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ABSTRACT 
 
A collaborative, multi-year research program to study the coal and silica dust wetting 
characteristics at Illinois Basin coal mines began in 2009. Primary funding is from 
NIOSH with the ICCI providing matching support. This report covers the first year of the 
study focusing on wettability characteristics of dust from a mine in Illinois and the 
development of engineering controls to minimize mine workers’ dust exposure. 
 
Wettability characteristics of coal and silica dust are important for developing 
engineering controls. Therefore, understanding the phenomena of wetting respirable coal 
and silica dust with water is critical. Two wettability tests were pursued in this research: 
fixed-time wettability and absolute wettability. Fixed-time wettability simulates wetting 
under field conditions whereas absolute wettability provides theoretical data. Absolute 
wettability data showed that dust from an Illinois mine is highly hydrophobic and 
requires a chemical agent to wet it completely. Such wetting characteristics were found to 
vary in different areas of the mine. Surface charge characterization studies indicated that 
more hydrophobic particles have more negative charge. Thus, cationic surfactants will be 
appropriate. Silica wettability is limited by its association with other minerals in coal. 
Fixed-time wettability data indicated that the contact time between coal particles and 
water droplets, and the surface tension of water are important variables affecting 
wettability. Surface tension is affected by water temperature.  
 
Engineering controls for continuous miner wet scrubber filter screens and water spray 
systems were developed during the contract period. Novel wet scrubber filter screens 
developed at SIUC are superior to filter screens currently used by the industry in terms of 
dust control efficiency and total pressure drop in the scrubber. The SIUC research team 
also developed a novel spray system with strategically located spray blocks designed for 
the cutting drum, both sides of the cutter boom, under the cutter boom, and on the chassis 
behind the scrubber suction inlets to control the dust aerosol in the face area. The system 
was demonstrated to industry professionals with very positive feedback. 
  
Pages 9, 10, and 15-18 contain proprietary information. 
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EXECUTIVE SUMMARY 
 
The overall goal of this multi-year, NIOSH- and ICCI-funded study on characterization 
of coal and quartz dust in Illinois Basin coal mines is to minimize both coal and silica 
dust exposure to operating personnel in underground coal mines and help the industry 
meet MSHA dust standards. Specific objectives for the first year are to: 1) Develop 
physical and chemical characteristics of coal and silica dust made from bulk channel 
samples collected in mines, 2) Develop similar data for dust collected from in-mine dust 
sampling, and 3) Identify and implement engineering controls for respirable coal and 
silica dust based on results from the first two objectives.  
 
Bulk Sample Characterization 
 
Characterization data of dust produced from bulk samples of coal, roof, and floor are 
needed for an understanding of their wetting behavior and development of efficient 
engineering controls. This study developed standard protocols for bulk sample collection, 
storage, and characterization. Bulk materials were collected and transported to SIUC 
laboratories. These samples were then processed according to developed protocols and 
used for wettability and other analyses such as x-ray diffraction (XRD), scanning electron 
microscope (SEM), inductively coupled plasma atomic emission spectroscopy (ICP-
AES), particle size distribution using Microtrac, particle morphology, etc.   
 
In-mine Sampling Characterization 
 
A significant part of this study requires collecting in-mine airborne dust samples from 
different operating units for physical and chemical characterization. The first year study 
has focused on bulk sampling and dust characterization studies, which are still not 
complete.  This delay in completing bulk sample characterization along with restrictions 
enforced by the cooperating mine prevented in-mine sampling from taking place during 
the first year of this project.  When done, dust sampling will be accomplished using 
gravimetric samplers, a Thermo-Electron 1000AN personal digital monitor (PDM), and 
cascade impactors. Protocols for in-mine sampling were developed and the process will 
be initiated as part of the second-year study.   
 
Wettability and Surface Charge Characteristics  
 
Two wettability tests were pursued in this research: 1) Absolute wettability (AW) utilizes 
varying concentrations of methanol in water to achieve 100% wetting of dust particles 
over long periods of time, and 2) Fixed- time wettability (FTW), developed by Chugh et 
al. (2004), simulates wetting in mining environments, such as the underground face area 
and material dump points, where contact times between dust and water or chemicals are 
generally low (10-30 seconds). As part of the first year research, a modified FTW 
procedure was developed.  Both AW and FTW tests assess dust wettability with water 
first and then use suitable chemicals to wet the un-wetted portions of dust.  
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The AW test determines fractional distribution of hydrophilic/hydrophobic materials as a 
function of surface tension, fractional distribution of hydrophobic particles as a function 
of surfactant concentration, zeta potential of hydrophobic and hydrophilic components as 
a function of surfactant concentration, and the surface tension as a function of surfactant 
concentration. The surface charge on particles was measured using a zeta potentiometer. 
Results showed that coal dust from a typical Illinois mine is 25-40% wettable by water. 
Thus, coal dust at this mine is highly hydrophobic and requires additional wetting agents 
to wet it completely. Furthermore, dust wettability characteristics varied throughout the 
mine. Particle charge influences surface characteristics and wettability behavior and 
associated agglomeration or colloidal behaviors of particles.  Results from the 
cooperating mine indicated that more hydrophobic particles have more negative charges 
and cationic surfactants would be appropriate to improve dust wetting efficiency. FTW 
test data showed that contact time between coal particles and water droplets and the 
surface tension of water droplets are important variables affecting wettability. Surface 
tension is also influenced by spray water temperature.  
 
