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The physical and chemical properties of low- and high-sulfur oil shales from
36 deposits throughout the world, and of their retorting products have been

investigated and generalized. Basing on the oil qualities, the shales may be

divided into three main groups: yielding paraffinic, high-sulfur, and oxygen-

compound-rich oils.

On the basis о] the distribution of sulfur between reforting products, the ой

shales from various deposits of the world tested in the standard Fischer assay

may be divided into four groups. The first group comprises the oil shales whose

retorting yields semicoke containing 100-70 % of the total sulfur (low-sulfur

shales). The respective amount of sulfur in semicoke of other shales is 70-

50 % (11, transitional group), 50-30 % (III), and 30-20 % (IV), the last two

groups comprise high-sulfur shales. Other changes in physical and chemical

properties of retorting products may be traced back 10 be т а good correlation

with this feature.

Oil shales of the world may be divided into rich and pure ones on the

basis of the oil yield of retorting in the standard Fischer assay. The oil

yield 15 % marks the distinction between poor and rich oil shales.

Besides, oil shales may be divided into low- (<2 %) and high- (>2 %)
sulfur shales.

The results of our research on high- and low-sulfur oil shales from

various deposits of the world using standard methods [l,2] offer a good
opportunity to examine some common traits of physical and chemical

properties of initial shales and their products. These results may also be

applied in classifying world oil shales for technological purpose.
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Deposit Sample |Distribution of sulfur betweenP numIl;er retorting products, %
Sulfur co

s

First gr

Anin, Banata 1 98.5 3.6 traces 0.67

Eckibastuse 2 89.1 1.7 traces 1.32

Maoming 3 87.6 2.6 2.8 1.22

Ust-Kamenogorsk 4 87.5 8.7 3.5 1.00

Stuart 5 85.6 4.1 2.6 1.00

Fushun 6 85.3 2.3 3.6 0.78

Gurkovo-Nikolayev 7 84.2 3.4 32 0.38

Kenderlyck 8 80.5 9.4 6.2 2.10

Paraiba valley:

papery 9 72.8 17.8 2.9 1.28

lump-sized 10 72.6 5.7 14.6 1.60

Aleksinac
__

11 70.0 5.1 14.8 2.78

Change limits of main characteristics, %| 100-70 2-10 | traces-15

Second g

Huadian 12 68.4 5.7 21.4 1.20

Boltysh 13 67.7 10.2 20.8 1.40

Ukhta 14 64.5 7.1 28.0 0.39

Luban 15 59.5 11.0 17.0 1.6

Mae Sot 16 59.2 12.6 28.6 0.87

Breznik 17 57.5 5.3 41.5 2.47

Estonian 18 55.4 9.6 39.0 1.9

iy

Fus

Gu

Ke:

Paı

Ale
C

Hu

Bo]

Uk

Lut

Ma

Bre

Est



Some Common Traits of Thermal Destruction of Oil Shales from Various Deposits of the World 601

6

Green River 19 53.3 12.5 20.6 0.65

Verkhnesinevid 20 65.4 7.1 10.8 2.68

Irati 21 65.2 2.2 24.4 4.2

Baisun 22 55.7 11.8 — 4.15

Sangruntau 23 53.3 10.4 25.2 4.57

Urtabulak 24 52.4 12.4
_

_34.2
_

__4;59=
Change limits of main characteristics, % 70-50 5-15 10-40

Third g

Timahdit, test 13* 25 439 20.1 35.1 3.07

Sysol 26 42.0 13.5 35.3 34

Kashpir 27 41.8 17.4 40.9 3.7

Timahdit, test 11* 28 409 22.2 44.7 1.77

Kotsebinsk 29 38.7 21.3 45.8 6.06

Chagan 30 38.5 22.3 44.5 4.14

Timahdit, test 12* 31 37.0 21.3 38.1 2.37

El-Lajjun 32 30.35 25.0 44.65** 3.43

Change limits of main characteristics, % 50-30 15-25 35-50

Fourth:
Rubezhansk 33 28.7 30.0 53.3 4.69

Senoman 34 28.7 339 38.1 2.03

Perelyub, seam 1 35 24.5 24.3 52.7 6.08

_
_Äein_l_ll______ __36 20.9 270 50.7 5.80

Change limits ofmain characteristics, % 30-20 25-35 40-55

* Shale sample number as given in [1].
** The amount of sulfur converted into gas is determined by difference 100 - 30.35 - 25.0 = 44

