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DESULPHURIZATION OF COAL
BY CHEMOLITOTHROPHIC BACTERIA

Pyritic sulphur has been removed from hard coal and coal waste by their treating with
bacteria. Four strains of T. ferrooxidans and one strain of T. thiooxidans in pure culture and in the
mixture were used. It was possible to remove about 34-49% of sulphur from coal waste and
33-55% from coal in two weeks. The most successful result (about 60% removal of sulphur) was
obtained when the mixture of T. ferrooxidans and T. thiooxidans strains was used.

1. INTRODUCTION

Of undesirable chemical compounds, which are emitted during the combustion of
coal, sulphur dioxide is particularly dangerous. It has an extraordinarily harmful
effect on people and plants. The distinctly negative action of sulphur dioxide in
a concentration as low as 0.25 ppm is observed.

Most coals available in Poland are characterized by high concentrations of
sulphur [11] which must be reduced to a minimum level in order to burn these coals
without emission of objectionable quantities of sulphur oxides. The sulphur is
present in coal mainly in the form of pyrite sulphur, therefore our investigations have
been directed to the process of its removal from coal.

It is generally known that pyritic sulphur can be removed from coal by its chemical
oxidation to the forms soluble in water. Since these processes require both elevated
temperatures and pressures, they are too expensive in removing pyrite from coal.

Microbiological processes of leaching pyrite and other sulfide minerals under
normal conditions have been also applied to practice [4], [5], [10].

In the paper we describe the use of T. ferrooxidans and T thiooxidans
— acidophilic bacteria present in coals, as specific agents removing pyrite from coal.
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2. EXPERIMENTAL

Coal wastes from power plant (W I) and hard coal from the mine “Siersza” (W II)
were ground to obtain grains of dimensions smaller than 0.3 mm. The total sulphur
contents in coal wastes (W I) and coal samples (W II) amounted to 13.32% and
2.29%, respectively.

Cultures of T. ferrooxidans N and T. thiooxidans have been separated from acid
mine waters. Other strains of T. ferrooxidans have been donated to us by the Higher
Institute of Mining and Geology, Sofia, Bulgaria. The strains of T. ferrooxidans were
maintained on the 9 K medium [12], while the culture of T. thiooxidans was
cultivated on the Waksman medium [8].

The experiments were carried out in 500 cm?® flasks containing: 10 g of coal
material, 95 cm?® of 9 K medium (pH = 2.5) and 5 cm?® of inoculum. In the case of
the mixtures of T. ferrooxidans and T. thiooxidans strains, the inoculum comprised
5 cm? of suspension of T. ferrooxidans cells and 2.5 cm? of the culture of T. thiooxidans.
Cell suspension of T. ferrooxidans contained 1.6 x 10° cells/cm?®, whereas that of
T. thiooxidans — 2.8 x 10® cells/cm3. The number of cells in the inoculum was
established by means of the counting chamber method.

The experiments have been carried out at 28°C, some under stationary
conditions, the others in a reciprocal shaker (160 rpm). 5 cm?® of a methanol solution
containing 2% of thymol have been added into sterile control samples instead of the
inoculum. In some cases 0.04% Tween 20 solutions have been added. The whole
process of leaching has been conducted in three replications (data in tables show the
mean of three measurements).

After the experiments, the coal material has been carefully separated on filter
paper and washed with 200 cm? of distilled water. Then coal samples have been dried
to a constant weight and total sulphur content in these samples determined by the
BENNEVITZ method [2].

3. RESULTS AND DISCUSSION

A series of experiments have been carried out to estimate the effect of shaking and
adding the surfactant on the effeciency of desulphurization of coal materials. Data
obtained (table 1) showed that both shaking and adding the surfactant enhanced
removal of sulphur from the coal wastes (W I). Removal of sulphur was by 4-6%
higher in samples shaken (samples 3 and 4) than in those incubated under stationary
conditions. Addition of Tween 20 improved efficiency of desulphurization by 2—4%
(samples 2 and 3). The positive effect of shaking on the process can result from better
exchange of gases which enhances development of T. ferrooxidans bacteria, both
obligate aerobes and autotrophs. On the contrary, the surfactant makes easier the
adhesion of bacteria to the surface of the grains of pyrite in coal [7]. Taking
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into account the above mentioned results, further experiments have been carried out
with shaking and Tween 20 additives.