Engineering Control Studies  
 
With an understanding of dust generation and its physical and chemical characteristics, 
engineering and administrative controls were developed. The term “Engineering 
Controls” includes technologies developed to reduce dust generation, contain dust 
preventing it from becoming airborne, reduce dust concentration within the aerosol 
through wetting, and minimize worker exposure to dust aerosols. The research during this 
period focused on improving water spray and wet scrubber systems. Low-cost, efficient, 
self-cleaning continuous miner (CM) wet scrubber filter screens were tested both in the 
scrubber laboratory at SIUC and in the field. These filters offer less resistance to air and 
are lightweight. The dust control efficiency of these filters is high with only a small 
pressure drop observed in the wet scrubber.  
 
The conventional CM wet scrubber was modified in two phases. In Phase I, horizontal 
sprays were replaced by vertical sprays to increase the interaction between particles and 
water, one filter screen was replaced by two filter screens to capture coarser and finer 
particles in two stages, and solid sprays were replaced by hollow cone sprays to increase 
the effective contact area between particles and water droplets. In Phase II, two filter 
screens were modified to incorporate new, large-surface-area novel screens that reduce 
the pressure drop and increase the contact area for dust particles to interact with the 
screen surface. All of these modifications led to improved dust control and lower pressure 
drops in the scrubber.  
 
In the last quarter of the project, the SIUC research team developed a novel spray system 
with strategically located spray blocks designed for the cutting drum, both sides of the 
cutter boom, under the cutter boom, and on the chassis behind the scrubber suction inlets 
to control the dust aerosol in the face area. The spray system and novel filter screens were 
demonstrated to industry professionals with very positive feedback. Opportunities to 
demonstrate these systems in the field are being developed.  
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OBJECTIVES 
 
The overall goal of this research is to minimize both coal and silica dust exposure to 
operating personnel in underground coal mines and help the industry achieve MSHA dust 
standards. Specific objectives are to: 1) Develop physical and chemical characteristics of 
coal dust from bulk samples, 2) Develop similar data for in-mine dust samples, 3) Based 
on results from the first two objectives, identify and implement engineering controls for 
respirable coal dust. The research program was divided into six tasks.  
 

1. Develop physical, mineralogical, and elemental characteristics of coal and quartz 
dust from coal, immediate roof, and immediate floor strata bulk samples. 

2. Develop surface and wettability characteristics of respirable size coal and quartz 
dust from coal, immediate roof, and immediate floor strata bulk samples. 

3. Collect dust samples from in-mine sampling. 
4. Develop physical, mineralogical, and elemental characteristics of coal and quartz 

dust fractions from in-mine dust samples. 
5. Perform wettability studies on respirable dust from in-mine sampling. 
6. Identify near-term strategies for coal and quartz dust control. 

 
This report discusses data for one Illinois mine identified as IL 5-1 and refers to the 
annual progress report submitted to the National Institute for Occupational Safety and 
Health (NIOSH) of the Center for Disease Control (CDC) titled “Sources and Wetting 
Characteristics of Respirable Coal and Silica Dusts from Selected Interior Basin Coal 
Mines” (Chugh and Mondal, 2010) where more detail is provided.  The NIOSH annual 
progress report is hereafter referred to in this report as the NIOSH Report. 
 

INTRODUCTION AND BACKGROUND 
 
Coal and quartz dust control is a major issue at underground coal mines in the Illinois 
Basin due to increased production rates. Current MSHA dust standards limit total dust 
exposure to 2 mg/m3 for an 8-hour period.  Where silica content in dust exceeds 5%, the 
total dust exposure must be appropriately reduced. MSHA has recently released draft dust 
regulations that propose to reduce the total dust exposure standard down to 1 mg/m3. 
Similarly, it is proposed to reduce quartz dust content from 100 µg to 75 µg. If these 
regulations are approved, mine operators will have to use significantly improved 
engineering controls to maintain current production rates and productivity levels. 
Understanding wetting characteristics of coal is vital for the development of engineering 
controls. Unfortunately, very limited data are available on wettability characteristics of 
coal and quartz dust from the Illinois Basin. 
 
A research team in the Mining and Mineral Resources Engineering department at 
Southern Illinois University Carbondale (SIUC) commenced a dust control research 
program in 2002.  In the ensuing years, they have developed several technologies for 
improved dust control. Wettability studies on coal dust led to the development of a new, 
scientifically sound approach for quantifying wettability (Chugh et al., 2004).  Flooded-
bed scrubber improvement studies led to the development of modified spray systems 
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within the scrubber with lower water volume and reduced pressure drop.  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 the capture of respirable 
dust (Chugh et al., 2006a). 
 
The major improvement came through the development of an innovative spray system 
concept on the continuous miner (CM) chassis (Chugh et al., 2006b). The concept utilizes 
approximately the same amount of spray water as a conventional chassis spray system. It 
locates different sprays spatially to develop “two lines of defense” minimizing dust 
escape and increasing the time period for dust, water, and air to interact with each other. 
The concept has 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).  
 
As part of a continuing effort to improve dust control in the face area, novel SIUC filter 
concepts were developed. These offer less resistance to airflow and are better at coal and 
quartz dust capture. During the last three months of 2010, further development has 
achieved significant improvements in this innovative sprays concepts by: 1) Improving 
spray block designs on the drum, 2) Adding side sprays around the drum to create a 
hydraulic seal, 3) Adding multiple sprays in the loading pan, 4) Locating a third line of 
defense (SLD) spray system on each side of the CM chassis about five feet behind the 
scrubber suction inlets, and 5) Adding additional side sprays just ahead of SLD sprays. 
These modifications are discussed in this report.  The newly developed system has been 
demonstrated to ICCI and industry professionals on a mock-up CM at the Illinois Coal 
Development Park in Carterville, Illinois. A field demonstration of the entire system is 
the next logical step and discussions are underway to develop a collaborative project. 
 

