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ABSTRACT 
 

Approximately 10% of the energy in mined coal lies in the –100 mesh particle size 
fractions.  Primarily due to dewatering constraints, this valuable resource is discarded in 
ponds.  Recent technological developments in the area of fine coal cleaning have 
provided mine operators the ability to achieve near-perfect separations even in the 
ultrafine size ranges.  The adoption of these technologies by the industry, and thus, the 
ability to utilize the significant energy resource has been limited by the inability of 
existing dewatering technologies to produce a low moisture content product with total 
particle capture efficiency at a low cost. 
 
This project successfully demonstrates such a low-cost, high-efficiency filter press 
technology for dewatering flotation clean coal products from two Illinois coal mines.  In-
plant demonstration of this technology at these two locations provided stable, trouble free 
operation while achieving an excellent dewatering performance at high throughputs.  At 
one location, filter cakes with residual total moisture contents in the 19-21% range were 
achieved.  At the other location 25-27% residual total moisture contents were achieved.  
In addition, this project demonstrates the effectiveness of this technology for dewatering 
F-ash, which is a combustion by-product.  Moisture contents in the 13-17% range were 
achieved at a very high throughput while dewatering samples of ponded F-ash. 
 
Innovative use of hot water during the filtration process has been found to significantly 
enhance dewatering performance, particularly for difficult to dewater coals with high clay 
contents.  Laboratory scale investigations have also demonstrated drastic improvements 
in dewatering kinetics of these coals through the use of low-cost electrolyte additives. 
 
Engineering economic evaluations have indicated that a fine coal product can be 
produced using column flotation and the filter press at the cost of $5.41/dry ton for one 
mine.  With appropriate blending strategies, profitability can be shown to increase by 
$900,000 per year for this 2 million tons per year mine. 
 
The filter press technology studied in this project is commercially available and ready for 
rapid implementation for the benefit of Illinois coal.  Universal adoption of this 
technology is estimated to increase Illinois coal profitability by at least $75 million/year, 
making Illinois coal competitive with western coal. 



 

EXECUTIVE SUMMARY 
 
Background 
 
While ‘plate-and-frame’ filter presses have been commercially utilized for dewatering 
purposes for over half a century, their widespread use has been limited primarily due to 
high capital and operating cost requirements.  Research in this area has also been limited 
due to the availability of a number of alternative technologies which are more robust and 
cost effective such as the vacuum filtration and centrifuging.  But with the shrinking 
margins in the coal business in the last decade, a definite need has been identified in the 
industry for technology to effectively dewater fine coal to improve the recovery of mined 
coal.  In an effort to address this need, a filter press was evaluated in detail and optimized 
for dewatering fine clean coal and F-ash combustion by-product samples.  Under 
investigation was a 60 lbs/hr pilot scale filter press manufactured by Tecnicas 
Hidraulicas, S. A. in Spain.  The commercial Tecnicas Hidraulicas filter press (THFP) is 
currently marketed by PrepTech Inc. in the USA.  The THFP is a product of significant 
research and development overcoming the major deficiencies of generic ‘plate-and-
frame’ filter presses vis-à-vis the alternative technologies mentioned above.  Available 
cost data indicated that this technology involved considerably lower capital outlays than 
other alternative technologies.  Operational enhancements in the THFP include an 
indestructible filter plate design, replaceable rubber gaskets to prevent leakages, 
independent feed and effluent manifolds and superior hydraulic positive displacement 
feed pumps. 
 
Laboratory Studies 
 
The enhancement of dewatering characteristics of thickener underflow samples from two 
Illinois coal mines via the use of mechanical-thermal techniques and chemical aids was 
studied as part of this project.  Studies were conducted in a laboratory pressure filter to 
evaluate and enhance the dewatering potential of thickener underflow samples from two 
operating coal mines in Illinois mining the No. 6 and No. 5 seams.   
 
Experiments were conducted at a pressure of 42 psig.  The initial solids content was 
varied from 8 to 30% to determine the impact of initial solids concentration on 
dewatering performance.  A host of chemical treatments involving different surfactants 
and electrolytes were evaluated.  In addition, mechanical agitation of cake and hot water 
treatment of the slurry was attempted.  The baseline experiment for the more difficult-to-
dewater Illinois No. 5 seam sample yielded a cake with 33% moisture content.  
Intermittent breakup of the cake structure produced a thinner cake with moisture content 
that was 7% lower than the baseline case.  The introduction of copper ions into the slurry 
resulted in enhanced filtration rates due to reduced specific resistance to filtrate flow and 
increased porosity of the cake.  Use of cationic and anionic surfactants reduced the total 
residual moisture by over 4%.  The combined effect of a surfactant and copper ion 
resulted in further reduction in cake moisture along with significant improvement in 
dewatering rates.  Elevating the temperature of the slurry to 55 oC showed only a slight 
improvement in filtration rate but produced the most compact cake with the lowest 



 

moisture content.  Significant improvement in the dewatering kinetics from addition of 
electrolytes was also observed for the Illinois No. 5 seam sample.  Statistical analysis of 
experimental data indicates dewatering enhancements as a result of electrolyte addition, 
hot water treatment and mechanical agitation. 
 
Key implications of the findings of this study include the ability to achieve low moisture 
content cakes at a high throughput for reduced capital expenditures on the filtration 
equipment. 
 
Sample Selection 
 
The samples selected for dewatering studies were collected from two mines in Illinois 
and a power plant burning Illinois coal.  The fine coal samples studied here were obtained 
from a central Illinois mine extracting No. 5 seam coal and a southern Illinois mine 
extracting No. 6 seam coal.  The F-ash sample was obtained from a southern Illinois 
power plant burning southern Illinois coal.  The selected samples covered typical coal 
characteristics from the two most productive Illinois coal seams from both the major coal 
mining areas in central and southern Illinois.  Such a sample selection was based on the 
objective that the results of these studies should have a general applicability to Illinois 
coal. 
 
Filter Press Test Work 
 
Following the laboratory scale testing, work was initiated on the THFP.  Tests were 
conducted on the filter press for dewatering fine clean coal, thickener underflow, flotation 
tailings and F-ash. 
 
Pilot-scale Dewatering of Fine Clean Coal 
 
Sufficient clean coal sample was generated by column froth flotation of the thickener 
underflow sample from the central Illinois mine.  A 10% ash content product was 
produced at high recovery.  This clean coal sample was then dewatered in the filter press.  
An excellent dewatering performance was observed.  Final product total moisture 
contents in the range of 21-23% were consistently achieved.  Experiments were 
conducted to optimize the cycle time.  It was found that a fill time of only 60 seconds was 
sufficient.  It was also observed that higher drying times provided drier cakes.  However, 
a dry time of 180 seconds was found to provide an acceptably low (25%) moisture 
content. 
 
Following the experiments with this clean coal sample, experiments were conducted to 
test the repeatability of observed results.  Several experiments were conducted under 
identical experimental conditions at different times in a random manner.  The observed 
standard deviation for moisture in the filter cake was moderately low at 0.8%. 
 
Once the optimum filter and dry times were established, test work was conducted with an 
aim to improving the performance of the filter press by the addition of chemicals and 



 

coarse coal.  An innovative hot water treatment which provided good success in 
laboratory scale tests was also applied to the pilot-scale filter press.  Even though 
electrolyte addition while dewatering the “difficult to dewater”, “high clay content” 
samples in a laboratory scale pressure filter provided drastic improvements in filtration 
rates, for a clean coal sample, electrolyte addition did not provide a significant 
improvement in filtration rate.  The reason for this was that the clean coal samples, owing 
to their coarser size and particle hydrophobicity, already tended to dewater at a high rate. 
With the use of a low dosage of flocculants, 2-3% moisture content reduction was 
achieved.  The addition of as little as 10% coarse coal (spiral product) effected a 
reduction in absolute product moisture by as much as 2.7%.  Reductions in moisture 
contents of about 2-3% were achieved with hot water addition.  Hot water addition cost 
was estimated at a moderately low $0.50/ton of coal dewatered. 
 
After optimization of the filter press cycle time a throughput of 35 lb/hr/ft2 was achieved.  
At this throughput, it was estimated that a 36-plate full scale unit could process as much 
as 25 tons/hr of product with similar characteristics. 
 
Thickener Underflow and Flotation Tailings Dewatering 
 
An attempt was made to dewater the thickener underflow sample and the flotation reject 
sample collected from froth flotation treatment of the thickener underflow sample.  Due 
to the presence of a high amount of clays, effective dewatering was found to be very 
difficult at any reasonable cycle time.   
 
The use of diatomaceous earth pre-coat on the filter press plates allowed the sample to 
dewater in an acceptable cycle time of the order of 20-30 minutes.  Filter cake moisture 
contents in the range of 35-40% were achieved.  This level of moisture content was 
considered acceptable considering the very high clay content in flotation tailings and 
thickener underflow samples. 
 
CCBs Dewatering 
 
Ponded F-ash samples were dewatered in the THFP.  Owing to nearly perfect spherical 
nature of F-ash particles, excellent filtration results were achieved.  After optimizing the 
operating parameters total cake moisture content of 15.6% averaged over a number of 
tests at the same conditions was achieved.  Tests were also conducted using hot water 
treatment to further reduce the moisture content of the dewatered filter cake.  Up to 2 
percentage point moisture content reduction was recorded with the use of hot water 
treatment.  Under optimum conditions, the filter press throughput was calculated at 40 
lb/hr/ft2. At this throughput, the 36-plate full scale unit could process as much as 27 
tons/hr.  As an example, the power plant from which the F-ash sample was obtained 
produces 6 tph of fly ash.  This fly ash can be effectively dewatered using an 8-plate 
filter. 
 
 



 

Process Automation and Control  
 
Before initiation of the project, it was believed that a control strategy for online 
determination of optimum cycle times will smooth the performance of the filter press 
under variable plant environment.  However, it was found that the THFP had a unique 
“self-regulating” characteristic.  Based on the effluent flow rates detected by the onboard 
sensor, the filter press switched cycles only after the effluent flow had reduced below a 
certain rate.  Hence, the filter press automatically increased or decreased cycle times as 
required by the changing feed characteristics. 
 
In-Plant Testing of Integrated Fine Coal Cleaning and Dewatering Circuit 
 
An integrated mobile fine coal cleaning and dewatering circuit involving the THFP was 
tested at two Illinois coal preparation plants.  The circuit cleaned the -100 mesh run-of-
mine coal using column froth flotation.  The column froth flotation product was 
dewatered in the THFP.  The circuit was operated for 7 shifts at each preparation plant 
for a total of approximately 150 hours.  The circuit performed very well under the real 
life varying plant environment. 
 
