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ABSTRACT 
 

Novel concepts that can be commercially implemented in the near-term were 
demonstrated in the laboratory and the field to improve dust control in underground coal 
mines. Three concepts were pursued: 1) A rock dust scrubber that allows miners to 
perform productive activities downwind of rock dusting operations, 2) Filter screens for 
continuous miner wet scrubbers that reduce resistance to airflow and are more efficient in 
coal and quartz dust capture than current filters, and 3) An improved continuous miner 
wet scrubber design that reduces pressure loss for increased airflow.  
 
Airborne dust concentration downwind of a rock dusting operation in a coal mine can 
reach 10,000 mg/m 3.  A highly efficient wet scrubber, with the ability to capture over 
99% of the respirable dust in such an environment, was developed. It consists of three 
filter screens and two sets of engineered sprays.  The first two screens are vertical where 
most of the wet scrubbing of dust occurs and the third screen is a novel screen where 
additional wet scrubbing and air-water separation occurs. Water sprays consist of pre-
wetting vertical sprays and secondary sprays.  Pilot-scale scrubber construction and initial 
baseline testing were performed at the SIUC-Joy Dust Control Laboratory in Carterville, 
IL. Field demonstrations were hosted by an Illinois coal mine.  
 
An efficient, self-cleaning filter screen was developed and tested in an experimental 
continuous miner wet scrubber in the dust control laboratory and in the field. The filter is 
lower in cost, lower in weight, and offers less resistance to airflow than commercially 
available filters. Several filters were designed to be approximately equivalent to currently 
used 10-, 20-, and 30-layer industrial filter screens for continuous miners, and were tested 
in the laboratory. Their use increased airflow and improved coal and quartz dust capture. 
 
A novel development water separation technology that would reduce or eliminate the 
need for a demister in the continuous miner scrubber was developed and tested. The 
technology worked well for low air velocities (200-400 ft/min) but at higher velocities 
(3,000-3,500 ft/min) typical in a continuous miner wet scrubber, efficiency was only 
70%. This development achieved 20-30% reduction in total pressure drop in the scrubber 
and total dust concentration was decreased by 99%. 
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EXECUTIVE SUMMARY 
 
The overall goals of this cooperative study among Southern Illinois University 
Carbondale (SIUC), Joy Global Technologies (Joy), and the coal industry were to 
demonstrate novel concepts that can be implemented near-term to improve dust control in 
underground coal mines. Three novel concepts were developed: 1) A rock dust scrubber 
to allow miners to perform productive activities downwind of the rock dusting operation, 
2) Filter screens for the continuous miner wet scrubber that reduce resistance to airflow 
and are more efficient in coal and quartz dust capture, and 3) An improved wet scrubber 
design that reduces pressure loss for increased airflow. These developments should lead 
to two patent applications; one for the rock dust scrubber and the other for filter screens 
for dust control.  Since intellectual property is involved, technical details have been 
purposely excluded from this summary. The body of the report contains these details 
on pages noted to contain proprietary information. This information may be made 
available upon request from the author or the ICCI. 
 
Development of Rock Dust Scrubber 
 
Rock dusting is an important operation in a coal mine and is required to maintain safe 
levels of incombustible, non-explosive material in work environments.  It is generally 
done during non-production shifts since intake air dust concentration is significantly 
increased. Control of dust and visibility downstream of the operation is a serious issue. If 
it could be controlled, mine maintenance and even production operations could be 
scheduled while rock dusting is being done. Industry leaders expressed a critical need for 
controlling dust from operations such as rock dusting and roof fall cleanup.   
 
The rock dust scrubber was designed to control both dust and visibility during the rock 
dusting operation. Specific objectives were to: 1) Develop a highly efficient scrubber 
with dust control efficiency of 99% and with minimum resistance to the airflow in an 
entry, 2) Perform underground testing at selected mines, and 3) Provide final commercial 
scrubber unit design with an estimate of production and selling costs.  
 
Total dust concentration downwind of rock dusting operations can reach 10,000 mg/m3.  
A wet rock dust scrubber, with ability to capture over 99% of the respirable dust, was 
tested multiple times underground at a southern Illinois mine. It consisted of three filter 
screens and two sets of sprays.  The first two screens were vertical where most of the wet 
scrubbing of dust occurred. The third novel screen provided additional scrubbing and 
separation of water and air. Water sprays in the scrubber consisted of pre-wetting vertical 
sprays and secondary sprays.  Pilot scale scrubber construction and initial testing were 
performed at the SIUC-Joy Dust Control Laboratory in Carterville, IL. Coal industry 
professionals observed both laboratory- and field-size unit demonstrations at this facility.  
 
In developing the rock dust scrubber, a sample of typical limestone rock dust was 
analyzed.  The particle size distribution showed that over 50% is less than 25 microns.  
SIUC wettability tests indicated that rock dust was 100% wettable by water meaning no 
wetting chemicals would be required. Air velocity in a typical room-and-pillar mining 
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entry ranges from 200-400 ft/min. Based on this data, both passive and active dust 
filtration approaches were considered.  Selection of filter media was very important. The 
project team worked with Custom Filtration Company that specializes in the fabrication 
of filters from wire cloth. Several recommended materials were reviewed.  Selected 
screen materials of different mesh size were tested to determine airflow and dust capture 
characteristics, durability, and cost.  One material showed only 1% reduction in air 
velocity compared to 20-34% for other materials. It was a woven fabric with mesh size in 
vertical and horizontal directions varying from 20 to 60, and with open areas varying 
from 50-65%. The screen cloth was stretched in a rectangular wooden frame to form 
filter screen panels 82 inches wide and 46 inches high with an effective opening area of 
26.19 sq ft. 
 
Passive dust control systems were attempted first based on natural airflow through 
entries. The airflow in an entry was simulated in the Dust Control Laboratory test gallery 
with an industrial fan of 10,000 cfm capacity. The test gallery was 28-ft long, 11-ft wide, 
and 6-ft high. The range of input dust concentration for testing was 3,000-5,000 mg/m3.  
A commercial leaf blower dispersed rock dust into the gallery. 
 
Dust scrubbing systems using spatial distribution of flat, solid-cone, and hollow-cone 
water sprays were designed and tested. Passive systems provided good results in the 
simulated entry. Industry professionals viewed demonstrations of these concepts and 
approved them for field testing. However, two field tests were not encouraging since only 
60% dust capture efficiency could be achieved. There was not enough pressure for air to 
flow through the passive scrubber; however, experience gained in spray systems for dust 
control was invaluable. 
 
An active dust control system using a large pressure drop fan was considered necessary. 
Joy procured a 40 HP continuous miner scrubber fan on loan from a southern Illinois 
mine for use in this study. That fan has been the backbone of all pilot-scale and 
commercial-scale scrubber development in this study. The rock dust wet scrubber being 
developed consists of a rectangular ductwork with engineered spray and screen systems 
to wet dust particles of different sizes, and to separate water from air prior to air exiting 
the ductwork. Development of a novel filter screen for this study led to achieving over 
99% dust capture efficiency. 

 
The developed scrubber system has been demonstrated four times in the field with over 
95% dust capture efficiency. Dust concentration levels about 300 feet downwind of the 
rock dusting operation are at acceptable levels. Additional modifications are being 
considered to further improve performance. Since a patent application is expected to be 
filed on this development, engineering details are not included here.  The estimated cost 
to build such a unit for underground use is $100,000 -$150,000. 
 
Novel Filter Screens 
 
The goal of this aspect of the project was to increase continuous miner (CM) wet 
scrubber dust and quartz capture efficiency with minimum pressure loss. Specific 
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objectives were to: 1) Improve scrubber control of respirable dust (both coal and quartz), 
2) Reduce the total pressure drop in the scrubber system, 3) Increase the total volume of 
air flowing through the scrubber, and 4) Reduce demister use, if possible, by developing 
an alternate air-water separation technology. It was postulated that if these objectives 
could be met, noise generated from the scrubber fan could also be reduced. 
 
Efficient, self-cleaning CM wet scrubber filter screens were developed and tested both in 
the scrubber laboratory at SIUC and in the field. This development evolved from sprays 
systems development work for the rock dust scrubber. Filters are lower in cost, lower in 
weight, and offer less resistance to airflow than currently available filters. Several filters 
approximately equivalent to 10-, 20-, and 30-layer industrial filters currently used in CMs 
were tested. Their use in the experimental scrubber configuration in the SIUC-Joy 
scrubber laboratory increased airflow by about 200 cfm and increased both coal and 
quartz dust capture efficiency. These screens have been shown to industry personnel and 
there is considerable interest in their commercial use.  One coal company has already 
agreed to demonstrate them in a mine in southern Illinois in the near future. Discussions 
are underway with MSHA seeking permission to use these novel filters on a CM 
scrubber. A patent application is expected to be filed.  Therefore, engineering details on 
the screen design are not provided here. 
 
Improved Wet Scrubber to Minimize Pressure Loss 
 
Novel developments to reduce the pressure drop across the wet scrubber using an 
alternate air-water separation technology were pursued with some degree of success. The 
technology worked with almost 100% efficiency for low air velocities (200-400 ft/min); 
however, at higher velocities of 3,000-3,500 ft/min typical in a CM wet scrubber, the air-
water separation efficiency was only 70-75%. Nonetheless, this development successfully 
achieved 20-30% reduction in total pressure drop in the scrubber. More importantly, total 
dust capture efficiency increased to 99%. Similar data for quartz dust capture efficiency 
with the current development suggest at least a 50% improvement. Additional test data 
are currently being evaluated by MSHA that may demonstrate significantly higher quartz 
dust capture. Further modifications are being considered to achieve even greater quartz 
dust capture efficiency. Since a patent application is also expected to be filed on this 
development, engineering details are not being provided.  
 
 
 
 
Pages 11, 16, 20, and 22 contain proprietary information. 
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OBJECTIVES 
 
The goal of this cooperative study among SIUC, Joy Global Technologies (Joy), and the 
Illinois coal industry was to develop and demonstrate novel concepts in the field that can 
be implemented near-term to significantly improve dust control in underground coal 
mines. Three concepts were developed: 1) A rock dust scrubber to allow miners to 
perform productive activities downwind of rock dusting operations, 2) Filter screens for a 
continuous miner (CM) wet scrubber that reduce resistance to airflow and are more 
efficient in coal and quartz dust capture, and 3) An improved CM wet scrubber design 
that reduces pressure loss for increased airflow.  
 
The rock dust scrubber was designed to control both airborne dust and visibility during 
rock dusting operations. Specific objectives were to: 1) Develop a highly efficient rock 
dust scrubber with target dust control efficiency of 99% and with minimum resistance to 
airflow, 2) Perform underground testing at selected mines, and 3) Provide final 
commercial scrubber unit design with estimates of production and selling costs.  
 