EXPERIMENTAL PROCEDURES  
 
Description of Cooperating Mine  
 
Mine IL 5-1 operates in No. 5 seam with coal averaging 52-58 inches in thickness at an 
average mining depth of 290 feet.  The coal seam is overlain by black shale and by one or 
more bands of limestone 6-12 inches thick. Sandy shale and coal balls (dense hard 
concretions) are also present in the immediate roof strata.  The immediate floor strata 
consist of claystone underlain by competent shale.  Coal hardness, expressed in terms of 
the Hargrove Grindability Index (HGI), ranges from 54 to 62.  The mine uses the room-
and-pillar mining method with an average mining height of 6.5 feet and an average entry 
width of 20 feet.  Typical mining units are 8-entry super-sections with rooms driven on 
each side. The right side CM is a conventional machine and is normally operated 
remotely from the left side of the machine.  The left side CM is a modified CM and is 
normally operated remotely from the right side of the machine. The mine uses Model 
14CM15 CMs manufactured by Joy Mining Machinery (JOY) that are equipped with 
wet-head cutting drums and wet flooded-bed scrubbers. Scrubbers are located on the left 
side of the CM and cross-over ductwork is used to discharge air away from the operator.  
The mine is ventilated using multiple exhausting fans located on the surface. 
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Bulk Sampling and Analysis Protocols – Task 1 
 
ASTM 4596-99 standard procedures were followed for collecting bulk samples of coal, 
roof, and floor strata in underground mines. Protocols developed for sample collection, 
storage, preparation, and analyses are summarized in Figure 1. A more detailed 
description is provided in the NIOSH Report.  
 
Wettability Definition and Background – Task 2 
 
Wetting phenomenon is of critical significance for dust control since water is most 
commonly used medium. In the wetting process, air from an air-solid interface is 
displaced to form a liquid- or water-solid interface. Wetting behavior or wettability is 
essentially determined by forces at the solid-liquid and fluid-fluid interfaces. The wetting 
process occurs in three distinct stages. The first stage, adhesional wetting, refers to the 
establishment of three-phase contact at the solid surface. The second stage, spreading 
wetting, involves displacement of one fluid by the other at the solid surface. In the case of 
suspended coal dust in air, the solid surface is initially covered by air.  When it comes in 
contact with the water droplet, the water droplet displaces the air-solid interface with the 
water-solid interface. Finally, immersional wetting represents transfer of a solid particle 
from one fluid phase to another. Mathematical equations describing forces acting at three 
interfaces are included in the NIOSH Report.  
 
Two wettability tests were pursued in this research: 1) Absolute wettability (AW) test 
utilizes varying concentrations of methanol in water and allows a sufficient amount of 
time to achieve 100% wetting of dust particles, and 2) Fixed-time wettability (FTW) test 
(Chugh et al., 2004) simulates wetting in underground mine environments, such as the 
face area and material dump points, where residence times for contact between dust and 
water or chemicals are generally low (10-30 seconds). Both tests assess wettability with 
water first, and then use suitable chemicals to wet the un-wetted portions of dust.   
Improving techniques is an ongoing process with both tests as described next.  
 
Absolute Wettability (AW) 
Two techniques are used for AW characterization. Technique 1 yields a fractional 
distribution of hydrophilic/hydrophobic materials as a function of surface tension, 
whereas Technique 2 is used to develop a relationship of fractional distribution of 
hydrophobic particles as a function of surfactant concentration, zeta potential (ZP) of 
hydrophobic and hydrophilic components as a function of surfactant concentration, and 
surface tension as a function of surfactant concentration. 
 
Description of AW Technique 1: Partitioning of hydrophobic (water-repelling) and 
hydrophilic (water-attracting) materials using a modification of the Walker method 
(Draves et al., 1931; Walker et al., 1952), called “film flotation” (Fuerstenau et al., 1987), 
was achieved in aqueous methanol solutions of different surface tensions (γ). A sample 
dust of mass 1 gram is added to a conical bottom glass container, which controls sinking 
of wetted particles. Figure 2 shows the logic flow chart for this technique and Figure 3 
shows a schematic of the partitioning process. Upon determining the required surface 
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tension for complete wetting, samples may be pre-treated with varying amounts of 
different surfactants to determine critical loading for a surfactant. 
 
Description of AW Technique 2: A modification of the Walker method is used to 
understand the effect of surfactants on dust wettability.  This technique uses aqueous 
solutions containing different concentrations of predetermined surface wetting agents. 
Dust particles are introduced to a solution and allowed to reach equilibrium, after which a 
predetermined amount of heptane is added and mixed, and the mixture is allowed to stand 
to separate hydrophilic and hydrophobic particles.  The ZP of particles in both phases is 
then determined. This data will be used to evaluate relationships between surfactant 
concentrations, fractional distribution of hydrophobic particles, and the ZP of 
hydrophobic and hydrophilic components. Results will then be correlated with “film 
flotation” data (AW Technique 1 tests). AW Technique 2 wettability tests are ongoing 
and will be included in future progress reports.   
 
Fixed-time Wettability (FTW) 
FTW tests were done in two parts: FTW 1 and FTW 2. FTW 1 is a standard wettability 
technique developed at SIUC (Chugh et al., 2004).  To further improve wettability, this 
test was slightly modified as FTW 2.  
 
