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LOW-SULPHUR OIL SHALE RESEARCH
AND EXPERIMENTAL PROCESSING

V. JEFIMOV
S. DOILOV
[. PULEMYOTOV

QOil Shale Research Institute,
Kohtla-Jirve, Estonia

Low-sulphur oil shales which in most cases yield paraffinic oil upon retorting
have been studied. Oils obtained have high values for solidification point (25-
30 °C) and a relatively low density - about 900 kg/m>. Compared to high-
sulphur oils, low-sulphur ones contain more paraffins and olefins and less
aromatic hydrocarbons. The content of phenols in paraffinic oils is negligible -
2-4 %.

Low-sulphur oil shales studied may be divided into two groups. The first group
comprises oil shales for which 70-100 % of the total sulphur remains in the
semicoke during retorting, for the second group this percentage is 50-70.

The overwhelming majority of oil shale of the world yield low-sulphur
paraffinic oil upon retorting. This oil is similar to low-sulphur paraffinic
petroleums in its physical and chemical properties [1]. Quite naturally such
shale oil is therefore considered a good substitute for petroleum and its
subsequent refining can be accomplished with traditional petrochemical
methods.

The world-wide experience in processing low-sulphur shales to produce
liquid fuel is quite extensive. In China, shales have been processed on an
industrial scale since 1927. In the USA, large pilot-scale retorts have been
in operation and they still are in Brazil. Several smaller pilot and test units
are used for oil shale research in many countries of the world.

The authors’ present tests have shown (Tables 1 and 2) that oil shales
which yield paraffinic oil upon retorting have a relatively low density
(about 900 kg/m?) and, as a rule, a low content of sulphur (Tables 3 and
4). The majority of oil shales in the world yield retort oils with higher
contents of nitrogen compounds than kukersite oil (sample No. 1)
produced from Estonian shale. Some oil shales contain arsenic, and the
presence of arsenic compounds makes the subsequent processing of such
oil more difficult since those compounds poison the catalysts used for
hydrogenation.
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Low-sulphur shales yield retort gas which contains only a little hydro-
gen sulphide - in most cases no more than 50-100 g/m3 (Tables 5 and 6).
The corresponding value for high-sulphur shales is 300-500 g/m3 [1].
Considering the sulphur present in oil shale, up to 10 % (with some
exceptions) is transferred to oil (Tables 7 and 8), and the main portion of
it remains in the semicoke.

In order to make a more thorough study of the physical and chemical
properties of retort oil (which is the main product of oil shale thermal
destruction) some of the samples have been processed in an experimental
retort with semicoke gasification. The retort had a throughput of 500-1000
kg/day [2, 3]. As seen from Table 9, processing of low-sulphur shales
yields shale oil which comprises from 50-80 % of the Fischer assay oil,
dropping to 36 % only in the case of Romanian shales from the Anin
deposit (Banata province).

Retort oils obtained in such a fashion are characterized by relatively
low density, high solidification temperature, and very low content of
oxygen and, consequently, of phenols, too. Compared to high-sulphur oils,
low-sulphur ones contain more paraffins and olefins and less aromatic
hydrocarbons (Table 10).

Low-sulphur oil shales which yield paraffinic retort oil, as investigated
by the authors, may be divided into two groups (Table 11) rather precisely.
All paraffinic oils are characterized by low density as already mentioned
above (about 900 kg/m3). The first group comprises the oil shales for
which retorting results in having 70-100 % of the sulphur remain in the
semicoke, and only 5-6 % is transferred into the gas (the H,S content of
gas is low and does not exceed 40 g/m?3). The second group comprises the
oil shales for which 50-70 % of the original sulphur remains in the
semicoke and the portion converted into gaseous components is
significantly higher (14-40 %). The H,S content of this gas is up to 60-
135 g/m3.

Neither the form of the sulphur nor the proportion of the different
forms seem to influence its distribution between retorting products (see
data in Table 11). Some other factors are probably impacting on those
processes.

Solidification of paraffinic oils (i.e. products of thermal processing of
oil shale samples under study) causes serious troubles during retorting.
Therefore, it is extremely expedient to find possible routes for obtaining
oils with lower values for oil solidification point. As seen from Table 12,
this is attainable when processing oil shale in units with a solid heat carrier
or using the reverse process in vertical retorts, i.e. repeated contact of
vapour and gas mixture with heated semicoke (up to 500-600 °C) [4].
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Conclusions

Oil shales which form low-sulphur paraffinic oil upon retorting have been
studied. The total sulphur content of the studied samples is within the
range 0.38-2.78 % and the organic sulphur content varies between 0.07
and 0.89 %. During the oil shale processing in Fischer retorts, sulphur is
transferred to the products in the following proportions: 1.7-17.8 % to the
oil, traces-41.5 % to the gas (as H,S), and 53.3-98.5 % to the semicoke.
The oils obtained from the studied oil shales have decreased values for
density (about 900 kg/m3). The tested shales produce light-middle
fractions which contain less aromatic hydrocarbons and more paraffins and
olefins than oils obtained during the retorting of high-sulphur oil shales.
Paraffinic oils contain only small amounts of phenolic compounds -
2-4 %.

It is suitable to conditionally divide the oil shales studied into two
groups. The first group is comprised of the oil shales for which 70-100 %
of the total sulphur remains in the semicoke during retorting, and the
portion of sulphur transferred into the gas (as H,S) is very negligible -
below 5-6 % (the H,S content of this gas does not exceed 40 g/m3).

The second group is comprised of the oil shales for which 50-70 % of
the total sulphur remains in the semicoke upon retorting, and 14-40 % is
transferred into the gas (the H,S content of this gas rises up to 60-135
g/m3). The form of sulphur present in oil shale and the proportion of
different forms do not affect its distribution between the products; some
other factors seem to be responsible for this separation.

The world-wide experience of thermal processing of low-sulphur shales
which yield paraffinic oil upon retorting is very large. High values for
solidification point (25-30 °C) of the produced oils very often complicate
their transport and further chemical treatment. To avoid these problems,
one should process those shales in retorting units with a solid heat carrier
or in vertical retorts with repeated contact of oil vapours with the
semicoke.
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