Novel filter concepts were implemented in a CM wet scrubber system to increase 
scrubber efficiency with minimum pressure loss. Specific objectives were to: 1) Control 
respirable dust (both coal and quartz), 2) Reduce total pressure drop in the scrubber 
system, 3) Increase total volume of air flowing through the scrubber, and 4) Reduce 
demister use, if possible, by developing an alternate air-water separation technology. 
Accomplishing these objectives should also lead to a reduction in scrubber fan noise.   
 
The study was divided into eight different tasks as follows: 
 
Task 1: Review pertinent literature for identification of novel dust control concepts. 
Task 2: Assess selected concepts at bench-scale in the Dust Control Laboratory. 
Task 3: Design and demonstrate a pilot-scale rock dust scrubber to industry. 
Task 4: Demonstrate developed rock dust scrubber in the field.  
Task 5: Develop a final design for the rock dust scrubber based on field demonstration 

studies.  
Task 6: Perform optimization studies on a novel wet scrubber filter. 
Task 7: Fabricate wet scrubber filters. 
Task 8: Demonstrate fabricated filters in the field. 

 
INTRODUCTION AND BACKGROUND 

 
Coal mine explosions are a serious concern for the mining industry. A very common 
method of minimizing explosion potential is to apply rock dust to mine entries at regular 
intervals. The Mine Safety and Health Administration (MSHA) requires that the 
incombustible content in surface dust collected from mine entries must exceed 80% to 
minimize the risk of initiating and propagating an explosion. 
 
Rock dusting is an important operation in a mine and is generally done during non-
production shifts since it increases the dust concentration in intake air. Control of dust 
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and visibility on the downstream side of the rock dusting operation is a serious issue. If it 
can be controlled, mine maintenance and even production operations could be scheduled 
while rock dusting is being done. In this regard, the coal industry has indicated a 
significant need to control dust traveling into the face area due to rock dusting operations. 
Based on this need, SIUC has developed a novel concept that can control both visibility 
and dust concentration associated with rock dusting operations. The design of the rock 
dust scrubber is based on dust removal mechanisms found in a CM wet scrubber; 
however, two or more novel filters have been implemented with multiple advantages. As 
with the CM wet scrubber, sprays are spatially distributed between screens.  
 
In addition to dust exposure from rock dusting, dust generated in room-and-pillar mining 
can also be a serious health issue and control of it is vital to the productivity and 
profitability of underground coal mines. Recent findings by MSHA that pneumoconiosis 
incidence rates may be on the rise in the USA has led to refocusing of research efforts on 
both coal and quartz dust control. There are some discussions at the federal level to 
reduce the dust exposure limit to less than 2 mg/m3 over an 8-hour period.  
 
SIUC commenced a dust control research program in 2002 and since then has 
accomplished several milestones. Wettability studies on coal dust led to the development 
of a new, scientifically sound approach for quantifying wettability (Chugh et al., 2004). 
With the assistance of Joy, the SIUC/Joy Dust Control Laboratory was established at the 
Illinois Coal Development Park in Carterville, IL. Flooded-bed scrubber improvement 
studies led to modified spray systems within the scrubber with lower water volume and 
reduced pressure. In field demonstrations, suction inlets to the scrubber were modified to 
minimize the amount of coarse material being sucked into the scrubber and to improve 
capture of respirable dust (Chugh et al., 2006a). These modifications reduced dust 
concentration in the scrubber output to 1.6 mg/m3. CM chassis sprays were evaluated 
leading to the development of innovative spray systems on the CM chassis (Chugh et al., 
2006b). These spray systems have been evaluated at five mines with 30-40% reduction in 
respirable dust at the CM operator location and 15% reduction in the last open crosscut 
(LOXC). SIUC has also developed a strong computational fluid dynamics (CFD) 
research program to study dust generation and propagation in the face area. As part of a 
continuing effort to improve dust control in the face area, novel filter concepts developed 
during this project were implemented in a CM wet scrubber. Studies were performed to 
compare commercial and SIUC novel filters. SIUC filters were less resistant to airflow 
and better at coal and quartz dust capture.   
 

EXPERIMENTAL PROCEDURES  
 

Description of SIUC-JOY Dust Control Laboratory 
 
A dust control laboratory was developed in 2000 by SIUC in collaboration with Joy. The 
laboratory (Figure 1) consists of scrubber system, a controllable dust feeder, and a 
sampling room modeled after a mine entry or tunnel. An 8,000 cfm, flooded-bed scrubber 
system manufactured by Joy for their Model 12CM continuous miner is set up in this 
laboratory. The scrubber is equipped with two 60-gallon tanks equipped to supply water 
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at a rate of 10 gallons per minute (gpm) and a pressure of 100 pounds per square inch 
(psi). Dust is metered into the intake of the scrubber using an auger-type ratio dust feeder.  
Sampling room dimensions are 7-ft high, 11-ft wide, and 30-ft in length. Dust samples 
are collected from strategic locations within the sampling room. 
 
Description of Cooperating Mine 
 
Field demonstrations were an important part of this study. A cooperating mine in 
southern Illinois hosted field testing.  The mine uses standard room-and-pillar mining 
methods.  A suitable (i.e., where there would be the least amount of interruptions to mine 
operations) test location in the mine was identified based on an airflow velocity 
requirement of 200-250 feet per minute (ft/min) and the availability of water and electric 
power. Mine layouts at test locations are shown in Figures 2-4. 
 
Dust Sampling 
 
Dust measurements in both the laboratory and the field were collected using Thermo 
Electron personal dust monitors (PDM) and gravimetric samplers consisting of Escort 
ELF pumps, Dorr-Oliver cyclone separators, and standard dust cassettes. Pumps operated 
at a volumetric rate of 2 liters per min and were calibrated using an MSHA Dust Pump 
Calibration Kit prior to use. All dust cassettes were supplied by MSHA with pre-
weighing and post-weighing done at SIUC on a 10 micron resolution weigh balance. 
Samplers were located in areas where dust concentration would be relatively uniform.   
 
Screen Descriptors 
 
Testing filter screens and filter screen combinations was a big part of this project. For 
clarity purposes, a description of screen designations used throughout this report is 
provided here. Screens were plain weave, which employs warp wires that extend the 
length of the screen and fill wires that are oriented 90° perpendicular to warp wires 
(Figure 5). All warp wires are parallel to each other and an equal distance apart.  The 
same is true of fill wires.  Mesh size is determined by the number of openings per linear 
inch measured center-to-center from parallel wires. 
 
Generalized Experimental Procedure 
 
An iterative process was used to develop concepts studied in this project. Rock dust and 
wet scrubber configurations were varied systematically to improve upon previous results. 
Collected data for a configuration was used to identify important variables. Changes were 
then made to improve upon the previous configuration.  For each test configuration, 
testing began by measuring air velocity and pressure drop values in the scrubber system. 
This data was used to optimize scrubber design. The dust injection process was then 
initiated and both input and output dust concentrations were measured with PDM and 
gravimetric samplers. This dust sampling was performed over the entire test period for 
each test, which typically lasted about 20 minutes for rock dust scrubber tests and about 
30-60 minutes for CM wet scrubber tests. Collected data were analyzed and used to 
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modify the scrubber configuration for the next test. This iterative procedure was used 
until the maximum possible dust reduction was achieved. This procedure was followed 
for all tasks, whether in the laboratory or in the field.  
 
Description of Task 2 Procedures 
 
A test gallery was designed within the dust control laboratory (Figure 6) to test different 
concepts. The test gallery was 28-ft long, 11-ft wide and 7-ft high with two filter panels 
located around the center of the gallery. Air movement was induced by an industrial 
ventilation fan located 13.5 feet away from the second filter panel.  The distance between 
the two filter panels was varied from 12 to 96 inches to evaluate the effect of residence 
time within the system. A commercial leaf blower dispersed rock dust into the test gallery 
at concentrations varied between 3,000 and 5,000 mg/m3.  
 
Several screen materials with different mesh sizes were tested to determine airflow and 
dust capture characteristics, durability, and cost. Plastic, fiberglass, and aluminum 
material were tested.  The chosen filter media was a woven fabric with 0.011-inch 
diameter aluminum wire and 16 to 18 openings per inch in both vertical and horizontal 
directions (66.08% open area). This screen cloth was stretched out and held in a 
rectangular wooden frame to form a filter panel 82 inches wide and 46 inches high with 
an effective open area of 26.19 square feet (sq ft). Spray configurations used for these 
tests are shown in Figures 7-9.  
 
Description of Task 3 Procedures  
 
Based on Task 2 efforts, the prototype rock dust scrubber shown in Figure 10 was 
developed. It consisted of four filter screens to increase surface area for contact and 
airflow; two on each side of Points A and B in the center of the gallery. The distance 
between A and B was 49 inches. As many as four sets of vertical sprays were used; one 
set of pre-wetting sprays (PRW), one set of post-wetting sprays (POW), and two sets of 
center sprays (CS).  Figure 11 shows an elevation view of a typical CS configuration.  
Sampling locations were 19 inches from the roof and 39 inches from the leading point of 
Filter Screen A on the intake side and 30 inches from the roof and 68 inches from the 
trailing point of Filter Screen B on the return side. A 48-inch diameter industrial fan was 
used to create air movement through the rock dust scrubber.  Dust was injected through a 
venturi unit and dust injection ports were located 5-6 feet away from PRW. Experimental 
parameters consisted of dust concentrations in the range of 300-1,000 mg/m3 and an air 
velocity of about 200 ft/min through the scrubber. Different spray configurations are 
shown in the Figures 12-19. 
 
Description of Task 4 Procedures  
 
Field Demonstration #1 (February 18, 2009): Figure 20 shows the mine layout for the 
first demonstration of the developed prototype rock dust scrubber in a southern Illinois 
mine.  This was a passive system.  Figures 21 and 22 show the dust filter panel, spacing 
between sprays, number of sprays, spray bar locations, and dust sampling locations.  
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Screens A and B were 90 inches apart. Three sets of sprays were selected for testing. The 
scrubber design allowed for mounting sprays on a spray bar with adjustable distances 
between sprays.  The PRW spray bar (S1) was placed 51 inches from Screen B and the 
third spray bar (S3) was 14 inches from Screen A. The second spray bar (S2) and the 
third spray bar (S3) were placed between two screens that are separated by 51 inches.  
The spacing between screens and the location of spray bars in relation to screens are 
extremely important in dust reduction. Two dust sampling locations were placed on either 
side of the dust filter panel. The water supply system was installed so that each row of 
sprays can be maintained at different pressures. Water volume data was not collected. 
 
Field Demonstration #2 (October 30, 2009): Modification to the scrubber system 
described above included an additional screen 3.5 inches from the first screen. Screens 1 
and 3 were 32×32 mesh while Screen 2 was 24×24 mesh. Air volume through the 
scrubber with the scrubber fan operating was 15,414 cfm. The demonstration area layout 
is shown in Figure 2. The rock duster was located 120 feet upwind from the scrubber. Air 
velocity in the travelway entry was 220 fpm.  The input dust concentration was estimated 
at 10,000 mg/m3.  
 
