It has aliso been permitted not to establish any

limits at all for the OM content in oill shale [9].
This position was earlier advocated by Dobryanski who argued that

“classification of kerogen-containing rocks according to the property of

kerogen amount per unit weight of the rock is not possible: it will always
reflect either eeconomic considerations or the situation of the technical culture,

i.e., features that are not absolute” [l6, p. 224]. In fact, OM content is first of

all an industrial indicator (a simplified evaluation of fuels according to [49])
that cannot therefore serve as basis for a genetic classification.

In conclusion, it is hardly possible to reach universal agreement to the

guestion of “obligatory” mineral content in 01l shale by means of averaging the

proposed numerical limits. If one establishes conerete limits for mineral

content, some anomalously enriched or, on the contrary, containing less of

OM layers of genetically and lithologically relatively uniform deposits should

be excluded from this class of caustobioliths which seems tobe artificial and

unreasonable. For example, some parts of layers B and E of kukersite contain

more than 65 % OM, whereas shale of layer Ila from the Lyuban deposit

(Byelorussia), the kerogen of which is essentially identical to that of the

neighbouring layers, contains less than 10 % OM.

While supporting the notion that oill shales represent an intermediate

between dispersed OM and highly concentrated forms of fossil OM, we are

stili convinced that it is not appropriate to assign rigid numeric limits for the

mineral content of oill shales. Neither researechers nor industrial workers will

exclude from their sphere of interest specific types of rocks with dispersed OM,
01l shales or sapropelitiec coals, for the sole reason that the OM content of

these samples falls into “the forbidden zone” for a given type of sedimentary

rocks. ;
But this is not the main reason. For almost everybody working in the 01l

shale field, these caustobioliths are specific not so much in the guantity of

their OM but rather in its composition. This aspect is characterized -by several

interdependent properties of shales such as significant yield of oil from its OM

by semicoking, low level of its catagenetic transformation and enrichment in

hydrogen.
High yield of semicoking oil from OM (even though usually without

guantitative estimate) is recognized by the vast majority of investigators as one

of the main distinective features of oil shales. For shales of known deposits this

value ranges from 20-70 %. Yield of oil from OM that is lower than 20 % is

characteristic of combustible rocks of the humous type; from the OM of some

brown coals, 20-25 % of oil is formed by semicoking. Apparentiy one can

accept 20 % of oil from OM as an approximate minimal value for oil shales.
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Apart from being an important industrial characteristic, the high yield of

semicoking oill from OM is also an external reflection of the chemical

composition and structure of the OM, of its specific internal peculiarities that

are determined by the composition of the starting material and processes of its

transformation. Therefore, this property is also a genetical characteristic of

fossilized OM and can be regarded as an important diagnostic feature.

It is often indicated that the kerogen of oil shales has sapropelic origins.

However, if “sapropelic' is defined as organic material that has been formed

under reducing, anaerobie conditions (according to the apparent contents of

the term), a number of 01l shales cannot be grouped with sapropelites (e.g. the

Jurassic shales of Volga Basin and kukersite that were formed in the sea basin

with normal oxygen levels, menilitic shales of the Carpathian region, the OM

ofwhich accumulated under semi-oxidative conditions).

Vassoyevich and co-authors note that the term “sapropelic” has lost its

meaning and reeommend to base the classification on the predominant types
of molecular structures, in this case aliphatic and nonaromatic eyclic; i.e., on

specifiec chemical indicators. Unfortunately, the methods of guantitative
determination of these structural elements in the OM have not been developed

sufficiently; however, there is some evidence that the content of these groups

in the OM correlates guite well with the yield of oil on semicoking [sl, 52].
From these considerations it follows that before the term “sapropelic” itself

has been -better specified, it is not appropriate to use it as a determining feature

of 01l shales. However, it is difficult to disagree with Kotlukov who wrote

“carbonaceous argillites (shales) and liptobioliths of high mineral content

should not be classified as true oil shales” [2o]. In all cases, the main part of

the kerogen of shales is a product of transformation of the OM synthesized by
the aguatiec organisms (aguagenic OM); this feature not only distinguishes it

from the OM of humites that originate form the terrigenic OM, but in our

opinion also basically determines the unigue properties of the OM of oill

shales. However, terrigenic OM 1s often present in 01l shales as an additive;
according to Dobryanski [l6] the content of humous material in the OM of

true oil shales should not exceed 25 %.

The peculiarities of the chemical composition of aguageniec OM are

retained until a eertain stage of catagenesis. The capacity of kerogen to

produce significant guantities of liguid organie products under thermai

decomposition is realized in mesocatagenesis under natural conditions and as a

result, the OM of the shales loses one of its main differentiating features.

(According to Gubkin, the oil shales are rocks that have not developed to the

stage of production of petroleum [44].) During the late stages of catagenesis,
the initial chemical differences in the organic starting materials are lost to a

considerable degree [33]. The degree of catagenetic transformation of fossil

coals has always been taken into account as a classifying parameter (such as

the index of refraction of vitrinite, yield of volatiles, etc.).
It is practical to take this parameter into account inan analogous manner

for oil shales as well, and to limit the range of use of the term “oil shales” to
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the rocks that contain aguagenic OM the degree of transformation of which

does not exceed early mesocatagenetic, i.e., that have not yet reached the

phase of intensive generation of liguid hydrocarbons. With this definition, a

group of “former” oil shales can be distinguished that to a significant extent

have utilized their oil-producing potential. For example, shungites and other

graphitoid shales belong to this group; the majority of investigators do not

consider these tobe 01l shales. -

It is guite apparent that the origin of the OM is refleeted in its elemental

ecomposition: Beeause of .the high hydrogen content in the starting;

predominantly fatty material, the hydrogen content in the OM of oil shales is

in the range of 7-10 % [2o] and the atomie ratio of H/C is 1.2-2.0. According
to Dobryanski [l6], the atomie ratio of H/C of 1.4-1.5 is more typical for

kerogens; Kein [27] proposes the ratio of 1.2-1.6. Karavayev [4o] used this

indicator as a classifying parameter and demonstrated that its value faills into

the interval of 1.25-1.95 in all sapropelites and that the majority has H/C
ratjos of 5 or hisher

Thus, besides the yield of semicoking oil, the elemental composition of OM

also represents an acceptable diagnostic indicator of oill shales. It must be

noted that the yield of oil calceulated for the OM correlates with the hydrogen
content in the kerogen [s3]; this is additional evidence justifying the use of

high oil yield as a distinetive characteristic of oil shales.

Proceeding from the indiees that the majority of specialists consider

characteristic of oil shales and analyzing the diagnostic significance of each of

these, this type of caustobioliths can be defined in a general manner as

following: “Oil shale is a sedimentary rock containing organic matter of

predominantly aguagenic origin, the degree of transformation of which does

not exceed early mesocatagenetic, that has low solubility in low-boiling organic
solvents but generates significant guantities of liguid organie products on

thermal decomposition”.
By defining 01l shales as rocks containing OM that originates predominantly

from agueous organisms and has low degree of transformation (up to the long
flame stage) in conjunction with low solubility and high yield of semicoking 01l

peimits with sufficient certainty to differentiate oi sbales and “õther

combustible rocks”.
The above-mentioned definition is based on the properties of OM of oil

shales as their more specific part. Oil shales are usually also characterized by
their fine- or small-grained structure, the presence of some argillaceous
material and other features which are, however, characteristic of not only
shales and are therefore not diagnostic.

* Since the definition of the term “oil shale” is at the present time still under

discussion, this book also contains data on some caustobioliths that according to the

above-mentioned definition do not belong to oil shales by all their properties. However,
from the actual data that characterize these combustible rocks, it is always possible to

make a decision that corresponds toones opinion.
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When defining oil shales as an industrial raw material, 1t is necessary to

introduce numerical indicators of guality that correspond to their manner of

utilization, that change concurrently with technical progress but that are also

dependent on the presence of resources of other raw materials. For example, if

01l shales are used as fuel, their guality is determined foremost by their heat of

combustion (at the present time notless than 1000-1500 keal/kg or 4.2-6.3

MJ/kg); 1f used as raw materials for production of artificial liguid fuel - by the

vield of semicoking 01l (presently the minimumis 5-10 % of shale); as raw

materials for the production of building materials, agrochemical products, ete.