In the southern Illinois mine, from a feed ash content of 41%, the circuit produced a 
product mass yield of 55% at a product ash content of 6.25% under optimized conditions.  
The filter press consistently dewatered this product to 21-23% total moisture.  When 15-
25% +100 mesh coal was added to the fine coal, the filter press achieved 19-21% total 
moisture.  This level of dewatering compared favorably even with the +100 mesh screen 
bowl centrifuge dewatering at that plant. 
 
Based on these results, it appears that the mine would be able to produce an additional 34 
tph of clean coal by implementing the tested circuit.  The capital required for circuit 
implementation is estimated at $2.5 million.  The capital and operating cost (incl. labor) 
for production of this material is estimated at $5.15/dry ton or $4.20/wet ton.  Assuming 
blending and a sale price of $21/ton, implementation of this circuit could increase mine 
profitability by $2.5 million/year corresponding to a payback of 1 year. 
 
From the central Illinois fine coal refuse, the circuit produced 38% mass yield at 10.6% 
ash content from a feed containing 57.7% ash.  The filter press consistently generated a 
dewatered product with 26-28% moisture content.  Based on the experimental results, full 
scale implementation flowsheet was developed.  Based on results obtained from 
throughput capacity experiments, two 15-feet diameter flotation columns were found to 
be necessary to treat the 70 tph full scale flow rate with product generation of 25 tph. 
 
Engineering economic evaluation for the central Illinois mine indicated that with the 
implementation of a proper blending strategy and plant optimization, the dewatered fine 
coal product could be blended with the coarse coal product without having any 
detrimental impact on the delivered btu of the coal.  A capital requirement of $1,850,000 
was estimated for implementing the fine coal cleaning and dewatering circuit.  It was 
projected that addition of this circuit could increase mine profitability by $900,000/year. 
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OBJECTIVES 

This project focused on demonstrating a low-cost, high efficiency dewatering technology 
for rapid adoption in the Illinois coal industry.  The applications of this technology are 
projected to be in the areas of fine coal dewatering and coal combustion byproducts 
(CCBs) dewatering.  The project evaluated and optimized the performance of a Tecnicas 
Hidraulicas Filter Press (THFP) technology for dewatering column froth flotation product 
and CCBs, particularly, F-ash.  The optimization was followed by a field demonstration 
of this technology for dewatering a nominally -100 mesh column flotation product at two 
operating Illinois coal mines. 
 
Following specific goals and objectives were established and achieved in this project. 
 
1. Ability to generate a 20-25% moisture clean coal product at 99% + solids capture 

efficiency. 
2. Cycle times of less than 10 minutes. 
3. Fine Coal dewatering at less than $1.00/ton (Capital+Operating Cost). 
4. Low maintenance and down time operation. 
5. Dewatering CCBs at less than $1/ton (Capital+Operating Cost). 
 
To achieve the project goals, the research was organized in 11 distinct tasks as described 
below briefly. 
 
Task I. Equipment Commissioning and Installation 
 
This task involved the acquisition and commissioning of the pilot scale test equipment.  
Suitable modifications to the equipment were incorporated to facilitate testing in a 
controlled environment.  The equipment was set up in a closed loop circuit with suitable 
sampling points. 
 
Task II. Parametric Studies and Performance Optimization 
 
This task involved evaluation and optimization of the many operating variables that can 
be controlled on the THFP.  Several operating and process parameters were evaluated to 
study their impact on the dewatering performance of the THFP.  Only two operating 
parameters were found to influence the performance.  These were the filter time and the 
dry time which together comprise bulk of the cycle time.  Process parameters of 
significance were the fraction of +100 mesh coarse coal and addition of dewatering aids 
on a case-by-case basis.  To achieve the optimum dewatering performance, the significant 
operating and performance variables were varied to determine their most appropriate 
levels. 
 
Task III. Automation and Control of the Filter Press 
 
The aim of this task was to develop, implement and demonstrate an automation and 
control strategy for the filter press.  During the testing of the filter press, it was 
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determined that the THFP had a unique built-in ability to achieve effective process 
control without any external inputs.  Hence, it was concluded that further automation and 
control strategies were not required. 
 
Task IV. Performance Enhancement Using Innovative Process Modifications 
 
The goal of this task was to study the impact of dewatering aids, coarse particle addition 
and an innovative process modification involving hot water injection on the performance 
of the THFP.  These studies were achieved in this task.  It was found that on a case-by-
case basis, each technique produced significantly lower final cake moisture content. 
 
Task V. CCBs Dewatering 
 
This task evaluated the ability of the THFP technology to dewater CCBs.  Experiments 
established the ability to dewater F-ash to very low moisture contents without the use of 
any dewatering aids. 
 
Task VI. In-plant Demonstration 
 
The goal of this task was to demonstrate the operation of the filter press on a continuous 
basis under actual plant environment.  To achieve this goal, a mobile circuit involving the 
filter press as well as a pilot-scale flotation column was setup to produce the fine clean 
coal required for demonstration of the filter press dewatering performance.  The circuit 
was operated on 8-hour shifts over several days at two preparation plants in Illinois.  The 
THFP provided excellent dewatering performance and trouble free operation during the 
course of this demonstration. 
 
Task VII. Flowsheet Design 
 
This task involved development of a fine coal cleaning circuit flowsheet for incorporation 
at mines in Illinois.  The flowsheet design was based on the plant data provided by the 
cooperating mines and the experimental data on the THFP generated in this project.  The 
THFP manufacturer and Sedgman cooperated with SIU researchers to achieve this task. 
 
Task VIII. Economic Analysis 
 
SIU project team worked closely with the equipment marketers, Sedgman and the 
cooperating mines to develop accurate cost estimates for implementing the THFP 
technology.  The benefits to the mining enterprise from the implementation of this 
technology was quantified. 
 
Task IX. Survey of Existing Installations 
 
To this date, the THFP technology is being used at three locations in the world for fine 
coal dewatering.  All these locations are outside the US.  Operating experience from these 
locations was collected in this task. 
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Task X. Data Synthesis 
 
The data collected in all the individual tasks of this project was synthesized and is 
presented in this report in a comprehensive format. 
 
Task XI. Reporting 
 
Reports were submitted as per Illinois Clean Coal Institute guidelines throughout the 
duration of the project. 
 
Project Approach 
 
Upon project initiation, the pilot scale THFP was procured from PrepTech Inc., the 
distributor of commercial THFPs in the US, on a rental basis.  The THFP was installed at 
SIU’s pilot scale testing facility in a test rig described in later sections of this report, to 
facilitate testing under controlled conditions.  Modifications were made to the THFP to 
allow testing of an innovative hot water injection concept for evaluating its impact on the 
dewatering performance. 
 
Samples of fine coal refuse were collected from two preparation plants and transported to 
SIU.  The samples were characterized and subjected to dewatering performance studies in 
a laboratory scale pressure filter.  Tests were conducted to filter the refuse samples in the 
THFP, albeit with limited success.  Particularly, the central Illinois fine coal refuse 
sample was extremely difficult to dewater due to the presence of a high amount of clays.  
XRD studies on this sample indicated the presence of montmorillonitic clays which are 
responsible for poor dewatering performance due to their tendency to absorb and hold a 
large amount of moisture.   
 
Subsequently, the fine coal refuse samples were separately froth-floated in a 6-inch 
diameter Jameson cell.  The clean coal concentrate and the refuse were separately 
collected for further dewatering studies. 
 
Dewatering studies on the froth-flotation reject were attempted using a filter pre-coat of 
diatomaceous earth.  With the use of this pre-cost, reasonable dewatering performance 
was achieved. 
 
The fine clean coal product from the Jameson cell was dewatered in the THFP with great 
success.  Low moisture content, high throughput and low cycle times were achieved after 
optimizing the operating conditions of the filter press.  Systematic tests using 
combinations of dewatering aids were also conducted on the THFP cleaning the fine 
clean coal product.  Moisture content reductions and improvements in throughput were 
documented at optimized dosages.  Moisture content reductions using blends of coarse 
and fine coal during dewatering were also observed. 
 
During the testing program, it was observed that the filter press had a built-in control 
system that made it “self-learning”.  The filter press cycle times were determined by the 
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filtration rates, which in turn are a function of the feed properties including the feed 
concentration.  Hence, addition of external control systems was determined to be 
unnecessary. 
 
Tests were also conducted on dewatering F-ash samples.  Excellent dewatering 
performance with low moisture contents and very high throughput rates was achieved. 
 
Following completion of tests under controlled laboratory conditions, the filter press 
performance was tested under plant conditions.  A mobile fine coal cleaning and 
dewatering circuit was set up and transported to two Illinois coal mines.  The mobile 
circuit was continuously operated for 7-8 shifts at each location while collecting samples 
at regular intervals.  The circuit performed exceptionally well even in the real life 
variable plant environment. 
 
Using the laboratory, pilot scale and in-plant data collected, a full-scale fine coal cleaning 
and dewatering circuit flowsheet was developed for implementation.  Engineering 
economic evaluations were conducted for the full scale installation. 
 
 

INTRODUCTION AND BACKGROUND 

Illinois produces approximately 7 million tons of fine coal (-100 mesh) every year.  The 
existing fine coal cleaning technologies, such as, spiral concentrators can not treat the 
ultrafine –100 mesh size fraction.  Hence, almost all the –100 mesh material is discarded 
into refuse ponds.  A very few operations utilize conventional flotation for cleaning the –
100 mesh run-of-mine material.  However, due to the inefficiencies inherent to 
conventional flotation, most of the –100 mesh run-of-mine still reports to refuse ponds. 
 
There are two steps involved in implementing recovery of fines.  Firstly, efficient fine 
coal cleaning technologies are needed, and secondly, efficient dewatering technologies 
need to be developed.  Recent developments in the area of fine coal cleaning have 
demonstrated the ability of advanced fine coal cleaning devices to achieve close to 
perfect separations.  Innovative circuitry arrangements have also been shown to reduce 
pyritic sulfur and trace elements 1 .  Thus, the only remaining link to successfully 
implement fine coal cleaning and utilizing the valuable resource in fine coal is the ability 
of dewatering technologies to achieve sufficiently low moisture contents at high particle 
capture efficiencies.  This project demonstrates the THFP to be such a low-cost, high-
efficiency dewatering technology for immediate application to the Illinois coal industry. 
 
