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ABSTRACT 

A joint research effort between Northwestern University and the ISGS has an overall goal of developing microbial 
methods to augment coalescence/flotation physical desulfurization of Illinois coals. Objectives to achieve our goal 
are: 

1) examination of mechanisms and enhancement of pyrite suppression in flotation and 
2) engineering and scale up of a total process. 

Principal tasks define the approach to achieving the objectives: 

(A) Determine microbial methods to increase pyrite suppression in coal flotation 
(B) Identify suppressant (s) and their separation/concentration potential 
(C) Demonstrate performance in moderate scale flotation tests 
(D) Provide an engineering estimate of scale-up potential 

we have manipulated variables from cell culturing, molecular extraction and small scale flotation to improve the 
overall effectiveness of bioderived pyrite suppression. A new much faster induction time assay was added to 
more rapidly screen the myriad chemical variables for optimum operation. Evidence mounted that 
suppressant is an extracellular compound produced during cell growth. Neither of two recently 
hypothesized phospholipid or lipopolysaccharide compounds were effective at suppressing pyrite. Hallimond tube 
assays suggest suppressant is not chloroform extractable at pH 2.0 or 5.5. Increase in suppression is found 
as biosuppression protein concentration increases in both E. coli . ·supernatant and Nutrient Broth 
solution. Suppression of E. coli fractions increases with increasing molecular size Two 
biosurfactant concentration methods were developed; ultrafiltration and gel chromatography and 
show full supernatant is more active than any fraction. Gel chromatography shows greatest suppressant activity 
corresponds to a high molecular weight compound. 

A joint decision was made in with CRSC to substitute smaller scale induction time screening tests before larger 8 
L tests and until more definitive results are obtained from Task A and B. Induction time suggests a 2.5 X 
enhancement in suppression over control occurs with a small dose of unfIltered E. coli supernatant To help 
determine combinations of effects to maximize recovery or grade or minimize reagent cost we outlined Taguchi tests. 

Three key elements of the scaled up process are; biosurfactant coal contact operation, bioreactor operation and 
bioseparator step. Best doses of E. coli extracts and commercial nutrient broth appear in the range of 1/3 - 4 lb/ton. 
To produce sufficient biosurfactant to treat a 100 ton/hr coal stream requires a primary bioreactor plant of 800 m3 

(210,000 gal) 1 day capacity. To suppress at least 50 % more pyrite compared to the no dose case, $0.70/ton coal 
may be required. 

Pages 5 through 30 contain proprietary information. 
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