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Abstract

The reduction of sulphur content in fuels produced from petroleum to certain
minimum is important from ecological point of view and the regulations of the Eu-
ropean Union on the hazardous emissions of exhaust gases.

One of the main problems, which are to be solved, is the reduction of sulphur
content in boiler fuels (BF).

In this aspect, the present paper reports and discusses the possibilities to apply
the process of extraction with selective solvents to reduce the content of sulphur in
boiler fuels.
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Introduction. Environment protection and particularly the reduction of the emis-
sions of exhaust gases in the atmosphere is a global problem which attracts the attention
of scientists all over the world.

Urged by severe requirements to fuel quality and environment protection, re-
searchers look for new ways to increase boiler efficiency simultaneously with reduction
of emissions of hazardous substances [1].

One method for reduction of hazardous emissions of SOx and NOx is to design boil-
ers working with low viscosity boiler fuels with low concentrations of sulphur, paraffins
and good low temperature properties.

A study of the waste products released from 299 boiler facilities in Austria working
with such type of fuel has shown its advantage compared to traditional fuel – the use of
low sulphur content boiler fuel gave reduction of hazardous gases missions by 90% [2].

A number of technologies were designed to reduce the contents of sulphur and
nitrogen oxides in exhaust gases from boiler fuels on the basis of various burners,
addition of different kinds of electrofilters, as well as simultaneous removal of SO2 and
NOx from the products obtained from the burning of boiler fuel using pseudofluidized
bed with sorbents [3].

A concept for production of ecologically pure boiler fuel was suggested. The aim
of the concept is significant reduction of the combustion products – SOx and NOx by
change in the technological regime of boiler facilities [4].

Boiler fuels for ovens, mobile and stationary facilities, as well as for industrial ovens
are prepared by mixing heavy fractions and residues from all processes of petroleum
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processing. Depending on the production line, they are either distillates or residual
products. The distillates are obtained from thermal or catalytic cracking and car-
bonization of heavy petroleum residuals. The residuals are also the black oil products
obtained from atmospheric distillation of petroleum.

Thus, practically, boiler fuels with quite different compositions and properties are
obtained, which depend on the technological scheme of the oil refinery and the sulphur
content in them varies from 1 to 3.5% [5].

By Ordinance 156/15.VII.2003 of the Government of the Republic of Bulgaria, the
sulphur content in boiler fuels produced in Bulgaria should be below 1.0% by 2012 [6].

This means that new methods for production of ecologically pure boiler fuels obey-
ing the European and Bulgarian regulations should be searched for.

Materials and methods. In our previous studies we have used the process of
extraction with selective solvents to remove sulphur and arene hydrocarbons from heart
cut fractions of petroleum [7–9]. The results obtained encouraged us to apply the method
of extraction for purification of boiler fuels from sulphur compounds.

The initial material used was boiler fuel produced according to the Bulgarian
National Standard BDS 3383–82 in Lukoil Neftochim Burgas Co. The physico-chemical
properties of the fuel are presented in Table 1.

T a b l e 1

Physico-chemical characteristics of boiler fuel

No Parameters Method of determination BF

1 Kinematic viscosity at 80 ◦C, mm2/s BDS EN ISO 3104 53

2 Sulphur content, % BDS 8428 2.4

3 Water and sediments, % BDS 15862 0.01

4 Flash point, ◦C BDS ISO 2592 102

5 Cold point, ◦C BDS 1751 20

6 Coke, % BDS ISO 6615 14.1

Taking into account the chemical composition of the initial fuel, the selective sol-
vents used were N-methylpyrrolidone, dimethylformamide, diethylene glycol, ethylene
diamine, and furfural and tetraethylene glycol. The selective solvents were selected by
their physical properties and industrial usage.

The extraction procedure was described in [7].
Studies on a two-stage extraction method for reduction of sulphur compounds

contents in boiler fuel were also carried out.
Results and discussion. The results from the change of sulphur content in the

boiler fuel, as well as the yield of refined fuels after treatment of the initial material
with different selective solvents are shown in Table 2.

As it can be seen, all solvents used reduced sulphur content in the initial fuel.
Experiments were carried out at different temperatures and ratios fuel : solvent.

The results obtained showed that the sulphur content in the refined fuels decreased
proportionally to the increase of temperature. The same tendency was observed by the
increase of solvent content.

Slight decrease of sulphur content was registered when a two-stage extraction
process was tested.

Based on the experimental data obtained, the dependence of sulphur content
change on the amount of solvent used was drawn. It is presented in Fig. 1. Solvent 1
was ethylene diamine.
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T a b l e 2

Results from the change of sulphur content in the boiler fuel and the yield of refined fuels after treatment
of the initial material with different selective solvents

No Solvent Temperature, ◦C Ratio % S Yield of refined fuel %

1 N-methylpyrrolidone 60 1:1 0.60 84.8

2 Diethylene glycol 90 1:1 0.97 85.2

3 Ethylene diamine 45 1:1 0.92 83.6

4 Furfural 65 1:1 0.88 84.1

5 N-methylpyrrolidone 60 1:2 0.60 82.5

6 Ethylene diamine 60 1:2 0.41 87.3

7 Diethylene glycol 60 1:2 0.60 82.5

8 Furfural 60 1:2 0.58 86.1

9 N-methylpyrrolidone 60 1:1 0.24 81.9

10 Diethylene glyco 60 1:1 0.34 84.6

11 Ethylene diamine 60 1:1 0.15 83.3

12 Furfural 60 1:1 0.31 82.7

13 Tetraethylene glycol 60 1:1 0.93 88.5

14 Tetraethylene glycol 60 1:2 0.84 85.8

15 Tetraethylene glycol 60 1:3 0.76 84.9

16 Tetraethylene glycol 60 1:4 0.66 83.7

17 Tetraethylene glycol 60 1:5 0.52 82.4

18 Dimethylformamide 60 1:1 0.60 86.4

19 Dimethylformamide 60 1:2 0.45 84.7

20 Dimethylformamide 60 1:1 0.29 82.6

21 Ethylene diamine 60 1:3 0.35 83.4

22 Ethylene diamine 60 1:4 0.33 81.9

∗two-stage

Fig. 1. Dependence of sulphur content change on the
amount of ethylene diamine

As it can be seen, the increase of tetraethylene glycol exerted stronger effect on the
extraction of sulphur compounds from the initial fuel. At ratios initial fuel : solvent =
1 : 1 and 1 : 2, however, the removal of sulphur compounds was worse compared to the
extraction with the other selective solvent – ethylene diamine. It may be concluded,
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Fig. 2. Dependence of sulphur content change and yield
of refined fuel by using of tetraethylene glycol

therefore, that the more effective solvent for extraction of sulphur compounds from
boiler fuels was ethylene diamine.

Figure 2 shows the dependence of sulphur content change and the yield of refined
fuel after treatment with solvent tetraethylene glycol.

As it can be seen from the data presented, the yield of refined fuel decreased
at deeper extraction of sulphur compounds. This should be taken into account for
industrial application of the extraction method, as well as for determination of the
optimal conditions for the process.

Conclusions. 1) A process of extraction was applied to reduce sulphur compounds
content in boiler fuel.

2) All solvents used affected selectively the process of the extraction of sulphur
compounds from the initial fuel.

3) A two-stage extraction process was used for the first time with selective solvents
of sulphur compounds in boiler fuels.

4) The selective solvent ethylene diamine was found to be more effective than
tetraethylene glycol.
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