Field Demonstration #3 (November 20, 2009): The demonstration area layout is shown in 
Figure 3. Based on field testing data collected on 10/30/2009, it was decided to make 
modifications to improve dust capture.  Screen 1 was changed to 40×40 mesh and an 
additional spray bar with six LNN-18 sprays was installed near the scrubber intake. 
 
Field Demonstration #4 (February 19, 2010): The demonstration area layout is shown in 
Figure 4. Figure 23 shows the configuration of the rock dust scrubber with locations of 
screens and sprays bars. Based on previous field testing data, additional modifications 
were made including installing a 0.5-inch thick fiberglass filter  around the scrubber 
exhaust for Test 1, and installing a 0.5-inch thick full-entry fiberglass filter one crosscut 
downwind of the scrubber (see Figure 4) for Test 2.   
 
Description of Task 5 Procedures 
 
Passive Scrubber System: The dust gallery of the SIUC-Joy Dust Control Laboratory was 
used to simulate an underground air velocity environment and to minimize weather 
effects. The tunnel was configured in three different ways during testing. 
 

a. Configuration 1 (Figure 24) – Tests 1-12: The scrubber fan was used to blow air 
through the tunnel from the intake side. Dust injection was at the intake of the 
scrubber and it was allowed to travel through the scrubber ductwork and scrubber 
fan before entering the intake opening of the test tunnel. The intake opening of the 
tunnel was 48 inches tall and 68 inches wide. For Tests 1-5, two 16×20 mesh 
filter screens were positioned 36 inches apart at about the midpoint of the tunnel. 
Two sets of sprays were used with the first set of five LNN-18 PRW located 12 
inches from the first screen and the second set of five LNN-18 CS located 15 
inches from the second screen. For Tests 6-12, both filter screens were double 
layered and spaced 24 inches apart. Two sets of sprays were used with the first set 
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of five LNN-18 PRW located 13 inches in front of the first screen and the second 
set of five LNN-18 CS located 8 inches in front of the second screen.  

 
b. Configuration 2 (Figure 25) – Tests 19-34 and 41-51)

 

: The exhaust fan was used 
to pull air through the system. Effective intake and screen opening areas were 
22.7 and 20.31 sq ft, respectively. Except as noted, all tests were performed using 
the optimal 32×32 mesh filter screen material identified in earlier testing.  Five 
LNN-18 PRW were located 10 inches in front of the first screen and five LNN-18 
CS were located 12 inches in front of the second screen. For test 41, the first filter 
screen was 16×20 mesh and was located 62 inches from the intake end of the test 
tunnel. The spray angle and spacing between sprays left a small V-shaped gap at 
the top of the tunnel between any two sprays where dust had a chance to escape. 
Therefore, another set of five wide angle sprays (LNN-8W) were placed 6 inches 
in front of  the first screen. Tests 42-44 were performed with varying dust input 
concentrations.  Tests 45-51 used an additional screen located 30 inches from the 
first screen. Also, a third set of six LNN-18 sprays was placed 6 inches in front of 
the additional screen. 

c. Configuration 3 (Figure 26) – Tests 13-18 and 35-40)

 

: A transition framework to 
a smaller duct was constructed to increase air velocity and homogenize airflow 
forced and/or exhausted through the system with both scrubber and exhaust fans. 
The intake cross-sectional area of 22.7 sq ft was designed to converge to an area 
of 6.0 sq ft, which is the effective screen opening area. Two screens (32×32 mesh) 
were positioned 36 inches apart. Three LNN-18 PRW were located 13 inches 
from the first screen and three LNN-18 CS were located 18 inches from the 
second screen.  For Tests 15-18, double-layered screens were used to maximize 
dust capture efficiency.  

Active Scrubber System: A 40 HP CM scrubber fan (21,100 cfm volume capacity) 
obtained from Joy on loan from a southern Illinois coal company was mounted on a 
trailer (Figure 27) so it could be transported underground. To use the trailer system 
underground, overall height could not exceed 55 inches.  Therefore, a 35.75-inch high, 
78-inch wide, and 18-ft long scrubber body was constructed on the trailer. The effective 
intake opening area to the scrubber was 17.6 sq ft.   
 
The scrubber consisted of two wetting screens and one dewatering screen. The first 
wetting screen was located 61.5 inches from the air intake and the distance between the 
two wetting screens was 48 inches. The spray system consisted of three spray bars, each 
bar housing seven LNN-18 sprays. The layout of sprays is shown in Figure 28. The first 
two sets of sprays were PRW with the first PRW bar spraying vertically downward while 
the second bar was inclined 45° toward the screen. The two PRW spray bars are 6 inches 
in front of screen 1. The third spray bar was located between the two screens. The water 
spray system was designed to allow regulation of water pressure and volume to each 
segment of the spray system and to provide protection from damage during its transport 
underground. A series of ports (Points A, B, C, and F in Figure 28) were used to measure 
pressure drop data. 
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RESULTS AND DISCUSSIONS 
 
Rock Dust Scrubber Development (Tasks 1-5) 
 
A review of literature on dust control concepts such as types of filter screen material and 
water sprays is discussed. Passive and active rock dust scrubber developments are 
described including pressure drop and dust control efficiency data.  Field demonstration 
results for each rock dust scrubber are presented. 
 
Review of Pertinent Literature (Task 1): The goal of this task was to identify appropriate 
dust control concepts for development of a rock dust scrubber. A review of published 
literature and a patent search revealed no publications or patents on technology to control 
dust due to rock dusting operation. Most, if not all, current dust control practices and 
concepts deal with the suppression or control of respirable dust generated during the 
mining or transport of minerals. A common element among all concepts is application of 
a wetting agent, typically water, and/or a filtration media to remove airborne dust. These 
concepts can also be adapted to efficiently remove rock dust from airflow in entries.  
 
Several discussions were held with mining personnel to determine criteria for design and 
testing of filter panels for rock dust control.  Three important factors emerged from these 
discussions. First, reduction in airflow in the entry where the rock dust scrubber operates 
must be kept to a minimum.  Second, the rock dust scrubber should achieve the 
maximum amount of dust reduction possible.  Third, the rock dust scrubber should use as 
little water as possible.  Cost did not emerge as a major factor since increased 
productivity advantages far outweigh estimates of cost.   
 
This task included determining the particle size distribution of rock dust since that would 
determine approaches used for dust control. As shown in Table 2, over 50% of the rock 
dust sample analyzed was less than 25 microns. Based on this information, the project 
team contacted the Custom Filtration Company that specializes in the fabrication of filter 
screens from wire cloth. Several different materials recommended by this manufacturer 
were reviewed for use in this study. 
 
Different types of sprays were tested in both a prototype rock dust scrubber and the CM 
wet scrubber located at the SIUC-Joy Dust Control Laboratory. Information on spray 
type, spray angle, and spray volume are provided in Table 3.  
 
Passive Rock Dust Control System Development (Tasks 2 and 3): Development of a rock 
dust scrubber set out to: 1) Achieve dust control efficiency of greater than 90% for 
simulated underground air velocities, 2) Minimize ventilation pressure drop, 3) Optimize 
water requirements, and 4) Construct a full-scale rock dust scrubber and perform 
preliminary tests at the SIUC-Joy Dust Control Laboratory. It was thought that a passive 
dust control system would be ideal since it would be cheap and multiple systems could be 
located to achieve desired dust control. It was further thought that initial testing should be 
done with 50% of the airflow typically encountered in an entry. Preliminary tests were 
attempted to identify important variables of interest and analyze their effect on dust 
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control efficiency based on natural airflow through mine entries. Therefore, a passive 
dust control system with a 10,000 cfm industrial fan was developed and tested. 
 
Dust control was achieved through filter screens and spatial location of water sprays. 
Filter screens were designed to be fine mesh based on particle size distribution data. The 
size of selected screens should be as large as possible to minimize pressure loss. Initial 
tests were performed at the SIUC-Joy Dust Control Laboratory using two screens spaced 
approximately three feet apart with sprays located between them. Important variables 
analyzed in initial testing were screen size, screen material, distance between filter 
screens, water pressure, and water volume. A discussion of these variables follows.  
 

• Plastic, fiberglass and aluminum screen materials were tested with aluminum 
showing the best overall performance. It showed only 1% reduction in air velocity 
compared to 20% for fiberglass and 34% for plastic materials.  

• Table 4 shows that increasing distance between filters reduces air velocity losses 
and therefore increases volume through the scrubber. This also increases the 
residence time for dust particles between filters and therefore increases the 
efficiency of particle interaction with water droplets.  

• Table 5 shows that increasing the distance between filter panels and increasing 
water volume significantly improve the efficiency of the rock dust scrubber. In a 
particular test, the maximum dust reduction was 91% when two filter panels were 
separated by 96 inches. Twelve sprays (3 gpm, 40 psi) were well distributed 
spatially to capture and wet dust particles (see Figure 8).   

 
Figures 12-19 describe rock dust scrubber configurations developed for additional 
testing. Important variables considered were number and type of CS, PRW, and POW 
sprays; CS, PRW, and POW spray bar locations; dust input concentration; and water 
pressure. Results from the analysis of these variables are presented in Tables 6 and 7.  A 
discussion of these variables follows. 
 

• The inclusion of PRW as indicated in Figure 13 did not affect the volume of the 
airflow but the PDM and gravimetric sampling data showed 22.4% increase and 
14.1% decrease in dust reduction, respectively. The decrease in the average air 
velocity on the intake side, with single row of CS and single row of CS and PRW 
on, were 19% and 21%, respectively.  

• Adding another row of CS as indicated Figure 14 and replacement of BD-1 (0.73 
gpm at 60 psi) PRW with LNN-8 sprays (0.16 gpm at 60 psi) also showed 
minimal effect on airflow volume in the scrubber. However, dust reduction was 
increased by 10-15% and pressure drop increased only by 5%.   

• The PRW sprays in Figure 15 showed minimal effect on both dust and air volume 
reduction.  

• The number of CS in Figure 16 was increased and LNN-18 sprays (0.36 gpm at 
60 psi) were replaced by LNN-8 (0.16 gpm at 60 psi). This was done to minimize 
the water consumption and to increase the surface area of contact between the 
water droplets and the dust particles. The average dust reduction remained same. 
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• Increasing the number of PRW in Figure 17 did not improve the dust capture 
efficiency.   

• In one test, PRW were moved 10 inches behind Filter Screen A (see Figure 10) 
and dust reduction was decreased by 5%. At a spray pressure of 70 psi, dust 
reduction actually decreased by 14%. Therefore, higher spray pressure may not be 
appropriate for dust control. Improper wetting of upper portions of filter screens 
due to increased distance between PRW and Filter Screen A also might have led 
to the observed dust reduction. 

• Dust capture efficiency decreased by 5-10% when input dust concentrations were 
reduced to 10-20 mg/m3 (see Table 6) 

• A few tests were performed with sprays operating at pressures of 40-, 60-, 80-, 
and 100-psi (see Table 6 and Figure 18). The dust capture efficiency was highest 
when tests were performed at 60 psi.  

