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Abstract—Viscous bitumen for highway use, which matches all the physicomechanical properties of BND
60/90 bitumen (in other words, those required by the standard for bitumen), may be produced by modifying
the organic component of hydrogenated coal with sulfur. The new bitumen may be used as a road surface
operating at mean monthly temperatures between –10 and –20°C. On adding sulfur, the content of mono-
cyclic, bicyclic, and condensed aromatic hydrocarbons in BND 60/90 bitumen is decreased, while the con-
tent of asphaltenes and tars is increased. That may be explained by the reaction of sulfur with aromatic com-
pounds.
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Recently, the demand for sulfurous bitumen mate-
rial in the oil industry has been growing because of the
traditional need for high-sulfur compounds. If the sul-
fur content in oxidized bitumen for road use is 20 wt %,
sulfur in such quantities dissolved at 120–150°C [1].
The dissolved sulfur in the hydrocarbon components
of bitumen serves as a plasticizer, a filler, and a supple-
mentary reagent. The structure of sulfur-modified
bitumen depends on the quantity of sulfur employed
and the temperature at which the sulfur–bitumen
mixture is prepared. On adding up to 20% sulfur to
bitumen, the type of reaction in the mixture depends
on its final temperature.

Depending on the ratio of bitumen and sulfur, the
duration of mixture heating, and the final tempera-
ture, the sulfur may penetrate in the bitumen mole-

cule, and dehydrogenation may occur, with the liber-
ation of hydrogen sulfide. When the mixture is heated
to 140°C, the sulfur forms polysulfides, in which the
unreacted sulfur dissolves. The system of unreacted
polysulfides soluble in elemental sulfur, such as
asphaltenes, forms the basic lattice structure.

Asphaltenes, paraffins, disperse sulfur, tars, and
hydrocarbons are dispersed in this lattice. If the mix-
ture of sulfur and bitumen is heated above 140°C, the
structure of linear polysulfides may be converted to
stable sulfides of thiophene type, on account of dehy-
drogenation of the saturated bitumen components.
With increase in temperature, the highly reactive
asphaltenes and tar, as well as aromatic naphthene
compounds, react with sulfur to form C–S bonds. We
also know that, at 240°C, sulfur reacts with aromatic
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Table 1. Results of hydrogenating Shubarkol coal in a 1 : 1 mixture with petroleum at 5.0 MPa for τ = 15 min

Process Temperature, °C Total yield
of hydrogenated coal, %

Gas + H2O, wt % Losses, wt %

300 26.0 39.0 35.0
With no catalyst 350 29.7 38.1 32.2

400 35.1 30.5 34.1

300 47.8 36.0 16.2
With 0.05% Mo 350 51.7 28.1 10.2

400 65.1 17.8 17.1