Description of the THFP 
 
The THFP is a plate-and-frame type pressure filter.  A schematic of the pilot-scale THFP 
used in this project is shown in Figure 1.  This unit has a single 3 foot square plate.  At 
the initiation of the filtration cycle, the filter plates are closed and squeezed together by a 
                                                 
1 Honaker, R. Q. and S. Reed, 1995, “Fine Coal Circuitry Study Using Flotation and Gravity Separation,” 
Final Technical Report, Fiscal Year 1994, Illinois Clean Coal Institute, Carterville, Illinois. 
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hydraulic system.  Once, the plates are closed, the feed diaphragm pump is activated 
which begins to fill the filter compartment (space between the closed plates) with slurry.  
The diaphragm pump is driven by compressed air at set pressure.  As the filter 
compartment begins to fill up, feed migrates axially inside the plates with the solid 
particles coating the filter cloth as the filtrate is driven out due to the pressure of the 
incoming slurry.  The filtrate passes through the filter cloth and reaches the filter plate 
surface, which is criss-crossed with grooves.  The filtrate travels through the grooves to 
the bottom of the plate where a filtrate discharge port is located.  As the filter cake 
thickness builds up, the resistance to incoming feed slurry increases.  Eventually, further 
feed input stops.  To maximize the throughput of the filter press, the time required to 
completely fill the filter compartment with the filter cake is the optimum filling time.  
The filtration cycle is followed by a high pressure air blow cycle to force the water 
retained in the cake capillary voids out replacing it with air.  The air blow cycle is 
followed by an air blast to dislodge the cake from the filter media for ensuring trouble 
free discharge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The Tecnicas Hidraulicas Filter Press 
 
 

EXPERIMENTAL PROCEDURES 
 
Test Samples 
 
Filtration studies were conducted on fine coal and F-ash samples.  Fine coal refuse 
samples were collected from two Illinois coal preparation plants mining Illinois No. 5 and 
No. 6 seam coals in central and southern Illinois respectively.  These mines clean the 
+100 mesh size run-of-mine coal and reject the -100 mesh fines to the thickener. 
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For evaluating the dewatering performance of the THFP while cleaning fine clean coal 
product, the thickener refuse samples were cleaned to produce a froth flotation 
concentrate which was used in subsequent studies. 
 
Ponded F-ash samples were collected in 2-55 gal barrels from a southern Illinois power 
plant burning southern Illinois coal.  This sample was transported to SIU’s pilot-scale 
testing facility at the Illinois Coal Development Park in Carterville, Illinois for use in 
dewatering experiments. 
 
Sample Preparation 
 
The -100 mesh coal refuse samples were collected in 15-20, 55-gallon barrels from each 
preparation plant and transported to SIU’s facility at Carterville, IL.  Samples were 
homogenized upon arrival and stored in sealed 55-gallon drums for further testing.  
Representative samples were collected for characterization.  10-12 barrels of sample were 
diluted to about 10% solids and screened at 1 mm size to remove any stray oversize 
particles.  The screened slurry was then treated in a 6-inch diameter laboratory Jameson 
flotation cell to generate a clean coal product and a refuse stream containing high ash.  
Both the product and refuse streams were collected and stored in 55-gallon drums for 
further dewatering testing in the filter press. 
 
Since the F-ash sample was collected from a pond and had large aggregated chunks 
(exceeding 4"), it had to be first crushed and screened at 16-mesh to simulate plant-like 
conditions where the freshly generated ash is sluiced with water to the pond.  Crushing 
was achieved by mechanical breaking, taking care not to cause degradation in the original 
particle size. 
 
Filter Press Test Rig. 
 
The filter press test circuit was setup to allow experimentation under controlled 
conditions.  The circuit was operated in a closed loop as shown in Figures 2 and 3.  Slurry 
was prepared in a mixing tank and fed to the filter press.  The filter press effluent was 
remixed with the slurry.  The cake discharge from the press dropped directly into the 
mixing tank.  A sampling splitter was installed on the cake discharge chute for collection 
of appropriate sized samples for further analysis.  When dewatering aids were used, the 
circuit was operated in a once-flow through mode with the filtrate and the filter cake 
discarded after each test. 
 
To study the effect of hot water injection on the dewatering performance of the press, a 
30-liter household water heater was mounted on the filter press assembly.  Suitable 
changes to the feed piping were made to allow switching of the feed from slurry to hot 
water during the filter cycle. 
 
 
 
 



7 

Feed Tank

Pilot Press

Cake 
Discharge

Feed Pump

Sampling Point

Filtrate

Feed Tank

Pilot Press

Cake 
Discharge

Feed Pump Feed Tank

Pilot Press

Cake 
Discharge

Feed Pump

Sampling Point

Filtrate

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Pilot scale test circuit for evaluation at SIU’s pilot scale testing facility 

(Schematic). 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 3. Pilot scale test circuit for evaluation at SIU’s pilot scale testing facility 

(Photograph). 
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Experiments with the Filter Press 
 
The filter press dewatering experiments on the fine coal refuse, fine clean coal, fine coal 
flotation tailings and F-ash samples were conducted using a pilot scale, single 1.5  x 1.5 
m plate THFP.  During experimentation, feed slurry was prepared in a 1000 liter tank and 
was kept in suspension using one centrally and one side-mounted mixer.  As and when 
required, the feed from the mixing tank was transferred to a 100 liter holding tank, also 
equipped with a mixer, which was part of the pilot scale THFP.  The cycle operating 
parameters such as filter time and dry time were input into the controller before initiating 
the filtration test.  On test initiation, the THFP went through a hydraulically driven plate 
closure step before starting the filter cycle.  Feed was continuously pumped in using a 
compressed-air driven diaphragm pump during the filter cycle for the set amount of time 
or till no further pumping was possible due to back pressure as a result of cake build-up 
in the plates.  The filtration continued through the filter cycle with the effluent 
discharging continuously as fresh slurry entered the plates.  The effluent was recirculated 
to the mixing tank.  At the end of the filter cycle, the THFP automatically switched to a 
dry cycle where compressed air was driven through the filter cake at 4-6 bar for the set 
amount of time.  At the end of the dry cycle, the THFP affected a quick drain and blow 
cycle to clear the effluent lines of any residual liquid and dislodge the cake from the filter 
cloth respectively.  The plates then opened and the filter cake dropped in the collection 
chute and was remixed with the slurry in the mixing tank.  Samples were collected for 
moisture content analysis through a sampling splitter installed on the discharge chute. 
 
For experiments involving dewatering aids and coarse coal addition, the chemicals were 
added in the holding tank in measured proportions.  During these experiments, the filter 
press effluent as well as the filter cake was discarded after samples were collected for 
further analysis. 
 
In-plant column flotation and fine coal dewatering studies were conducted on 1’ diameter 
Turbo-Column manufactured by Multotech and marketed in the US by PrepTech Inc and 
a Tecnicas Hidraulicas Filter Press also marketed by PrepTech Inc.  The circuit was 
operated for 7-shifts (78 hours) at a Southern Illinois mine and another 54 hours (6-shifts) 
at a Central Illinois coal mine.  At both locations, the flotation column was fed a 
nominally -100 mesh classifying cyclone overflow from the preparation plant.  The 
THFP was operated continuously during the period of testing to dewater the column 
flotation product.  The flotation column concentrate slurry was treated in the filter press 
at varying conditions of filtration time, drying time and air pressure.  The column 
flotation reject was discharged in the preparation plant thickener and clean-up sump at 
the two locations respectively.  The mobile in-plant testing setup located at a southern 
Illinois mine is shown in Figure 4. 
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Figure 4. Mobile integrated flotation and dewatering circuit for in-plant testing. 

 
 

RESULTS AND DISCUSSION 
 
Sample Selection 
 
The samples selected for dewatering studies were collected from two mines in Illinois 
and a power plant burning Illinois coal.  The fine coal samples studied here were obtained 
from a central Illinois mine extracting No. 5 seam coal and a southern Illinois mine 
extracting No. 6  seam coal.  The F-ash sample was obtained from a southern Illinois 
power plant burning southern Illinois coal.  The selected samples covered typical coal 
characteristics from the two most productive Illinois coal seams from both the major coal 
mining areas in central and southern Illinois.  Such a sample selection was based on the 
objective that the results of these studies should have a general applicability to Illinois 
coal. 
 
Sample Characterization 
 
Illinois No. 5 Seam Coal Thickener Underflow 
 
Table 1 lists the physical properties of the Illinois No. 5 seam coal thickener underflow 
sample, namely, ash content, mean size, and zeta potential.  Zeta potential and its changes 
with pH are presented in Figure 5.  The very low iso-electric point at 1.9 pH indicates 
very difficult dewatering characteristics of this sample.  The size distribution data is 
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represented Figure 6.  The mean particle size of 12 microns is a result of excessive 
amount of fine clays in the sample.  XRD analysis (Figure 7) of these clays reveals the 
presence of montmorrilonitic clays which have the property to absorb a large amount of 
water. 
 
Table 1. Properties of the Illinois No. 5 seam thickener underflow sample used in this 

study for dewatering experiments. 
 

Ash (%) 49% 
Mean size (µm) 12 
pH (as received) 7.7 

ζ (mV) -21 
pHiep 1.9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Change of zeta potential with pH (Illinois No. 5 seam coal thickener 

underflow sample). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Cumulative size distribution of Illinois No. 5 thickener underflow sample. 
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Figure 7. XRD spectrum of the Illinois No. 5 seam coal clays from a central Illinois 

mine. 
 
Illinois No. 6 Seam Coal Thickener Underflow 
 
The Illinois No. 6 seam coal sample was characterized by the presence of kaolinitic clays 
through XRD analysis (Figure 8).  The sample contained approximately 41% ash and 
2.1% sulfur with a heating value of 8,160 btu/lb. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. XRD spectrum of the Illinois No. 6 seam coal clays from a southern Illinois 

mine. 
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Laboratory Studies 
 
The enhancement of dewatering characteristics of thickener underflow samples from two 
Illinois coal mines via the use of mechanical-thermal techniques and chemical aids was 
studied as part of this project.  Studies were conducted in a laboratory pressure filter to 
evaluate and enhance the dewatering potential of thickener underflow samples from two 
operating coal mines in Illinois mining the No. 6 and No. 5 seams.   
 
Experiments were conducted at a pressure of 42 psig.  The initial solids content was 
varied from 8 to 30% to determine the impact of initial solids concentration on 
dewatering performance.  A host of chemical treatments involving different surfactants 
and electrolytes were evaluated.  In addition, mechanical agitation of cake and hot water 
treatment of the slurry was attempted.  The baseline experiment for the more difficult-to-
dewater Illinois No. 5 seam sample yielded a cake with 33% moisture content.  
Intermittent breakup of the cake structure produced a thinner cake with moisture content 
that was 7% lower than the baseline case.  The introduction of copper ions into the slurry 
resulted in enhanced filtration rates due to reduced specific resistance to filtrate flow and 
increased porosity of the cake.  Use of cationic and anionic surfactants reduced the total 
residual moisture by over 4%.  The combined effect of a surfactant and copper ion 
resulted in further reduction in cake moisture along with significant improvement in 
dewatering rates.  Elevating the temperature of the slurry to 55 oC showed only a slight 
improvement in filtration rate but produced the most compact cake with the lowest 
moisture content.  Significant improvement in the dewatering kinetics from addition of 
electrolytes was also observed for the Illinois No. 5 seam sample.  Statistical analysis of 
experimental data indicates dewatering enhancements as a result of electrolyte addition, 
hot water treatment and mechanical agitation. 
 
