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ABSTRACT 
 
The goal of this project was to assemble and test a large-scale Intelligent Filter Press and 
determine its functionality for conducting future research required to consider 
commercialization of the technology.  About 75% of the filter press components had been 
fabricated with funds from previous ICCI-funded projects.  Researchers completed the 
design and fabrication of remaining components, assembled the complete unit, and 
conducted limited tests using fine-grained coal.  The fine coal sample was collected at an 
Illinois mine that has expressed interest in hosting future commercial testing of the press. 
 
Testing demonstrated that all systems, i.e. hydraulic, pneumatic, and electronic, operated 
as designed and within required safety parameters.  However, time limitations precluded 
significant testing of the tapping and air purging aspects of the filter press operation as 
well as making any adjustments to speed up the unexpectedly slow rate of movement of 
the filter plate that was observed but not measured. As a result, the 36% moisture content 
in the product of the large-scale press was significantly greater than the 20% moisture 
content achieved with the lab-scale unit.  Additional testing may be able to correct these 
problems now that the large-scale filter press has been shown to be operational. 
 



   

EXECUTIVE SUMMARY 
 
Illinois coal mines lose as much as 25% of their run-of-mine product during processing 
because equipment which can effectively and economically process fine coal is not used. 
The primary obstacle to recovering this fine-grained coal is the ability to dewater it.  
Development of an effective and efficient dewatering device would benefit Illinois coal 
mines by increasing recovery rates that would translate directly to an increase in revenue. 
 
This project addresses the dewatering issue by advancing the development of a novel 
filtration method conceived by researchers at the ISGS.  During two previous projects, 
most of the components for a large-scale filter press were purchased with funds provided 
by the Illinois Department of Commerce and Economic Opportunity through the Illinois 
Clean Coal Institute. In this project, a few remaining components were fabricated and the 
complete large-scale filter press was assembled and tested for functionality.  
 
The ISGS Intelligent Filter Press (IFP) has been disclosed to the University of Illinois, 
and it is one of the technologies licensed to Dynamic Separations (DSI). Concerns about 
the patentability of the invention and its commercial viability because of its “batch” 
operating mode have delayed the device’s commercial-scale development. Assembly and 
testing of the near full-scale prototype of the IFP were proposed to help overcome many 
of these concerns.  
 
Testing demonstrated that all systems, i.e. hydraulic, pneumatic, and electronic, operated 
as designed and within required safety parameters.  However, time limitations precluded 
significant testing of the tapping and air purging aspects of the filter press operation as 
well as making any adjustments to correct the unexpectedly slow rate of movement of the 
filter plate that was observed but not measured. As a result, the 36% moisture content in 
the product of the large-scale press was significantly higher than the 20% moisture 
content achieved with the lab-scale unit.  Additional testing may be able to correct these 
problems now that the large-scale filter press has been shown to be operational. 
 
The work reported here was an important step in advancing this innovative system for 
dewatering fine coal and possibly fly ash, and introducing the system to the mineral 
processing and other industries.  
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OBJECTIVES 
 
The goal of this project was to complete fabrication of all necessary components of the 
large-scale Intelligent Filter Press (IFP), to assemble the device, and to test it for 
functionality within required safety parameters.  It was hoped that completion of this 
project would also result in introduction of the IFP technology to potential users in the 
State of Illinois. 
 

INTRODUCTION AND BACKGROUND 
 
The IFP concept was developed with funding provided by the ICCI beginning in 2001.  A 
description of the technology and how it compares with other dewatering technologies 
can be found in Final Technical Reports prepared for the ICCI.  The project numbers and 
titles are as follows: 
 

• 01-1/4.1A-1 FILTRATION OF CONCENTRATES FROM THE ISGS WASHER 
• 02-1/4.1A-1 OPTIMUM FILTRATION IN THE ISGS FILTER PRESS WITH 

DEWATERING AGENTS 
• 03-1/US-2 FABRICATION OF A SCALED-UP ISGS INTELLIGENT FILTER 

PRESS 
• 04-1/2.1A-1 LABORATORY AND FIELD TESTING AND UPGRADE OF A 

LARGER ISGS FILTER PRESS 
 
The IFP is based on a proprietary concept so reports for the above projects are not posted 
in their entirety on the ICCI website.  However, interested parties are welcome to request 
copies of any one of the full reports from the Principal Investigator. 
 

EXPERIMENTAL PROCEDURES 
 
Three subcontractors were used to complete this project.  The primary subcontractor was 
Dr. Manoj Mohanty of the Department of Mining and Mineral Resources Engineering at 
Southern Illinois University in Carbondale.  His staff was responsible for getting all of 
the IFP components moved to the High Bay Laboratory at the Illinois Coal Development 
Park (ICDP) in Carterville, Illinois, assembling the large-scale IFP and testing it.  Other 
subcontractors included the Industrial Technology Group (ITG) of Henneman 
Engineering, Inc. who were responsible for the engineering design of the IFP structural 
framework, mounting arrangement, and plumbing of drain hoses and air lines; and 
Wagner Machine who was responsible for machining the filter plates. 
 