Eby [(he regujremments f the TESpeetive jndustmes These and similar

characteristics of oil shales allow the estimation of their reserves for specific
areas of utilization but cannot replace the general definition.

When defining the oill shales through the properties of their OM, it would

seem tobe appropriate to start from the term “kerogen”. However, defining this

type of caustobioliths as “kerogenie (kerogen-containing) rocks*' [l, 9, 54] 1s

not sufficient, notas much because a number of authors define kerogen-
containing rocks as the poorer varleties of oil shales (up to 10 % [j47] or 15 %

[s] OM), but rather because the term “kerogen? itself is poorly defined and

ambiguous. The vast majority of investigators working in the field of 01l shales

define kerogen as the lump OM of shales; however, for a number of selentists

studying primarily dispersed OM, kerogen represents the nonsoluble in organic
solvents part of fossil OM of any genetic type. Conseguently, the use of this

definition, that is attractive because of its brevity and closeness to traditional

jor mined soeks jn this partieular case apparentiy leads to different

interpretations of the contents of the term *oll shales”.

To characterize the OM in shale we have used the content of so-called

conditional organie mass [lOO - 4° - (CO»)4] sinee the determination of the

actual OM content in shales is difficult, especially because of the necessity of

taking into account the water in crystal hydrates. For utilization of the general
but also approximate formula of Krim [ss] not sufficient data are avallable in

most cases. Actually, for some oil shales (kukersite [s6], Dictyonema shale of

Estonia [s7], Pripyat shale of Byelorussia [sB], ete.) more accurate formulas

for calculating the OM content have been developed; however, in the interests

of comparability of the data, the content of conditional organic mass 1s

presemted fjor tüheseas well Since this üdicator eorresponds oniv

approximately to the actual OM content, it is inevitable that some of the other

indicators (that are determined by recalculation of the results of analysis per

OM, such as elemental composition of OM, yield of semicoking products per

OM, and others) are also approximate.
The part of the OM of shale that is soluble in low-boiling organic solvents

is called bitumoid. This term was proposed by Vassoyevich in 1958 [s9] and is

preferred to the alternative “bitumen” since it is unambiguous.
Aihe desienation of analvyteal jüdicatõis takes into aeedunt the

corresponding standards wherever possible.
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Chapter 1

COMPOSITION AND PROPERTIES

OF OIL SHALES AND SHALE-LIKE ROCKS
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1 2

23 |Kenderlyk, the Saikan seam (Kazakhstan) Lowe
24 |Ust-Kamenogorsk (Kazakhstan) Carbonife

25 11 Pashin (Rüssias«Põerm DIStrict) Carbonife

. 26 |Glen Davis (Australia) Carbon1fe

27 |Puertollano (Spain) Carbonift

28 |Irati (Brazil) Carbonife

29 |Otain (France) P.

30 |St.-Hilaire (France) P

31 |Cerro Largo (Uruguay) Pi
32 |Verkhnetutonchansk (Russia, Krasnoyarsk District) Uppe
33 |Omolon, Astronomicheskaya River region (Russia, Magadan District) Lowe

34 |Omolon, Levyi Kedon River region (Russia, Magadan District) Midd

35 |Bogoslov, seam II (Russia, Yekaterinburg District) Triass

36 J|Alyouisk (Russia, Irkutsk District) JA

37 |Budagovo, the true sapropelite (Russia, Irkutsk District) ja

38 |Budagovo, humie sapropelite (Russia, Irkutsk District) J

39 |Budagovo, humice sapropelite (Russia, Irkutsk District) J

40 |Bouinsk (Russia, Tatarstan) J

41 |Voronye-Voloskovsk (Russia, Vyatka District) Ja

412 ° |Würtenberg (Germany) Ji

43 |Sysol, Ibsk deposit (Russia, Komyi) Ji

44 |Kashpir (Russia, the Volga oil shale basin) JA

45 |Kimmeridge (Great Britain, England) Ja

46 |Levosviyazh (Russia, Tatarstan) JI

417 |Manturovo (Russia, Nyzni Novgorod District) Ja

48 |Obshchii Syrt, seam P;A (Russia, the Volga oil shale basin) a

49 |Perelyub-Blagodatsk (Russia, the Volga oil shale basiri) N

50 . |Simbirsk (Russia, the Volga oil shale basin) N
51 |Kharanor (Russia, Chita District) Ja

52 |Khakhareisk, boghead (Russia, Irkutsk District) J

53 |Khakhareisk, oil shale (Russia, Irkutsk District) N

54 |Chagan (Russia, Orenburg District) N
55. |Sysol, Poingsk region (Russia, Komvi) J

56 |Savelyev (Russia, the Volga oil shale basin) t
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Oll shale (deposit, area) Age

»

57 |Yarenga (Russia, Komyi)
58 |Nebi Musa (Jordan) c

59 |Olenyek, boghead (Russia, Jakutia) €

60 |Timahdit (Morocco) G

61 |Um-Barek (Israel) e

62 |Efvie (Israel) E

63 |Baisun (Uzbekistan) Tertiary
64 |Eastern Chandyr (Uzbekistan) Lov
65 |Eastern Urtabulak (Uzbekistan) Lov

66 |Kapali (Uzbekistan) Lov

67 |Kultak-Zevardy (Uzbekistan) Lov

68 |Pamuk (Uzbekistan) Lov

69 |Sangruntau (Uzbekistan) Lov

70 |Todinsk (Uzbekistan) Lov

71 |Shurasan (Uzbekistan) IOV

72 |Bulgary (Tadjikistan) Lov

73 |Garibak (Tadjikistan) Lov

74 |Kulyiali (Tadjikistan) Lov

75 |Lyangar (Tadjikistan) Lov

76 |Tereklitau (Tadjikistan) Lov

79 |Yarmuk (Syria) Lov

78 |Boltysh (Ukraine)
J9N |GreensRiver Riiile «Eolorado (USA)
80 |Green River, Utah (USA)
81 |Borov Dol (Bulgaria) Upi

7

g

g

c
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2

82 |Pirin (Bulgaria)
83 |Mandra (Bulgaria)
84 |Menilitic (Ukraine)
85 |Gurkovo (Bulgaria)
86 |Krasava (Bulgaria)
87 |Koprinka (Bulgaria)
88 |Novodmitrovo (Ukraine)
89 |Nevada (USA)
90 |Orepuki (New Zealand)
97 Condor (Australia)
92 |Aleksinac (Yugoslavia)
93 |Mae Sot (Thailand)
94 |Pula (Hungary)
95 |Tremembe-Taubate paper shale (Brasil)
96 |Tremembe-Taubate lumpy shale (Brasil)
97° |Guandun (China)
98 Huadian (China)
99 |Fu Shun (China)

100 |Maomin (China)

* By difference (100 — 443 — (CO»)4).
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Number of shale from Table 1|Total* Pyritic Sulphates |References

1 O | 60 |
2 0.9 l - l ta

ab

õ 58 - - 9

40 l s o 17 0.3- 136

li € | 12 136

6 59 42 ..| [3 136

7 1.7 14 I 64, 65

9 22 - | s |
10 2) e - 69
11 12 0.8 — 70

12 0.4 - - äi
13 Si 12 | 042 92

14 1.9 - l — 73

16 39 - - S

17 0.7 > oo l 76

18 O) c

l 2| 76

20 1.0 - - 78

21 i 0.9 (0.3) I 0.1 0.4 ! 79, 92

9 [0703) | Oi — 79

l 23 0.4 (0.1) š 0.2 - l 79

< = s

! šš g:ž 50 e| 11260 !
2 10 > f A 78 C1 i
28 | 20 S 99 8i

29 0.8 — - 120

30 ) — — 187

31 B — = | 138

32 jds | — s ] 82

33 | 07 £ [ e j 83

| 34 | 2 > L 5 | 83

35 L 42 l = j 16 |l 36 10 c- - [ 34 |
S 0.6 = =0 | SS ||| 38 0.5 - = | S |

159 0.5 =0 87 SS j
j 40 3.0 -- -

89

| 41 17 — — 90

| 42 2) 1 0.1 139
43 32 0.8 0.,3 92
44 5.0 0.8 0.6 92, 93

45 6.6 -

x 19

46 625 — ! z | 16

47 46 | 0 - 16

| 48 | ase .tb 0.2 ! 96

49 5.8 22 ! 0 | 91 140

50 3.8 1.9 0.1 16

Si 0.4 — — 98

52 0.4 - — 99
53 0.8 - — 99
54 SS (0)8) 1.9 0.1 101

55 S — - 102
56 : 3.9 — — 103

Si 79 (OE) DRS 0.8 104

58 37 — — 53
60 0.5 — — 106
61 6.2 — — 131

Table 2. Sulphur Content of Oil Shales, % on the Dry Mass
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63 Süil 34 0.1 16, 110 |
64 3.0 e es SL