• The increase in average pressure drop when CS were on was 70%. Similar data 
with CS and PRW on was 75-80%. Similar data with CS, PRW, and POW on was 
89%.  With all sprays on and dust injection, the increase in the average pressure 
drop was 90% (see Table 7). 

 
Field Demonstration #1 – Passive System (Task 4): The passive rock dust scrubber 
system was demonstrated in the field with a target dust control efficiency of 90% and 
minimum resistance to airflow in the scrubber. Tests were performed to determine the 
amount and velocity of air available at locations A, B, C, and D (Table 8).  
 

• Airflow velocity on the intake side (B) of the scrubber system is 200 ft/min. 
• Installing a line curtain at D increased the velocity at B by 32.55%.  
• With two Filter Screens A and B, airflow velocity at B decreased 18.1% (Table 

9).  
• All water sprays were operated at 75 psi. PDM and gravimetric sampler data 

showed 50-60% dust reduction.  
• Spray pressure was increased to 100 psi but dust reduction remained below 60%. 

 
Passive Rock Dust Scrubber Development (Task 5): Using results of Field Demonstration 
#1, Tasks 2 and 3 laboratory testing, and input from industry professionals, areas for 
improvement in the passive filter panel system were identified. Fifty-one additional tests 
were performed to evaluate effects of water, air velocity, and filter screen mesh opening 
size on scrubber efficiency.   
 

• The first 18 tests showed that input dust concentrations could be accurately 
determined only by gravimetric sampling. Maximum measurable dust 
concentration using PDMs was about 400 mg/m3 while dust concentrations 
encountered during rock dusting were typically 2,500-4,000 mg/m3 

• A screen with 50×50 openings per inch was too restrictive to airflow. Therefore, 
Tests 19-51 were performed with 32×32 mesh filter screens. 

• With one 32×32 mesh filter screen, airflow velocity decreased by 10% as 
compared to free-flow (Tests 19-29, Table 10). With one 32×32 mesh screen and 
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CS operating, average air velocity was reduced by 57%. This indicates that screens 
offer less resistance to airflow than water. 

• The addition of PRW (Tests 30-34, Table 10) did not change overall dust 
reduction and operating at higher water pressure also had a minimal effect. 
Average dust reduction for Tests 19-34 was 87%.  

• Tests 35-37 provided very good results (Table 11).  In these tests, two 32×32 mesh 
filter screens were used and average dust reduction was consistently more than 
98% at all operating pressures. With additional PRW at 15° orientation toward the 
first screen, average dust reduction was 99.1%. The reason for high reduction was 
these tests were performed with Configuration 3, where a homogeneous mixture of 
air and water particles occurred. However, because of the smaller airflow cross-
section, measured airflow velocity was lower than typically encountered 
underground. Maximum airflow velocity was 185 ft/min, which is less than the 
average velocity (250 ft/min) underground.  

• In Tests 38-40, the laboratory wet scrubber was used to increase air velocity 
through the filter screen to more closely simulate underground airflow velocity. 
The preliminary dust reduction for Test 38 as determined by PDM readings was 
94.2%, but gravimetric samplers showed only 60% reduction; however, for Tests 
39 and 40, dust reduction was 64.6% and 62.6%, respectively. This is partly due to 
an increase in turbulence and back pressure created by the large volume of air 
moved at high velocity by the scrubber fan. Dust input was also less when 
compared to Tests 35-37.  The low reading measured by gravimetric samplers may 
be due to sampling location with respect to airflow direction and turbulence.   

• Tests 41 and 42 were performed with two scrubbers in series. The first scrubber 
discharge was fed  to the second scrubber to determine if it would provide higher 
dust capture efficiency. The second scrubber dust capture efficiency was only 
30%. These tests demonstrated that dust capture efficiency is higher with higher 
input dust concentrations up to a point provided other parameters are unchanged.  

• Average airflow velocity was reduced by 24% with 32×32 mesh screen as 
compared to only 2% when using 16×20 mesh screen. The ventilation pressure 
drop (A-B from Table 12) of a single 32×32 mesh screen was 51.2% more than 
that of a 16×20 mesh screen. Pressure measurement points were illustrated in 
Figure 25.  

• Dust reduction using two screens (16×20 mesh and 32×32 mesh) increased by 
only 5-10% as compared to a single screen.  

• The maximum dust reduction achieved from the passive system was 99% with two 
32×32 mesh screens and PRW and CS at an average water quantity of 3.61 gpm; 
however, airflow velocities through the scrubber were low, varying in the range of 
55-185 fpm. 
 

Based on these results, a passive dust scrubber was not considered acceptable for rock 
dust control and the project team turned their attention to developing an active wet 
scrubber. 
 
Active Rock Dust Scrubber Development (Task 5):  A CM scrubber fan, (40 HP and 
21,100 cfm volume) obtained by Joy on loan from a coal company in southern Illinois, 



 

 

         

 

 

 

THIS PAGE CONTAINS PROPRIETARY INFORMATION 



 
 
 17 

heavier than air so they drop down. This becomes the second stage of air-water 
separation.  Results of Part II studies are discussed below. 
 

• Data in Table 15 shows that air velocity and pressure drop values for all tests 
using curvilinear screens are better than for Part 1 studies. The pressure drop 
value of 1.65 inches of water for both screens (vertical and curved) in Figure 32 
and water at higher volume (7.7 gpm) is comparable to the pressure drop observed 
for two vertical screens in Figure 28 at 4.7 gpm. The velocity of airflow through 
the scrubber with screens installed was decreased by only 30% when water sprays 
were turned on. These results confirm the significant advantages of a curvilinear 
screen in reducing resistance to airflow caused by water sprays.  

• In previous tests, high water volume (7.7 gpm) improved dust control but 
increased pressure drop across the scrubber. To reduce pressure drop, water 
volume was reduced by replacing LNN-18 sprays in PRW bars with LNN-6 and 
LNN-8 sprays. The volume capacities of single LNN-18, LNN-8, and LNN-6 
sprays at 100 psi are 0.48, 0.21, and 0.16 gpm, respectively. With this approach, 
sprays are operated at higher pressure providing smaller water droplet size and 
improved dust control. Results of this testing are shown in Table 16. Dust 
reduction was significantly improved to 95% and remained at this level 
throughout continued testing. 

• The performance of a screen inclined 45° against the incoming air was compared 
with the vertical screen. Airflow velocity was slightly higher for the inclined 
screen. This was expected because of the larger opening area of the screen 
surface. This is also confirmed by the pressure drop data shown in Table 17. Dust 
capture efficiency for both configurations was 95%. 

• The performance of an inclined and curvilinear screen combination was compared 
with that of a vertical and curvilinear screen combination. Data confirmed that 
higher airflow velocity and lower pressure drop were achieved by the 
combination of inclined and curvilinear screens. Average dust reduction was 
greater than 96% (Table 18). To achieve even higher dust reduction, Screen 1 was 
changed to a finer mesh (24×24) and this increased dust reduction to 98%. For 
some tests, the third set of sprays was turned off after a period of time, which had 
very little effect on output dust concentration. With input dust concentration of 
3,100 mg/m3, overall dust reduction was higher than 98%.  

• Additional testing was performed with screens of finer mesh (24×24 and 30×30) 
as shown in Table 19. In order to reduce the pressure drop, screens with higher 
open areas (44.2% for 24×24, 51% for 30×30) were tested.  With this setup, 
airflow velocity decreased by only 3%. With the addition of 3.65 gpm of water in 
sprays, velocity decreased by 27%. This demonstrates again that most of the 
resistance is provided by water sprays. A similar result was also observed in the 
pressure drop data shown in Table 18. The pressure drop using 30×30 mesh size 
filter screen (1.37 inches of water) was lower than the 24×24 mesh filter screen 
(1.63 inches of water). Average dust reduction for all tests was greater than 98%.  

• Most importantly, moisture in the air discharged from the fan was negligible due 
to the air-water separation achieved by the curvilinear screen. 
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• A prototype of the active rock dust scrubber developed in laboratory is shown in 
Figure 33. Figures 34 and 35 are the visual representations of input and output 
dust concentrations during testing of the rock dust scrubber. Air downwind of the 
scrubber discharge was clean with 99% dust reduction.    

 
Conclusions

• Water sprays offer more resistance to airflow than screens. 
:  

• Most dust wetting and reduction occurs at the PRW location and the first screen. 
• Airflow velocity and pressure drop data are considerably improved with the 

introduction of the novel curvilinear filter screen concept.  
• Water is separated very effectively from air with the novel curvilinear screen.   
• Filter screens with finer mesh sizes and higher opening area improve dust capture 

efficiency and reduce pressure loss.  
• Dust reduction prior to introducing the curvilinear screens was 75%. This was 

increased to more than 98% with the curvilinear screen. 
 
Field Demonstrations – Active Rock Dust Scrubber System (Task 4): Field testing of the 
active rock dust scrubber at a southern Illinois mine occurred in two phases, which are 
discussed separately. Layouts for the first phase are shown in Figures 2 and 3.  The layout 
for the second phase is shown in Figure 4.  

  
a) October 30, 2009

 

: Data from gravimetric samplers and PDMs showed dust 
reduction of more than 99% with input dust concentration of 10,000 mg/m3. 
PDM data showed dust concentration of 75-80 mg/m3 downwind of the 
scrubber, which was further decreased along the travelway entry due to dilution 
with intake air and dust settlement. Dust concentration was 5 mg/m3 300 feet 
away from the rock dust scrubber.  

b) November 20, 2009

 

: Airflow volume through the scrubber was 15,042 cfm and 
decreased by 65% with water sprays turned on. Such a large drop in air velocity 
is not acceptable in practice; however, dust control in this configuration was 
97% reduction at Point A. Dust concentration further decreased in the travelway 
and 100% reduction was observed at Point D 260 feet away from the rock dust 
scrubber. 

Conclusions

 

: Field Demonstration #1 (passive system) showed 60% dust reduction, but 
active system demonstrations indicated more than 99% dust reduction.  

c) February 19, 2010: Two tests were performed in the second phase 
demonstration. Test 1 was performed with an additional 0.5-inch thick 
fiberglass filter around the scrubber exhaust, whereas in Test 2, a 0.5-inch thick 
full-entry fiberglass filter was installed one-crosscut downwind of the scrubber 
(see Figure 4). Gravimetric sampling data from Test 1 showed dust reduction 
values of 95%.  In Test 2, water sprays operated at a higher pressure (160 psi) 
and volume (9.63 gpm) for more efficient dust control. Input dust concentration 
was estimated at 10,000 mg/m3. Four PDMs were used and each was placed in a 



 
 
 19 

different crosscut (see Figure 4). PDM 2 data showed a dust concentration of 
59.1 mg/m3 immediately downwind of the scrubber. Dust concentration 
decreased along the travelway due to dilution with intake air and dust 
settlement. Dust concentration was 18 mg/m3 300 feet away (Crosscut #8, PDM 
3). Using PDM data, dust control efficiency was estimated to be 99%.  During 
Test 2, scrubbed air was contaminated with dust laden intake air due to leaks in 
a stopping upstream from the rock dust scrubber as shown in Figure 4. The 
higher dust concentrations are reflected in data recorded by both PDM and 
gravimetric sampling. Average dust reduction achieved in Test 2 was 88% from 
gravimetric sampling and 98% from PDMs. 

