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RESEARCH AND EXPERIMENTAL PROCESSING
OF HIGH-SULPHUR OIL SHALES

V. YEFIMOV
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Oil Shale Research Institute
Kohtla-Jirve, Estonia

During the retorting process of oil shales in Fischer retorts sulphur is transferred
to retorting products (to oil, gas or semicoke) in different proportions, depending
on the content of organic sulphur (more precisely on the share of organic
sulphur in total one) in the shales.

The conditions of retorting the shales do not influence the sulphur content in
the retort oils.

High-sulphur oils obtained in the experimental retort are similar to each other
in their chemical group composition. They are characterized by an increased
content of aromatic hydrocarbons and a reduced content of phenols and
alkenes.

The majority of oil shales of the world yield on retorting paraffinic oil
which is similar to low-sulphur paraffinic petroleums in its physical and
chemical properties. The second group of oil shales found throughout the
world forms on retorting high-sulphur oil [1].

In order to learn about the physical, chemical and processing properties
of the second group of oil shales the research of the corresponding samples
has been carried out both in laboratory conditions and experimental retort.
Samples were delivered to the Oil Shale Research Institute by various
foreign organizations and geological expeditions at different times. These
samples obviously do not reflect completely the average qualitative
character of their deposits. Nevertheless, these samples give an idea about
the physical and chemical properties and specific features of the oil shales
originating from different deposits.

The present research has, in authors' opinion, a practical value for
rating the oil shales as process raw materials for retorting, and the
possibilities for their industrial use.

This paper generalizes the results of the investigation of oil shale
samples obtained from the main shale deposits of the world, including the
Volga Basin in Russia, and Uzbekistan (Table 1), the Ukraine, Morocco,
Jordan, Syria and Brazil (Table 2). For a comparable study the
corresponding data for the most common oil shales which yield paraffinic
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oil on retorting (Boltysh deposit) and kukersite with its very specific
characteristics (Estonian deposit) are presented.

As can be seen from Tables 1 and 2, the sulphur content of oil shales,
which form high-sulphur oils during retorting, varies considerably - from
1.77 to 6.0 %. The organic sulphur content of those shales also varies
considerably - from 0.15 to 5.13 %. A rather high content of calcium
carbonate is typical of the mineral part of oil shales from Morocco, Syria
and Jordan. Silicon compounds prevail in the mineral part of oil shales
from Brazil and the Ukraine.

Distillation of shale under laboratory conditions was carried out in a
standard Fischer retort. The shale samples weighed 20 and 50 g and the
final temperature reached 510 and 520 °C, respectively. We have
established that both retorts give consistent results. A Fischer retort
containing 200 g of shale was also applied for estimating the quality of the
retorting products. This procedure was used primarily for oil shales low in
organic matter.

During the retorting of the shale samples mentioned above, sulphur-
rich oils (from 5 to 10 %) were formed irrespective of their initial sulphur
content (Tables 3 and 4). Only the oil shales from the Irati deposit with
their rather high original sulphur content of 4.2 %, yield an oil containing
only 1.3 % of sulphur.

Sulphur content of the semicoke obtained from the oil shales of
Russian and Uzbekistan deposits is moderate - 1.9-3.2 %. However,
sulphur content of Moroccan, Syrian and Jordanian shale semicokes is
rather low - 0.7-1.6 %. The content of hydrogen sulphide in retort gas is
20-30 % by volume for practically all the tested samples (Tables 5 and 6).

The most interesting aspect of the retorting process is the actual sulphur
balance during the treating of oil shales in the Fischer retorts (Tables 7
and 8). The amount of sulphur of the original shale samples which passes
on to the products during retorting, varies substantially. Thus, 2.2-33.9 %
of the shale sulphur is transferred to the oil, 10.8-53.3 % - to the retort
gas, and 20.9-65.4 % - to the semicoke.

Such diverse distribution of sulphur during the retorting process of oil
shales is primarily due to the presence of organic sulphur in the shales.
The greater the content of organic sulphur, the more of it passes on to oil
and gas. In case of an elevated content of inorganic sulphur in oil shales,
the quantity of sulphur in the semicoke rises.

According to the data generalized in Table 9, high-sulphur oil shales
can be divided into four groups according to their share of organic sulphur
in the total sulphur amount. The first group comprises oil shales with a
low content of organic sulphur, not exceeding 5-10 % of the total sulphur
in the shales. The share of organic sulphur in the second group is 20-35 %,
in the third one - 50-70 %, and in the fourth group - 80-90 %. It is
interesting to note that the transfer of sulphur from the initial shale to oil
depends not so much on the content of organic sulphur in the shale as on
its share of total sulphur.
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For a more thorough study of the physical and chemical properties of
retort oil as the main product of thermal destruction of oil shales, some of
the samples have been processed in an experimental retort under
conditions for semicoke gasification. The retort had a throughput of 500-
1000 kg of shale per day [2, 3]. As seen from Tables 10 and 11, processing
in the experimental retort yields shale oil which ranges from 60 to 90 % of
the Fischer assay oil, dropping to 45 % only in the case of Carpathian
Menilitic shales. This experimental retort yielded high-sulphur oils which
were virtually identical to the oils obtained in the Fisher retorts. However,
condensation of oil and water vapours in the condensation apparatus
resulted in the formation of a stable emulsion, and the separation of oil
from water was troublesome.