Upon completion of fabrication and assembly work, several drums of fine coal slurry 
were collected from Black Beauty Coal Company’s Vermillion Grove Mine.  The sample 
was collected by mine personnel and appears to have come from the spiral product 
stream.  This sample was reconstituted into a pumpable slurry of 16% solids by adding 
water. 
 
Testing consisted of filling the filter chamber with the upper filter plate or “door” open as 
shown in Figure 1.  Originally, the IFP was designed to have a fill line plumbed into this 
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plate, but that step was eliminated to reduce the amount of fabrication required on the 
filter plates.  A 5-gallon sample of feed material was collected during the filling process.  
Once the filter chamber was full, the door (upper plate) was closed and the dewatering 
sequence initiated by pressing with the bottom filter plate.  Each filter plate (top and 
bottom) had two drain outlets.  The two outlets on the bottom filter plate had their own 
drain hose.  The two outlets on the top filter plate were plumbed together into a single 
drain hose.  During filtration, two filtrate samples were collected – one from the two 
hoses draining the bottom filter plate and one from the single hose draining the top filter 
plate.  Each of these samples was collected in a 5-gallon bucket as shown in Figure 2.  
When filtration was complete, the bottom plate was fully extended so that the filter cake 
could be removed at the top of the filter chamber.  Samples were collected from each 
filter cake, one of which is shown in Figure 3, and stored in a 2-gallon zip-lock bag.  All 
samples were analyzed for percent solids, particle-size distribution of the solids, and 
moisture content (filter cake only) by ISGS personnel at their laboratory in Champaign, 
Illinois. 
 

 
 

Figure 1.  IFP with Top Filter Plate (Door) in Open or Fill Position 
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Figure 2.  Collecting Filtrate Samples 
 
 
 

 
 

Figure 3.  Product Filter Cake from the ISGS IFP 
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RESULTS AND DISCUSSION 
 

• 4 20’ X 3” threaded rods 

Task 1. Move existing filter press components to the ICDP High Bay Laboratory  
 
Existing components for the large-scale IFP were moved from DSI’s Champaign facility 
to the ICDP by SIUC personnel in three trips.  An inventory of the existing equipment 
was completed during this move. 
 
The first trip, made on April 13, 2006, moved the following equipment: 
 

• 2 filter chamber end plates (50” X 50” X 2”) 
• 2 hydraulic cylinder end plates (50” X 50” X 18”) 
• 2 10” X 4” half collars 
• 24 7/8” X 6¼” Allen head screws 
• 34 3” hex nuts 
• 1 BV2F205-SV valve 
• 1 CR306BX contactor 
• 1 CR306AO contactor 
• 1 62-106-01 check valve 
• 1 83150 Gates fitting 
• 3 stainless steel threaded nipples 
• 3 aluminum threaded nipples 
• 1 El-O-Matic valve 
• 1 Flocat flowmeter 
• 1 Siemens symatic panel and manual 
• 1 roll of cable 

 
The second trip, made April 18, 2006, moved the following equipment: 
 

• 1 Square D combo fused disconnect motor starter 
• 1 Tramco control panel for 3” pump 
• 1 30’ roll of hydraulic hose 
• 1 125HP hydraulic drive motor and cooler 
• 1 3” Gorman-Rupp pump with 20HP motor 
• 1 filter chamber (33½” OD X 31¾” ID X 55” long) 
• 1 17” X 25” hydraulic cylinder with 65” stroke 
• 1 17” X 25” hydraulic cylinder with 36” stroke 
• 1 hydraulic tank 

 
The final trip, made April 25, 2006, moved the following equipment: 
 

• 1 Siemens symatic panel with cables and junction box 
• 1 Ingersoll-Rand Model #7100 air compressor 

 



 

   

5 

Task 2. Fabricate additional components including support framework 
 
On May 10, 2006, all parties involved in the project met at the ICDP High Bay 
Laboratory to determine an agreed upon orientation and configuration for the assembled 
filter press.  SIUC personnel had built a miniature model of the large-scale IFP, which 
proved extremely valuable in providing a uniform perspective of the project.  The ITG 
group took measurements of all existing components in order to update and supplement 
the original engineering drawings they had done. 
 
On June 21, 2006, ITG’s completed drawings were reviewed in a meeting at the ISGS 
offices in Champaign, Illinois.  That was followed by a meeting at Wagner Machine to 
discuss issues related to final fabrication of the filter plates.  Final drawings were 
submitted by ITG on June 29, 2006.  After these meetings, the hydraulic cylinder end 
plates were sent to Shew Brothers’ welding shop in Marion, Illinois for modifications to 
accommodate proper assembly. 
 