 
Conclusions

 

: Field demonstrations achieved dust reductions in the range of 95–99%. 
Field testing was considered successful but additional improvements are required to make 
this scrubber commercially acceptable. More specifically, dust leakage around the 
scrubber needs to be controlled. 

Final Design of Rock Dust Scrubber and Cost Estimation (Task 5): After successful 
testing in both the SIUC-Joy Dust Control Laboratory and the field, the final design of 
the rock dust scrubber specifying the location of sprays, screens, and dimensions of the 
scrubber body was determined and is shown in Figures 36-38.   
 
A fabrication cost for the rock dust scrubber is presented in Table 20 and is estimated at 
$62,828.  The estimated selling price for such a unit is $125,000.  
 
Novel Filter Screens and Scrubber Optimization for Maximum Dust Control and 
Minimum Pressure Loss (Tasks 6-8) 
 
Concepts for achieving maximum dust control efficiency and minimum pressure loss are 
discussed. These include larger surface area screens, air-water separation technology, and 
CFD modeling of screens.  Pressure drop and dust control efficiency data for different 
filter screens are presented. 
 
Development of Novel Filters: The traditional CM scrubber filter panel consists of layers 
of stainless steel wire mesh secured in a tight frame. Filters containing 15, 20, 30, and 40 
layers are currently in use.  The 20- and 30-layer filter panels are most commonly used in 
underground coal mines. The efficiency of each filter panel depends on the screen 
material and the density of the mesh.  Increasing the density increases dust capture but 
affects airflow through the scrubber.  The attempt to improve dust control efficiency of 
traditional filters with minimal impact on airflow resistance has led to the development of 
novel filters. The goal was to develop filters that would correspond to commercial 10-, 
20-, and 30-layer filters used in the mining industry. An additional goal was to assess if 
various combinations of different filters in the two-filter scrubber configuration would 
help improve dust control without additional loss of airflow. 
 
Three different sizes of screens were purchased for preliminary studies to assess pressure 
drop, airflow through the scrubber, and dust reduction potential. Screen types tested were 
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• In Tests S26 and S27, two 24×24 mesh filter screens were reinforced with ¼-inch 
wire grid on both sides of the screen to increase its durability. Airflow volume 
was unchanged and dust reduction was 98.7%, which is better than using either a 
single SIUC 24×24 mesh or a 20-layer filter screen. 

• Two 32×32 mesh screens and two sets of sprays operating at 62 psi (2.88 gpm) 
were also tested achieving 98.6% dust reduction, which is better than two 24×24 
mesh or two 20-layer screens (Tests S28-S30).  

• One SIUC 40×40 mesh filter screen provided the best dust capture efficiency of 
99.1%. However, air volume was decreased by 47% compared to free-flow (Tests 
S31 and S32). The authors are confident that this can be improved with additional 
research.  
 

A few pulverized samples of 80:10:10 dust and dust cassettes from Part I studies were 
sent to MSHA for quartz analysis. Table 22 shows results for four scrubber 
configurations. 
 

• The quartz content in the input 80:10:10 dust for all tests was 8.2%.   
• For one 20-layer filter screen and one set of LNN-18 sprays, output quartz content 

was 4.5%, which is similar to the 4.7% achieved when using one SIUC 24×24 
mesh screen with similar operating parameters. This result was based on the 
average of six dust samples for each configuration. 

• One 24×24 mesh filter screen with three PRW BD3 sprays resulted in a quartz 
concentration of 4.5%, which is better than 5.8% achieved with the 20-layer 
screen and BD3 sprays.   

• For most tests, output quartz content was less than 5%.  
 

Scrubber Modifications using SIUC Novel Filters – Part II (Task 6): In the optimized 
rock dust scrubber system, dust reduction efficiency was more than 98% and water 
separation efficiency was 100%. Since the curvilinear screen was highly effective in the 
rock dust scrubber, it was hypothesized that a similar configuration may also improve 
coal and quartz dust control, reduce pressure loss, and increase air-water separation in the 
CM scrubber. A goal was established to develop alternate filter screens for the scrubber 
that would reduce total pressure loss within the scrubber by 50%. Based on the success 
realized, additional research may lead to elimination of the demister.  The following 
benchmarks were established to compare pressure drop, airflow volume through the 
scrubber, and air-water separation quantity for an alternate system with current practice 
of using 10-, 20-, and 30-layer filter screens and a demister: 1) Reduce quartz content in 
the scrubber exhaust to less than 3%, 2) Achieve overall dust reduction in excess of 99%, 
and 3) Reduce total pressure drop in the wet-scrubber by 50% with the possibility of 
eventually eliminating the demister. 
 
The scrubber configuration in the laboratory was modified to incorporate the use of 
proposed novel SIUC filters.  Before introducing curvilinear screens, a large amount of 
data was collected on both SIUC and industrial filter screens with the following results:    
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Conclusions of Part III Studies using 6-ft Long Screens
• CFD modeling studies showed 56% decrease in total pressure drop using 6-ft long 

screens.  Similar data based on laboratory experiments was 33%. 

: 

• The air-water separation efficiency of the long inclined screen was 70-75%. 
• With no water, the increase in airflow velocity was 14%. The average increase in 

velocity with water operating in the range of 40-80 psi was 16%. 
• The long screen concept has significant potential to improve the wet scrubber. 

 
Scrubber Modifications using SIUC Novel Filters – Part IV (Task 6): In addition to 
working on reducing quartz content in the scrubber discharge to less than 3% and 
achieving 99% overall dust reduction in the wet scrubber while minimizing total pressure 
drop, this task also aimed to eliminate the use of the demister, if possible, by developing 
an equivalent air-water separation mechanism using filter screens. It was thought that 
noise generated by the scrubber would also be reduced. 
 
Part III experimental studies showed 70-75% air-water separation efficiency with the 6-ft 
long filter screen. Several tests were done to achieve 100% air-water separation 
efficiency without the demister. However, this objective could not be fully achieved since 
airflow velocity through scrubber is very high (3,000-3,500 ft/min) as compared to only 
400 ft/min in the rock-dust scrubber. The high horizontal component of airflow velocity 
carried water particles through every screen in the scrubber. In addition, residence time 
for air-water separation is not high enough to achieve 100% efficiency.    
 
Based on these results, it was decided to reinstall the demister back into the scrubber 
ductwork and concentrate research efforts on documenting the dust control efficiency of 
the modified scrubber for both coal and quartz dust control. Pressure drop and air 
velocity data are shown in Tables 31 and 32 and dust control results for four different 
experiments are given in Table 33.  
 

• Airflow volume with two filter screens (one 30×30 mesh and one 6-ft long 40×40 
mesh) and without the demister was found to be 7,109 cfm.  With the demister in 
line, airflow volume decreased by 14.3%.  Airflow volume further decreased by 
6.35% when water sprays were turned on.  

• Total pressure drop (A-E) without the demister is 4.17 inches of water. With the 
demister in line, total pressure drop increased by 55% to 6.46 inches of water.  So 
the demister contributes significantly to total pressure drop. 

• Pressure drop between the two screens was 2.75 inches of water, which is 50% 
less compared to industrial screens (5.35 inches of water). This is clear evidence 
that SIUC screens offer significantly less resistance to airflow.  

• Table 32 shows that the pressure drop at different measurement locations did not 
change significantly when the spray water pressure was increased from 40 psi to 
80 psi. Similar observations were made earlier.   

• Table 33 shows results from four tests conducted at two different water pressures 
(60 and 80 psi). Dust capture efficiency was 99% for 80:10:10 samples, and 
greater than 99% for both 100% coal and 50% roof: 50% floor samples. Reasons 
for the high reduction are: 1) Screens are self-cleaning, 2) Effective area for dust 
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particles to contact screen is larger, 3) Larger incoming air volume, and 4) Finer 
mesh sizes of filter screens.  

 
Conclusions of Part IV Studies

• Performance of SIUC filter screens is better than industrial screens for dust 
control and pressure drop in the scrubber system.  

: 

• Pressure drop at different locations within the scrubber system does not increase 
much with the spray water pressure. This result is consistent with earlier results.   

• Airflow volume decreases by 14.3% with the demister in line and decreases 
further by 6.5% when water sprays are turned on.  

• The developed technology could not achieve the targeted 100% air-water 
separation efficiency because of high airflow velocity (3,000 ft/min) in the 
scrubber ductwork.  

• The 80:10:10 dust input for two different coal samples showed a consistent total 
dust reduction of 99% for all tests.  

• The 100% coal dust sample and 50% roof: 50% floor mixed dust showed 
consistent dust reduction of greater than 99% for all tests. 

• Quartz content is still being analyzed for collected dust samples.   
 
Wet Scrubber Filters Fabrication (Task 7): Novel filters were fabricated in the dust 
control laboratory. Different mesh size screens were ordered in bulk. The filter material 
was reinforced with 4×4 mesh material to provide stiffness. Then the screen material was 
tightly stretched and fastened to a 1-inch aluminum frame.  Depending on the mesh size 
and size of the frame, the average cost of fabrication is estimated at $75-$100, whereas 
industrial filter screens sell for approximately $400 each.   
 
Field Demonstration of SIUC Novel Filter Screens (Task 8): The novel filters developed 
during this project were installed in a CM and tested underground in a southern Illinois 
mine. Sampling was done at the following three locations: miner operator (MO), haulage 
unit operator (HO), and return (RT) immediately downwind of the CM. Cassettes used to 
capture respirable dust were analyzed for quartz content by MSHA with results presented 
in Tables 34 and 35 for various miner configurations. MSHA requires at least 0.2 mg of 
dust on each cassette. To achieve that, some cassettes had to be combined.  Table 35 data 
represent means for each group. Total combined weight of dust on sample cassettes for 
MO and HO locations during testing of the SIUC novel 30-layer screen combination was 
not sufficient for further analysis due to the effectiveness of this filter system; however, 
that system provided the best results at the RT location. Sampling the SIUC novel 30 
mesh screen combination in the modified CM scrubber was limited to two cuts because 
the scrubber ductwork was dislodged during mining preventing access to the front screen. 
Most of the sampling was done using just one 30 mesh screen. Every effort was made to 
sample similar types of cuts. The number of water sprays in the scrubber, their 
orientation, and spray pressures remained constant for all tests comparing the SIUC novel 
30 mesh screen and a conventional screen. Results were separated into respective 
sampling periods to eliminate any effects of CM modifications made between sampling 
periods. Dust reduction data for all sampling periods and modified CM scrubber 
configurations are shown in Table 36. Results indicate an overall reduction in respirable 
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dust concentration at all locations and cut types when using two SIUC 30 mesh screens. 
Reductions in dust concentrations at the MO, HO, and RT locations of 59%, 54%, and 
64%, respectively, can be seen for the same sampling period. When compared to the 
second week sampling period before modifications to the CM were completed, reductions 
were 85%, 59%, and 36%, respectively. Observations made after each sampled cut with 
the novel screen indicated that it remained clean with minimal build-up of dust and coal 
particles adhering to the screen. 