Findings of this study contribute to the extant literature on dewatering and pressure 
filtration in the following ways.  In this study it was observed that hot water addition 
provided nine (9) absolute percentage point reduction in moisture content compared to 
baseline tests.  This phenomenon, though not well understood, is attributed to primarily to 
the reduction of surface tension of water at higher temperatures.  Studies with electrolytes 
have, in general, focused on the reduction of moisture content.  A 4-fold improvement in 
dewatering kinetics due to the addition of copper cations is a significant finding of this 
study.  This is believed to be a result of precipitation of surface hydroxyl species by 
copper ions resulting in an improvement in dewatering kinetics.  Previous studies have 
looked at cake structure breakup as a method to achieve reductions in residual moisture 
contents.  This study finds that intermittent breakup of this top layer (instead of the entire 
cake) can provide significant reductions in moisture content.  Finally, the use of anionic 
and cationic surfactants resulted in a significant reduction in the filter cake moisture.  
However, unlike previous studies, the cationic surfactant proved to be the better of the 
two in terms of the final moisture content. 
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Key implications of the findings of this study include the ability to achieve low moisture 
content cakes at a high throughput for reduced capital expenditures on the filtration 
equipment.  Detailed results of this study have already been published2,3. 
 
Filter Press Experiments 
 
Thickener Underflow and Flotation Tailings Dewatering 
 
An attempt was made to dewater the thickener underflow sample and the flotation reject 
sample collected from froth flotation treatment of the thickener underflow sample.  Due 
to the presence of a high amount of clays, effective dewatering was found to be very 
difficult at any reasonable cycle time.  The clays immediately coated the filter media and 
blocked the filtration area to almost stop the filtration process.  At cycle times of the 
order of 1 hour, a filter cake did form but contained very high moisture content in the 
range of 45-50%.  The high cycle time requirements corresponded well with the 
observations of the laboratory scale experiments.  From the laboratory scale filtration 
results discussed in the previous section, it appears that filtration performance can be 
enhanced through the use of appropriate chemical treatments.  The application of these 
concepts to pilot scale filtration is however recommended as a follow-up study. 
 
The use of pre-coats on the filter press plates to prevent the blinding of pores in the filter 
membrane by ultra-fine particles (slimes in the range of -44 microns) was attempted at 
the recommendation of the filter press manufacturer.  The plates were pre-coated with a 
very thin layer of diatomaceous earth before introducing the actual sample.  This was 
accomplished by introducing an additional precoat cycle in the programmable automation 
controller.  Application of this technique allowed the sample to dewater in an acceptable 
cycle time of the order of 20-30 minutes.  Filter cake moisture contents in the range of 
35-40% were achieved.  This level of moisture content was considered acceptable 
considering the very high clay content in flotation tailings. 
 
CCBs Dewatering 
 
Several stages of dewatering tests were conducted on the ponded F-ash from a southern 
Illinois power plant burning southern Illinois coal.  The first stage of tests was aimed at 
establishing an optimum time interval for feeding the slurry continuously to the filter 
press.  This time interval, called ‘filter time’, ranged from 60 to 180 seconds with 10 
second increments.  All other adjustable parameters were kept constant during these tests.  
The aim of establishing an optimum filter time was to minimize overall cycle time.  
Optimum filter time was determined by collecting and weighing the entire filter cake 
discharged in each test.  Representative samples were extracted from the filter cakes for 
                                                 
2  Patwardhan, A., K. Mondal, Y. P. Chugh, H. Ping and N. Singh, 2002, “Fine Coal Dewatering 
Enhancement Using Mechanical Thermal Techniques”, Proceedings, International Conference on Clean 
Coal Technologies for our Future, October 21-23, Chia Laguna, Sardinia, Italy, Editor:  Robert M. 
Davidson, IEA Clean Coal Center, London, UK, ISBN 92-9029-377-2. 
3 Patwardhan, A., K. Mondal, Y. P. Chugh and N. Singh, 2002, “Enhanced Dewatering of Fine Coal using 
Mechanical Thermal Techniques”, Proceedings, Nineteenth Annual International Pittsburgh Coal 
Conference, Pittsburgh, PA, September 23-27, ISBN 1-890977-19-5. 
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determination of the moisture present in each cake.  The moisture percentages were then 
used to calculate the weight of the final dry product from each test.  150 seconds was 
determined to be the optimum filter time.  Lower intervals resulted in lesser throughputs 
and higher intervals yielded higher moisture (Figure 9). 
 
The second stage of tests was conducted to establish an optimum ‘dry time’.  Dry time is 
the time interval during which compressed air is forced through the filter cake to further 
reduce the moisture.  Various drying times were tested in the range of 120 to 480 
seconds.  A drying time of 180 seconds emerged as the optimum interval.  Lower 
intervals produced higher moisture products and higher intervals did not significantly 
affect the moisture while increasing the overall cycle time.  
 
Stage three of test work involved variation of the total air flow during the ‘dry time’.  
Since all stage 1 & stage 2 experiments were conducted with the maximum possible 
airflow of 17 lpm, airflow in these tests was reduced to observe any changes in the final 
product moisture, if any.  It was observed that a reduction in the airflow increased the 
moisture in the product in all cases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Filter time optimization experiments for dewatering F-ash in the THFP. 
 
Results from the above tests produced optimum total cake moisture at 15.6% averaged 
over a number of tests at the same conditions.  Tests were also conducted using hot water 
treatment to further reduce the moisture content of the dewatered filter cake.  Up to 2 
percentage point moisture content reduction was recorded with the use of this innovative 
hot water treatment. 
 
Under optimum conditions, the filter press throughput was calculated at 40 lb/hr/ft2. At 
this throughput, the 36-plate full scale unit could process as much as 27 tons/hr.  As an 
example, the power plant from which the F-ash sample was obtained produces 6 tph of 
fly ash.  This fly ash can be effectively dewatered using a 8-plate filter. 
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A compilation of tests conducted for evaluating and optimizing THFP performance for 
dewatering F-ash are presented in Table 2. 
 
Table 2. THFP experiments for dewatering F-ash.  All tests were conducted using 

10% solids feed slurry. 
 

NO. 
FILTER 
TIME 

(SECONDS)

DRY TIME 
(SECONDS)

DRYING 
AIR 

FLOW 
(LPM) 

TOTAL 
MOISTURE 

(%) 

1 60 120 17 19.6% 
2 90 120 17 18.6% 
3 120 120 17 18.5% 
4 150 120 17 16.7% 
5 130 120 17 17.5% 
6 140 120 17 17.8% 
7 150 120 17 17.3% 
8 160 120 17 18.4% 
9 170 120 17 17.5% 
10 180 120 17 17.1% 
11 150 120 17 17.2% 
12 150 180 17 16.4% 
13 150 240 17 19.1% 
14 150 300 17 17.1% 
15 150 360 17 15.8% 
16 150 420 17 17.4% 
17 150 480 17 17.1% 
18 150 120 12 20.0% 
19 150 180 12 18.4% 
20 150 240 12 19.3% 
21 150 120 6 20.0% 
22 150 240 6 20.0% 
23 150 120 6 18.9% 
24 150 240 6 19.9% 
25 150 120 6 20.7% 
26 150 240 6 21.6% 
27 150 180 17 16.7% 
28 150 180 17 14.2% 
29 150 180 17 16.0% 
30 150 180 17 15.6% 
31* 150 180 12 13.6% 
32* 150 180 12 13.9% 
33* 150 180 12 14.6% 

* Hot water treatment 
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Fine Clean Coal Dewatering 
 
Illinois No. 5 Seam Coal from Central Illinois 
 
Experiments were conducted varying six process and operating parameters for the THFP.  
Experiments were conducted on the flotation concentrate obtained from Jameson cell 
treatment of the thickener underflow sample collected from the central Illinois coal mine.  
These parameters studied were; (a) feed solids content, (b) filter time, (c) dry time, (d) 
filter pressure, (e) dry pressure, and, (f) drying air flow rate.  Results of the tests are 
presented in Table 3.  Statistical analysis of the experimental data indicated that the dry 
time was the sole operating parameter having an impact on the residual total moisture 
content of the filter press.  It was anticipated that the filter time will not have a significant 
impact since the filter time was set higher than what is required to completely fill the 
filter plate.  The other parameters appeared to have an insignificant impact on the filter 
press performance possibly due to the ranges in which the parameters were tested.  When 
drying air flow was varied over a larger range from 6-16 lpm in another set of 
experiments, it indicated a significant impact on the filter press performance. 
 
Table 3. Filter press experiments for determination of key operating variables on the 

residual total moisture content of the filter cake. 
 

NO. 
FEED 

SOLIDS 
(%) 

FILTER 
TIME 

(SECONDS) 

DRY TIME 
(SECONDS)

FILTER 
PRESSURE 

(BAR) 

DRY 
PRESSURE 

(BAR) 

DRYING 
AIR 

FLOW 
(LPM) 

TOTAL 
MOISTURE 

(%) 

1 32 180 180 11 3.5 - 25.45 
2 32 300 180 11 3.5 - 25.19 
3 32 420 180 10.5 3.5 - 30.92 
4 32 420 0 - - - 40.35 
5 32 300 240 - - - 26.99 
6 32 300 360 - - - 27.68 
7 32 180 360 11 6 18 20.97 
8 17.5 180 360 11 7 15 23.74 
9 17.5 180 360 11 3 16.5 22.53 
10 17.5 180 180 10.8 3 14 22.43 
11 17.5 180 360 11 6 15 23.02 
12 17.5 120 240 10.8 4 15 21.17 
13 26 120 300 11 2.5 17 25.63 
14 26 120 480 - - - 24.07 
15 26 60 480 - - - 25.24 
16 26 120 600 - - - 26.51 

 
Process Automation and Control  
 
The filter press performance is primarily a function of the amount and nature of clays 
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present in the slurry.  The presence of clays increases the dewatering time and has an 
impact on the required cycle time.  Another key operational parameter is the slurry solids 
content.  Dilute slurries require increased filter time to allow for proper cake buildup in 
the press.  Before initiation of the project, it was believed that a control strategy for 
online determination of optimum cycle times will smooth the performance of the filter 
press under variable plant environment. 
 