(probably as tiophenes).
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Oil shale samples studied by us may be divided into three main groups

according to characteristics of their retort oils [3].
e Oil shales yielding low-sulfur paraffinic oils

e Qil shales yielding high-sulfur oils

e Oil shales yielding oils with a very high content of oxygen compounds
(the most typical representative of this group is the oil shale -

kukersite - of the Baltic shale basin)

However, technological classification of oil shales from different

deposits requires establishing universally applicable parameters
characterizing the physical and chemical properties of oil shales. In

search of suitable parameters reflecting general features of thermal

destruction of oil shales from any deposit, we have focused on

distribution of sulfur in the products of retorting, first of all, on the

amount of sulfur transferred into semicoke. All oil shale samples studied

by us may be placed under one common regularity on the basis of this

property. As seen from Table 1, the share of sulfur transferred into

semicoke decreases with the increase in the amount of sulfur present in

the initial shale, accompanied by the increase in the sulfur content of oil

and gas.

The comparison of all studied oil shale samples on the basis of sulfur

distribution upon retorting enables to differentiate between four distinct

groups (Tables 1 and 2), and such a distribution of sulfur applies to all

high- and low-sulfur shales of the world. The first group includes only
low-sulfur shales. The second group is a transitional one and comprises
both low- and high-sulfur shales. The third and the fourth groups

comprise only high-sulfur shales.

| Distribution of sulfur in retorting products, % | Share of | Sulfur content, % |
„ | organic $ |

First group

100-70 | uptol0 | wpto15 | — | 0428 | 04-23

Second group

70-50 S55 | 1040 | 035 | 0461 | 04-102

Third group

50-30 | 1525 | 35-50 | 4570 | 1861 | 4.0-102

Fourth group |
30-20 25-35 35-55 80-90 1.8-6.1 4.0-10.2

Table 2. Main Qualitative Characteristics of Oil Shales from Various Deposits
of the World Used for Their Technological Classification
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Interestingly enough, high-sulfur shales are characterized by one more

trait - the sulfur content of semicoke depends not only on the content of

sulfur in the oil shale but even more on the share of organic sulfur in

total sulfur. The regularity does not apply to low-sulfur shales yielding
paraffinic oil upon retorting.

As seen from Table 1, during retorting of low-sulfur shales mostly
paraffinic oils are formed. The oils obtained are characterized by
decreased density values (about 900 kg/m3), and high solidification point
values - 20-30 °C. Light-middle fractions of high-sulfur oils have quite
similar chemical group composition. They are characterized by elevated

content of aromatic hydrocarbons and low share of olefins. Most of the

investigated oils contain only few phenols, except for the retort oils from

shales of the following deposits: Estonian, Verkhnesinevid, and, to some

extent, also Luban.

The highest yield of oil (on organic matter basis) are obtained from

shales of the deposits Green River, Estonian, and Mae Sot. Rather high
oil yields characterize oil shales from Kenderlyck, Luban, El-Lajjun,
Huadian, and Breznik.

Mineral parts of Estonian, Moroccan, Syrian and Jordanian oil shales

contain much calcium carbonates. Australian, Chinese, and Bulgarian oil

shale mineral parts are rich in silicon compounds.
One more fact must be mentioned here. As generally known, one

maximum of shale formation occurred in Cainozoic.

During Cainozoic, unique formation of lake shales formed in Green

River (USA), basins in Thailand and Australia (Stuart, Randle, Condor,
and others), Huadian, Fushun, and Maoming in China [4]. As seen from

Table 1, oil shale samples Nos. 13, 16, 5, 12, 6, and 3 are low-sulfur

ones, and the oils formed upon their retorting are paraffinic and contain

small amounts of sulfur - 0.3-0.8 %. Oil shales from Asia contain little

sulfur, and during their retorting low-sulfur oils are formed.
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