65 6.6 2.8 + 99

66 6.1 3:3 0.7 112

67 32 = = | LEISI

68 2.6 = = TNISK

69 4.6 Z E LS

70 3:3 s S 114

71 2.1 = 3 TIS

72 6.6 = F 53

A 2.4 0:2 — 116

74 128 š 0.4 > 1i6

15 0.8 02 7 LI6

77 ä l = = l 118

78 l 11 0.4 03 9D

79 ! 0.8 l 0:5 l Traces ! 75 120

80 14 [ 0.4 0.1 16

8i LSD [ - 121

82 2:2 j 1.0 - 121

83 246 18 — 2l

84 24 0.9 F 122

85 0.6 043 - 124

86 0.8 0.6 — 121

87 0.9 0.7 = 124

88 4.6 = 2 125

89 49 3.6 oa 14 e

90 0.6 ž | A L31

92 28 = - 11922)

93 9.9 = l — 81

95 l 0:2 = [ — 7

96 0.3 =3 | = A

99 ÖS l k e - 22

100 U = 7 141

* In brackets data on elemental sulphur are given.

Table 2. Sulphur Content of Oil Shales, % on the Dry Mass (end)
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Number Content, % Atomic References

of shale ratio H/C

” JSKOL 11 St 3.0 1.6 14.3 1:33 16 Ii31: 142

B 68N | 72 4.5 0.8 18.8 126 18" 29

4 JOÕESE | 74 4.2 215 15.4 1:26 611 1103

6 69.0 | 7.6 2% ä Si 132 61

g 773 | 98
|

7
[

04
2

108— ; 1752 22; 143

8 GAASI | 187 26.8 1262 144

9 JÕTJE | 188 7.4 2 9.0 1.45 68° 131

10 615i | 99 215 4 0.8 l 253 1.93 69, 89, 145

1 796 | 115 | 38 106|
>p

45.... || 178 70

12 JSLU | T6 1.9 15.4 1621 JÄI

118 65.8 | 70 | 73 0.8 l 19.1 1.28 725 92 131

14 ZD | 63 |1
|

2100 239. Ai 112 73

16 586|i ZÄ 34.3 1.45 S)

187 TIS| S 12 26 10.3 125 95

20 79:9 | 88 150 13 9.0 1882 78, 131. 146

I J240 | 79 1.0 1.8 173 132 79592
22 TS5IG|107 4 2)) O 1.70 79
% 706| 928 0.5 35 156 1.67 79
24 /S | UÜS 120 D 11.4 1.16 80

DS 58.0 | 9.4 05 0.6 315 1.94 16

26 88:0 | 10:3| 10 07 Ä) 1.49 146-148

28 68141 103487 1.6 1.3 1.81 29

29 724| 98 3.4 2.4 1120 1.62 19

30 85.6 | 8.0 1 18 4.0 1e2 149

31 619 | I F 150 30.0 (O + S) 1.38 19

32 | ZLS 1 85 > 1.9 IISL (O) TIS) 1.43 82
38 S0 1 97 = 29 29.6 (O + S) 1.32 83

34 STESE | S6i6 = 35 821 (O0° 1 S) 1537 83

35 5724 Sa = 1.4 883 (O0) £ S) 1770 16

36 691 | 109 | 08 17 75 1.89 85, 150
27 J9I5 | 102| 2077 1.4 8.2 1.54 86-88

38 JAL3 | 5:7 0.8 15 207 0.96 86-88

29 6701 89 09 8 214. 1.59 86-88

40 61E3 310 78 4.3 — 267 1.43 65

41 630| 810 | 68 Di 20.6 1452 90; 131
42 S88 | 89 0.6 T-5 7D 88) 131 139

43 5638I 136 SS 1.6 202 1562 91, 92

44 671 | 80 | 1020 2 135 1.43 93
45 724 | 79 |-|20 7(O S)

.

1.31 19
46 ISÕEST| 70 3142 1.36 16
47 60:6|| 79 56 19 24.0 156 16

48 11| 6. | 1043 08 2021 1.49 96° 151

49 TB3:5 | 89 6.4 1.6 9.6 1.45 977

50 60.8 | 67 |5013
| O

2622 132 1631
5)) 74.6 | 8.9 165 1.43 99
93 6912 || 16:2 24.6 1.08 99
54 686| 80 S3 13 14.0 1.40 92. 100. 152

SS SS | JAO 78 | 20.1
£

30743 1.46 1153

56 622 | 70 D 2541 1135 103
S 704 | 79 | 555

|

15 — 147
—|

= 155 104

58 7514 | l00 | 740 ; JÄÖ 1.59 105
59 86 | L | 05 0.8 6.0 1.63 154
60 6894 18:5 70 3.0 126 1.48 75 107
62 64.9 | 8.0 9.1 2.8 1152 1.48 108

Table 3. Elemental Composition of Kerogen
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Number Content, % Atomic i References

of shale ratio H/C

63 6505177 53 22 19.8 1.42 22 181
64 66.2 6.5 = 2:5 24.8 (O + S) 18 1I

65 689 V = 31 201:3 (O TIS) 1.34 99

66 582 60 4.1 DAG 291 1.24 1)

67 689 | 69 | — | 28 21.4 (O + S) 1.20 üi

68 675|i (6:4 a 35 | S226(O0 T S) 1.14 11

70 62.3 7.6 = 2.8 273 (Ö0 T°S) 1.46 114

72 TAO) | J54 4.3 2.4 8.9 IS 155 |
73 61.2 57 2:3 S 29.7 112 116

76 66.5 LS = l 26 231 (0 7 S) | 1.41 119

78 TIS | 99 163 1.6 15.4 1.65 92 119 156

79 802 | 101 15 DAG 5.6 S IIS7A 158

80 S3 9.9 16 21 | si 182 75, 148, 149

81 JA9 | 85 4.8 7 10.1 136 121

82 TASI: V.) S0 2.0 1.0 1238 24

83 ID U04 21 206 1140 8.8 162 121

84 652 || 65 3 15 24.9 120 1224131
85 | TÖ 4 35 1.9 14.3 1.36 T2ii

86 71.4 SS 319 17 1522 1.43 121 159
87 J63| 85 0.9 1.6 127 1.34 124

88 68.4 S0 | 15 17 19.6 1.54 92. 125

89 82.4 S 1143 1.6 35 1.19 149
92 TSEA 9.3 r 2/1 129 (0° 1 S) 1.47 T28131
93 JAED 4 958 = 2404 18.6 (0O + S) IKOS 147, 160

94 TÄAESE A0A 1.9 0.8 15.4 1.69 130

95 67.9| 10.4 37 1:6 16.4 1.84 7

96 53:9 | 90 5:2 2.8 29:1 2.00 )

97 SY8 | 85 4.6 23 24.8 7 II82

98 60.1 | 9.9 3.9 2S | 24.6 1.98 132

99 35 9.9 2.4 350 11.0 161 131-133

100 670 | 96 28 1.6 19.0 1879 1133 134" 141

Table 3. Elemental Composition of Kerogen (end)
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Number of shale |SiO> |AbO3 Fe;O; |Ti05 [Ca0 |MgO |SOÕ3
from Table 1 (1) (2) (3) (4) (5) (6) (7)