The THFP is equipped with a flow sensor on the effluent line.  In field operation, the 
flow sensor detects the effluent flow, or the lack thereof, to switch the press to the next 
cycle.  This mechanism gives the THFP a unique self-controlling characteristic.  If the 
feed solids content is reduced, effluent flow will continue for a longer time automatically 
keeping the press in filter mode.  Only when the effluent flow almost stops will the press 
switch to the dry cycle.  If the clay content in the feed increases, the effluent flow during 
the filter cycle will quickly tail off thus switching the press to the dry cycle quicker than 
normal.  However, the effluent flow will continue for a longer duration in the dry cycle 
due to the poor dewatering kinetics keeping the press in the dry cycle for a longer 
duration.  This way, the THFP self-regulates its performance.  With this observation, it 
was concluded that further external controls for the THFP were unnecessary and the task 
was concluded. 
 
Filter Press Performance Enhancements 
 
The effect of the particle properties and dispersion characteristics on the filtration and 
dewatering of solid suspensions in liquids has long been recognized4,5,6.  Studies of many 
mineral-water systems have established that properties such as solids content7, particle 
size distribution8,9, particle sphericity10,11, surface tension11, particle hydrophobicity7, 
surface charge12,13,14 influence the dewatering performance. 

                                                 
4 Lloyd, P. J., and Ward A. S.,  “Filtration Applications of Particle Characterizations”, AICHE Symp. Ser. N 
171, 73: 6-12 (1975). 
5 Puttock, S. J., A. G. Fane, C. J. D. Fell, R. G. Robbins, and M. S. Wainwright, “Vacuum Filtration and 
Dewatering of Alumina Trihydrate - The Role of Cake Porosity and Material Phenomena” Int. J. Min. 
Proc., 17: 205-224 (1986). 
6 Ives, K. J., and Gregory, J., “Surface Forces in Filtration”, Proc. Soc. Water Treat. Exam., 15: 93-116 
(1996). 
7 Rong, R. X. and J. Hitchins, “Preliminary Study of Correlations between Fine Coal Characteristics and 
Properties and their Dewatering Behavior”, Minerals Eng. 8(3): 293-309 (1995). 
8 Ranjan, S. and Hogg, R., “Role of Cake Structure in the Dewatering of Fine Coal by Filtration”, Coal 
Preparation, 17 (1-2): 71-87 (1996). 
9 Besra, L., Sengupta, D. K., Roy, S. K., “Particle Characteristics and Their Influence on the Dewatering of 
Kaoline, Calcite and Quartz Suspensions”, Int. J. Min. Pro., 59 (2): 89-112 (2000). 
10 Gray, V. R., “The Dewatering of Fine Coal”, J. Inst Fuel, 31: 96-108 (1958). 
11 McCall, M. T., and Tadros, M. E., “Effect of Additives on Morphology of Precipitated Calcium Sulphate 
and Calcium Sulphite – Implications on Slurry Properties”, Colloids and Surfaces, 1:1801-1809 (1980). 
12  Dolina, L. F., and V. S. Kaminski, “Influence of Electrokinetic Charge Potential of Particles on 
Dewatering Processes”, Coke Chem., (USSR), 1: 8-11, 1974. 
13 Ayub, A. L., and J. D. Sheppard, “Dewatering of Fuel Grade Peat with Surfactants. Adsorption and 
Electrokinetics”, Coll. and Surf., 18: 43 – 52 (1986). 
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Rong and Hitchins7 conducted dewatering experiments on 25 fine coal samples from 21 
Australian coal preparation plants and attempted to correlate particle properties to their 
dewatering behavior.  It was seen that an increase in equilibrium moisture of the coal 
sample showed a corresponding increase in the filter cake residual moisture.  No apparent 
correlation was obtained between filter cake moisture and the viscosity of the fluid, 
specific surface area and pore volume in the particles.  The quantity of ultra-fine 
materials did not affect the residual cake moisture. 
 
At the heart of the fine particle dewatering process are particle interactions in water.  
Effective dewatering requires attraction between particles as well as the maximization of 
particle contacts.  Interactions in water at pH values other than the particles’ isoelectric 
point (pHiep) lead to a net repulsive barrier (electrostatic and/or structural), which, 
characteristically, prevents particle aggregation and effective solid-liquid separation (eg. 
sedimentation).  In the investigations conducted by B. P. Singh, a direct and strong 
correlation between the point of zero charge, surface tension and final residual moisture 
content was observed15. 
 
Dewatering Aids 
 
A major consideration, in relation to solid/liquid separation processes, is the selection of 
pretreatment chemicals.  These range from simple inorganic salts which affect changes in 
pH and zeta potential to specialty products such as synthetic polyelectrolytes and 
surfactant dewatering aids.  Stroh and Stahl observed the dependence of capillary 
pressure on dynamic surface tension in their dewatering investigations with low foaming 
surfactants16.  Sung and Turian studied chemically enhanced filtration and dewatering of 
coal particles17.  They found positive correlations between driving forces, solids content, 
filtration area, particle size and pH.  Anionic surfactants were observed to provide the 
greatest enhancement in dewatering.  Addition of oils improved further reductions in 
cake moisture content.  Khandrika et al. provided positive results in decreasing cake 
moisture content and increase in agglomeration by addition of copper ions and adjusting 
the pH to the point of zero charge18.  This was achieved by precipitating surface-active 
metal hydroxy species.  Extensive studies have been conducted by Parekh and co-
researchers19,20 in fine coal dewatering via the use of anionic, cationic and non-ionic 

                                                                                                                                                 
14 Chen, W. J., “Effect of Surface Charge and Shear During Orthokinetic Flocculation on the Adsorption 
and Sedimentation of Kaolin Suspensions in Polyelectrolyte Solutions” Sep. Sci. and Tech., 33 (4): 569-590 
(1998). 
15 Singh, B. P., “Influence of Surface Phenomena on the Dewatering of Fine Clean Coal”, Filtration and 
Separation, 34 (2): 159-163 (1997). 
16 Stroh, G., Stahl, W., “Effect of Surfactants on the Filtration Properties of Fine Particles”, Filtration and 
Separation, 27 (3): 197-199 (1990). 
17 Sung, Dong-Jin, Turian, R. M., “Chemically Enhanced Filtration and Dewatering of Narrow-sized Coal 
Particles”, Separation Technology, 4 (3): 130-143 (1994). 
18 Khandrika, S. M., Groppo, J. G., Parekh, B. K., “Influence of Copper Ion Addition on Fine Coal Filter 
Cake Parameters”, Min and Met Proc., 11 (1): 46 –49 (1994). 
19 Parekh, B. K., “An Innovative Approach for In situ Dewatering / Hardening of Fine Clean Coal Slurry”, 
Final Technical Report, ICCI Contract # 96-1/1.1 B-1 (1997). 
20  Tao, D., Groppo, J. G., Parekh, B. K., “Enhanced Ultra-fine Coal Dewatering Using Flocculation 
Filtration Process”, Minerals Eng., 13 (2): 163-171 (2000). 
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surfactants, electrolytes such as copper ions in the form of copper chloride and fibrous 
filler aids such as wood chips and carpet fibers.  In general, they have found such 
additives to be useful in reducing the cake moisture content.  In addition, they observed 
an increase in the cake thickness due to the use of these additives.  Anionic surfactants 
were the most successful reagents in reducing the cake moisture.   
 
In this study, tests were conducted on the Illinois No. 5 seam fine clean coal sample using 
three dewatering aids.  These were (A) Ciba Percol 156 (Anionic Flocculant), (B) Ciba 
Percol 371 (Coagulant), and, (C) Drimax 1235AC (Anionic Surfactant).  A series of 8 
tests was conducted to identify the applicability of these dewatering aids and their 
combinations at three levels of dosages.  The dosages used were: 
 

A. Ciba Percol 156:  50,100,150 grams/tonne @ Low, Medium and High dosage 
B. Ciba Percol 371:  0.002, 0.004, 0.008 grams/liter @ Low, Medium and High 

dosage 
C. Drimax 1235 AC:  100,150,200 grams/tonne @ Low, Medium and High 

dosage 
 
Three baseline tests were conducted for comparison.  The baseline tests produced a 
27.1% moisture content cake.  Flocculant addition almost doubled the filter press 
throughput even at low dosages.  However, the cake moisture content increased to 28.7% 
and 31.1% at low and high dosage levels, respectively.  The increase in moisture content 
with addition of flocculants is expected since larger flocs trap a large amount of water.  
However, on a throughput adjusted basis, reduction in moisture content over the baseline 
level was achieved.  The lowest moisture content achieved was 21.1% from addition of 
the anionic surfactant as well as the coagulant.  However, with the addition of coagulant, 
a slight reduction in throughput was observed.  The throughput remained the same as the 
baseline tests with the use of the surfactant.  Combination of the surfactant with the 
coagulant also achieved moisture content reduction and throughput increase over the 
baseline level.  However, the best throughput adjusted moisture reduction performance 
was achieved with the coagulant at a low dosage of 0.002 lbs/ton.  A compilation of tests 
performed with dewatering aids is presented below (Table 4). 
 
The Illinois No. 6 seam fine clean coal sample did not provide significant improvements 
in moisture reductions when treated with dewatering aids.  However, the baseline 
filtration performance for this sample was excellent without these additional aids.  
Residual filter cake moistures of 19-20% were consistently produced while treating this 
sample. 
 
Addition of Coarse Particles 
 
According to the capillary filtration model, a filter cake is considered as a bundle of 
tortuous capillaries with various diameters.  Increasing the effective capillary radii 
increases filtration rate.  Blending coarse particles with fine particles can increase 
capillary radii and hence improve filtration performance.  In coal preparation plants this 
can be easily accomplished by addition of coarser (1mm x 100 mesh) spiral clean coal 
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with the finer (-100 mesh) flotation concentrate.  In fact, recently preparation plants have 
been adopting this approach of blending in dewatering centrifuges. 
Table 4. Effect of Dewatering Aids on residual total moisture content of the Illinois 

No. 5 seam coal filter cake from THFP. 
 

NO. 
FILTER 
TIME 

(SECONDS) 

DRY TIME 
(SECONDS)

DEWATERING AIDS DRY 
CAKE 

WT 
(G) 

TOTAL 
MOISTURE 

(%) A B C 

1 60 180 - - - 205.7 26.5 
2 60 180 Low - - 360.3 28.7 
3 60 180 High - - 330.9 31.1 
4 60 180 Medium - Medium 318.9 30.7 
5 60 180 - Low - 193.4 21.1 
6 60 180 - High - 204.5 28.2 
7 60 180 - Medium Medium 204.5 24.3 
8 60 180 - - Low 195.8 24.7 
9 60 180 - - High 185.4 21.1 
10 60 180 - - - 197.1 28.3 
11 60 180 - - - 209.3 26.6 

 
A series of experiments were planned in this study to optimize the addition of coarse coal 
particles along with two key operating parameters, viz., dry time and drying air flow rate, 
for achieving improved dewatering performance.  A set of 18 experiments were 
conducted at the following test conditions: 
 

A. Dry time (seconds):  90, 180, 240, 300, 360, 420 
B. Drying Air (lpm):  6, 10, 14, 16 
C. Coarse Coal Fraction:  0.16, 0.166, 0.223, 0.25 

 
The response studied was cake moisture content.  The results from these experiments 
were statistically analyzed for significance of the parameters, model building and 
response surface generation.  Analysis of Variance (ANOVA) methodology was utilized 
to identify the significant parameters. 
 