FTW 1 Procedure:  
 

1. Add 1 gram of sample dust to a beaker containing 200 ml of water. 
2. Magnetically stir water and dust for 10, 20, and 30 seconds (3 separate tests). 
3. Allow the entire solution to sit for 5 minutes. Un-wetted material floats on the 

surface of the water and wetted particles settle to the bottom.  
4. Decant un-wetted material without agitating settled particles.  
5. Filter both wetted and un-wetted fractions on standard filter paper. 
6. Dry both fractions at 105oC (± 5oC) for 24 hours.  
7. Weigh the dry un-wetted fraction. 
8. Calculate the percent wetted.  

 
The same procedure is followed if a surfactant is used.  Since samples are weighed along 
with the filter paper, inherent moisture content in the filter paper introduces an error of 
10%. This correction was applied in all tests. 
 
FTW 2 Procedure:  
 

1. Spread 1 gram of sample dust on the surface of 200 ml of water in a 3-inch glass 
pan or beaker.  

2. Magnetically stir water and dust for 10, 15, 20, and 25 seconds (4 separate tests). 
3. Allow the entire solution to sit for 1-2 hours to separate wetted and un-wetted 

fractions.  
4. Carefully skim un-wetted material with a thin spatula without disturbing the 

solution and settled particles.  Place collected material in a drying pan. 
5. Dry both wetted and un-wetted material for 24 hours at 105oC (± 5oC).  
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6. Weigh dry un-wetted material. 
7. Calculate the percent wetted.  

 
This procedure was developed to eliminate errors due to moisture content in the filter 
paper and fine particles sticking to filter paper.  Since glass pans were not available for 
these tests, drying was done in aluminum pans. 
 
FTW 2 Guidelines: Once the FTW 2 procedure was developed, the following guidelines 
were established for testing and data analysis in all FTW 2 testing. 
 

1. Test each horizon shown in Table 1 using -500 mesh (-25 µm) material from each 
respective horizon. 

2. Test at four contact times (10, 15, 20, and 25 seconds). 
3. Calculate wettability based on the mass of the wetted fraction rather than the un-

wetted fraction since its mass is much larger. 
4. Identify 1 or 2 samples with low wettability and run enough replications with 

these samples to collect a sufficient amount of un-wetted material for 
characterization studies.   

5. Perform size distribution, x-ray diffraction (XRD), inductively coupled plasma 
atomic emission spectroscopy (ICP-AES), and ZP studies on parent material and 
its un-wetted fraction for samples identified in Guideline 5. 

6. Compare characterization data for parent material and its un-wetted fraction.  
7. Plot quartz content as a function of size distribution of particles for different 

contact times. 
8. Plot quartz content as a function of ZP for different contact times. 

 
In-mine Dust Sampling and Dust Analysis Protocols – Task 3 
 
An important part of this study requires collecting in-mine airborne dust samples in 
different unit operations for physical and chemical characterization. In-mine dust 
sampling is done using gravimetric samplers, a Thermo-Electron 1000AN personal 
digital monitor (PDM), and cascade impactors. Descriptions of in-mine sampling 
protocols and data analysis techniques are included in the NIOSH Report.  The first year 
of the study has focused on bulk sampling and dust characterization studies, which are 
still not complete.  Delays in bulk sample characterization along with restrictions 
enforced by the cooperating mine inhibited in-mine sampling during the first year of this 
project. Consequently, no further discussion of Tasks 3, 4, and 5 will occur in this report.  

 
Engineering Controls – Task 6 
 
A basic understanding of dust generation mechanisms and both physical and chemical 
characteristics of dust are required to develop engineering and administrative controls 
that minimize exposure to dust and protect miners’ health. “Engineering controls” include 
modified technologies to reduce dust generation, containing dust before it becomes 
airborne, controlling dust concentration within the aerosol through wetting or other 
appropriate technologies, and minimizing worker exposure to dust aerosols. Engineering 
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Task 2 – Wettability Characterization of Bulk Samples 
 
Surface and wettability characteristics of respirable coal and quartz dust prepared from 
bulk samples were analyzed in this task using two wettability techniques. Factors 
affecting wettability rate and surface charge characteristics of dust particles are discussed. 
 
Absolute Wettability (AW)  
Using AW Technique 1, the partitioning of hydrophobic and hydrophilic materials, the 
effect of aluminum nitrate on wettability rate, and surface charge characteristics of dust 
particles were analyzed. 
 
Partitioning of Hydrophobic and Hydrophilic Materials: Technique 1 tests were 
performed on coal, roof, and floor samples collected from two different mining sections 
(Samples 1 and 2) of the IL 5-1 mine. Results are shown in Figures 9-11 and Table 3 and 
summarized below.   
 

1. Irrespective of material type and particle size, about 96% of IR and IF samples are 
wettable by water alone (γ = 72.01 mN/m at 25oC); however, -500 mesh portions 
of Sample 1 IR-TB and IF-TB only had 70-80% wettability with water. Similar 
data for coal samples (C-TB, C-MB, and C-BB) were about 25-40%.  

2. Fractional wettability distribution patterns for C-TB, C-MB, and C-BB materials 
of Samples 1 and 2 were not similar.  

3. Figure 9b shows that about 10% of Sample 1 coal dust (C-TB, C-MB, and C-BB) 
was not wettable even with 10% methanol (γ = 57 mN/m); however, Figures 10b 
and 11b show that some Sample 2 coal dust were completely wetted at this 
surface tension.  

4. From 2 and 3 above, it was concluded that wettability characteristics of coal 
material from two different sections of the same mine are different.  

5. The maximum wettability of IL 5-1 coal using only water was about 40% 
indicating that it is mostly hydrophobic. Similar data for a second mine (IL 5-2) 
also located in southern Illinois was about 80-90%.  

