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I. ABSTRACT

8. OBJECTIVES

The objective of this project is to develop an efficient and cost-effective process for deashing and
desulfurization of ultrafine coal prior to combustion. The proposed process utilizes an integrated
circuit of selective flocculation followed by enhanced microbial desulfurization processes in a draft-
tube gas-liquid-solid fluidized bed bioreactor. Our specific goals are to identify and optimize the
important process parameters of each of these component techniques which would yield an overall
efficient integrated system.

9. WORK DONE AND CONCLUSIONS:

Following phases have been successfully completed:

1- Search and development of selective dispersant and flocculants
2- Optimization of pyrite and ash minerals rejection by selective flocculation
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3- Microbial leaching in the fluidized reactors.
4- Oxygen Transfer and mixing effects in the draft-tube fluidized bed
5- Techno-economic assessment of the proposed process

In the first phase, we study the effect of different flocculants and dispersant chemicals. The major
criteria were the selectively of the flocculants toward carbonaceous materials in the coal and
selectively of the dispersants toward the pyrite particles in the coal. Note that the sulfur in pyrite is
the major source of sulfur in Ohio’s coals.

In the second phase, we studied different operation aspects of the selective flocculation. These
parameters were the effects of coal-floc separation technique, particle size and size distribution of
the coal slurry, and the effective concentration of each of the chemical reagents selected in the
previous phase for maximum coal recovery and sulfur rejection.

In the third phase, we studied the use of fluidized bed bioreactor for microbial desulfurization
process. Different microbial cultures which were adapted for various periods to coal-pyrite slurry
were used. The obtained results indicated a very significant increase in the oxidation rate of pyrite
in the fluidized bed reactor with adapted microorganisms. Over 90% of the pyritic sulfur content
were rejected within the residence time of 24 hours in the reactor. Note that the observed rates are
500% faster than the previous results reported in the literature.

In the fourth phase, the superior effects of fluidized bed bioreactor were investigated. In a series
of experiments oxygen transfer rate was measured in a coal-water slurry system. These results
were then correlated with the actual bioleaching process at similar operating conditions. The results
indicate that the hydrodynamics of a fluidized bed bioreactor, more specifically, the efficient oxygen
delivery mechanism, was the primary reason for the observed bioleaching rates.

Finally in the last phase, we prepared the Final Report in which we proposed a technically feasible
process for cleaning ultrafine high sulfur coals. The operating and the capital investments
associated with this process were also estimated. Based on this information the costs of ash and
sulfur removal were also calculated.

10. PLANS FOR COMING YEAR:

Project was completed.

II. HIGHLIGHTS/ACCOMPLISHMENTS

11. Using the fluidized bed bioreactor for microbial desulfurization was proven to be the most
effective method for removal of the pyrite in the coal slurry. The results indicate that 90%
of the pyritic sulfur content is removed in 24 hours of treatment in the fluidized bed reactor.
Note that this period has been widely reported to be within 5 to 15 days. The final coal
product contained about 1.% total sulfur and less than 3% ash after combined selective
flocculation and microbial desulfurization processes.
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