A cubic model provided the best fit.  All three parameters and some of the interactions 
were found to be significant at better than 99.9% significance.  An Adjusted R2 value of 
0.9494 was achieved for the model.  The developed model in terms of actual factors was: 
 

3225 016.0001.0558.01092.60611.0857.5054.015.11 BABBACBAMoisture ++−×+−+−= −

 
It can be seen from the above equation that increase in the coarse coal addition linearly 
decreases the moisture content.  Drying time and the drying air flow are nonlinear and 
interact with each other.  A better picture of these interactive effects can be seen in Figure 
10. 
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It can be seen that increase in the drying time has a beneficial effect on the residual cake 
moisture.  This appears to be particularly accurate at low air flow rates.  At very high air 
rates, it appears that increased drying time results in reduced moisture content followed 
by an increase even higher drying time.  This phenomenon though not well understood is 
attributed to the operating conditions during the time of experimentation.  The 
experiments were conducted under high ambient humidity conditions.  Condensation of 
water was observed in the air flow meters which was driven through the system and 
through the filter cake at very high air rates.  Hence the cake moisture might have 
increased at high air rates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Effect of drying time and drying air flow on filter cake moisture content. 
 
Hot Water Treatment 
 
The increase in temperature reduces the surface tension of water which in turn reduces 
the residual cake moisture.  One of the ways to increase the temperature of the slurry is 
through the use of steam.  Steam has an added benefit of condensing at the coal surface 
during the dewatering process forming a uniform condensation front and thus delaying 
breakthrough of air.  Delayed breakthrough allows water drainage for a longer time and 
hence can achieve lower residual moisture cakes.  However, the use of steam is 
expensive.  Hence, in this project, studies were conducted to ascertain the benefit of using 
hot water treatment in place of steam.  This was based on the excellent moisture content 
reductions achieved with hot water treatment on two difficult to dewater thickener 
underflow samples in the previously discussed laboratory scale studies. 
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A series of tests was conducted on the Illinois No. 5 seam fine clean coal concentrate 
with varying drying times and with hot water injection.  The fill time was kept constant at 
60 seconds.  Hot water was introduced in the filter press at the end of the fill cycle for 15 
seconds before the filter press switched to the dry cycle.  Baseline tests were also 
conducted to compare the impact of hot water addition.  The feed solids concentration 
was maintained constant at 15% solids for all the tests.  The results obtained from this 
series of tests are shown in Table 5.  It can be seen that moisture content reduction from a 
baseline level 30.3% to 26.8% was achieved through hot water addition. 
 
Table 5. Effect of hot water treatment on residual filter cake moistures from the THFP 

treating an Illinois No. 5 seam fine coal concentrate.  Tests 1 and 7 are 
baseline tests without hot water treatment. 

 

NO. 
FILTER 
TIME 

(SECONDS)

DRY TIME 
(SECONDS)

HOT 
WATER 

ADDITION

TOTAL 
MOISTURE 

(%) 
1 60 300 No 29.67 
2 60 240 Yes 26.76 
3 60 420 Yes 27.61 
4 60 360 Yes 26.88 
5 60 300 Yes 26.84 
6 60 120 Yes 29.76 
7 60 300 No 30.93 

 
In-Plant Testing of Fine Coal Cleaning and Dewatering Circuit 
 
Illinois No. 6 Seam Coal Mine in Southern Illinois 
 
In-plant column flotation and fine coal dewatering studies were conducted on 1’ diameter 
Turbo-Column manufactured by Multotech and marketed in the US by PrepTech Inc and 
a Technicas Hidraulicas Filter Press also marketed by PrepTech Inc.  The circuit was 
operated for 7-shifts (78 hours).  The Flotation column was fed a nominally -100 mesh 
classifying cyclone overflow from the preparation plant.  Currently, this stream, with 62 
tph of solids, reports to the thickener and is disposed off underground and on the surface.  
The +100 mesh fraction in this stream was high and measured at 17.6%.  All reported 
results are on a -100 mesh basis. 
 
During the period of testing, the ash content of the circuit feed varied from 35% to 45%.  
The average ash content of 11 feed samples collected during course of testing was 40.8%.  
The feed solids content of this stream varied from 1.3% to 4.1% with the 11-sample 
average feed solids content measured at 2.87%.  Release analysis test on the feed 
indicated that ideally, a 62 % yield was achievable at an ash content of 4.5 %.  Please 
note that the ash content of the release analysis sample was 37.62 % instead of 41.40 % 
during the field tests.  Hence, comparatively, a combustibles recovery of 94.53 % could 
be achieved at an ash rejection level of 92.54 %. 
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Twenty-one tests, at varying feed rates, frother and collector concentrations and froth 
depths were conducted on the flotation column. (Table 6).  The flotation column provided 
an excellent separation performance (Figure 11).  Under optimized operating conditions, 
a product mass yield of 55% was achieved at a product ash content of 6.25%.  This 
corresponds to a combustible recovery of 87% with the corresponding ash rejection of 
91% (Table 7).  The total sulfur in the feed was determined to be 1.87%.  The sulfur 
distribution in the feed was 58% pyritic, 41% organic and approximately 1% sulfatic.  
Column flotation of this feed produced a product containing 2.3% sulfur.  Of this only 
28% was sulfur of pyritic origin.  This corresponds to a total sulfur rejection of 46% and 
a pyritic sulfur rejection of 73%.  Hence, it appears that pyrite recovery, which is 
common problem with froth flotation, was effectively minimized during this test 
program.  The reason may include operation at the carrying capacity limiting condition 
where the lesser hydrophobic pyrite recovery was suppressed (Table 8).  In addition to 
ash and sulfur rejection, the circuit achieved excellent trace element reductions as shown 
in Table 9.  A throughput capacity of 0.0975 tph/ft2 was established.  Based on a feed of 
62 tph and a product rate of 34 tph, two 15 feet diameter columns would be required for a 
full scale application. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Comparison of Column flotation performance during in-plant testing with the 

release analysis data. 
 
Proximate analysis of the dry filter product indicated a 5.25% ash, 34.68% volatile matter 
and 60.07% fixed carbon product.  The ultimate analysis yielded a composition of 
79.06% carbon, 4.44% hydrogen, 1.13% nitrogen, 2.25% sulfur, 5.25% ash and 7.87% 
oxygen for the dry filter cake product. 
 
The filter press was operated continuously during the period of testing to dewater the 
column flotation product.  The flotation column concentrate slurry was treated in the 
filter press at varying conditions of filtration time, drying time and air pressure.  Very 
low cake moisture contents were achieved.  The results are shown in Table 10.  Total 
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moisture contents as low as 20-21% were achieved with addition of 15-25% of a 1 mm x 
100 mesh coarse coal product to the flotation product prior to dewatering.  Without the 
addition of any coarse coal, moisture contents in the 21-23% range were achieved.  Note 
that no dewatering chemicals were used in these tests. 
 
The size analysis of dry filter cake from Test 4 was analyzed for its size distribution and 
the results are shown in Table 11.  The mass mean size of the dewatered fine coal product 
was 78 microns while the sauter mean diameter was 25 microns.  The specific surface 
area was calculated to be 0.2379/micron.  The specific resistance to filtration was 
determined to be 75 x 108 m/kg from the Kozeny-Carman equation. 
 
Based on these results, it appears that the mine would be able to produce an additional 34 
tph of clean coal by implementing the tested circuit.  The capital required for circuit 
implementation is $2.5 million.  The capital and operating cost (incl. labor) for 
production of this material is estimated at $5.15/dry ton or $4.20/wet ton.  Assuming 
blending and a sale price of $21/ton, implementation of this circuit could increase mine 
profitability by $2.5 million/year corresponding to a payback of 1 year.  Profitability 
could be enhanced further if the circuit is implemented with optimization of the overall 
plant. 
 
Table 7. - 100 mesh Metallurgical Results. 

 

TEST 
# 

FEED 
ASH 
(%) 

CONCENT
RATE 

ASH (%) 

TAILIN
GS 

ASH 
(%) 

YIE
LD 
(%) 

COMBUSTI
BLE  

RECOVERY 
(%) 

ASH  
REJE
CT 
(%) 

1 34.88 4.11 82.50 52.43 85.79 94.80 
2 34.88 5.11 57.44 30.65 49.63 96.22 
3a 34.88 3.84 56.05 28.05 46.04 97.40 
3b 42.10 4.45 57.93 30.90 50.39 96.68 
4 42.10 3.61 65.82 39.25 64.56 96.58 
5 37.10 6.22 84.49 55.05 88.10 91.73 
6 37.10 5.18 80.79 52.09 84.29 93.48 
7 42.10 6.05 84.21 54.77 87.81 92.00 
8 42.10 6.41 80.03 52.47 83.80 91.88 
9 43.85 6.74 80.36 52.92 84.22 91.39 
10 43.85 4.04 71.99 45.01 73.72 95.61 
11 42.42 4.66 71.47 45.00 73.22 94.93 
12 42.42 4.99 69.55 43.60 70.69 94.75 
13 39.55 4.95 63.43 37.67 61.10 95.50 
14 39.55 5.21 64.26 38.71 62.62 95.13 
15 41.13 4.47 57.10 29.83 48.62 96.78 
16 41.13 4.84 71.11 44.83 72.80 94.76 
17 37.86 5.05 75.00 48.03 77.83 94.14 
18 42.43 6.02 77.81 50.71 81.34 92.63 
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19 42.43 6.08 79.16 51.67 82.81 92.41 
20 45.49 6.40 84.04 54.92 87.72 91.51 
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Table 6. Experimental Conditions for Column Flotation Operation. 
 

E TIME 
(HRS) 

FPS 
(%) 

SLURRY 
SP. GR. 