6. Fractional wettability distributions show a bimodal distribution with one peak for 
hydrophilic materials wetted by pure water and the other in the methanol range of 
3–6% (γ = 61-66 mN/m). Fractional wettability below this surface tension is very 
small. One possible explanation for the second peak is a higher fraction of organic 
matter that is wettable in this range of surface tension. 

 
Effect of Aluminum Nitrate: Technique 1 was performed on -400+500 mesh C-MB 
material from Sample 2 using methanol as the wetting agent. For the same material, 
wettability was repeated using methanol as the wetting agent and with the addition of 
0.5% aluminum nitrate (Al(NO3)3) salt.  It had been observed that ZP measurements for 
all fractions were primarily negative.  Addition of aluminum nitrate was expected to 
neutralize these surface charges. Results are shown in Figure 12 and summarized below.  
 

1. Overall, there is no significant change in wettability when Al(NO3)3 salt is added. 
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2. For both tests, wettability was similar for γ = 56-61 mN/m. Thus, wettability did 
not change for methanol concentrations above 6%.  

3. Cumulative wettability was slightly higher in the γ = 56-65 mN/m range when 
Al(NO3)3 salt was added. Above γ = 65 mN/m, cumulative wettability was lower 
when Al(NO3)3 salt was added. This behavior could not be explained.  

4. Figure 12a shows significantly greater fractional wettability for Al(NO3)3 salt 
addition only at γ = 64.3 mN/m.  
 

Surface Charge Distribution Characteristics: Surface charges of the particles were 
measured using a zeta potentiometer. It uses the principle of electrophoresis and 
estimates the average surface charge on particles when wetted in water. It is important to 
quantify charges on particles since they influence surface characteristics that affect 
agglomeration or colloidal behavior of particles as well as wettability.  
 
ZP measurements were made for selected coal, roof, and floor samples from IL 5-1 at 
neutral pH. ZP values were calculated for different surface tension values (different 
methanol concentrations). Coal sample results are shown in Figure 13. Table 4 presents 
the same data for roof and floor samples at γ = 72.01 mN/m (at 0% methanol) since they 
are mostly wettable water.  Results are summarized below. 
 

1. At neutral pH, all particles for all samples are negatively charged.   
2. In general, it was observed that the surface charge of particles wetted at lower 

surface tensions, i.e. more hydrophobic material, were more negative than those 
collected at higher surface tensions. Thus, surfactants may be required for 
improved wettability and cationic surfactants would be appropriate.  

3. Surface charges of particles fractionated at different surface tensions were not 
significantly different.  Thus, it can be concluded that simply altering wetting 
medium surface tension can accomplish more than laboring over the choice of 
surfactant ionic charge.  

4. Segregating hydrophobic and hydrophilic materials and evaluating surface 
charges can identify the required surface tension of the wetting fluid (or surfactant 
concentration) for maximum wettability.  

5. The same data can also be used to identify the type of cationic surfactant for 
maximum wettability.    

6. Roof and floor ZP values are less negative than coal ZP values. Thus, the 
selection of surfactant and its amount should be based on the coal characteristics. 
 

Fixed Time Wettability 1 (FTW1)  
Initial tests were conducted on a -500 mesh C-MB material from IL 5-1. Table 5 data 
show good repeatability for this test. Additional tests were performed for -500 and -400 
mesh size samples. Variables evaluated for their effects on wettability were mass 
fraction, stirring intensity, surface tension, and stirring or contact time. 
 
Mass Fraction:  Three different mass fractions (1 g, 0.5 g, and 0.25 g) of C-BB material 
were added to three separate beakers, each containing 200 ml of pure water. Each mixture 
was stirred for 30 seconds following the test procedure described earlier.  Results are 
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shown in Table 6. Wettability is not affected by sample mass (un-wetted fraction 
averages 86%). Thus, wettability tests can be performed on smaller samples preserving 
sample material for other characterization studies. However, because this approach yields 
smaller amounts of un-wetted material, multiple tests may have to be performed to collect 
adequate un-wetted material for analyses.  
 
Stirring Intensity: To evaluate the effect of stirring intensity, two intensity levels were 
tested: magnetic stirring (high intensity) and manual stirring using a glass rod (low 
intensity). Results showed that wettability was unaffected by stirring intensity. However, 
sufficient agitation is required to ensure the dispersion of particles over the water surface 
and to minimize agglomeration or heaping of hydrophobic fractions.  
 
Surface Tension:  Wettability rates at constant temperature should be a function of the 
degree of hydrophilicity and the surface charge on dust particles.  The surface tension of 
the wetting agent was varied by adding different mass content of methanol to water. 
Table 7 presents data on wettability as a function of methanol concentration for all three 
coal horizons. All samples were stirred for 30 seconds.  While AW tests indicated 25-
40% wettability of coal with water alone, FTW1 tests indicated only 10-20% of coal is 
wettable by water alone and 13-16% methanol concentration is required for 100% 
wettability. Roof and floor dust samples were 90% wettable with water alone and 
required only 2% methanol to wet the un-wetted fraction. IL 5-1 coal is highly 
hydrophobic and requires wetting agents to achieve 100% wettability.  
 
Contact Time: The contact time between dust particles and water droplets is an important 
parameter for the fraction of sample wetted since the contact time required is the 
reciprocal of the wettability rate.  In mine environments, typical contact time varies 
between 10 and 30 seconds. In this study, three contact times were evaluated: 10, 20, and 
30 seconds. Figures 14-16 shows the cumulative wettability distribution for all coal 
horizons (all samples were -400 mesh).  Wettability increased by 10-15% when contact 
time increased from 10 to 30 seconds; however, the incremental increase between 10 and 
20 seconds was minimal (2-5%). Also, in the lower surface tension range, the incremental 
change in wettability for an increase in stirring time from 20 to 30 seconds was minimal. 
Thus, contact time is an important factor for improving wettability and engineering 
controls for dust should maximize contact time between wetting agents and dust particles.  
The effect of contact time on wettability of roof and floor samples was not evaluated 
since 90-95% of samples were wettable by water alone with 10 seconds contact time.  
 