] 2 ) d 5 õ 7 8

3 Õ:3 I7AS 105 = 12 7 19

4 S 15.4 0.6 (0). 7 0.9 1.6 1

6 63.9 16240 0.8 10 1.0 IKO 213

7 S) ÖD ) 5 39.5 4.8 SÜ

9 61.9 0.9 3.9 si 6.3 TOX0 4.3

10 MIO
S

150— |õIP 07 e| 3 | 75

[i 36.8 16.0 h 29.4 210 50

12 66.4 15 15
k PS 148 1.6

7 54.5 24.6 97 |3 2X (6) Ü 09

18 SONS 2916 05 1 18 O

119 I 501 50 E 15 IR s

20 l Õ:2 305 29 = 16 17 s

P j j00 K is6 1) Ä — 1 15 1-0.6

|122 |c0o |sto, | se v ena 216

| 24 | 572 24.6 - 4.9 2Ö0 25

25 S) 396 4.7 = [.0 =

DO 86.1 LS 240 = O) 5 2

2) 357 AN 950 = 26 22 O

28 61.9 210 I(0). 2 = 9 2.4 07

29 54.1 Z0 619 e 93 37 15
30 47.0 li JÄÖ = L7.8 35 0.4

Si 66.8 145 107
S

0.6 115 5

38 672 99 6.1 = 95 2.4

40 362 17 SS 5 26.0 24 [äES

41 58.8 19.4 612 = 6.3 D 4.5

42 362 1122 59 — 328 22 4.0

44 39.8 La 62 05 25.4 17 L1.0

45 54.1 1182 915 0.9 6.6 1.3 34

47 56.5 9.1 18 39 ed a3

38

40

41

42

44

45

47



Characteristics of OilShales and Shale-Like Rocks ofKnown Deposits and Outcrops 21

] 3 s Sa s sa |
48 38.3 14.5 530 ND | 250 | 17 % 82526|
54 38.0 11.0 41 06 [ 350 | 20 | = 4.0

58 0
ia

da =
|

2S| | 66 k 14 | — | =

60 46.2 10.3 = LS 12 --

61 10.4 2.5 3.6 = 206110030 J-

62 10.0 2.0 09 x | 06 | 08 | 12 |i

63 02
Õ

IS5
6 |

II£ SU 66 | 24x 95i

65 34.7 19.6 = SS1 LS ü

66 S sa
A

| ma
= r00 ELS.

69 54.8 21.9 s1 s2 ÄD.2 1.6

70 Bral A Sa LD
71 19.2 ! o v 23 | 51 Üi

76 475 115 16 | js a 2 6 4.6

77 5.9 0.6 0.3 do D0 . 00ö

78 575 19.4 Gs h LS 2L E2lek 2012

79 80
L

AD0
2

46 NU LDa 22 59

80 50.4 20.9 = 4 1485 608 =

si 48.0 8.3 14:6-]55 Ar-16:0 ] 27 134

82 JOA
D

KK R — 0D LJ 52

83 755 la [ 452 03 |095

84 707 15.1 6.9 - jS | 1a 5 09 126

85 54.5 22.4 u HÕI ESS ds S. |

S6 58.5 14.6 Ko J0sel es |260 | /d. [N]
88 605 | A 167— A| - pot laO 11 |
89 65.5 255 106 | 08 | =

90 44.0 28.0 205 | = | AL FA OL 502

91 68.8 17.3 sdi LSU SÕ - d — SL
ÕI

92 41.6 [3 a s 2 | 26| 157 1.6

93 60.8 19.9 48 - 35 130 |a e|a

94 49.0 135 - =a 5 - ) -

95 58.0 24.4 S s O 3SLa —

96 55.6 24.8 9.5 -- S | 98 05

97 56.2 26.5 02 | — | 09 | 7 s. |369

98 557 17.9 8.4 > | 7812 | —A
99 61.1 247 23 - 12°| 178 2SS0
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Number V Mo lNi EF CO ] l STr :
of shale j i ;
from Table 1 j j 1

4 470 84 = 65 12 — — V
t

=
|

6 800 434 245 — B 145 °| 870 |

7 28 3 21 38 3 17 151 |
10 5-500 11 5-50 5-500 5-50 5-50 | 10-500 ]
28 40 3 68 90 19 45 300 |
36 10-30 Traces 10-30 — — 10-30 -

38 — | — X ' 1 60 400 20 = | 300

li

41 100 10-100 — = — - s1

|
|

42 1 10055 4-30 30:219 | 42118 | 735 - o

44 7-200 50-300 1002300 | 1230 | 1000 10 Upto|
1000 —

49 50 15 35 37 — ji - |

60 150 = 360 = - = - |
62 | 110 26 138 280 5. | 1D | — |

63 1000-3000| 1000-10000 | 100-300| 100-300| 10-30 | 30-100| 100-300 |
66 2350 1200 — = - - d
70 3750 1600 - l - > | 5 >

||

77 100-250 10-25 100-200| 150-300 | 3-4 | 80-100 | 998-|
- | 1104 |

78 119) 6 10 10 — 8 150 ;
|

79 30-110 27 24-70 170 — 44 = 580—760'
|
N

84 100-1000 10-100 — 10-100 = = sL|
1

: s]
88 10-100 — 10-30 | 30-100 | 10-100 | 10-300 | 100-300 |

Table 5. The Content of Some Elements in Oil Shales, g/t
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|

| Number AT Pb Ba Others Analyzed References

| of shale sample
| from Table 1

| - .

i 4 a — | 330 |Ti:5400; Rb210 Oilshale | 172 —

| 6 172 - — Rb 94, Y 11.4,

% Hg 0.8, Th traces Oil shale 622 117/2)

i 7 49 24 140 |Rb39, Zn49, As8 | Oilshale - 174 —
| 10 5-50 5-100 5-500 |Mn 100-5000 Ash 69

128 — 160 20 | 580 . |Ia92,Y26 Cal9 |Olhale | 18

| 36 100 = = B 30 Ash 450 °C 85
| ; : :

38 — |

= 3000.| 300 |Zn400, Sn 200, . S)

| 1 La 200 Ash — E8

| 41 - - — — |Ti 1000-10000,
| Ga 10-100 Ash 89
| Õ 3 s: 3

| 42 D = — Oil shale | 139, 146°
| 44 100-300 - - P 3000, Nb 10 Ash S 176

1 | 7 - Oilshale | 177 —
! 60 - - - Ti 3300 Oil shale S

i 62 - 38 10 250 Zn 310, Mn 41, : .
Y 39 U27 Oil shale | 108

š 63 30-100 30 300-3000 |Y 10-100, Be 30 Ash 89

| 66 k - 233 Oilshale | — 112
Ä 70 - -

- Oil shale 114
| : :

| 77 60 67-174| 200-300° |Ti 800-1500, : .
| , Zn 60-200 Oilshale | 118

| 78 140 - 120 — |i 500 Mn 100

| Zn 100 Oil shale 161

| 79 33 27-100 | 300 |Ti1200,Mn420,| — | 120:179
| „ Zn 70, U 5.4 Õilshale| 180 =

| 84 10-100 100 - Be 10-100,
| Ga 10-100 Ash 89

! 88 10-100
|

10-30|300-3000 |Be 10-100, — . -

| ; |Ga 30-100 Ai | 89
—

Table 5. The Content of Some Elements in Oil Shales, g/t (end)
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Si

k
| | |A l

eso +eiote—- |a 18
sEISEJASL |ä do3 5
2

S &'04 7 ° i OD g =

DS || e

SE U jat | 1 | õ 1
3 - | 42-46 | - --- - 18

g 169 | 20 30 sb l | - 181

2o0 | 55 | 85 |698 d] - l 143

17 — Sa 7D65 a> — [ 75 1031606 | - ! 76

20 295 | õi 51 |35 ( 02 | 20 l > i 182

29 174| 324 — || - | 18

52 |074 | 152 — lgt — |955 l - | 82

12 oLO tl65j — |465 k0 ž 5.0 | Kaolin12.8 18, 139

+3 60.0 = 35.4114.0| 5.031 Bhosphates 123 17.6; 183

s N00 390
|

57 0 35086 | 46 - 76

48 66.0 = 27.6 | 4.8 = 41 BRosphates 7 176

SS c|sso l 108 | 67 0ti 38 - 102

62101 39 - |8161| — | — | Kaolin1.0 109

7 3 S iraces | 83 = |0.3 |5 Francolite 94 166

79 15 |oI5L
|

214 48 | — l 1 | Analeime4 | 26, 184, 185

81 - 34.8 jai I 27 l — | PKaolnl31 | 167

ö - 54.6 03112 b= 4 Kaoln254 . 167

85 - 50.9 124 /02 | — | Kaolin334 | 1

I 18.4 |0.6 | — | Kaolin21.6 o96 00 | — 10 | - | — — 22

Table 6. Mineralogical Composition of Inorganic Part of Oil Shales, %
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Chapter 2