FEED 
RATE 

SETTING 

FEED 
RATE(LPM)

COLLECTOR
(LB/TON) 

FROTHER
TYPE 

FROTHER 
(PPM) AIR

WASH 
WATER
(LPH) 

SPARGER
WATER 
(LPH) 

FROTH
LEVEL

PRODUCT 
ASH  
(%) 

PR
COM

RE

03 1600 1.33 1.006 0 21 15.1 C 31.8 50 600 150 4 4.11 
03 1730 1.33 1.006 5 36 10.6 C 26.0 50 650 150 3 5.11 
03 1800 1.33 1.006 5 36 10.6 C 25.7 50 650 130 3 3.84 
03 1310 1.93 1.009 5 36 7.3 C 25.6 50 650 200 5 4.45 
03 1345 1.93 1.009 5 36 7.3 C 26.0 70 650 150 5 3.61 
03 1635 2.36 1.011 5 36 5.9 S 26.0 70 650 150 4 6.22 
03 1715 2.36 1.011 8 50 4.3 S 19.9 70 750 150 5 5.18 
03 1000 2.68 1.012 8 50 3.8 S 19.7 50 700 150 1 6.05 
03 1035 2.68 1.012 8 50 3.8 S 19.7 50 700 150 1 6.41 
03 1135 3.37 1.015 8 50 3.0 S 19.7 50 700 150 4 6.74 
03 1230 3.37 1.015 10 60 2.5 S 17.2 55 700 125 2 4.04 
03 1250 3.53 1.016 10 60 2.4 S 17.2 55 700 125 4 4.66 
03 1400 3.53 1.016 12 75 1.9 S 14.0 52 800 150 3 4.99 
03 1500 3.79 1.017 14 89 1.5 S 15.3 52 800 150 3 4.95 
03 1545 3.79 1.017 10 60 2.9 S 10.6 52 800 150 4 5.21 
03 1630 4.12 1.019 10 60 2.0 S 7.9 52 800 150 3 4.47 
03 1715 4.12 1.019 10 60 3.1 S 7.9 52 800 150 4 4.84 
03 1300 2.85 1.013 10 60 4.4 S 8.0 52 800 140 3 5.05 
03 1415 2.56 1.012 10 60 3.3 S 5.3 52 800 140 3 6.02 
03 1515 2.56 1.012 10 60 5.0 S 5.3 52 800 140 3 6.08 
03 1525 3.00 1.014 10 60 8.4 S 5.3 52 800 140 3 6.4 

 
C – Centifroth         S – ShurCoal



27 

 
Table 8. - 100 mesh Sulfur Rejection Results. 

 

TEST 
NO. 

FEED 
SULF

UR 
(%) 

PROD
UCT 
SULF

UR (%) 

TAILIN
GS 

SULFU
R (%) 

FEED 
PYRI
TIC 

SULF
UR 
(%) 

PROD
UCT 

PYRITI
C 

SULFU
R 

(%) 

TAILS
PYRI
TIC 

SULF
UR 
(%) 

YIEL
D 

(%) 

COMB. 
RECOV
ERY (%) 

SULFUR 
REJECTI

ON 
(%) 

PYRITIC 
SULFUR
REJECTI

ON 
(%) 

1 2.52 2.09 1.30 - - - 52.43 85.79 36.37 - 
5 2.13 2.26 1.39 1.11 0.61 1.37 55.05 88.10 40.83 68.98 
6 2.13 2.30 2.66 1.11 - - 52.09 84.29 73.94 - 
7 2.06 2.32 1.57 1.15 0.64 1.45 54.77 87.81 45.88 72.63 
8 2.06 2.18 1.41 1.15 - - 52.47 83.80 39.48 - 
9 1.73 2.31 1.33 - - - 52.92 84.22 37.56 - 
18 1.65 2.12 1.37 - - - 50.71 81.34 37.07 - 
19 1.65 2.14 1.37 - - - 51.67 82.81 37.77 - 
20 1.80 2.23 1.39 1.02 0.59 1.38 54.92 87.72 40.73 69.32 

 
Table 9. Trace Element Reductions 
 

ELEMENT FEED (ppm) Product (ppm) 
Arsenic 37 5 
Barium 166 23 

Cadmium 0.72 0.10 
Chromium 67 17 

Lead 24 11 
Mercury 0.15 0.11 
Selenium 9 <0.01 

Silver 4 0.58 
 
Table 11. Size Analysis of representative filter press product 

 
Size Fraction Wt. (%) Ash (%) 

+28 0.1 12.89 
28 x 48 3.2 2.44 
48 x 65 5.4 3.05 
65 x 100 6.1 3.67 
100 x 200 17.2 3.43 
200 x 325 13.9 3.63 
325 x 400 7.5 3.49 
400 x 500 8.4 3.14 

-500 38.2 4.81 
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Total 100.0  
 
 
Table 10. Selected Filter Press Tests - Moisture Analysis 
 

Test ID Filter TIme 
(seconds) 

dry time 
(seconds) 

air pressure 
(bar) coarse % 

TOTAL 
Moisture 

(%) 
Test 1 60 300 14 - 21.29 
Test 2 60 360 14 - 22.26 
Test 3 60 420 14 - 22.42 
Test 4 60 180 14 - 22.80 
Test 5 60 240 14 - 21.76 
Test 6 60 300 16 - 21.99 
Test 7 60 180 10 - 23.92 
Test 8 60 180 6 - 23.36 
Test 9 60 300 10 - 22.71 
Test 10  60 300 6 - 21.19 
Test 11 60 360 10 - 23.14 
Test 12 60 360 6 - 21.22 

Coarse 1 60 360 16 16.0 21.07 
Coarse 2 60 300 16 16.6 20.90 
Coarse 3 60 300 16 22.3 20.65 
Coarse 4 60 300 16 25.0 20.45 

 
Illinois No. 5 Seam Coal Mine in Central Illinois 
 
In-plant column flotation and fine coal dewatering studies were conducted at another coal 
mine in central Illinois.  The same mobile testing circuit described earlier was utilized.  
The circuit was operated for 6-shifts (54 hours).  The flotation column was fed a 
nominally -100 mesh classifying cyclone overflow from the preparation plant.  Currently, 
this stream, with 70 tph of solids, reports to the thickener and is disposed off in an 
impoundment.  The +100 mesh fraction in this stream was moderately low and measured 
at 7.85%.  All reported results are on a -100 mesh basis. 
 
During the period of testing, the ash content of the circuit feed varied from 52% to 61%.  
The average ash content of 11 feed samples collected during course of testing was 57.7%.  
The feed solids content of this stream varied from 2.59% to 4.91% with the 14-sample 
average feed solids content measured at 3.80%.  Release analysis test on the feed 
indicated that ideally, a 42.4 % yield was achievable at an ash content of 8.0 %. 
 
Thirteen tests, at varying feed rates, frother and collector concentrations and froth depths 
were conducted on the flotation column. (Table 12).  The flotation column provided good 
separation performance (Figure 12 a, b, c).  Under optimized operating conditions, a 
product mass yield of 37.9% was achieved at a product ash content of 10.6%.  This 



29 

0

10

20

30

40

50

60

0 5 10 15 20
Product Ash (%)

M
as

s 
Yi

el
d 

(%
)

Release Analysis
Test Data

0

20

40

60

80

100

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Product Pyritic Sulfur (%)

M
as

s 
Yi

el
d 

(%
)

Release Analysis
Test Data

0

20

40

60

80

100

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
Product Total Sulfur (%)

M
as

s 
Yi

el
d 

(%
)

Release Analysis
Test Data

corresponds to a combustible recovery of 79% with the corresponding ash rejection of 
93%. (Table 13) 
 
The total sulfur in the feed was determined to be 2.058%.  The sulfur distribution in the 
feed was 56.5% pyritic, 36.5% organic and approximately 7% sulfatic.  Column flotation 
of this feed produced a product containing 2.96% total sulfur of which 0.77% was of 
pyritic origin.  This separation corresponds to a total sulfur rejection of 27% and a pyritic 
sulfur rejection of 38%.  Detailed sulfur rejection performance data is presented in Table 
14.  A throughput capacity of 0.0608 tph/ft2 was established.  Based on a feed of 70 tph 
and a product rate of 25 tph, two 15 feet diameter columns would be required for a full 
scale application. 
 
Proximate analysis of the dry filter product indicated a 9.17% ash, 35.58% volatile matter 
and 55.25% fixed carbon product.  The ultimate analysis yielded a composition of 
74.50% carbon, 4.55% hydrogen, 1.24% nitrogen, 2.87% sulfur, 9.17% ash and 7.67% 
oxygen for the dry filter cake product. 
 
The filter press was operated continuously during the period of testing to dewater the 
column flotation product.  Moisture contents in the range of 25-27% were achieved on a 
consistent basis. 
 
(a) (b) 
 
 
 
 
 
 
 
 
 
 
 
(c) 
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Figure 12. Comparison of in-plant pilot scale flotation data to the release analysis 
product (a) ash, (b) total sulfur and (c) pyritic sulfur results while treating the 
Illinois No. 5 seam coal fines from central Illinois. 
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Table 12. Experimental Conditions for Column Flotation Operation. 
 

O DATE TIME 
(HRS) 

FPS 
(%) 

SLURRY 
SP. GR. 

FEED 
RATE 

SETTING

FEED 
RATE 
(LPM)

COLLECTOR
(LB/TON) 

FROTHER
(PPM) AIR 

WASH 
WATER
(LPH) 

SPARGER
WATER 
(LPH) 

FROTH
LEVEL

PRODUCT
ASH 
(%) 

PRODUCT 
COMBUSTIBL

RECOVERY
(%) 

5/1/2003 1245 3.71 1.017 5 36 4.0 20 60 690 130 3.6 5.70 31.7 
5/1/2003 1520 3.79 1.017 5 36 4.0 20 60 400 135 3.44 6.59 33.5 
5/2/2003 840 4.56 1.021 5 36 3.5 20 55 650 145 4.58 7.00 36.1 
5/3/2003 1155 4.26 1.019 8 50 2.5 15 58 800 138 4.45 4.85 18.2 
5/4/2003 1255 4.91 1.022 10 60 3.0 20 60 800 130 4.84 9.79 2.3 
5/6/2003 1130 2.59 1.012 5 36 3.0 20 72 600 90 4.75 10.57 78.5 
5/6/2003 1250 2.94 1.013 7 45 3.0 10 82 600 70 4.75 11.90 70.8 
5/6/2003 1410 3.19 1.014 9 54 2.5 10 80 600 80 4.75 11.01 63.4 
5/6/2003 1505 3.28 1.015 10 60 2.5 10 82 750 70 4.75 12.71 66.3 

0 5/7/2003 945 4.51 1.020 10 60 2.0 7.5 78 628 78 4.75 13.63 40.2 
1 5/7/2003 1055 4.15 1.019 10 60 2.5 7.5 80 620 67 5.45 12.03 42.5 
2 5/7/2003 1215 3.76 1.017 10 60 3.0 7.5 80 600 67 5.45 14.90 56.0 
3 5/7/2003 1420 4.42 1.020 8 50 2.5 7.5 80 600 66 5.45 14.75 47.0 

 
 



Table 13. - 100 mesh Metallurgical Results. 
 