 
CONCLUSIONS AND RECOMMENDATIONS 

 
Conclusions 
 

• The rock dust scrubber developed by this project is a viable commercial concept. 
• It captures over 99% of the total dust generated by rock dusting operations. 
• Since the input concentration of rock dust is extremely high (~10,000 mg/m3), 

even 99% dust capture efficiency does not result in a scrubber output dust 
concentration that workers can be exposed to for any meaningful duration. 
However, with the scrubber operating, workers can work in a dust-free 
environment about 300 feet in-by the scrubber location. 

• Development of a curved screen concept for dust capture and separation of water 
from aerosol was a significant advancement in scrubber technology. 

• Novel SIUC filter screens developed by this project are highly efficient for both 
coal and quartz dust control. They are also commercially viable. 

• The approach developed in the study to reduce pressure drop within the CM wet 
scrubber is a viable solution to improve efficiency near-term, and perhaps even 
long-term. The approach should reduce dust and quartz in the scrubber output. 
Implementation will require minimum change to the scrubber. 

• Overall, the study made significant advances in dust control technologies for 
underground coal mines. 

 
Recommendations 
 

• One or two additional field demonstrations of the developed rock dust scrubber 
should be performed. These should incorporate adequate sealing of curtains 
around the entry so that input dust cannot leak through them and pollute the 
scrubbed air. 

• Efforts should be undertaken to modify the rock dust scrubber for construction 
applications underground. The modified unit should be demonstrated in the field. 

• Novel SIUC filter screens developed for wet scrubbers should be demonstrated in 
the field in cooperation with MSHA. Based on performance data and MSHA 
acceptance, they should be considered for commercial use. 

• Concepts for reducing pressure loss within the scrubber should be discussed with 
Joy and considered for incorporation into a pilot-scale scrubber unit. Such a unit 
should be tested in the field with the goal to seek additional improvements and 
pursue commercialization. 
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TABLES 
 

Table 1: Scrubber layout information. 
Layout  Scrubber Layout 

S1 Free-flow - no demister, filters or sprays(2) 
S2 Free-flow + demister - no filters or sprays (3) 
S3 A = 10 L+ NW + ND (2) 
S4 A = 20 L + NW +ND (6) 
S5 A = 20 L + PRW-3-BD3 @ 60psi + WD (3) 
S6 A = 20 L + PRW3-LNN-18@ 64psi + WD (3) 
S7 A & B = 20 L + NW + ND (4) 
S8 A & B = 20 L+ PRW 3 – LNN-18@ 64psi +ND (1) 
S9 A & B = 20 L + PRW 4 – LNN-18 @ 62psi + ND (1) 
S10 A & B = 20 L+ PRW3 – LNN-18 @ 64psi + WD (1) 
S11 A & B = 20 L +PRW 3 – LNN-18 & Sec-4 – LNN-18 @ 64psi + ND (2) 
S12 A & B = 20 L + PRW4- LNN-18 & Sec-4 - LNN-18 @ 62psi + ND (2) 
S13 A & B = 20 L + PRW3 – LNN-18  & Sec- 4 – LNN-18  @ 64psi + WD (2) 
S14 A & B = 20 L + PRW 4 – LNN-18 & Sec-4 – LNN-18 @ 64psi + WD (2) 
S15 A = 24×24 M + NW +ND (7) 
S16 A = 24×24 M + PRW 3-BD3@ 60psi + WD (3) 
S17 A = 24×24 M + PRW 3-LNN-18 @ 60psi + WD (1) 
S18 A = 24×24 M + PRW 3-LNN-18 @ 64psi + WD (3) 
S19 A & B = 24×24 M + NW + ND (3) 
S20 A & B = 24×24 M + PRW 3 - LNN-18 @ 64psi  + ND (1) 
S21 A & B = 24×24 M + PRW 3-LNN-18@ 64psi + WD (1) 
S22 A & B = 24×24 M + PRW 3 - LNN-18  & Sec-4 – LNN-18 @ 64psi +ND (2) 
S23 A & B = 24×24 M +PRW 3 - LNN-18  & Sec-4 – LNN-18  @ 64psi + WD (2) 
S24 A & B = 24×24 M+ PRW 4 - LNN-18 & Sec-4 – LNN-18 @64psi +WD (2) 
S25 A  = 24×24 M R+ ND + NW (3) 
S26 A & B = 24×24 MR+ PRW 4 - LNN-18 & Sec- 4 – LNN-18 @62psi + WD (3) 
S27 A = 32×32 M + NW + ND (1) 
S28 A = 32×32 M + PRW 3-BD3 @ 60psi + WD (1) 
S29 A = 32×32 M + PRW 3-BD3  @ 60psi + WD (1) 
S30 A & B = 32×32 M + PRW 4 - LNN-18 & Sec- 4 - LNN-18 @62psi + WD (1) 
S31 A & B = 40×40 M + NW + ND (1) 
S32 A & B = 40×40 M + PRW 4 - LNN-18 & Sec-4 – LNN-18 @62psi + WD (1) 

S33 A & B = 24×24 M + PRW 4 - LNN-18  & Sec-4 – LNN-18 (Surfactant) @ 
62psi + WD (1) 

Note: NW = no water, ND = no dust, WD = with dust, PRW = pre-wetting sprays, 
L = layer, M = Mesh, Sec = Secondary sprays, RM = reinforced mesh 
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Table 2: Rock dust particle size distribution. 

Tyler mesh size Micron % distribution 
<325 44 61.7% 
<400 37 58.3% 
<500 25 52.5% 

 
Table 3: Characteristics of different sprays tested. 

Type of spray Spray nozzle 
Capacity 

(gpm) at 60 
psi 

Spray 
angle @ 
40 psi 

Spray 
angle @ 
80 psi 

BD-3 Hollow cone 0.73 n/a 700 
LNN-6 Hollow cone 0.12 730 790 
LNN-8 Hollow cone 0.16 850 890 
LNN-18 Hollow cone 0.36 810 840 
H-VV Flat 0.18 950 1050 

*Note: Manufacturer spray angles are not available for all spray pressures. 
 

Table 4: Airflow velocity data for different spacing between filter screens. 

Screen 
spacing 
(inch) 

Air velocity 
reduction- 1 
screen (%) 

Air velocity 
reduction- 2 
screen (%) 

Air velocity 
reduction- 2 

screen and water 
spray (%) 

12 1 6 22 

18 1 7 40 
94 4 2 19 

 
Table 5: Filter panel testing (16×18 mesh screen, 66.08% open area). 

Test 
No. 

Screen 
spacing 
(inch) 

Water 
pressure 

(psi) 

Water 
volume 
(gpm) 

Dust 
reduction 

(%) 
1 7.5 100 2.2 68 
2 10 140 2.4 85 
3 12 100 2.2 76 
4 12 100 2.2 86 
5 12 120 2.3 82 
6 12 140 2.4 83 
7 12 60 1.9 77 
8 18 40 3.0 89 
9 96 40 3.0 91 
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Table 6:  Dust reduction results for different spray systems in rock dust scrubber. 

Test 
No. Configuration 

Intake air 
velocity 
(fpm) 

Dust 
input 

(mg/m3) 

Dust reduction (%) 

Gravimetric PDM 

1 1 row CS only 154 803.8 60 58 
2 1 row CS + 1 row PRW 153 545.5 51.5 71 
3 2 rows CS + 1 row PRW 150 1023.9 79 77 
4 Add 1 row POW to Test 3 149 1356 85.5 78.5 

5 Increase CS in Test 4 + 
replace LNN-8 with LNN-18 149 1229.5 84 - 

6 Increase PRW in Test 5 180 1069.7 85 - 
7 194 2210.3 75 - 
8 PRW shifted 10 inches 

behind Tests 6-7 
187 717.3 70 - 

9 174 644.4 56 - 
10 

Decrease input dust 
concentrations in Tests 8-9 

174 37 74 - 
11 174 34.6 49 - 
12 174 23.1 55 - 
13 156 25.5 63 - 
14 153 20.5 65 - 
15 

Different spray pressures 

185 - - 71 
16 188 - - 76 
17 - - - 70 
18 - - - 65 

 
Table 7: Average percent increase in total pressure drop. 

Tests CS CS+PRW CS+PRW+dust CS+PRW All sprays All sprays + dust 
1-2 70 75 75    
3-4 79 80.8 82.45    
5-7 85   86 88.66 89.73 
8-9 89   89.9 89.9 91.3 

10-14     77.3  
 

Table 8: Airflow velocity data at Points A, B, C, and D (see Figure 20 for locations). 
Location No. A B C D 

Air velocity (ft/min)  
(free-flow and no curtain) 

1 192 200 221 152 
2 215 204 215 164 

Cross-sectional area (ft × ft)   17×5.5  17×5.25 
Volumetric flow rate (cfm)   18, 887  14,101 

 
Table 9: Airflow velocity reduction at intake Point B. 

Test configuration Air velocity (fpm) Reduction (%) 
Free-flow (with curtain) 300 - 

With one screen 260 13.3 
With two screens 246 18 
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Table 10: Dust reduction results for Tests 19-34. 

Test # 
Number 

of 
screens 

Pressure 
(psi) 

Water  
volume 
(gpm) 

Mean air 
velocity 
(fpm) 

Intake 
dust  

(mg/m3) 

Dust 
reduction 

(%) 
19 1 60 1.83 135 2,014 81 
20 1 100 2.36 126 2,014 82 
21 1 150   2,014 85 
22 1 200 3.35 132 2,014 88 
23 1 60 1.95 163 2,416 86 
24 1 100  157 2,416 86 
25 1 150  145 2,416 88 
26 1 200  137 2,416 90 
27 1 60 3.57 141 2,014 85 
28 1 100 4.69 128 2,014 86 
29 1 150 5.78 128 2,014 90 
30 2   308 2,014  
31 2 60 3.67 101 2,260 86 
32 2 100 4.87 95 2,260 89 
33 2 120 5.22 111 2,260 92 
34 2 120 5.22 174 871 81 

 
Table 11: Dust reduction results for Tests 35-40.  

