
Organic sulfur removal of Tabas 
coal by Rhodococcus bacteria 

isolated from oily soils



Iranian Coal Deposits

Tabas : Coal reserve: 713 Million ton, Sulfur : 1.1 – 3.5 %
West, East, Central Alborz : Coal reserve : 944 Million tone
Kerman : Coal reserve: 314 Million ton



Forms Of Sulfur In Coal 

Inorganic Sulfur: Disulfides (pyrite and marcasite), sulfate 
(mainly calcium, iron and barium)
Organic Sulfur: Thiols, sulfides, disulfides, thiophenes



Disadvantages associated with the use of Coal 

Combustion Systems
Emission of Sulfur oxides & Hydrogen sulfide in 
environment

Steel making industry 
The coke process can not remove all sulfur forms from 
coal. Further, sulfur combines with the molten iron in 
the blast furnace.
The sulfur sediments on the iron crystal surface make 
steel more brittle and decrease its plasticity property

It is known that alkyl and aryl thiols, sulfides and 
disulfides are readily hydrogenated or decompose 
during coking, whereas thiophene compounds in large 
part remain in the residue



coal desulfurization methods
physical : imply or involve an energy loss because 
some of coal is removed along with the finely disseminate 
pyrite

chemical:generally energy intensive, result in hazardous 
byproducts and involve high production costs

biological : is potentially attractive because :
it is a low energy process 
operating at atmospheric pressure and low 
temperature 
it can enable the sulfur to be separated without loss 
of coal



Tabas Coal sample characterization

The representative sample collected from active stopes in C1 seam 
of Tabas coal mine  was used for these studies



The optical microscopic and  SEM 
investigations shows:

Pyrite is present in the forms of: Discrete 
grains, fracture and cavity filling, regular 
and irregular framboid with average particle 
size of 1 to 30 micron and even finer than 1 
micron.
Removal of this fine distributed sulfur from 
coal needs to fine grinding and is 
impossible with conventional methods in 
practice.



Photomicrograph, SEM
 



The aims of this work 
Determination forms of organic sulfur in representative 
coal sample
Reduction of Organic sulfur from run of mine coal 
by Rhodococcus bacteria isolated from oily soils
Reduction of pyritic sulfur by mixed culture of 
microorganisms isolated from coal washery plant tailing 
dump :

avoiding problem of adaptation of the 
microorganisms to coal ( as an organic matter)



Determination of organic sulfur 
compounds

Atmospheric Pressure-Temperature- Programmed 
Reduction (AP-TPR) method was used in 
determination of organic sulfur in :

Representative
Representative demineralised

HCl 5 % :60 oC,1 hour
HF: 60 oC , 1 hour
HCl 5 % :60 oC,1 hour 

Representative demineralised pyrite free 
samples  

HNO3 17 % + Bromine, Ambient , 48 hours



H2S emission during the AP-TPR-MS for the:(a) 
Representative; (b) Representative demineral; (c) 
Representative demineral pyrite free samples 
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aryl sulfides, aryl-alkyl sulfides, simple and complex thiophenic structure 



Microorganism (Organic sulfur)

pure culture of Rhodococcus Sp. P32C1 
was isolated from Tehran refinery oily 
soils:

had ability of converting Dibenzothiophen 
to 2-Hydroxybiphenyl (according to 4S 
pathway) and subsequently removal of 
organic sulfur 



Representative Sample: Pulp density: 8%, 
particle size: < 180 μm, temperature: 30 
oC, shaking rate: 120 rpm.
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The bacterium  used pyritic sulfur instead of organic sulfur for its metabolism activities

In this conditions only 19.9 % of organic sulfur was removed after 120 hours 



Biodesulfurization studies (Pyritic sulfur 
removal)

Mixed culture of microorganisms (consist ferrooxidans 
bacteria) isolated from Zyrab coal washery plant tailing dump, 
in the north of Iran, was used on removal of pyritic sulfur from
Tabas coal  in flask  systems .



Pyritic sulfur removal results
The optimized conditions for the maximum removal of 
pyritic sulfur (91.84 % for pyritic sulfur and 53.5 % for 
total sulfur)  were :

The initial pH of 2 , particle size less than 0.18 mm, 
pulp density of 5 % , temperature of 30 oC ,shaking rate 
of 150 rpm ,Bioleaching time : 10 days                          

In this stage pyritic sulfur, total sulfur and ash 
decreased from initial values of 0.78,1.44 and 32.3 in 
run of mine coal to 0.069, 0.729 and 26.8 % in 
bioleaching concentrate respectively.
The decrease in organic sulfur content of coal under its 
leaching was not observed  



Organic sulfur removal

The optimized conditions for the maximum removal of 
organic sulfur from concentrate prepared at pyritic 
sulfur removal stage were :

Bioleaching time: 96 hours
Pulp density of 8 %
Temperature of 32 oC
Shaking rate of  90 rpm 

In this stage total, pyritic and organic sulfur decreased 
from initial values of 0.72,0.069 and  0.66 in previous 
stage concentrate to 0.45, 0.02 and .043  in final 
concentrate, a reduction of 38, 65 and 35.7 % 
respectively.



Conclusions

The ability of Rhodococcus Sp. P32C1 culture extracted 
from Tehran refinery oily soils on removal of organic sulfur 
from Tabas coal is investigated.
According to characterization studies, removal of fine sulfur 
particles from Tabas coal is impossible with conventional 
methods. 
The AP-TPR studies are shown that simple and complex 
Thiophens are the predominant forms of organic sulfur in 
Tabas coal representative sample.
In the experiment in a flask (mixing system), the optimal 
conditions for maximal removal of sulfur (35.8 of organic 
and 38.6 % for total sulfur) were obtained: particle size: 
< 180 mm, pulp density: 8 %, temperature: 32°C, mixing 
rate: 90 rpm and leaching time: 96 hours.



Conclusions
(continue)

In presence of pyritic sulfur the Rhodococcus 
bacteria were used this form of sulfur for its 
metabolism activities. In this condition only 19.9 % 
of organic sulfur was removed after 120 hours. 
It seems that inorganic sulfur was a simple sulfur 
source for the bacteria. So in continue of studies, 
the pyritic sulfur removed by mixed culture of 
ferrooxidans microorganisms isolated from coal 
washery plant tailing dump.
At high pulp densities (higher than 8 %), leaching 
of toxic materials from coal to medium, sheer stress 
on microorganisms and difficulties of mixing 
caused poor heat and mass transfer and, 
subsequently, sulfur removal decrease.



Conclusions
(continue)

Toxic material accumulation in growth medium and 
depletion of nutrient material for bioleaching times more 
than 96 hours may be cause of reduction in sulfur 
removal. 
The experimental results show that the extracted cultures 
are sufficiently effective for desulfurization of the Tabas 
coal in mixing system. 
After two stage desulfurization the pyritic, organic and 
total sulfur reduced from initial values of 0.78, 0.67 and 
1.44 % in representative sample to 0.02, 0.43 and 0.45 % 
in bioleaching concentrate respectively.