BITUMOIDS OF OIL SHALES
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of shale from š
Table 1 D

per dry oil shale per conditional %

1*2 B M (8:; E 0.045 0.68 60

2 B M; E | 0.58; 0.05 1:92:10517 135

4 BM3:1); E 0.60; 0.03 3:36; 017 63

S B' NMIG : 0; E 1282 010 6.41; 0.49 63
6 B>M(B: ; E 0.59; 0.08 3.24; 0.44 63

7*2 B M(1 ) 027 07 186

3*2 CL B M.8:1) 0.34; 0.36 1775 31285 67

10*2 €I; B OH;OH 2: 1) 0.26; 0.38 160;:2:35 187

Hi B M(841); E 0.44 3.56 70

12 BM(38:1 E DDN 008 21424078 Z

15 GI 0.48 4.1 188

21*2 CI BEM(8: 1) 1.40; 1.94 2095410 79

22*2 EI B - MI(8:1l) 0.52: 011 2:4; 0:5 79

23*2 EISB M(8: 1) 0.18; 0.13 0.8; 0.6 79

24 B =MiG: ; E 0:52 2:3 80

26 B 132 2.48 148

29 B 0158 2.68 148

32*2 EELB M (3: 1) 1.84; 1.01 2:9: 16 82

33 Bi M3 5 E 1:35:; 001 6.28; 0.05 83

34 B M(36:); E 110; 0:02 6%25: 0[i 83

37/ B M(3:21); E 3.4 3:9 80

39 B'zM/(3 0): E 27 6:3 80

44 B-M(8: 1) 0.78 216 93
54*2 CL B -Mi(3: 1) 0.62; 0.46 lisli 0°8 101

55*2 €L B M [) 0.39; 0.20 1.4; 0.7 153

57*2 ECELB :M (3:1) 0.35; 1.64 0:.46: 217 104

59 B : MG:Db: E | 1-93: 027 1.98:0:28 154

60 S) 1:0 4.33 178

Table 7. Yield of Bitumoids from Oil Shales
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Number lSolvent*1 IYield. % l > l
of shale from š
Table 1 | :

>
3 l

i per dry oll shale per conditional m i
Oorganic mass 4

1 =

63 B NM0G : E 368 017 ! 9.68; 0.45 110 l
64 B-M (8°); E 2.36; 025 12:55:133 TET

65 BM(66:1): E 2166: 0.:17 9.20; 0.42 ISEE

66 BESM'(8<1); E 157 S:29 112

67 BŽIM(81); E 2:7A; 0.10 12.01; 0.44 1I

68 B MIG D E l 1.67; 0.06 0713039 IET

70 B SMIG D; E j 2.42 S 114

12 B M((3°::2) j 265 9 SS

JA B Mi D E 6513: OS18 12:67:50:37 l 116

74 B M(81); E K6 0:02 JEND20209 116

75 B M(8 DSE 071 00 6.28; 0.09 36

78 B Mi(1= 1) | 133 381 119

79*3 B 1C ES> (EE] 223241 276: 204 | 108 7 1134 99 11626
80*3 B:1C1 €S5; CC 0.94; 1.05; 0.76; 0.74 4:8; 5.4: 3:9; 38 l 16

81*2 GI B MG:1) 0.43; 1.05 j 201 52 189

82 B -MEG: ) 1:0 29 190

83*3 Cl; n-hexane 054 O3 16 112 191. 192

84*2 EILB M (3: 1) 0:38: 0:63 159: 32 122

85 B 2M (3:15); acetone 0:22:0:22 210:320 192
86*2 C B M(3: 1) 2:46: 0:58 | 5E5; 1:3 193
87 B : M(3: 1); acetone 0:65:0:13 4.15; 0.85 192

88 B - - MIiG D; E | 177002 8:39:10:10 125

92*3 B; CL E: M ! 0:49:10:57: 0.37: 066 |232 272:11783 15 194 l
94 EL B laeetone : M i 0333: 0.32 2i51: 097 195

Notes: *1 B - benzene, M - methanol, CIi - chloroform, E - diethyl ether.
*2 Before separation of the bitumoid with the mixture of benzene : aleohol, the shale was treated with

the 10 % hydrochloric acid.
*3 A new sample of oil shale was used for extraction with every solvent. In ali other cases the oil shale

sample was seguentially treated with indicated solvenis with indication of either total yield of

bitumoid (in column 3 one value is shown) or the yield ofbitumoid per each solvent separately.

Table 7. Yield of Bitumoids from Oil Shales (end)
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Number Soivent* lContent.„ wt.% lAtomic References

of shale from T ratio

difference)

1 B MCD£ GÖ A| 29| hi €Ü

7 B MU 1) 8 |S jo]= 2 F 1 5 186

8 ELIBE MIG D | 699 | S8 0) S 67

10 e B MG D | 7091 105 | 05 12.3 1.61 145

11 IB:MG:1;E | 749 ' 10.3 10 13.8 1.65 70

12 B MIGDE lSt6 |07 | ii/ 138 .8 |jäs 71

15 CI |786| 10 |öö| 13.8 |MLSI ] 16 |
21 CEB MO D | 58] 86 | 09 14.7 166i J9 — |

| 22 C: B:MG:1 š 80.7 ! 11.0 | 0.6 l 17 4 li š
123 G1: B NGG a)] 779 | ALII 04 10.6 S || 24 |B:M(3:1) P EJSt6 M j008 P 04 9.4 l 1.65 e0 N
32 GI B MIGD| 802 104 | 11 | 09 74 1.56 82 '
33 IB EIMEGESI) p U 79.4 1s |a

—

gt128 83

34 B M D:E |s19| 85.| 14 8.2 125 S
37 IF MG 2= |867| 120 06| 1i 7.6 1.83 80

) IB-MIG.= | 7881 117 05 | 29 61 0 |SL7s | — sö l44 IB:M(3:1) JON 93 |159 | 52 25 ' 1.54 93

54 GI B MD| 642 | S | o0s | 74 18.9 1.63 101 [
55 CLB MG -D |748 | 104 | 11 | 30 10.7 1.67 158 ]
57 CF B MS1) |"624"| 24111449 1722 1.47 l 108 —|
59 B M- DE | 73] 15 | 0.5 [ 0.5 l 102 | 179 154 l
63 [B:M(3:1;E | 756 | 94 16| 94 | 100 | AD |i 110

64 B MCD E l70.1 läga ([2 | 218" | HG | 140 E 111

65 B MG D.E |907 | se |250 |401 M4| ä3 1

|66 B:M(3:1»; E l 720 | 28 I 8 174 1.47 112

|167 BLIMIG D ES 708 84 |93]| 24 16.1 149 16

| 68 B MIG [ E |704 | 86 |224 32 54 1.47 111

170 B MIGFI) E 7509525 | SOR
|

so 4

|72 IB:M(3:2) SS | 95 | 16| 35 3.6 1.39 [ 155

173 B:M(3:1;E I e6| S0 | 12| 08 14.9 138 116

|74 BEMG D E |26| 87 |114 53 0e i 116

75 B M(6-:1;E |756 | 92 | 09| 28 l
j 12.0„"l 1.46 116

78 B:M(1:1) 77.3 I 1085 05x |, | 1ä 119

81 GF B M(8D 78 IP9| 06 | 07 | 80 1.81 189
SD B M: 1 699 | 95 |o0s |10 l 18.8 1.63 190

84 L B MG D 22| s0 |06 12
1 1

158 122

$6 CEB M ) |837 | I0 |1S| 18| 47 1.58 193

88 BE NMIG ) E |662 |100 06 Hs2SN5 | Lõi 125

* B - benzene, M - methanol, CI - chloroform, E - diethyl ether.

