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ABSTRACT 

Coal is one of the most abundant fossil fuel resource available on earth. It is a potential 
source of clean solid, liquid and gaseous fuels and feedstock for a wide range of organic 
chemical industries. Coal being a solid hydrocarbon, is composed of varying amounts of 
carbon. hydrogen, oxygen nitrogen. sulphur. minerals such as clay, shales and pyrites. and 
moisture. I lowever, the release of heavy metals, NOx and SOx pollutants in the atmosphere 
make it a relatively poor fuel. The depleting resources of petroleum and natural gas are 
leading, to an increased need to use the coal. So there is an urgent need to develop a method 
to clean the coal in order to save the environment from pollution and equipment from 
corrosion. The disadvantages posed by the thermochemical coal conversion technology has 
stirred the research work on bioprocessing of coal to obtain clean solid, liquid and gaseous 
products. The present research work is aimed to develop some convenient biochemical 
technique for demineralization of coals using biological means, to obtain a clean 
demineralized coal for various industrial applications, so that the corrosion of the equipment 
and the amount of heat carried away by the ash can be reduced. 

The coal consists of two components organic compounds and inorganic mineral matter. The 
separation of either from the other will serve the above objective. Studies were undertaken 
to test both the alternatives. A selective enriched mixed culture was developed for the removal 
of mineral matter from the coal organic compounds. This culture was used for stepwise 
aerobic bioleaching of two high ash Indian bituminous coals. viz., Topa coal and Godavari 
coal and for Neyveli lignite. The process of bioleaching resulted in removal of more than 50% 
of mineral matter in five successive repeat steps and thus resulted in the production of 
relatively demineralized clean coal. Various parameters were optimized for bioleaching so as 
to maximize the removal of mineral matter. Based on above studies a two step experiment 
was conducted under optimum conditions. The demineralization observed in the different coal 
samples was : Neyveli Lignite(NL), 75%, Godavari Coal(GC), 56% and Topa coal, 45%. The 
changes in mineral matter composition of these coals were evaluated using FTIR spectroscopy 
and X-ray diffraction(XRD) techniques. The compounds released in the filtrate were analyzed 
1w using UV-Visible spectroscopy and the residual coal from biochemical treatment was 
ana-lvzed using UV-reflectance spectroscopy. 

The studies have been carried out on the development of some convenient biochemical 
techniques for rendering the lignite extractable in common organic solvents. Neyveli lignite 
\vas treated with pure cultures and mixed cultures (under facultative conditions with limited 
air) in the presence of Phanaerochaete chrysosporium  or Cunninghamella elegans  and 
anaerobic bacteria. The technique of mixed culture facultative treatment using either P. 
chrysosporium  or C. elegans  in the presence of anaerobic microorganisms was termed as 
aerobic anaerobic co-culture (co-metabolic) biotreatment (AACB) fermentation technique. It 
was observed that the yield of biogas in the AACB treatment using P. chrysosporium  was 
higher as compared to that obtained by either mixed culture alone or by P. chrysosporium  
alone. The treated lignite samples were extracted in quinoline. The maximum extraction yield 
in the quinoline was obtained from Neyveli lignite after aerobic-anaerobic co-culture 
hioconversion (AACB) treatment with mixed culture in Active culture in comansalism with 
the pure culture of fungus Phanearochaete chrysosporium.  The conditions for microbial 
treatment ∎vith this set of cultures were optimized. The total extraction yield of Neyveli lignite 
in quinoline after biological treatment under optimum conditions was 56.1% The coal extracts 



were also found to contain lower amounts of mineral matter compared to the original coal. 
The residues, extracts, gas samples and bioextracts obtained from the microbial pretreatment 
process were characterized using UV-Visible. FTIR. 'H NMR. GC, proximate and elemental 
analysis. 

The studies have been carried out on the pretreatment of Neyveli lignite (NL) through 
chemical and photochemical techniques in order to degrade NI.. and thus make it more 
amenable to microbial degradation through aerobic as well as anaerobic digestion for 
enhanced quinoline extraction and production of biogas. Various pretreatment techniques 
studied during the present work are photooxidation in methanol by ultraviolet light, nitric acid 
oxidation and photoreduction in hydrogen donor solvents in the presence of ultraviolet light 
in a quartz reactor. The pretreated samples from first two treatments were subjected to the 
microbial treatment while the third, photoreduction was used as a complete treatment method. 
The pretreated samples obtained were extracted with quinoline. The pretreated N1_, samples 
were also extracted in quinoline. 

The Ni. initially subjected to photooxidation in methanol (NLPO) by ultraviolet light was 
subjected to microbial treatment by AACB, solid state fermentation (SSF) and liquid state 
fermentation (LSF) techniques. The treated NL samples were extracted in quinoline. The 
maximum extraction yield of 48.0% in the quinoline was obtained from Neyveli lignite after 
treatment of NLPO with P. putida under AACB conditions. The maximum quinoline 
extraction of 33.5%, for SSF treated NLPO was found with P.t.picla. The photooxidation 
followed by LSF by P. putida resulted in the quinoline extraction of the NL of 32.8%. The 
increase in biogas during AACB process and the analysis of degraded and residual lignite 
indicated that the pretreatment degrades lignite into low molecular compounds which were 
found to be more amenable to anaerobic digestion. 

l lie NL 'initially subjected to oxidation by 8N nitric acid (NLO) was subjected to microbial 
treatment by AACB and LSF techniques. The microbially treated NL samples were extracted 
in quinoline. The nitric acid oxidation of NL yielded a quinoline extraction of 80% of the 
residual lignite. AACB treatment of 72 h oxidized NL sample gave a biosolubilization of 
58.0%. The residual lignite gave a quinoline extraction of 52.6%, giving a total extraction of 
more than 80%. 

The NI, initially subjected to photoreduction in a hydrogen donor solvent, in the presence of 
ultraviolet light was subjected to quinoline extraction. The photoreduction of NL in tetralin 
followed by quinoline extraction of the pretreated NL yielded a quinoline extraction of 
56.0%. photoreduction in isopropanol yielded an increased quinoline extraction of 41.6%, 
photoreduction in acetone led to a quinoline extractability of 42.9%, photoreduction in THE 
yielded  an increased quinoline extraction of 46.8%. The pretreated NL samples were analyzed 
by using UV-Visible and FTIR spectral studies. 

The present studies also show that aromatic degrading aerobic pure cultures degrade untreated 
Neyveli lignite through SSF and LSF fermentation techniques for enhancing the quinoline 
extraction of the NL. P. putida under LSF conditions gave a quinoline extraction of 35.3%. 
While D. desulfuricans under SSF conditions yielded a quinoline extraction of 32.4% UV-
visible and FTIR spectral studies show an increase in the carboxyl and carbonyl functions 
indicating oxidation of the treated sample and an oxidative mechanism. Studies were also 
extended on model compound (decalin and phenanthracene) induction of the cultures. 
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