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ABSTRACT 

CHARACTERIZATION OF RESIRABLE COAL MINE DUST 

(May 1985) 

By 

Carolyn J. Pryor, B.S., Jackson State University 

Advisers: Dr. Cass D. Parker and Dr. James Perkins 

Characterization of coal mme dust was done by thermal evolved gas analysis 

(EGA), x-ray photoelectron spectroscopy (XPS or ESCA), and scanning electron micros

copy (SEM). These analyses were done to determine the chemical, physical, and morpho-

logical characteristics of coal mine dust, especially in regard to the differences among 

dust of differing sources and the changes occurring as these particles are exposed to the 

atmosphere. 

The EGA thermograms gave information pertaining to the amount of carbon, 

hydrogen, and nitrogen evolved from the sample. The CO2 thermograms of coal dust 

samples showed that carbon was evolved in two components with different combustion 

temperatures, C 1 and C 2. The H20 thermograms showed that hydrogen was evolved 

concurrently with carbon. The average ratio for H1/C1 is 3.0, which suggested that C 1 

is highly saturated and referred to as "aliphatic"; the average ratio for H2/C2 is 0.32, 

which suggested that C') is very unsaturated and referred to as "aromatic." The NO _ x 

thermograms showed that nitrogen was associated with the "aromatic" carbon. Frac-

tional percentages of C 1 (aliphatic), C 2 (aromatic), and specific attenuation for 

laboratory-generated coal dust samples were found to be 28.9%, 71.1%, and 1.44, respec-

tively. EGA proved to be very useful in differentiating betwee!l samples obtained from 

the same mine but prepared for analysis by different" methods, which include laboratory-

generated coal dust samples, actual mine dust samples, and bulk coal samples. 



ESCA results for laboratory-generated samples showed that coal dust particles con

tain carbon, oxygen, nitrogen, and sulfur. ESCA was also useful in differentiating 

between a series of samples from the same mine. The major difference occurred in the C 

Is spectra. 

SEM results of laboratory-generated samples determined the morphology and size 

distribution of coal dust particles. SEM showed that particles of dust are in the respir

able range with some ranging down to the submicron level. The morphology of coal dust 

particles showed fractured planes with angular. shapes. 
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Introduction 

The increased demand and use of coal pose serious technological, environmental, 

and health implications. Its recent emphasis as a primary source of energy and the grow

ing concern for the protection of mine workers have produced a great need for dust con

trol throughout the mine. Respirable coal dust tends to become airborne, to migrate, and 

to be inhaled by mine workers. This causes increased health hazards for mine workers, 

which could lead to coal workers' pneumoconiosis (CWP). "Black lung" disease, as CWP 

is commonly referred to, often develops after accumulation of respirable coal dust depo

sits in the lungs. An additional concern with airborne coal dust is the danger of 

deHagration and detonation. In order to protect the environment and health of mine 

workers, research has been done and is presently underway to effectively control dust 

throughout the mine. 

The main objective of this research was to !1nderstand the chemical factors 

inHuencing coal dust production in a mining environment. Development of improved 

techniques and equipment to characterize, measure, and control hazardous dust concen

trations throughout the mine can be derived from such knowledge. 

Much work has been carried out by the Bureau of Mines and by their contractors, 

primarily in connection with the development of techniques for ventilating mines and for 

dust suppression and coliection.1,2 Ventilation has been by combinations of blowing and 

exhausting, with velocities controlled by the use of brattice deflectors and air-moving 

water sprays. The primary method of dust suppression has been by the use of water, 

which can create an undesirably high humidity and undesirable runoff from the mines. 

Contractors have also been engaged in developing dust measuring devices. 

Current methods of monitoring mine dust include a machine-mounted respirable 

coal mine dust monitor developed by the Mine Safety and Health Administration 

(MSHA) during the past two years.3 A prototype uses light scattering to measure the 

mass concentration of respirable dust in the mine environment. Another instrument for 

1 



2 

measuring respirable dust, the TM-Digital tyndallometer,4 was also constructed, and it 

too applies light scattering theory. This instrument is designed to allow data to be 

transmitted to the surface, which regulates a sprinkler system for dust suppression. The 

Optical Scattering Instantaneous Respirable Dust Indication System (OSIRIS)5 and the 

continuous aerosol monitor (CAM)6 are also currently used in dust monitoring. 