Test 
# 

Water Air Dust 
psi gpm fpm cfm Input (mg/m3) Reduction (%) 

35  0 0  163 3,688  0 n/a 
35 60 2.22 55 1,247 3807 98.1 
35 80 2.54 55 1,247 3807 98.6 
35 100 2.84 55 1,247 3807 98.6 
35 120 3.02 55 1,247 3807 98.8 
35 140 3.28 55 1,247 3807 99.1 
36 0 0 195 4,413 -  -  
36 60 2.22  -  - 3807 97.1 
36 80 2.54  -  - 3807 97.6 
36 100 2.84 85 1,935 3807 97.9 
36 120 3.02  -  - 3807 98.2 
36 140 3.28 -  -  3807 98.2 
37  0  0 182 4,133 -   - 
37 60 2.68  -  - 4793 98.6 
37 80 3.09  -  - 4793 99.0 
37 100 3.46 100 2,259 4793 99.2 
37 120 3.84  -  - 4793 99.5 
37 140 4.08 -   - 4793 99.4 
38 100 3.45 580 5577 1068 94.2 
39 60 2.66 674 6481 248.5 64.6 
40 80 4.08 -   210.7 52.6 
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Table 12: Pressure drop in the scrubber for Tests 42-44.  

Test # Mesh 
size 

With screen Screen + water 
A-C A-B C-B A-C A-B C-B 

42 16×20 0.015 0.02 0.0025 0.008 0.1145 0.1285 
43 32×32 0.0195 0.041 0.0125 0.014 0.2145 0.1845 
44 32×32 Same as test 43 

 
 

Table 13: Dust reduction results for Tests 41-51. 

Test 
# 

No. of 
screens Mesh size 

Water 
pressure 

(psi) 

Water 
volume 
(gpm) 

Gravimetric dust 
reduction (%) 

 
41 1 16×20 120 4.12 51.2 
42 1 16×20 120 4.1 29.5 
43 1 32×32 120 4.1 81.2 
44 1 32×32 120 4.1 86.3 
45 2 16×20,32×32 120 6.91 70.3 
46 2 16×20,32×32 120 6.91 90.7 
47 1 16×20 80 3.35 57.9 
48 1 16×20 160 4.74 69.5 
49 2 16×20,16×20 80 5.6 60 
50 2 16×20,16×20 120 6.91 79.2 
51 3 3-16×20 100 7.2 77.7 

 
 
Table 14: Pressure drop, airflow velocity, and dust reduction data (vertical screens only). 

Test 
no Configuration Velocity 

(fpm) 

Total pressure 
drop (inches of 

water) 

Volume 
(gpm) 

% dust 
reduction* 

1 Free-flow 866 - - - 
2 2S 825 0.194 - - 
3 2S and W 766 1.498 3.8 70 
4 2S and W 725 1.502 4.7 70 
5 2S and W 792 1.293 2.9 75 
6 2S and W 750 - 4 75 
7 2S and W 635 - 3.3 75 
8 2S and W 771 1.475 3.5 70 
10 1S only 888 - - - 
11 2S 863 - - - 
12 1S and W 678 - 6.7 - 
13 2S and W 418 - 6.7 - 
Note: 1S = one screen, 2S= two screens and W = Water, * = visual inspection 
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Table 15: Pressure drop, airflow velocity, and dust reduction data (09/17/2009). 

Locations Pressure drop (inches of water) 
Free-flow CS CS+W CS+VS CS+VS+W 

A-F  0.06 0.07 0.08 0.04 
A-B    0.11 1.16 
A-C  0.09 1.00 0.18 1.65 
B-F    0.06 1.19 
B-C    0.06 0.44 
C-F  0.15 1.05 0.27 1.66 

Velocity (fpm) 889 900 730 852 593 
Water volume (gpm)   6.63  7.7 

Note: CS =curved screen, W = water, VS = Vertical screen 
 
 

Table 16: Pressure drop, airflow velocity, and dust reduction data (09/18/2009). 

Location 
 Pressure drop (inches of water) 

VS+CS CS+VS+W CS+VS CS+VS+W 
A-F   0.04 0.07 0.05 
B-F   1.23   1.23 
C-F   1.75 1.001 1.68 
A-B   1.14   1.14 
B-C   0.46   0.43 
A-C   1.62 1.053 1.62 

Velocity (fpm) 853 531 857 532 
Water volume(gpm)   3.7   4.62 

 
 

Table 17: Pressure drop, airflow velocity, and dust reduction data (09/22/2009). 

Location  

Pressure drop (inches of water) 

VS+CS 
VS+CS+ 

W1 
VS+CS+ 

W IS+CS 
CS+IS+ 

W1 
CS+IS+ 

W 
A-F 0.07 0.05 0.04 0.07 0.06 0.55 
A-B 0.10 0.20 0.22 0.10 0.40 0.39 
A-C 0.18 0.94 1.20 0.19 0.87 1.09 
B-F 0.02 0.15 0.16 0.03 0.34 0.34 
B-C 0.06 0.88 0.96 0.67 0.51 0.69 
C-F 0.09 1.06 1.14 0.10 0.83 1.07 

Velocity (fpm) 890 735 674 901 771 717 
Water (gpm)   3.71 4.72   3.71 4.72 

Note: IS = Inclined screen, W1 = spray bar 1 and 2, W = all sprays 
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Table 18: Pressure drop, airflow velocity, and dust reduction data (09/25/2009). 

  
Location  

Pressure drop (inches of water) 

IS+CS 
IS+CS+ 

W1 SS+CS 
VS+CS+ 

W1 CS+VS 
CS+VS+ 

W 
A-F 0.74 0.05 0.08 0.05 0.08 0.43 
B-F 0.10 0.35 0.11 0.31 0.21 1.06 
C-F 0.18 0.90 0.1908 1.23 0.21 1.63 
A-B 0.23 0.29 0.03 0.26 0.14 1.02 
A-C 0.09 0.86 0.10 1.2 0.20 1.63 
B-C 0.07 0.56 0.07 0.92 0.07 0.58 

Velocity (fpm) 885 770 811 747 881 633 
Water (gpm)   3.7   3.71   4.46 

PDM (mg/m3)   45   40   35 
 

Table 19: Pressure drop, airflow velocity, and dust reduction data (09/25/2009). 

Test   
no 

Configuration 
type 

Mean air 
velocity 
(fpm) 

Pressure drop (inches of water) 
A to 

F 
B to 

F 
C to 

F 
A to 

B 
A to 

C 
B to 

C 
1 Free-flow 913 0.08   0.08       
2 CS 908 0.08 0.08 0.16   0.79 0.79 
3 CS+W 726 0.06 0.06 1.15   1.01 1.09 
4 VS+CS 891 0.06 0.19 0.29 0.12 0.20 0.07 
5 VS+CS+ W1 659 0.56 1.07 1.32 1.02 1.40 0.35 
6 VS+CS+W1   0.04 1.08 1.62 1.05 1.63 0.52 
7 VS+CS 886 0.07 0.16 0.27 0.08 0.19 0.10 
8 VS+CS+W 661 0.06 1.0 1.36 1.00 1.36 0.37 

 
Table 20: Cost estimation of a final rock dust scrubber design. 
Item Quantity Price/quantity Total price 

Filter screen material 75 sq ft for 3 screens $4/sq.ft $300 
Framework for filter screens 75 sq ft for 3 screens $3.00/sq.ft $225 

Sprays 20 $15/each $300 
Scrubber body (Steel) 2.2083 cu.ft (1070.87 lbs) $0.75/lbs $803 

Trailer 1 $10,000 $10,000 
Water gauges 2 $300/each $600 

Plumbing work varies $500 $500 
Scrubber fan 1 $25,000 $25,000 
Fan controller 1 $12,000 $12,000 

Valves 4 $150/each $600 
Miscellaneous hardware  $2,500 $2,500 

Labor cost  $10,000 $10,000 
Total cost of the system  = $62,828 
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Table 21: Mean air volume and dust reduction percent values for each layout. 

Layout 
No 

No of 
tests 

Air 
velocity 

(m/s) 

Air 
volume 
(cfm) 

Input dust 
concentration 

(mg/m3) 

Output dust 
concentration 

(mg/m3) 

Dust 
reduction 

(%) 
S1 2 15.94 9,237    
S2 3 14.11 8,179    
S3 2 13.46 7,798    
S4 6 12.12 7,026    
S5 3 11.31 6,553 29.4 1.76 93.6 
S6 3 11.7 6,781 41.6 0.7 98.3 
S7 4 11.31 6,555    
S8 1 11.31 6,555    
S9 1 11.1 6,433    
S10 1 11.39 6,601 47.4 2.53 94.7 
S11 2 10.79 6,253    
S12 2 10.5 6,085    
S13 2 11.03 6,392 49.3 2.53 94.6 
S14 2 11.37 6,589 51.1 0.2 99.6 
S15 7 12.5 7,242    
S16 3 12.05 6,982 27.6 0.86 96.9 
S17 1 12.36 7,163 22.7 1.38 93.9 
S18 3 11.84 6,864 41.6 0.8 98.0 
S19 3 12.2 7,071    
S20 1 11.33 6,566    
S21 1 11.46 6,642 47.3 1.95 95.9 
S22 2 10.94 6,337    
S23 2 11.27 6,532 49.4 1.26 97.4 
S24 2 11.15 6,459 52.1 0.91 98.2 
S25 3 12.38 7,024    
S26 3 11.93 6,914 45.6 0.59 98.7 
S27 1 12.94 7,096    
S28 1 11.64 6,746 21.5 1.38 93.6 
S29 1 12.19 7,065 34.2 1.07 96.9 
S30 1 11.91 6,902 48.8 0.69 98.6 
S31 1 10.56 6,120    
S32 1 8.42 4,879 66.2 0.575 99.1 
S33 1 10.82 6,270 50.8 0.958 98.1 
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Table 22: MSHA Quartz results for different scrubber layouts. 

Scrubber layout Quartz input 
(%) 

Quartz output 
(%) 

S6 

8.2 

4.5 
S18 4.7 
S16 4.5 
S5 5.8 

 
Table 23: Pressure drop and airflow velocity for single SIUC 24×24 mesh screen. 

Location 
Pressure drop (inches of water ) at different water pressures 

(psi) 
0 20 30 40 50 60 70 

A-B 0.00 0.00 0.05 0.00 0.00 0.04 0.00 
B-C 0.26 3.75 4.20 3.79 4.24 4.07 4.09 
C-D 0.34 0.42 0.45 0.43 0.44 0.27 2.83 
D-E 3.65 3.51 3.48 3.48 3.48 3.30 3.29 
A-D 3.17 4.52 4.45 4.57 4.51 4.37 4.45 
A-E 6.65 7.77 7.70 7.78 7.64 7.52 7.66 

Velocity 
(m/sec) 11.45 11.22 11.04 11.12 11.37 10.89 10.81 

 
Table 24: Pressure drop and airflow velocity for single 20-layer filter screen. 