Table 8. Elemental Composition of Oil Shale Bitumoids
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Table9.ChemicalGroupCompositionofBitumoids,%ŠNumberSolvent*!Groupcomponentsof01lshale:šfromTable1Nonaromatic|AromatichydrocarbonsHeteroatomiccompoundsAšhydrocarbons=z22totalmonocyclicbi-andpolycyclic|totalacidicZj21BMIG:DiEÕ4==87642*2602)B:MIDB15.5S)73IXG75.6=1854B:MIG-[B1819IL863=E63SB2N(3:14E8117107/JAS==636BMN(G:1E463824[416=õi637NG1156.475==SÕ29.2Asphaltenes29.71868E1:B>MIG)1022[ä]I685=6710SLB-NKD118185.2=SUD57.8F14511BNMIG1)EJAO612==86.8SU3|=7012BM(3-1)B[I)336D2OS10|5ZSÕI)1221810.4SENI46.02712188,196SCl3IMM33Ü9.5o1.4I92.047.74332792)ELBMIG1)12.98.23.94.3:78.946.643.42929CLBNMiIG:D18.64.72.81.9OISBOIS79241)8IME(3)31)131479870i=8092GB:M(3::41)SD11.974.859.938.414.4*2S33BMI301E8õ2S856215i8334BMGDEu14c0oS110SSD11*283>377BMI(81)-5E112==BB==80cC39BNMI(G1)El6=-84--80S44BNII(S)>1)811iS6Bldjes93S54GIBNG:1)2.02Ss11.415)5MSO41.8*2101S55€LB:Mi(81:1)10.6===SLPG3Asphaltenes>2133153fé:S)CLBMI:1)372491:215793.466.313.0*2104=59B:M(3:1»;ED01213.67S6.166.2154šO
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2

63 B MIG D E A]

64 B NG: 1 E 16

65 B : M3 1) E 28

66 B M(8L 015 E S

67 B M(8: D E 8

68 B M:: E 5

70 BN(87 )SE S

B BZIMIG: S E 2

74 B : M(G:D E 2

S B 5 M (81) E 4

78 B : MCL 5 SEN)

79 B 15

31 L Bi MGÕG: ) Õ)

82 1335 MI(5 3 1D 17

84 CIB - MIG: ) 3

86 EL B NMIG: 211148

88 B MiG D E 215

*1 B - benzene, M - methanol, CI - chloroform, E - diethyl ether.

*2 Acids soluble in diethyl ether.
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Chapter 3

PRODUCTS OF THERMAL DECOMPOSITION OF OIL SHALES
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Number Per dry shale, % Per con

of shale

romspable 1 Koi Pyrolytic Semicoke |Gases and losses|Shale 0

Wwater (by difference)

] 7 5 4 ) 6

1 0.0028 =3 =
s O)

2 (5.9 äi S0 4.3 PS

3 64 ZAG 86.4 4.9 24.2

4 21 . 92.6 29 16.7

5 1.0 2 93.5 213 6.0

6 148 2 JPNO SS I1

7/ 21519 1:9 ALU D 65.6

8 6.4 = 89.9 3.7*2 42.]

o (59,3 0.4 90.2 k 43.2

10 8.6 ZAN Sa 23 47.3

ji 018 1.4 90.2 2011 S DAS

12 4.3 0.8 94.6 (0), 40.6

S 2AN JiS 57.4 123 42.2

15 13 0.1 96.4 22 LIL0

16 317 l 90.4 412 2.

17 617 % 86.6 SN0 43.2

18 S3 2 88.7 S1S 28.2

19 18.8 0.8 Ü 2 60.0

20 ZAG S0 S 6 3.8 34.0

ZA 9.7 32 70.0 7 2N6

) IS16 17 JUSES) 8.0 45.9

219 HG s 5 = 31.6

24 8.0 213 84.0 N) 35.6

25 6.0 4.8 86.4 2AD PONG

26 30.9 07 64.1 4.3 6212

(5)DTable10. YieldofOilShaleRetortingProductsNumberPerdryshale,%Perconditionalorganicmassofshale,%Referencesofshale RAETASUIUOfromTable 1OilPyrolyticSemicoke|Gasesandlosses|Shaleoil|PyrolyticSemicoke|GasesandlossesWater(bydifference)Water(bydifference)] 7>4)6789101 0.0028-eeOI=>60Ž 6[iS)4.3PDS3.6SÕ314.3|l63 Õ21086.44.924.27250917719|4 27.D92.62967ISK654.315.462S 1.01293.521:36.095KS13.41866 1782.92.0Sl59.313958.818.0I[6l.1987/ 25131.9JAU31865165.416:310.7|61,668 6.4=89.93.7*242.1žSBNG24.3*2|67o 6.30.490.2SM43.220SONS218|6BG 0.6210GZ203AA3KLO29.112669Ä 681.490.22011SSALS317:519912 4.30.894.6(0),40.6S49.02:9I13 DNJES57.412342.2199PII2D.07215 ,30.196.422JäIKO0.8JOX9[SEB7416 3171R90.44.2)2I(0),242.52511757 82%86.6S043.2lIKG2915lISK7S18 1I2288.7SS28.211739.92021919 18.80.8ÄS2))60.0ZAG28.88.67N20 IZAGS0JIS6SU34.0SSP73KSX 9.781270.0KZDÜ6.638.03392002) 816137JUSEV)8.045.9AD20.7206WS.201D23 N6=S=sK=kaE65Š24 8.0PS84.0S3516110722189253i200Š25 6.04.886.42APDAG18.148.710.616S26 30.9O)64.14.362121.42088.6NOX22šD9
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1 2 3 4 5 6 ;

27 1748 1.8 - VAgd % (0) 50.9 5.

DS 10.8 2.6 82.6 4.0 40.9 9.
29 SD 2.4 STID DD 41.4 12
30 9.5 1.4 85.9 39 375 5.
31 4.2 33 81.6 10.9 19.4 15
32 257 —

— 31.6 -

38 DIIS 8 90.3 35 13.0 15
34 DN i 91.9 2.6 13.6 i
35 D 540 62.8 1)3 36.0 oN
36 ND Õ SU 9 JAS Ü
37 45.6 ILi SUD 2S SU 1.
38 519 10.4

1

TA0)
L

= A 7.6 15

39 IIS9 9.0 A 44.2 PII

40 SS 1D 76.9 ( 10.4 35.4 7
41 57 38

1

SS
| =

35 DING 16

42 45 15 94.0 7D 15
43 TNT 57 76.8 9.8 DND 16
44 I S 79.8 oi 39.3 15
45 DISIS 3.6 60.2 10.7 42.6 6.
46 SIS 3.6 SU 6.2 37.6 15
47 NA 5.5 JOA 9.6 201 1
48 K6 4.1 AG 10.6 34.3 1D

49 20.9 — - 45.4 -

50 N) 4.5 SD S W 14.
51 6.4 21 88.0 3.5 A SY
52 4D8 8.9 34.5 14.3 S 10.
53 LS 6.8 76.9 4.9 2018 1)
54 24.9 6.5 56.0 NN6 43.9 -
55 S — — — 291D —

56 1105 27 80.5 6.3 S7S 9.
57 32.6 3 182 16.9 375 8.:
58 13.6 1 80.4 4.6 517 5t
59 76.0 P)