Additional meetings were held in Champaign at ITG’s office and at Wagner Machine’s 
shop on August 21, 2006 and September 6, 2006 to finalize filter plate specifications for 
drain ports, air inlets and the groove pattern to be machined into the face of the plates.  
Fabrication of the filter plates was completed by the end of October 2006. 
 
Task 3. Assemble filter press 
 
Filter press assembly was completed a little at a time as components arrived from 
modification or fabrication.  The body of the press minus the filter plates was fully 
assembled on September 22, 2006.  While waiting for completion of the filter plates, the 
month of October was spent securing hoses, hydraulic oil and other necessary supplies.  
Plumbing of hydraulic and drain hoses and electrical wiring began in early November 
2006 and final assembly was completed on November 20, 2006.  At that point, the filter 
press was raised into the vertical position. 
 
Task 4. Functionality testing with water only 
 
The water-only test on November 21, 2006 was a failure because of a circuit breaker 
malfunction.  Although the circuit breaker malfunction was corrected with a simple 
adjustment, it was decided to forego the water-only test and proceed straight to testing 
with coal slurry as any other problems could limit the testing opportunity to one chance.     
 

Final testing took place on November 27, 2006.  Two tests were completed with a full set 

Task 5. Performance testing on coal and/or fly ash samples 
 
Coal slurry samples were collected on November 22, 2006 and delivered to the ICDP the 
next day.  The initial test that day ended abruptly when the hose draining the top “door” 
plate failed under high-pressure conditions.  However, the operating cycle of the IFP had 
progressed far enough during the test to obtain samples of the filter cake and filtrate. 
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of samples obtained for each test.  The first test consisted of a normal press cycle 
followed by tapping.  The second test included an air purge cycle after the tapping cycle.   
 
In designing this experiment, it was expected that with the filter press in the vertical 
position, gravity would cause most of the filtrate to pass through the bottom filter plate.  
Thus, two drain hoses were attached to the bottom plate while the two drain ports in the 
top plate were connected to a single drain line.  During the actual testing, it became 
readily apparent that most of the filtrate was passing through the top plate.  This may be 
because during feeding slurry in from the top, solids segregated in the filter chamber with 
coarser particles settling while smaller material remained suspended in the slurry. This in 
effect created a double filter on the bottom plate consisting of the filter cloth and a layer 
of settled solids.  When the filtration process started, the path of least resistance was 
through the top filter plate.  Any filtrate passing through the lower plate had to pass 
through both the coarse solids that had settled and the filter media. 
 
During testing of the lab-scale IFP, it was observed that the initial filtrate commonly 
included some suspended fine solids making it dark in color, but the filtrate soon “cleared 
up” as the filter cake formed on the filter media, and helped to trap even the finest solids.  
The presence of solids in the filtrate (dark filtrate) over an extended period of time 
indicated that either the filter cloth was damaged and needed to be replaced or that the 
filter cloth was not fine enough to catch the finest particles in the feed.  In all of the 
testing done with the large-scale IFP, filtrate from the top plate remained dark suggesting 
that the filter cloth on the top plate may have been damaged during installation.  This was 
not verified because of time constraints and safety issues relative to confined spaces. 
 
Test results are provided in the following tables.  Particle-size distribution for feed, 
product, top and bottom plate filtrate are shown in Tables 1 through 4, respectively.  The 
solid:liquid ratio for feed and filtrates and product moisture content are shown in Table 5. 
 
 

Table 1. Particle-Size Distribution of Feed 
 

Particle size 
(mesh) 

Day 1 Day 2 

Weight % Cumulative Wt. % Weight % Cumulative Wt. % 
+35 62.7 62.7 67.1 67.1 

35 – 48 16.9 79.6 16.6 83.7 

48 – 100 10.7 90.3 9.4 93.1 

100 – 140 1.8 92.1 1.1 94.2 

140 – 200 1.5 93.6 1.1 95.3 

200 – 325 0.8 94.4 0.4 95.7 

– 325 5.6 100.0 4.3 100.0 
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From Table 1, it appears that feed characteristics were fairly uniform for both test days.  
The large percentage of coarse material (+100-mesh greater than 90%) is indicative of the 
spiral product sample used in the testing.  During testing of the lab-scale IFP, it was 
found that the presence of some coarse fines (+100-mesh) aided the filtration process 
when the feed material was predominantly ultra-fine material (–100-mesh).  Thus, the 
feed material used in this project, while not what the IFP was specifically designed to 
dewater, was useful in determining the functionality of the large-scale unit. 
 
 

Table 2. Particle-Size Distribution of Product 
 

Particle size 
(mesh) 

Test 1 Test 2 Test 3 
Weight 

% 
Cum. Wt. 