Location 
Pressure drop (inches of water ) at 

different water pressures (psi) 
0 40 60 80 

A-B 0.06 0.01 0.05 0.08 
B-C 2.85 3.57 3.64 3.67 
C-D 0.20 0.23 0.24 0.24 
D-E 3.47 3.44 3.41 3.41 
A-D 3.32 4.01 4.20 4.27 
A-E 6.67 7.54 7.57 7.57 

Velocity (m/sec) 12.21 12.04 11.93 11.9 
 

Table 25: Pressure drop and airflow velocity for SIUC 24×24 and 30×30 combination. 
Water 

pressure 
(psi) 

Pressure drop (inches of water) 

A - B B -C C- D D-E A-D A-E Velocity 
(m/sec) 

0 0.28 1.63 2.61 3.6 4.26 7.54 11.09 
40 0.20 2.25 3.64 3.28 6.17 9.2 9.93 
50 0.193 2.30 3.63 3.27 6.20 9.22 10.31 
60 0.213 2.37 3.85 3.34 6.23 9.28 10.4 
70 0.20 2.32 3.86 3.27 5.88 9.20 10.31 
80 0.22 2.41 3.65 3.29 5.93 9.33 10.23 
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Table 26: Air-water separation data for demister at different pressures. 

Pressure 
(psi) 

Water 
input 
(gpm) 

Water separated out (gpm) 
Humidity 

(%) With 2-20 layer filters 
1 2 3 Average % separation 

40 2.46 2.23 2.47 2.55 2.42 98.1 78.2 
60 2.50 2.749 2.98 2.98 2.90 98.5 79 
80 3.44 3.174 3.422 3.55 3.38 98.4 80.8 

 
Table 27: Dust reduction data using industrial screens. 

Test 
no 

Water 
Pressure (psi) 

Input dust 
concentration (mg/m3) 

% dust 
reduction 

Configuration 1: One 10-layer and one 20-layer screens 
1 40 60.06 99.2 
2 60 59.82 98.5 
3 80 59.35 98.8 

Configuration 2: Two 20-layer screens 
1 40 63.57 94.2 
2 60 66.93 95 
3 80 60.19 87.2 

 
Table 28: Total pressure drop for all CFD models  

 
Table 29: Air-water separation data with new 6-ft inclined long screen  

Pressure (psi) Water in (gpm) Water out (gpm) % separation 
40 2.64 1.84 69.70 
60 3.17 2.53 79.81 
80 3.43 3.17 92.42 
40 2.46 1.89 76.71 
60 2.95 2.52 85.58 
80 1.78 (one row of sprays) 1.26 70.72 

 

30×30 mesh size filter, 0.0095-inch diameter, 51% open area 
Model 

No Description Total pressure drop 
(inch) 

% 
decrease 

1 2-ft  long, normal inclination (530 
towards the demister) 0.838  

2 Curved, 3-inch gap at bottom 0.742 11.4 
3 Curved, 3-inch blocked at bottom 0.606 27.6 

4 6-ft long, lower  inclination  
(140 towards the demister) 0.365 56.4 
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Table 30: Pressure drop data current and proposed systems. 
First set 

Two, 20-layer screens 
Pressure (psi) 0 40 60 80 

Velocity (m/sec) 11.16 10.76 10.64 10.86 
Pressure drop (inch of water) A-D 5.35 6.90 6.95 7.00 

New system - 1-20 layer and 40×40 long screen 
Velocity (m/sec) 13.03 12.43 12.53 12.55 

Pressure drop (inch of water) A-D 3.58 4.77 4.80 4.85 
% decrease 33.09 30.70 30.94 30.58 

Second Set 
Two, 20-layer screens 

Pressure (psi) 0 40 60 80 
Velocity (m/sec) 11.16 10.76 10.64 10.86 

Pressure drop (inch of water) A-D 5.35 6.88 6.95 7.00 
New system - 1-20 layer and 40×40 long screen 

Velocity (m/sec) 12.29 12.11 11.84 11.29 
Pressure drop (inch of water) A-D 3.77 4.23 4.30 4.36 

% decrease 29.5 38.5 38.03 37.52 
 

Table 31: Airflow volume at the inlet for different water pressures. 
Two filter screens: 30×30 mesh and 6-ft long 40×40 mesh 

Configuration Volume of air (cfm) 
No demister 7,109 

With Demister 6,087 
With water (40 psi,2.54 gpm) 5,705 
With water (60 psi, 3.16 gpm) 5,767 
With water (80 psi, 3.60 gpm) 5,732 

 
Table 32: Pressure drop data for different water pressures. 

 Pressure drop (inches of water) 

Location No 
demister 

No water 
(with 

demister) 

Water 
(40 psi) 

Water 
(60 psi) 

Water 
(80 psi) 

A-B 1.564 1.2715 2.27 2.3475 2.483 
B-D 1.369 1.159 1.7765 1.852 1.916 
A-D 2.745 2.3175 4.09 4.276 4.289 
A-E 4.167 6.4635 7.8005 7.799 7.874 
B-E 2.553 5.465 5.757 5.531 5.5755 
D-E 1.109 4.1875 3.8205 3.8035 3.752 
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Table 33: Dust reduction data for four different dust samples. 
Two filter screens: 30×30 and 6-ft long 40×40 

 

Mine 1 
(80:10:10 

dust) 

Mine 2 
(80:10:10 

dust) 

Mine 2 
(80:10:10 

dust) 
(2nd test) 

Mine 2 
(100% 
coal) 

Mine 2 
(50% roof, 
50% floor) 

% 
Reduction 

% 
Reduction 

% 
Reduction 

% 
Reduction 

% 
Reduction 

With water 
(60 psi, 

3.16 gpm) 

98.5 98.8 98.2 99.4 - 
98.7 99.0 99.3 99.4 - 
98.8 98.5 - - - 

With water 
(80 psi, 

3.60 gpm) 

99.0 99.3 98.9 - 99.3 

98.5 98.7 99.6 - 99.3 

 
Table 34: Quartz data from in-mine sampling. 

Quartz reduction (%) 

CM Scrubber configuration MO 
location 

HO 
location 

RT 
location 

Modified miner/dual screens vs.           
unmodified miner 36 8 17 

Modified miner/single screen vs. 
unmodified miner -2 -15 -8 

Modified miner/dual screen vs.               
modified miner/single screen 37 22 23 

Modified miner/SIUC novel + 30 
mesh screen vs. unmodified miner n/a n/a 56 

Modified miner/SIUC novel + 30 
mesh screen vs. modified 

miner/dual screens 
n/a n/a 47 

Modified miner/SIUC novel + 30 
mesh screen vs. modified 

miner/single screen 
n/a n/a 60 

 
Table 35: Quartz content analysis from in-mine sampling. 

CM scrubber configuration 
Mean percent (%) quartz content 

MO 
location 

HO 
location 

RT 
location 

Modified CM – 2 screens 2.10 2.30 2.25 
Modified CM – 1 screen 3.35 2.95 2.93 

Unmodified CM 3.30 2.50 2.70 
Modified CM – SIUC novel + 30 mesh screens n/a n/a 1.20 
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Table 36: Results of in-mine testing of novel screen. 

Mean corrected dust concentration (mg/m3) 

Cut type Location 
SIUC + 30 

mesh screen 
combination 

One (1) 30 mesh screen 
Two (2)           
30 mesh 
screens 

First two 
sampling 
periods 

Last 
sampling 

period 

Last 
sampling 

period 
Deep                  

(face 10-40 
feet  past 
LOXC) 

IN 0.09 0.07 0.02 0.28 
OP 0.09 0.62 0.22 0.00 
RC 0.35 0.86 0.76 0.00 

RET 0.70 1.09 1.95 0.91 
Deepest                            

(face over 40 
feet past 
LOXC) 

IN 0.09 0.01 n/a n/a 

 
 
 

FIGURES 
 

 

 
Figure 1: Dust sampling laboratory. 

 
 

 
 

Figure 2: Mine layout for active filter field test on 10/30/2009.  
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Figure 3: Mine layout for active filter field test on 11/20/2009. 
 
 

           
 

Figure 4: Mine layout for active filter field test on 02/19/2010. 
 
 

 
Figure 5: Example of plain weave wire mesh. 

 

 
                                          Figure 6: SIU/Joy dust control gallery. 
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Figure 7: Spray locations – Tests 1-7 (Plan view). 
 
 

 
      Figure 8: Spray locations – Test 8 (Plan view). 

 
 

 
Figure 9: Spray locations – Test 9 (Plan view). 
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Figure 10 : Schematic layout of filter spray panel system (Plan view). 
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Figure 11 : CS – Elevation view. 
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Figure 12: Configuration 1 – Test 1 
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Figure 13: Configuration 2 – Test 2.  
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Figure 14: Configuration 3 – Tests 3-4. 
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Figure 15: Configuration 4 – Test 5.
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Figure 16: Configuration 5 – Tests 6-7. 
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Figure 17: Configuration 6 – Tests 8-9. 
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Figure 18: Configuration 7 – Tests 10-14. 
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Figure 19: Configuration 8 – Tests 15-18.

 
 

Figure 20: Room-and-pillar layout and passive filter locations at demonstration mine site. 
 



 
 
 43 

 
1: Distance between screen and roof = 11 inches, 2: Distance between spray bars and screen top = 7 inches, 
3: Width of entire screen panel = 19 feet, 4: Height of screens = 5 feet, 5: Width of each screen = 3.7 feet, 

6: Distance between screen bottom and ground = 0 (on ground). 
 

Figure 21: Front view of the passive filter screen system. 
 

                                   
Figure 22: Top view of the passive filter screen system. 
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Figure 23: Configuration of rock dust scrubber used for field testing on 02/19/2010. 

 
 

 
Figure 24: Laboratory Configuration #1. 
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Figure 25: Laboratory Configuration #2. 

 
 

 
Figure 26: Laboratory Configuration #3. 

 
 

 
Figure 27: Rock dust scrubber layout (Elevation view). 
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Figure 28: Rock dust scrubber schematic (Elevation view). 
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Figure 29: CM scrubber with two sets of sprays and filter screens.                  
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Figure 30: Velocity data collection points within scrubber duct cross-section. 
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Figure 31: Modified Scrubber with two sets of sprays and 6-ft long screen. 
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Figure 32: Rock dust scrubber schematic with curvilinear screen (Elevation view). 
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Figure 33: Prototype rock dust scrubber.  

 

 
Figure 34: Input dust concentration 

(3,000-5,000 mg/m3). 
 

 
Figure 35:  Output dust concentration 

(30-45 mg/m3).
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Figure 36: Side view of the final rock dust scrubber unit. 
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Figure 37: Top view of the final rock dust scrubber unit. 
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Figure 38: Front view of the final rock dust scrubber unit. 
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DISCLAIMER STATEMENT 
 

This report was prepared by Dr. Yoginder P. Chugh of Southern Illinois University 
Carbondale with support, in part, by grants made possible by the Illinois Department of 
Commerce and Economic Opportunity through the Office of Coal Development and the 
Illinois Clean Coal Institute.  Neither Dr. Yoginder P. Chugh and Southern Illinois 
University Carbondale, nor any of its subcontractors, nor the Illinois Department of 
Commerce and Economic Opportunity, Office of Coal Development, the Illinois Clean 
Coal Institute, nor any person acting on behalf of either: 
 
(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 
Commerce and Economic Opportunity, Office of Coal Development, or the Illinois Clean 
Coal Institute.  
 
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. 
 