At the beginning of the investigation of shale oil properties the group
composition of light/middle fractions of shale oil was studied (Table 12),
and later on the group composition of crude shale oil was determined
(Table 13). The data presented in the tables show the resemblance between
the light/middle fractions and the total high-sulphur oil. They are
characterized by an increased content of aromatic hydrocarbons and a
reduced content of alkenes and phenols (in comparison with paraffinic oil
of oil shales from Boltysh deposit and with kukersite oil). The Carpathian
Menilitic shale had an additional characteristic of a high content of
phenols in its oil.

Table 13. Chemical Group Composition of Crude Shale Oil Obtained
in the Experimental Retort from Oil Shales of Various Deposits, wt.%

Compounds Investigated shale sample number (see Tables 1 and 2)
4 3 6 7 11 12
Alkanes and cycloalkanes 8.7 248 2 6.8
e 65 | 151 | }4 33 75 6.8
Aromatic hydrocarbons 46.8 54.5 50.4 44.9 58.3 58.5
Neutral heteroatomic compounds | 34.8 34.7 40.8 43.7 22.7 227
Phenols and carboxylic acids 392 57 4.7 4.2 4.6 5%

The Syzran oil shale processing plant in Russia where very small
amounts of shale from the Kashpir deposit (60-70 thousand tonnes per
year) are processed since 1932 is the only enterprise having any industrial
experience in processing high-sulphur oil shales. This limited processing of
Volga Basin shales is due to the high content of sulphur in the oil which
makes it unusable as a liquid fuel. Only a limited assortment of products,
including mainly medicinal such as sulphichton, albichtol, etc. is produced
at this plant. Those medicinal compounds are extremely important in
veterinary practic, but since they are needed only in negligible amounts,
they cannot serve to justify their large scale production.
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The development of the Volga oil shale industry has been hindered by
the lack of a simple and low-price desulphurization technology for high-
sulphur oils. This is also the case in many countries of the world where oil
shale resources have not been put to use. Therefore, the creation of such a
technology is extremely important and pertinent to the development of
thermal processing techniques for oil shales.

It is known that during the retorting of kukersite using a solid ash heat
carrier which contains free calcium oxide, sorption of phenols occurs,
resulting in an essential reduction of phenol content in the oil - from 25-
30 to 10-12 % [4, 5]. Unfortunately, this kind of process does not affect
sulphur compounds occurring in the oil. For example, on retorting the
Moroccan shale on in enlarged laboratory unit with a solid ash heat
carrier, the quantity of sulphur in the oil remained on the same level as it
was in oils obtained from experimental and Fischer retorts. The
experiment was carried out in the Moscow G. M. Kizhizhanovsky
Institute of Energetics (Table 14).

A number of foreign organizations are engaged in development of
desulphurization processes of shale oils and petroleums.Some of the
identified projects seem to be of practical interest. These are being carried
out at the Russian Fossil Fuel Institute [6] and the Saratov Polytechnical
Institute [7]. In the first case the H-donor potential of oil shale organic
matter is used for desulphurization of oils. The process proceeds by
thermal liquefaction of the oil at a temperature of 400-430 °C without any
hydrogen nor catalysts. In the second case, a pyrogasification of high-
sulphur shale in the powdered state is proposed, which releases pure
gaseous energy carrier and valuable chemical by-products (sulphur,
aromatic hydrocarbons and thiophene). One can only regret that this work
has not been developed to the stage of pilot-scale tests.

Conclusions

Oil shales which form on retorting high-sulphur oil with a sulphur content
of 5-10 % have been studied. The total sulphur content of the studied
shale samples is within a range of 1.77-6.0 % but the content of organic
sulphur varies between 0.15-5.13 %. During processing in Fischer retorts,
sulphur is transferred to the retorted products in the following proportions:
to oil - 2.2-33.9 %, to gas - 10.8-53.3 %, and to semicoke - 20.9-65.4 %
of the total content of sulphur in the original material. This diverse
distribution of sulphur during the retorting process of oil shales is primarily
a result of the presence of organic sulphur. In the case of a high organic
sulphur content, most of the sulphur is transferred into the oil and gas. In
the cases with high inorganic sulphur in the oil shales, the quantity of
sulphur in the semicoke is high.

It is suitable to conditionally divide oil shales into four groups
according to the relative share of organic sulphur in the total sulphur. The
first group comprises the oil shales which have 5-10 % of the total sulphur
in the organic form. The percentage of organic sulphur in the other groups
is 20-35 %, 50-70 %, and 80-90 %, respectively. The transfer of sulphur
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from the original shale to the produced oil depends mainly on the share of
its organic component in the total sulphur.

High-sulphur oils obtained in an experimental retort are quite similar to
each other in their chemical group composition. These oils are
characterized by an increased content of aromatic hydrocarbons and a
reduced content of alkenes and phenols.

There exists no simple and low-price desulphurization technology for
high-sulphur oils, and this has hindered the development of the oil shale
industry in the Volga Basin as well as the exploitation of the industrial
resources of oil shales in many other countries.The shale retorting method
does not affect the sulphur content in the retort oils. whether it uses a
solid heat carrier, a gaseous heat carrier or an external heat source.
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