% 
Weight 

% 
Cum. 
Wt. % 

Weight 
% 

Cum. Wt. 
% 

+35 72.7 72.7 52.4 52.4 58.4 58.4 

35 – 48 16.5 89.2 19.6 72.0 17.8 76.2 

48 – 100 7.9 97.1 15.5 87.5 14.3 90.5 

100 – 140 1.0 98.1 3.6 91.1 3.2 93.7 

140 – 200 0.8 98.9 3.1 94.2 2.4 96.1 

200 – 325 0.3 99.2 1.9 96.1 1.4 97.5 

– 325 0.8 100.0 3.9 100.0 2.5 100.0 
 
 
 

Table 3. Particle-Size Distribution of Solids in Top Plate Filtrate 
 

Particle size 
(mesh) 

Day 1 Day 2 

Weight % Cumulative Wt. % Weight % Cumulative Wt. % 
+35 0.1 0.1 0.5 0.5 

35 – 48 0.4 0.5 1.0 1.5 

48 – 100 1.5 2.0 2.0 3.5 

100 – 140 0.6 2.6 2.4 5.9 

140 – 200 0.4 3.0 5.9 11.8 

200 – 325 0.2 3.2 4.7 16.5 

– 325 96.8 100.0 83.5 100.0 
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Table 4. Particle-Size Distribution of Solids in Bottom Plate Filtrate 
 

Particle size 
(mesh) 

Day 1 Day 2 

Weight % Cumulative Wt. % Weight % Cumulative Wt. % 
+35 0.1 0.1 0.6 0.6 

35 – 48 0.1 0.2 0.9 1.5 

48 – 100 0.4 0.6 1.2 2.7 

100 – 140 1.2 1.8 0.2 2.9 

140 – 200 3.0 4.8 0.5 3.3 

200 – 325 3.7 8.5 0.0 3.3 

– 325 91.5 100.0 96.7 100.0 
 
 

Table 5.  Solids and Moisture Content of Feed, Products and Filtrates  
 

Description of Sample 
Solids 

% 
Moisture Content 

% 
Feed 1st 16.65  day -- 

Product 1st --  day 43.16 

Filtrate Top 1st 1.94  day -- 

Filtrate Bottom 1st 0.28  day -- 

Feed 2nd 13.15  Day -- 

Product 2nd --  day  36.62 

Filtrate Top 2nd 0.70   day -- 

Filtrate Bottom 2nd 0.07  day -- 
 
 
Because of the loss of fines in the filtrate, the feed contained more fines than the product.  
During this testing, no attempt was made to regulate or optimize feed quantities.  Thus, 
the thickness of the filter cake formed was unusually large for a filter press.  The 
moisture content of the filtered material was not as dry as hoped for, but it is 
understandable because after the failure in Test 1, the top drain valve was kept open 
allowing air to short-circuit through the upper filter plate that had no coal attached to it. 
This can be corrected in future testing by installing a pressure relief and safety valve in 
the circuit. 
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Task 6. Move the filter press to an ISGS storage facility in Champaign, Illinois 
 
Upon completion of all demonstration tests, the IFP was lowered back into horizontal 
position and put on a truck to Champaign for temporary storage. The weight of the filter 
press assembly shown in Figure 4 was 22,000 pounds. 
 
 
 

   
 

Figure 4.  IFP In Front of ISGS Storage Barn 
 
 

CONCLUSIONS AND RECOMMENDATIONS 
 

Testing demonstrated that all IFP systems, i.e. hydraulic, pneumatic, and electronic, 
operated as designed and within required safety parameters.  However, time limitations 
precluded any real testing of the tapping and air purging aspects of the filter press and 
making any adjustments to speed up the unexpectedly slow speed of the bottom filter 
plate that was observed. As a result, the 36% minimum moisture content in the product of 
the large-scale press was significantly greater than the 20% moisture content achieved 
with the lab-scale unit.  Additional testing may be able to correct these problems now that 
the large-scale filter press has been shown to be operational. 
 
Although the IFP demonstration can be considered a success, the testing revealed areas 
where work needs to be done to improve its operation.  The speed of the filter press needs 
to be accelerated. There is also a need to control the pressure in the filter press and to use 
the weight of the filter plate to help in the filtration process as an energy saving measure. 
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 (A) Makes any warranty of representation, express or implied, with respect to the 

accuracy, completeness, or usefulness of the information contained in this report, 
or that the use of any information, apparatus, method, or process disclosed in this 
report may not infringe privately-owned rights; or 

 
 (B) Assumes any liabilities with respect to the use of, or for damages resulting from 

the use of, any information, apparatus, method or process disclosed in this report. 
 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring; nor do the views and opinions of authors 
expressed herein necessarily state or reflect those of 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 the state of Illinois’ support of the project. 
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