Fixed Time Wettability 2 (FTW2) 
Variables evaluated for their effects on wettability in FTW2 tests were contact time and 
temperature. 
  
Contact Time: Four sets of data were collected for each contact time. Results are shown 
in Table 8 and Figure 17 and summarized below.  
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1. At 10 seconds contact time, wetted fractions for coal samples were 16-29% with 
an average of 22%. They increased to 60% when contact time was increased to 25 
seconds. 

2. Figure 18 shows the separation of wetted and un-wetted fractions after the 
solution was left undisturbed for 1-2 hours.  

3. The wetted fraction increased by 50% when contact time was increased from 10 
to 15 seconds. FTW1 data did not show such improvement, which may be due to: 
1) Using glass pans to collect un-wetted material eliminated the filter paper 
moisture error, 2) FTW2 tests were more accurate in separating and quantifying 
wetted and un-wetted fractions, and 3) Wettability rate was calculated based on 
the wetted fraction rather than the un-wetted fraction.  

4. The wetted fraction increased by 28% when contact time was increased from 20 
to 25 seconds. The change in wettability was minimal when contact time was 
increased from 15 to 20 seconds. 

5. Two types of un-wetted particles were observed as shown in Figure 19. Type 1 
particles were truly hydrophobic preferring to adhere to glass rather than the 
wetting fluid.  It must be noted that agglomeration of these hydrophobic particles 
may trap some hydrophilic particles. Type 2 particles are very fine particles that 
form a thin network on the water surface.  They may be hydrophobic or 
hydrophilic in nature.  It is hypothesized that these particles are easily supported 
on the water surface and do not sink to the bottom of the beaker primarily due to 
the low mass to volume ratio of the overall network. Type 1 and Type 2 particles 
are being analyzed separately. 

6. Four tests were performed for each contact time and 2-3 grams of un-wetted 
material was collected to perform characterization studies.  

 
Temperature: The water temperature of CM sprays changes since it is used to cool 
motors prior to being used for dust control. Since it is known that the surface tension of 
water drops as temperature increases, experiments were conducted on -400 mesh C-MB 
material in the temperature range of 45-105oF that is typically found underground. 
Results shown in Table 9 are averages of two tests. Over the range of 45-105oF, 
wettability increased by 46%, which is a significant improvement. Thus, increasing 
temperature may be considered rather than using surfactants to change surface tension 
and improve wettability. Additional testing is being planned to study the effect of 
temperature in greater detail. 
 
Task 6 – Engineering Controls for Coal and Quartz Dust 
 
Concepts for minimizing pressure drop in the CM scrubber, reducing quartz with novel 
CM scrubber filter screens, and reducing overall dust exposure with novel CM spray 
blocks were evaluated in this task. The objectives of engineering controls are: 
 

1. Reduce quartz content in air discharged by the scrubber to less than 5%. 
2. Achieve close to 100% overall dust reduction in the wet scrubber.  
3. Simultaneously reduce the pressure drop in the wet-scrubber, which should 

increase airflow through the scrubber and lower noise generated by the scrubber. 
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• Comparing SIUC and industrial screens based on similar pressure drops, DCP of 
SIUC screens is better. For example, DCP of the S-30-3/S-40-6 screen 
combination was 2% higher than for one C-20 while maintaining similar pressure 
drop levels.  

• Increasing input dust concentration (from 36 to 70 mg/m3) through the scrubber 
increased DCP by up to 6%.  

• Increasing water volume or water pressure increased DCP 0-1%. 
• M-18 sprays perform better than LNN-18 sprays because the average droplet size 

of the M-18 is 29 µm whereas the LNN-18 is 66 µm. 
 
Recommendations  
 

• Development of engineering controls should consider increasing the contact time 
between water droplets and dust particles. Second line of defense sprays and dual 
filter screens in the scrubber achieve that to some extent. These concepts should 
be developed further before marketing to the industry for control of silica dust. 

• The significance of wettability tests in dust control needs to be further 
investigated.  Contact time may be a more critical variable than the wettability 
number; although wettability numbers may identify the need for additional 
contact time. 

• There is widespread knowledge in the industry that dust control is better in 
summer months than in winter months. This may be due to the higher temperature 
of water for sprays, which improves wettability of dust as shown in this report. 
Additional research is required to show if increasing the water temperature for 
sprays is more economic than using chemicals for dust suppression. 

• The novel spray system developed at SIUC increases the contact time between 
water droplets and dust, allows more dust to be sucked through the wet scrubber, 
increases the amount of water in the loading pan, and attempts to wet dust at the 
source. All four concepts have the potential to significantly enhance dust control 
in the face area. Additional demonstrations  are needed in a scaled up dust gallery 
that includes a mock-up miner. Consideration should be given to developing a 
room-and-pillar gallery layout at the Illinois Coal Development Park for 
evaluating dust control concepts. 

 
TABLES 

 
Table 1: Material designations for different sample horizons. 

Immediate roof top bench (0-6 inch) IR-TB 
Immediate roof bottom bench (6-12 inch) IR-BB 

Coal top bench C-TB 
Coal middle bench C-MB 
Coal bottom bench C-BB 

Immediate floor top bench (0-6 inch) IF-TB 
Immediate floor bottom bench (6-12 inch) IF-BB 
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Table 2: Mineral color coding for Figure 8. 