TEST 
# 

FEED 
ASH 
(%) 

CONCENT
RATE 

ASH (%) 

TAILIN
GS 

ASH 
(%) 

YIE
LD 
(%) 

COMBUSTI
BLE 

RECOVERY 
(%) 

ASH 
REJE
CT 
(%) 

1 51.89 5.70 60.80 16.17 31.70 98.22 
2 54.62 6.59 63.94 16.26 33.47 98.04 
3 58.88 7.00 68.73 15.95 36.08 98.10 
4 58.71 4.85 63.33 7.89 18.18 99.35 
5 59.25 9.79 59.77 1.04 2.30 99.83 
6 56.85 10.57 85.06 37.87 78.49 92.96 
7 56.00 11.90 80.14 35.38 70.83 92.48 
8 58.34 11.01 78.33 29.69 63.42 94.39 
9 58.76 12.71 79.78 31.33 66.32 93.22 
10 57.80 13.63 68.58 19.63 40.17 95.37 
11 57.68 12.03 69.41 20.45 42.51 95.73 
12 60.70 14.90 76.67 25.84 55.96 93.66 
13 60.50 14.75 73.23 21.76 46.97 94.69 

 
Table 14. - 100 mesh Sulfur Rejection Results. 

 

TEST 
NO. 

FEED 
SULF

UR 
(%) 

PROD
UCT 
SULF

UR (%) 

TAILIN
GS 

SULFU
R (%) 

FEED 
PYRI
TIC 

SULF
UR 
(%) 

PROD
UCT 

PYRITI
C 

SULFU
R 

(%) 

TAILS
PYRI
TIC 

SULF
UR 
(%) 

YIEL
D 

(%) 

COMB. 
RECOV
ERY (%) 

SULFUR 
REJECTI

ON 
(%) 

PYRITIC 
SULFUR
REJECTI

ON 
(%) 

1 2.12 2.66 1.88 - - - 16.17 31.70 14.34 - 
2 2.28 2.91 2.01 - - - 16.26 33.47 14.33 - 
3 1.86 2.79 1.67 - - - 15.95 36.08 14.32 - 
4 2.17 2.71 1.9 - - - 7.89 18.18 6.91 - 
6 2.04 2.96 1.44 1.16 0.77 1.15 37.87 78.49 26.86 37.54 
7 2.04 3.02 1.6 1.16 0.77 1.24 35.38 70.83 27.75 37.82 
8 2 2.92 1.63 1.11 0.73 1.16 29.69 63.42 24.20 31.03 
9 1.96 2.95 1.65 1.12 0.78 1.17 31.33 66.32 26.38 32.73 

 
 

Circuit Implementation Flowsheet Design 
 
Based on the in-plant testing results obtained from pilot scale testing of the fine coal 
cleaning and dewatering circuit, a flowsheet was developed in cooperation with Sedgman 
for full scale implementation at the cooperating central Illinois coal mine.  Two 5 meter 
diameter Jameson cells were selected for cleaning the fine coal processing waste 
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(FCPW).  The flotation concentrate is dewatered using one 36-plate THFP.  The 
flowsheet with solid and water flows is presented in Figure 13. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Fine coal cleaning and dewatering flowsheet for implementation at the 

cooperating central Illinois coal mine. 
 
Engineering Economics 
 
Based on the flowsheet for full scale implementation of the fine coal cleaning and 
dewatering circuit at the central Illinois coal mine producing Illinois No. 5 seam coal, 
cost estimates were developed for production of fine clean coal using the tested cleaning 
and dewatering circuit.  Capital cost estimates were obtained directly from the supplier.  
Column flotation operating costs were based on experience of the authors while the filter 
press operating costs were developed in this project with information obtained from the 
supplier.  The mine evaluated currently produces about 70 tph of FCPW (≈275,000 
tons/year), with heating value of 6,000 BTU/lb on moisture-free basis.  A column 
flotation cell and the THFP processing the FCPW is expected to produce about 97,500 
tons per year of clean coal, with heating value of 12,800 BTU/lb, and approximately 3.0 
% sulfur. 
 
The production cost estimates are developed in the following section. 
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Fine Coal Production Cost:  Illinois No. 5 seam coal - Central Illinois Coal Mine 
 
Capital Cost: 
 
Flotation Column:  $700,000 
Dewatering Press:  $500,000 
Air Compressor:  $50,000 
Sumps & Pumps:  $50,000 
Engineering & Installation:  $550,000 
Total:  $1,850,000 
 
At 10% discount rate, 15 years, A/P = 0.131 
 
Annualized Capital Cost = $242,350 
Capital Cost/ton = $2.49/ton 
 
Operating Cost 
 
Clean Coal, tpy 97500 
Clean Coal Yield, % 35% 
Feed Solids % 8% 
Operating hours/year 4000 
  
Collector Dosage, lb/ton feed 2 
Frother Dosage, ppm 10 
Flotation HP 500 
Compressor Power 75 
Dewatering HP 35 
Dewatering Aids, lb/ton 0 
Dewatering Maintenance Cost, $/ton 0.2 
  
Power Cost, $/kwh 0.045 
Collector Cost, $/lb 0.06 
Frother Cost, $/lb 0.65 
Dewatering Chemicals, lb/ton - 
  
Flotation Power Cost, $/yr 120000 
Collector Cost, $/yr 33429 
Frother Cost, $/yr 45268 
TOTAL FLOTATION OPERATING COST, $/yr 198696 
  
Dewatering Power Cost, $/yr 8400 
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Cumulative Product Ash From Coarse Circuits
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67.44 x 11.94 – 63.13 x 9.19 

67.41 – 63.13
= 53%

Coarse Coal Moisture Content = 15%

Incremental Inerts = 53% + 15% = 68%
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67.44%

Incremental Ash = 
67.44 x 11.94 – 63.13 x 9.19 

67.41 – 63.13
= 53%

Coarse Coal Moisture Content = 15%

Incremental Inerts = 53% + 15% = 68%

Compressor Power Cost 13500 
Dewatering maintenance Cost 19500 
TOTAL DEWATERING OPERATING COST, $/yr 41400 
TOTAL PROCESSING OPERATING COST, $/yr 240096 

Labor Cost = 0.5 person x @$300/day x 300 days/year = $45,000 
Total Processing Cost (incl. Labor) = $285,096 
 
Processing Cost = $ 2.92/ton 
 
Total Product Cost = $5.41/dry ton = $3.79/ as recd. ton @ 30% moisture = 
$0.22/mmbtu 
 
Blending and Plant Optimization 
 
With appropriate blending strategies, the generated fine coal product can be shipped with 
the coarse coal product without causing any increase in the delivered Btu of the coal.  For 
this mine in particular, the incremental inerts as defined in Figure 14, are 68%.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14. Incremental inerts in coarse coal circuits at the central Illinois mine studied in 

this project. 
 
Since the dewatered column flotation product incremental inerts are 38% (11% ash and 
27% moisture), for every ton of coarse incremental inerts not recovered, 1.79 tons of 
column flotation product can be recovered without causing any decrease in the delivered 
btu of the coal.  With the availability of 97500 tons (154,750 tons wet) of dewatered fine 
clean coal product at this mine, the overall plant coal recovery can be increased by 
68,300 tpy.  This increased coal recovery will result in an increase in net annual income 
by approximately $900,000 per year. 
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Similar results were obtained for southern Illinois coal mine studied in this investigation.  
These results have been excluded from this report for the sake of conciseness.  Interested 
parties may contact ICCI or the authors for details. 
 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 
 
• The THFP provided excellent dewatering performance for dewatering a nominally     

-100 mesh fine coal flotation product from two Illinois coals.  Low moisture contents 
and cycle times under 10 minutes were achieved. 

• For the Illinois No. 6 seam coal from southern Illinois, 19-21% total moisture 
contents were achieved at a high throughput.  These moistures compare favorably 
even with the screen bowl centrifuge product dewatering the +100 mesh coal. 

• For the Illinois No. 5 seam coal from central Illinois, 27-30% total moisture contents 
were achieved also at high throughputs.  The higher moisture content obtained from 
this coal is attributed to the presence of montmorillonitic clays in this sample. 

• An innovative hot water injection process further reduced the filter cake moisture 
content by 2%. 

• With the use of a low dosage of coagulant, total moisture contents in the 21% range 
were achieved for the Illinois No. 5 seam coal. 

• Addition of coarse spiral product (1 mm x 100 mesh) to the fine coal flotation product 
provided improved dewatering characteristics.  Moisture content reductions by 2-3% 
were documented. 

• Very high filtration rates were achieved while dewatering F-ash using the THFP.  
Low moisture contents in the 15-17% range were also achieved.  Hot water treatment 
further reduced moisture contents to about 13%. 

• Limited success was achieved for dewatering the high clays containing thickener 
underflow and flotation tailings sample.  Without any dewatering aids, cycle times 
were of the order of 1 hour with moisture contents in the 45-50% range.  With the use 
of pre-coats a relatively low moisture content of 35-40% was achieved at 20-30 
minute cycle times. 

• Laboratory scale experiments provided some new findings.  The hot water treatment 
provided significantly lower moisture content while dewatering very difficult to 
dewater refuse coals.  This innovative hot water treatment was later applied to the 
pilot scale with success.  The cost of hot water treatment was estimated at $0.50/ton.  
Use of cheap electrolytes was also found to increase the dewatering rate several fold 
while dewatering the difficult to dewater refuse samples at laboratory scale. 

• In-plant testing of a mobile column flotation and dewatering circuit provided 
excellent separation and dewatering performance with trouble free and stable 
operation. 

• Based on the in-plant test results, full scale implementation flowsheets were 
developed and engineering economic analyses were conducted.  For the central 
Illinois coal mine, increase in profitability by $900,000/year has been projected 
through the implementation of the technology evaluated in this project. 
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Recommendations 
 
Based on the results obtained in this study, two key recommendations for future work 
emerge.  These are: 
• Application of innovative concepts developed at laboratory scale to pilot scale. 
• Full-scale implementation of the THFP for dewatering fine clean coal and F-ash. 
 
 

ACKNOWLEDGEMENT 
 
In addition to the funding support by the ICCI, the principal investigator greatly 
appreciates the support of cooperating mines’ preparation plant staff for their exceptional 
support during the in-plant testing phase of this project.  The project investigators also 
express gratitude to Mr. Harold Gurley for technical assistance in setting up the mobile 
in-plant test circuit.  Appreciation is due to Mr. N. Singh, Researcher and Mr. Bikash 
Dube and Mr. Han Ping, graduate students at SIU for their support during 
experimentation and sample analysis.  Scientific support provided by Dr. Kanchan 
Mondal during laboratory scale experimentation is also appreciated. 
 
 

DISCLAIMER STATEMENT 
 
This report was prepared by Dr. Y. P. Chugh of Southern Illinois University at 
Carbondale with support, in part by grants made possible by the Illinois Department of 
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Notice to Journalists and Publishers: If you borrow information from any part of this 
report; you must include a statement about State of Illinois’ support of the project.  
 