Table 1

Effect of shaking and adding of Tween 20 on efficiency of coal waste desulph-
urization by N T. ferrooxidans strain

Content of
Efficiency of

. coal waste i

Sample Shaking Tween 20 after leaching desulphourlzatlon
[%] !
1 — - 9.84 26.13
2 - + 9.58 28.08
control — + 12.69 4.73
3 + — 9.26 30.50
4 + + 8.78 34.09
control + + 12.25 8.14

The next step of our work was testing if 7. ferrooxidans strains are capable of
leaching pyrites in the materials investigated. Results of these experiments are presented
in table 2. The most active strain in desulphurization of both W I wastes and W 1I coals
was G 11 T ferrooxidans. During 25 days of leaching this strain caused 49% removal of
sulphur from W I, whereas about 55% removal of sulphur from W 1I coal samples was
observed after 14 days of leaching. The other strains: N, V 3, and M, under the same
conditions showed lower activity. These results show that proper selection of biological
material is essential for efficient coal desulphurization.

Table 2

Desulphurization of coal wastes (W 1) and hard coal (W II) by the various
T. ferrooxidans strains

Content of
Symbol of Time sulphur in Efficiency of
bacterial Material - material desulphurization
strain [days] after leaching [%]
[%]
N W1 25 8.78 34.09
N W II 14 1.38 39.74
G 11 w1 25 6.75 49.32
G 11 W II 14 1.02 55.46
V3 W1 25 7.04 47.08
V3 W II 14 1.10 51.97
M W1 25 742 44.29
M W II 14 1.25 4542
control W1 25" 12.38 7.06
control W 11 14 2.15 6.12
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The W 1I coal samples from the “Siersza” mine were more susceptible to
desulphurization than W I coal wastes. It may be caused by specific form of
pyrite in the material. The great quantity of alkaline components (e.g., carbonates) in
the coal and presence of toxic substances may inhibit growth of T. ferrooxidans
strains.

The further experiments aimed to explain the role of T thiooxidans in coal pyrite
oxidation by T. ferrooxidans. Figure shows that T. thiooxidans strain decreased
efficiency of desulphurization caused by the N,V 3,and G 11 T. ferrooxidans strains.
For example, addition of T. thiooxidans cells to the culture of V 3 T ferrooxidans
reduced efficiency of sulphur removal by about 50%. However, in the case of the
mixture of T. thiooxidans and M T. ferrooxidans strains, the increase (by about 18%)
in the yield of the process was observed. In this case the simplified balance of the
process can be presented as follows: 1 kg of coal (W 1I), (2.29% of total S) + 14 days
T. ferrooxidans—T. thiooxidans mixture = 0.986 kg of coal (W 1I) (0.92% of total S)
+ 0.014 kg of S.
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Obviously T thiooxidans, which is an active sulphur oxidizer, can aid the activity
of M T ferrooxidans strain by oxidizing the elemental sulphur formed during
oxidation of pyrite. On the other hand, the harmful effect of T. thiooxidans on
cultures of N, V 3, G 11 T. ferrooxidans may be due to its competitive participation
in the consumption of oxygen and carbon dioxide, and to its adsorption on the
surface of mineral. The problem of cooperation of T. ferrooxidans and T. thiooxidans
strains in the leaching of pyrite from coals was discussed by many investigators. In
the available literature there exist some controversial opinions on this subject [6],
[7], [9]- Results of our experiments cannot solve this problem either. The data
reported in our work are compatible with those reported by other authors [1], [4],

(61, [7], [13].
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ODSIARCZANIE WEGLA PRZY UZYCIU BAKTERII CHEMOLITOTROFICZNYCH

Odsiarczano wegiel i odpady weglowe przy uzyciu hodowli bakteryjnych. Zastosowano 4 szczepy
Thiobacillus ferrooxidans i jeden szczep Thiobacillus thiooxidans. W ciagu dwoch tygodni usunigto 34-49%
siarki catkowitej z odpadéw weglowych i 33-55% z wegla. Najlepsze wyniki, okoto 60% odsiarczenia,
uzyskano w przypadku uzycia mieszaniny szczepow T. ferrooxidans i T. thiooxidans.

OBECCEPEHME VTJIS TTIPU VIIOTPEBJIEHUU XUMUOJIMTOTPOPUYECKUX BAKTEPUIA

OGeccepuBaIy yroib U YTOJNbHbIE OTOPOCHI IPH YIOTpeOIeH:: GaKTepHANBLHBIX KyITYP. IIpumenn-
4 wramma Thiobacillus ferrooxidans u omun wtamm Thiobacillus thiooxidans. B Teuenue QBYX Hezenb
yraamum 34-49% TOJHOTO COAEPXKAHUS CePhl M3 YTOJLHBIX OTOPOCOB M 33-55% — w3 yrua. Camble
nyumge pe3ysibTaThl (OK. 60% obeccepeHHs) MOJYYWIHd B Clydae ynoTpeOJIeHUs] CMECH IITAMMOB
T. ferrooxidans u T. thiooxidans.