Pyrite (FeS2)  yellow-green 
Quartz (SiO2) red  

Calcite (CaCo3)  light blue 
Kaolinite (Al2Si2O5 (OH)4) dark blue 

Phengite (K(Mg,Al)2(OH)2(Si,Al)4O10) pink 
 

Table 3: Wettability of IR and IF materials – Samples 1 and 2 from IL 5-1. 

Methanol 
(%) 

 Sample 1 Sample 2 
IR-TB IR-BB IR-TB IR-BB 

- 400 + 500 -500 - 400 + 500 -500 - 400 + 500 -500 - 400 + 500 -500 
  % Wettable 
0 94.27 69.6 95.13 90.53 96.39 96.64 96.74 97.29 

0.5 1.85 4.1             
  IF-TB IF-BB IF-TB IF-BB 
  - 400 + 500 -500 - 400 + 500 -500 - 400 + 500 -500 - 400 + 500 -500 
  % Wettable 
0 96.58 79.5 95.41 80.53 97.74 96.77 97.18 97.03 

 
Table 4: ZP values for IL 5-1 material (- 400 + 500 mesh). 

Sample 
Methanol 

Concentration 
(%) 

ZP Values (eV) 

Count Average Standard 
Deviation 

IF-TB 0 30 -16.2 4.15 
IF-BB 0 30 -24.4 5.68 
IR-TB 0 34 -17.8 5.37 
IR-BB 0 34 -18.2 7.90 

 
Table 5: Un-wetted fractions for -500 mesh C-MB from IL 5-1. 

Sample Un-wetted (%) 
1 86.8 
2 90.4 
3 88 
4 74.4 

Average  84.9 
 

Table 6:  Change in wettability per change in mass fraction tested 
(- 400 mesh C-BB from IL 5-1). 

Sample Mass (grams) Un-wetted (%) 
1 87 

0.5 86.4 
0.25 85.6 
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Table 7: Change in wettability per change in methanol concentration 
(- 400 mesh material from IL 5-1). 

Methanol 
Volume  

(%)  

Un-wetted (%) 
Bottom  

Coal Bench  
(19 inch) 

Middle 
Coal Bench 
(19.5 inch) 

Top 
Coal Bench 
(19.5 inch) 

0 80 90 80 
0.5 80 90 - 
1 80 80 70 

1.5 70 - - 
2 50 80 80 
3 70 - - 
4 50 70 70 
5 50 - - 
6 20 60 70 
7 20 - - 
8 - 30 80 
10 20 30 40 
11 20 - - 
12 10 30 30 
13 0 - 10 
14 - 30 0 
15 - 20 - 
16 - 0 - 

 
 

Table 8: Change in wettability per change in contact time. 

Stirring 
Time 

(seconds) 

Wettable (%) Average 
Wettability 

(%) 1 2 3 4 

10 19.3 15.6 24.8 28.7 22.1 
15 25.2 31.3 36.4 39.8 33.2 
20 28 34 40 43 36.3 
25 33.9 39.7 60.4 51.5 46.4 

 
 

Table 9: Wettability as a function of temperature. 

Material Type Temperature (oF) Wettable (%) 

IL 5-1 
- 400 mesh C-

MB 

45 21.6 
65 31.7 
90 41.1 
105 60 
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Table 10: Spray characteristics. 

Spray Type Spray Nozzle 
Capacity 

(gpm)  
@ 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 

 
 
 

Table 11: Filter screen designations. 

Filter   Type Designation 
20 layer C-20 

SIUC 20 mesh S-20 
SIUC 24 mesh S-24 
SIUC 30 mesh S-30 
SIUC 32 mesh S-32 
SIUC 40 mesh  S-40 

SIUC 30 mesh (3 ft) S-30-3 
SIUC 40 mesh (6 ft)  S-40-6 

 
 
 

Table 12: Pressure drop testing results (in inches). 

Location 

Filter Type/Configuration 

One  
C-20 

Two  
C-20s 

One  
S-30 

Two  
S-30s 

One  
S-30  

+  
One  

S-40-6 
One  

S-40-6 

One 
S-30-3  

+  
One 

S-40-6 

One 
S-20  

+  
One 

S-40-6 
A to B 2.66 2.40 2.10 1.96 2.06 0.50 1.22 1.65 
A to C 3.46 5.78 2.77 4.76 0.00 0.00     
A to D 2.92 5.77 2.56 4.63 3.65 1.65 2.90 3.30 
A to E 5.87 8.06 5.43 7.21 6.92 5.36 6.12 6.78 
B to C 0.67 3.23 0.60 2.65 0.00 0.00     
B to D 0.52 3.12 0.39 2.52 1.51 1.12 1.61 1.59 
B to E 3.06 5.39 3.16 5.05 4.59 4.63 4.61 4.83 
C to E 2.28 2.16 2.51 2.29 0.00 0.00     
D to E 2.47 2.26 2.70 2.50 3.11 3.50 2.98 3.21 
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Table 13: Velocity, water volume, and output dust concentration results. 

