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Biological desulfurization of coal by silicate bacteria

XIE Zuo-huang, ZHAO Hai-xia, HUANG Hai-yan and LIAN Bin
(State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,

Guiyang 550002, China)

Abstract: The bio-desulfurization of coal technology is one of the important research topics both at present and in future. In this
study, the silicate bacteria growing in media that contained high-sulfur coal were used to remove sulfur in coal. The results show that
the silicate bacteria could be used to desulfurize high-sulfur coal. Total sulfur content was reduced from 5.45% to 3.45% after the
treatment. The total sulfur removal rate reached 36.70% , in which the effective removal rate reached 9.91% . Compared with the
static cultivation manner for silicate bacteria, the shake cultivation manner shows much better desulfurizing effect on coal. The silicate
bacteria cultured in nitrogen-containing culture media show better desulfurization effect than those cultured in nitrogen-free media.
Preliminary data obtained indicate that the silicate bacteria not only cause oxidation of sulfide iron-sulfur in coal, but also result in ab-
sorption and metabolism of the organic sulfur and inorganic sulfur in coal. It is suggested that there exist two mechanisms for coal
desulfurization by the silicate bacteria: (D silicate bacteria and their metabolites result in sulfur oxidation in coal; @ the sulfur in coal
experiences absorption and metabolic conversion by the silicate bacteria. There are two kinds of mechanisms which have the effect on
all forms of sulfur in the coal sample. The study also implies that silicate bacteria have the latent application potential in the study of
coal desulfurization.
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22 30 mL 6g 70 mL
30C 150 r min 7d 1 2

1 %

Table 1 The effects of desulfurization by using two kinds of bacterial cultures

3.98 26.97 3.95 27.52 3.91 28.26 3.88 28.81 1.84
2 3.98 26.97 3.89 28.62 3.85 29.36 3.61 33.76 6.79
3
2 % Fe S
Table 2 Coal sample analyses after the bacterial treatment 1
Fe S
1 3.88  2.87  0.18 0.83 94.33 2.3
2 3.6l 2.78 0.15  0.68 97.44 6% 6g 100 mL
5.45 3.49 0.21 1.75 05¢g 0.5 g Na,HPO, 12 H,0O
3 15% 30TC 150 r min 7d
3
3
1
2 33.76% 26.97% Nay HPO,
6.79% 1
3.61% 5.45% -
2 1 1998 Lian Bin et al. 2004
1
MgSO; 7 H,O 3
S 4 3 6g
S 0.5 g Nay,HPO; 12 H,00.5 g 100 mL
2 MgSOy 15% 7d
7 H0 3 4
35.78%  29.17%
20.81% 8.62% 2.75%
23.78%  20.00%
1
2 Fe S
S S
3 %

Table 3 The desulfurization effect by using the silicate bacteria in the culture media that contained coal sample

4.01 26.42 3.93 27.89 3.94 27.71 3.86 29.17 2.75
3.97 27.16 3.90 28.44 3.83 29.72 3.50 35.78 8.62
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1 7d
Fig.1 The contrast of the bacterial liquid cultures in coaly media after static cultivation for 7 days
a— b— c— d—

a—asepsis water as inoculate b—asepsis culture media as inoculate c—autoclaving bacterial culture as inoculate d—bacterial culture as inoculate

4 % 3
Table 4 Coal sample analyses after two kinds of treatment 2 3 3
1998
3.86 2.81 0.15 0.90 97.83 5
3.50 2.68 0.14 0.68 93.06
5.45 3.49 0.21 1.75 36.70%
3 9.91%
6
25.88%
60.00%
7
2.4
5.0 g Na,HPOy 12 H,O5.0 g
2.0¢g 1 000 mL 5.0¢g
Na,HPO; 12 HLO5.0 g 1 000 mL
70 mL 10g 2
3 30 mL 30T 150 r min 7d
5 %
Table 5 The effects of desulfurization by using two kinds of bacterial cultures
3.99 26.79 3.95 27.52 3.93 27.89 3.59 34.13 7.34
3.99 26.79 3.94 27.71 3.89 28.62 3.45 36.70 9.91
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6 %
Table 6 Coal sample analyses after two kinds of treatment of
bacterial culture

dama et al. 1973
phone sulponate sulphate Isbiter et al.

Ju Lu-Kwang 1992

3.59 2.77 0.15 0.67 97.50
3.45 2.59 0.16 0.70 94.39
5.45 3.49 0.21 1.75

7 mg L
Table 7 The contrast of the content of sulphuric acid
radical in liquid after the treatment of coal sample 2006

2001

657.24 815.36 841.25 1078.59  463.29
674.41 795.35 869.78 1192.61  463.29

3 ®

2.5
5.0 g Na,HPO; 12 H,O5.0 g
2.0g 1000 mL 70 mL
1.0g 3 30 mL 3
30C 150 r min 7d

{98
(O8]

@
36.70%
9.91% 3.45% @

7d

2.6

8 mg L
Table 8 The contrast of the content of sulphuric acid radical

in liquid after the treatment of pyrite and ferrous sulphide
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