O

88
|

= 125
|

= 802 DN

60 5.6 1.5 92.9 43.6 UL
61 6.4 2) 88.4 3.0 40.0 18



K. UROV and A. SUMBERG36

Number Per dry shale, % Per conditional

of shale n D I EEE

from Table 1 (O] Pyrolytic Semicoke |Gases and losses |Shale oil |Py

Wwater (by difference) wai

1 2 9 4 5 6

62 7.6 2) 87.9 N3 31.8

63 135 5.3 195 7.9 BŠUS

64 540 96 85.0 4.4 26.6

65 10.6 Ü3 IL3 9.8 26.6

66 JÄG 14 83.8 2 25.6

67 (6),2 3.0 83.0 ÄS DYD

68 357 SKI 973 3.9 2040

69 o 4.4 84.9 4.6 255

71 35 Š JEIS B0 36.8

VD 2S >
= 44.0

73 65 215 78.4 2N6 34.0

74 . 4.2 91.6 1 137

S (0),3 2.6 96.5 0.6 2N

76 6.6 SÄÜ 85.8 DÄG 27.4

78 LS 3.9 159 5i 15

79 137 LS 80.3 4.5 66.5

80 S 12 02.9 4.4 5913

SI1 01) 2.6 88.0 12 41.6

82 13.9 512 JNS 5 40.3

83 18.0 32 TAKO IUS 65.0

84 2 27 91.6 SIG 10.5

85 4.2 30 917 1 38.9

86 5.3 219 ON:2 0.6 48.6

87 6.0 1.4 88.3 4.3 AD

88 51 4.6 86.3 4.0 24.2

89 295 = 3
z 54.8

90 24.8 S3 SU 9.3 SS

A 6:2 6.9 83.6 33 18.8Table10.YieldofOilShaleRetortingProducts(end)3NumberPerdryshale,%Perconditionalorganicmassofshale,%Referencesof shaleRRAADDDDeSS=fromTable1OlilPyrolyticSemicoke|Gasesandlosses|Shaleoil|PyrolyticSemicoke|GasesandlossesWater(bydifference)water(bydifference)1D345678910627.62))87.9N331.81349.4S109631135531337.9SSD13.929720.911064540SUC85.04.420.629620.223.4ETÖ6510.6A3D39.826.615830.424.711066AÖ1.483.6A7364.745.524.22066702A83.0S2ADSi25.434.2IO68347KSS32AOPSO15.634.411069oN4.484.94.625518.436.819.31637135ŠSS3.0*236.8=|oSBl6BVIISVD2Si=43.0-š=[i|731(.5S78.4PAG34.0SiSLOSS17434.291.6II13718.662.841.9116S(0),3216OOS0.6210PSNU69.05:3Ll6766.654085.8DÄG242XO41.]10.814778S3.9172S)S92ANN1LSS163S 11371580.34.5ÕÖÖSJAS20.215ISS80151282.94.45913GNLLS275S 101)2688.01241.6152SONÕ2078213.9SS540.3IS]21223.42078318.032TT-01.865.0LIL)A06.420784XN)91.6SAG1O1558.018.0208š854.230917156492782311621235207D865.32.9IN:20.648.626.6193SS2072876.01.488.34.3SS9.02502065POŠ88S4.686.34.024.2218SS18.9125š89295=Sz54.8==218O)9024.8S3SUN69.3SS12735.414.119šS 6:26.983.6)18.820.9SO310.0127SDD
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] 2

92 1103

98 261
aa

64 199

95 211

96 4.0
a

vid
7/ 0:3

98 5

29 7.8

100 8.8

*1 Per organie earbon.
*2 Together with pyrolylic water.
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Number of shale |Content, % Atomic iReferences
from Table 1 ratio H/C

3 S0 0 |aui6| 7 S) 127 DN Ü

4 833 | 93 | 26. | s0 3:8 = 1.0 61, 209

6 887 || 90 | 18 12 4.3 1129 61

7 830 | 99 |111|01
|

059. | 1543 11 140

8 839 | 101 6.0 144 ] 67

10 824 | 115 Aosi | 04 4.9 L 167 69, 89

Üi se7 114 128 | 07 1.9 1.63 199
12 |831 | 97 |255 | (9 2.8 1.40 71

15 841 | 32 | | Fraces l 7.7 (+S) 117 74

16 838 | 06 | Üs | 07 3.1 1:52 5

17 855 | 26 | 05 £ 07 | 0.4 1.76 2,

19 — = | 85 — = I — 53

20 864 | 117 08 | 06 0.5 1.63 7

21 859 | 105 07 | 05 2.4 1.47 200, 201

22 847 | 119 035 | 11 2.0 1.69 201

24 850 | i3 05 | 19 [3 1.60 80

26 854 | 9 05 | 06 1.6 1.67 22. 81

2 856 | 12Ü 05 | 08 1.0 1.70 79 131

28 |874 102 | 05 | 07 12 1.40 22

29 849 | 115 |03 | 10 23 1.63 19

30 K8S2 113 | 05 | 06 2.4 1.59 19

32 N848) 108 |121 1i 2 1.53 202

33 85.5 | 10.0 | — 0.9 3.6 (+3) 1.40 83

34 851 104| — 0.9 3.6 (+S) | 147 83

7 Sa IS 02 | Üi 5 I l 37

38 S 84 |O5] 18 l 4.0 19 87

39 S3 | 9x | 03 | [4 52 132 87

41 S 98 61 09 28 1.46 90

42 3012 | [00 123 | 14 4.1 1.46 139

43 818 | 99 | 53.| 08 D2 1.45 91
44 je | 9 |272 | 09 28 1.34 22° 210

45 S09 | 286 65 | 14 2.6 128 211

47 SOV | S3 /61 ]10
|

39— | 13 16

48 |772| 90 [ $i 57 1.40 96
49 791 | 90 | 75 4.4 137 123
54 TS3 | 86 |93| 09 2.9 132 100

55 |789 | 88 |858 | 11 5.4 1133 204
7 769 S4 |831 ]]09| =57= | Hši 104

58 TSI6 | 977 || 5 312 148 105

59 $87 | IT4 | —

|

08 |41G9| 16 154

60 207/ | 0S) | 74 1 1.61 75
61 T9l6 9 62 | 14 3.0 1.48 77
62 792 | 100 |20 D 1152 108, 109
63 s0 | [03 | 37 | 16 2.4 LSi 22.0
64 799 | 00 |371 15 4.9 S0 110
65 PAI 99 |ag| 5 4.5 1.48 110
66 792 | 94 — 13 10.1 (+S) 1.42 206
67 Siii | 98148 | 16 27 1.44 110
68 803 | 99 44 |15

|

34. | 147 110

69 07 | 100 |7 15 1.49 115
72 sos | 91s N0 | 10 4.9 1.43 155
73 S0 | 97 | — 12 7.1 (+S) 1.42 116
74 PS 5 | — 0.9 8.8 (+S) 1.41 116
75 SBEL 9 | Ü 6.7 (+S) (ESI 116

Table 11. Elemental Composition of Semicoking Oils
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Number of shale Content, % Atomic References

from Table 1 ratio H/C

78 8316 | 115 | 1:3 0.9 27 IE6S 11

79 844 | 115 07 18 K6 1.64 75, 158

80 84.7 | 120 |0:6 2 0.6 170 75

82 603 100 1509| 14 | JA22 = 149 190

83 857 | 127 1.6 178 191
84 sa 97 ö6| 09.|49 = 1.43 1131 208

85 681 | 122 |410:5 0:5 1.69 123

86 85.8 | 107 [— 1.8 2 NGES) 1.50 159

88 84.6 | 11.0 = 0.9 3.5 (TS) 1756 125

90 894 1L 1178 | 0:6 0.6 3.6 1970 1U

S 847 | 1211 04 1.0 1.9 A 1277 28

92 8208 | 1738 | 12 0.9 33 17 77 123

93 804 |24 04 |l]|
—

17= — U76 ))
94 84.6 | 11.6 | 2.0 18 1265 130

95 85.1 | 12.4| 0.4 21 175 19
96 SS |185 [-06 2 1461 19 |
97 3448 | [I4 |0S | Hi l 2) ILGI 132

99 854 122|0:6 163 0.5 17 225 210

Table 11. Elemental Composition of Semicoking Oils (end)
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Number of sample from Table 1 % of distillation at temperature ( °C)

1 2

3 25(p) (6. 200); 101 200250); 15 (250°.
J 8 (up to 200); 8 (200-250); 10 (250-30