Screen 
Configuration 

Spray 
Volume 
(gpm) 

Air  
Volume 

(cfm)   
[m/sec] 

Total 
Dust  
Input 

(mg/m3) 

Respirable 
Dust 
Input 

(mg/m3) 

Respirable 
Dust Output 

(mg/m3)  
[% reduction] 

PDM 
(mg/m3)          

[% reduction] 

S-30 + S-32 2.78 5971 [10.8] 53.12 25.76 1.15 [95.53] 1.43 [94.45] 
S-30 + S-32 2.78 5564 [10.1] 52.68 25 0.23 [99.08] 1.612 [93.55] 
Two C-20 2.78 5928[10.8] 51.22 24.84 0.23 [99.07] 0.402 [98.38] 
Two C-20 2.78 5172 [9.4] 52.56 18.17 0.23 [98.73] 0.435 [97.61] 
One C-20 1.48 6040 [11] 44.43 15.87 0.46 [97.10] 0.736 [95.36] 
One C-20 1.48 5395 [9.8] 43.85 12.65 0.46 [96.36] 0.882 [93.03] 
One C-20 1.48 6651 [12.1] 35.57 11.96 1.38 [88.46] 1.343 [88.77] 
One C-20 1.48 6100 [11.1] 35.31 15.41 1.03[93.28] 2.207 [85.68] 

S-30 + S-32 2.78 6050 [11] 42.38 15.41 - 1.22 [92.08] 
S-30 + S-32 2.78 6395 [11.6] 76.97 30 - 2.161 [92.80] 

One S-30 1.53 6253 [11.4] 25.98 10.58 - 1.019 [90.43] 
One S-30 1.53 6253 [11.4] 59.58 27.14 - 2.352 [96.40] 

S-30 + S-32 2.19 6048 [11]  32.98 10.35 - 0.975 [90.58] 
S-30 + S-32 3.23 6048 [11]  32.96 12.65 - 0.924 [92.70] 
Two C-20 2.78 5940 [10.8] 38.64 16.1 - 0.229 [98.5] 
Two C-20 2.78 6145 [11.2] 72.63 34.2 - 0.585 [98.3] 

S-30 + S-40-6 3.08 6152 [11.2] 37.42 9.43 1.15 [90.24] 0.683 [92.76] 
S-30 + S-40-6 3.08 6226 [11.3] 71.8 21.62 1.15 [94.68] 1.4 [93.50] 
S-30 + S-40-6 2.47 6123 [11.1] 38.63 25.53 - 0.74 [97.10] 
S-30 + S-40-6 3.53 6318 [11.5] 37.45 25.76 - 0.803 [96.88] 
S-30 + S-40-6 3.53 5579 [10.1]  37.34 13.11 - 1.1 [90.58] 

S-30-3 + S-40-6 2.51 6708 [12.2]  42.64 30.13 - 1.38 [95.42] 
S-30-3 + S-40-6 3.48 3823 [12.4] 41.92 18.86 - 0.69 [96.34] 

One S-40-6 3.03 6664 [12.1] 43.5 16.1 1.38 [91.43] 1.46 [90.93] 
S-20 + S-40-6 3.03 6291 [11.4] 46.08 23.46 0.92 [96.08] 1.28 [94.54] 
S-20 + S-40-6 3.72 6298 [11.4]  50.01 29.9 0.69 [97.69] 1.93 [93.55] 

 
 

Table 14: MSHA quartz analysis. 

Configuration Input Quartz (%) Output Quartz (%) 
S-30 + S-40-6 3.6 - 

S-30 only 3.15 - 
C-20 + C-20 3.45 - 

C-20 only 3.2 - 
 

 
 

 



24 
 

FIGURES 
 

 
Figure 1: Channel sampling, dust preparation, and characterization protocols. 

 
 

Figure 2: Dust partitioning flow chart. 
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Figure 3: Schematic showing partitioning of hydrophilic and hydrophobic materials. 

 
 

  
Figure 4: Industrial 10-layer filter screen.  

 
 

 
Figure 5: SIUC 30-mesh filter screen. 
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Figure 6: Modified Scrubber with two sets of sprays and 6-ft long screen. 

 
 

 
 
a) Conventional           b) 3-ft long                                 c) 6-ft long 

            Figure 7: Dimensions of different SIUC filter screens. 
 
 

  
Figure 8: XRD analysis of IR-TB and C-MB material (-325 mesh, IL 5-1). 
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a) Fractional b) Cumulative 

Figure 9:   Wettability distributions for IL 5-1 Sample 1 (-400+500 mesh). 
 

        
a) Fractional b) Cumulative  

Figure 10: Wettability distributions for IL 5-1 Sample 2 (-400+500 mesh). 
  

         
a) Fractional b) Cumulative  

Figure 11: Wettability distributions for IL 5-1 Sample 2 (-500 mesh). 
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a) Fractional b) Cumulative  

Figure 12: Wettability distributions for IL 5-1 Sample 2 (-400+500 C-MB material). 
 
 

 
a) IL 5-1 Sample 1 – C-TB b) IL 5-1 Sample 2 – C-TB 

  
c) IL 5-1 Sample 2 – C-MB d) IL 5-1 Sample 2 – C-BB 
Figure 13: ZP values (mV) of various fractions at different surface tensions. 
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Figure 14: Cumulative wettable distribution for IL 5-1, C-TB, -400 mesh. 

 
 

 
Figure 15: Cumulative wettable distribution for IL 5-1, C-MB, -400 mesh. 

 
 

 
Figure 16: Cumulative wettable distribution for IL 5-1, C-BB, -400 mesh. 
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Figure 17: Wettability as a function of contact time - -400×500 C-MB material. 

 
 

 
Figure 18: Separation of wetted and un-wetted fractions in a beaker. 

 
 

 
Figure 19: Two types of un-wetted particles. 
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Figure 20: Scrubber with two sets of sprays and filter screens. 

 
 

     
Figure 21: Model of CM cutting drum at SIUC/JOY Dust Control Laboratory. 

 
 

   
Figure 22: Final spray block design. 
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or that the use of any information, apparatus, method, or process disclosed in this 
report may not infringe privately-owned rights; or 
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