10 245 1) o 200); S00 (200- 00x 55(
jäll [3 (0) 16 200 21 (200 250) 17 (2505

! 14* 46.2 (UD 10 220); 79 (220.240); 21.:0C
L16° 61 (UÜ) VÕ 205) SÜ0205 310 SUU3

1) 10 (up to 200); 10 (200-250); 10 (250-.
207 2.7 U) t 230); 20:8(230:300)
21 11 (up to 200); 21 (200-300); 16 (300-.
22 5 (auija) ko) A 15 2002530 17 (A250
24* SA(T)) (OL20O) M00 250125 (25050
21 19 (up to 200); 20 (200-250); 15 (250-.
92 66 (up to 400)
41* 10.7 (up to 200); 19.7 (200-300)
42 8 (up to 200); 34 (200-300); 24 (300-3
+4* 29 (mp o 20095 (200-250); 151 (2:
45 , OL TAGUD)AID SO)
417 A6 (t) to 0)) UL (A00250); 1761

48 PETIS IID (0) Z00)1125(200250); 167

SUt 210 (pito JISO); 15 (1860250); 0 (24
54* 19)5) ((b) o JOO)) JAS (A0)-250)) 70 (:
SS 12 (up to 200); 9 (200-250); 10 (250-3

SÕ 6i KUP ö 200260 (200300) 28107

60* 13 (up to 200); 26 (200-316); 28 (316-:
63 20 (up to 200); 10 (200-250); 14 (250-
65 3 (up to 200); 16 (200-250); 21 (250-3

Ta

E
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i

69

78

79

80*

84

SÕ

| OD

15
Iš)g
* wt.%, in all other cases vol.%.
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,

Number Density p?% i References | Number | Density p2%|References

of shale from | | of oil shaie

Table i | from Table 1

12 | — 0:972 135 | 53 | 0855 99
3 0.974* 18 22) 54 1.011 100

4 | — 0983 61 | 55 0.988 204

L 6 0.990 61 57 0.969 104

7 0.964* 66, 73, 216 l 58 0.936 105

10 0.894 89 15 15 0.873 154

11 0.896 199 | 60 0.961 123

12 0.977 71 | 63 0.955* 22 110

17 0.877 D | 64 0.974 110

20 0.912 139 | 65 0.963 110

I 0.918* 200, 201 | 67 l 0.967 110

D 0.805 73 68 0956 | 110

24 0.941 200 [ 72 0.915 155

| 25 0.874 16 | 73 0.980 116

26 0.890 > | 74 0958 | 116
28 0.921 A, | 78 0.888* 22, 89

31 0.921 138 | 79 0.911 75

32 0.913 202 ) 82 0.935 190

33 0.874 83 | 83 0.857 200

34 0.884 83 ! 84 | 0.987* 73. 162

37 0.846 87 85 0.878 128

38 0.958 87 | 88 0.929 125

39 0.906 87 | 89 0.900 18

41 0.964 90 | 92 | — 0908 123

42 IL = 0965 139 | 93 0.890 123

43 0.964 91 | 94 0.922 17

44 0.974 217 | 95 0.868 19

48 1.003 96 | 96 0.896 123

49 0.944 193 t 97 0.912 132

52 0.835 99 — |199 0.898 22

* Average value.

Table 13. Density of Semicoking Oils
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Number Group components
of shale

from Table 1. |Nonaromatic |Aromatic hydrocarbons Heteroa

hydrocarbons

3 4 6

43 = 53 2 > =

44 9.0 38.0 16.0 2NG S.
47 = 5 =

= D

48 3 39.1 = = S
S =

= m = =

54 4.2 5 19 153.9 36.0 43.
SS ZA S 32.9 17.6 53 45.
7 9.0 39.4 2.6 36.8 Si
56 30.8 GH - : [I)

59 24.0 52 (0) 1.0 AL0 44.
60 20.0 S70 = = 28,
63 20 44.0 JAÖ SU0 34.
64 16.0 3810 710 2010 Si
65 26.0 43.0 6.0 S0 S.
66 12.4 42.4 ZN9 S95 45.
67 LO0 38.0 4.0 34.0 S0
68 I0 Z0 740 20.0 52
12 2010 44.0 10.0 34.0 29.
73 130 45.0 3.0 42.0 42.
74 3510 3210 5.0 PII0 313
75 300 46.0 10.0 36.0 24.
78 54.0 18.0 =

= 28.
1

o0
246

a
|

217 5 = 53.
80 46.0 A = 54.
81 64.0 133 = . 22[

€

f
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4

82 2750 26.0 150

83 34.5 45.8 216

84 22:0 28.7 95

85 53.9 15.4 3

86 63.8 9.0 =

87 57.4 1192 S

88 1)0 48.0 16.0

9 48.0 a i

94 3 = 2

97.
B

m
F S

d
=

99 SS0 =

* EAC — ether-soluble acidie compounds.
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Number|Content

of shale Si

from CO S0 H538S H»> C Gb |Clak C4H10
Table 1) ) S) (O) 1) (6) (7) (8)

L| [ a 1 | a r 11
1 1I8 = = 58 3 2

a =

3 55 15 AI0 IISAG | älisal 4.1 1.4 1143)

a)
4 2073 S) 136 AA PS

) 251 SES 14.2 S 13.4 10.9 odl 17

8 II2AS = = 2010 | 2310 =

= =

10 26.8 50 8.4 33.8 4.5 6.4 2.9 1.3

NÄÜ = a = 35 20.0 1772 22.4 10.4

12 PDKS 4.7 4.7 SÜNG| 162 6.0 2A1 OL

115 24.3 540 211 NO9IGUT 3618 527 I3 0.6

16 97 14.3 2911 24 | 134 S3 PS =

D 2913 14.1 8 TA6 297 Si Sjall 0.9

24 748 618 0.8 41.9 9.2 GU A 1.4

30 47 1.6 6.8 St|8240 16.5 s 7

39 6 TAT = 2A0 47.0 ZA 4.8 D

88 8140 13.4 i 9.4 28.6 JAG PI 1.3

34 38.4 743
>

6.4 26.9 8.6 32 12

37 — - - — | 45.6 | 14.7 |6.6 (+C;Hg) I

39 — - - — | 56.1 | 108 |5.6 (FC;He) DN

41 39.2 | — N 2N0

44 40.5 6.1 95 üi71 |117]|] G0/ 0128 . |i 08
45 YSLON(GHED)S) |204 = 1932 K

48 4175 02 F 18327 2001 p - =

54 TÄS 32 SG1S 7.4 IISES ! %5 | 2 l 03

55 36.6 1.9 14.7 S0LT
|

39
|

51
| 1

ES
ce] A

O
S6 2311 7 26.9 64 SD

S IISAG 10.6 34.0 62 26.0 4.5 013 0.7

JU

|57
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5jAL1AH HK

58 14.5 1.0 S) I21K6 = e

60 15.4 SK0 1199 23151 |18:5 4.3

63 28.9 3.8 K6 BD ja-13.7 7.4

64 = = = = 43.6 2118

65 = = 2> 59.2 1157

66 16:5 IO 1 20.5. L 227 | 153 4.1

67 = = e 4 41.7 5 24.2

68 = — = = 43.4 26.1

69 30.8 4.8 6S0 sK0 1246 946

I D3 4.3 9.9 2018 |613:5 4.4

T3 BSI6 SAI 13.8 144 | 195 5.4

74 41.9 21) 75 71 169 4.2

75 60.5 10 ahmees 67 | 220 2

78 26.2 75 4.6 244 |120 8.9

79 24.4 Sa 3.6 20.0 | 195 9.2

80 8048 16.8 83 2452| 15:2 4.3

83 4.3 = üluliraees SU 7222 10.8

84 89D 56 30.7 2.4 173 4.3

86 PG 4.4 14.2° N2SS|192 6.5

88 318 ILi 896 042 | Ü3 2A0

91 SIN6 2:5 0.0 DAAS 186 S)

95 15.3 JAS 0.9 36.6 | 14.4 Õ)

96 16.8 S) 8.2 92 1 103 4.4
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K. UROV and A. SUMBERG64

Turovo (Byelormissia) (10) 18, 25. 29, 33338 42 45. 4351 54 57 6063 66

Ukhta (Russia, Komyi) (12) 18, 25, 29, 33, 42, 45, 48, 51 54, 60, 63, 66
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