- A review of the literature on detailed research in the area of coals revealed that a 

number of studies have been done; and various analytical techniques have been used in 

order to char~cterize coal dust. The majority of the papers were based on mineral 

analysis, i.e., silica, which is considered a major problem in mining health safety?-10 

Shoultz et al. used high-resolution mass spectrometry to analyze dust samplesll and 

showed that the organic components differ with particle size, rank of coal, and method 

of generation. Kessler et al. used spark-source mass spectrometry in investigating coal 

particles. 12 This technique was employed to determine the amounts of minor and trace 

elements in coal particles of various sizes, including the respirable range. Fifty-six ele-

ments were determined in this study. Another research program using spark-source mass 

spectrometry was conducted at the Bureau of Mines by the Pittsburgh Energy Research 

Center that-involved the analysis of respirable coal dust samples in order to obtain 

correlation of major, minor, and trace elements with coal workers' pneumoconiosis. 13 

Wesson et al. used neutron-activation and x-ray fluorescent techniques to determine the 

elemental composition of coal mine dust.14 Results for this study included analyses for 

five elements (Si, AI, Fe, Ca, Mg) and the average composition of the dust in coal mines; . 

regional differences in mine dust composition were also indicated. Galkina et al. used 

scanning electron micrOscopy to study the physicochemical properties of coal dust, 15 

which revealed agglomerates consisting of many submicron particles. Other studies to 

determine particle size distribution and characterization were conducted by Tomb et 

al.,16 Knight et al.,17, and Welker et al. 18 

,. 
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The analysis of coals falls under two general categories: proximate and ultimate 

analysis. Proximate analysis is the determination by prescribed methods of moisture, 

volatile matter, fixed carbon (by difference), and ash. Ultimate analysis is the determina

tion of carbon and hydrogen in the material, as found in the gaseous prod ucts of its 

complete combustion; the determination of sulfur, nitrogen, and ash in the material as a 

whole; and the estimation of oxygen by difference. A number of thermal analysis 

methods, such as .thermogravimetric analysis (TGA), differential scanning calorimetry 

(DSC), and differential thermogravimetry (DTG), are used in providing the proximate 

analysis and information about the thermal stability and chemical composition of 

coal. 19-24 Until recently, the thermal analysis technique used in this study received rela

tively little attention. It requires only a very small sample and can provide proximate 

and ultimate analyses, therefore making it different from other thermal analysis 

methods. 

Although much research has been done on characterization of coal dust, many ques- . 

tions remain unanswered. This study was directed toward the chemical, physical, and 

morphological characteristics of coal mine dust, especially in regard to the differences 

among dust of differing sources and the changes occurring as these particles are exposed 

to the atmosphere. The chemical similarities and differences among airborne dust, non

suspended dust-size particles, and the bulk coal and rock from which the dust is pro

duced are also studied. As part of this study, normal sampling filters were supplemented 

with more suitable quartz and silver filters for dust collection, measurement, and 

analysis. Loading is comparable to normal sampling filters used in the personal d list 

samplers. Two analytical techniques used in this study are thermal evolved gas analysis 

(EGA) and x-ray photoelectron spectroscopy (XPS or ESCA). EGA is used to 

differentiate elemental content and chemistry in coal mine dust based on volatility and 

combustibility. Elements that can be determined are C, H, N, and O. Analysis of the 

EGA thermograms of coal dust show differentiation in the combustion temperatures of 
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their components. ESCA is a surface-sensitive analytical technique used to study solid

state band structure and atomic and molecular bonding of coal dust particles. It gives 

information on binding energy, which leads to elemental identification, oxidation state, 

and types of bonds. 
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Experimental 

A. Sampling Techniques 

The acquisition of appropriate samples is of primary importance to any analysis. 

Coal samples used in this study were obtained through direct contact with mine opera

tors, Bureau of Mines, and the Department of Energy Research Center at Bruceton, 

Pennsylvania. Production of synthetic dust samples under laboratory conditions by 

dispersing fine particles of coals and mineral material allowed samples appropriate to the 

analyses used to be readily prepared. Coal was ground in an agate ball mill or fractured 

with an electrical hand grinder in some cases. Simulated dust samples were collected 

from a dust chamber that was a 7.3-ft3 enclosure in which finely ground coal was 

dispersed. These synthetic samples provided the primary source of information regarding 

chemical and physical changes that occur in the dust particles within short periods of 

time after their formation. A small number of actual mine dust samples were obtained 

from the areas from which coal for preparation of synthetic samples was taken in order 

to confirm the degree to which they are similar. 

Sampling equipment used in collecting dust samples includes the personal respirable 

dust sampler and the Lundgren impactor. The personal respirable dust sampler is a 

two-stage device that is used in collecting low-volume dust samples on polyvinyl chloride 

filters. The first stage, a 10-millimeter nylon cyclone, performs as an elutriator or size 

selector. The second stage is a membrane filter that collects the respirable fraction of the 

dust. It continuously samples air from the mine worker's breathing zone during the full 

working shift. The atmosphere is drawn through the device at 2.0 liters per minute by a 

portable battery-operated diaphragm pump.25 The personal sampler was well suited to 

determine respirable mass and quartz; however, the filter medium was not compatible 

with the analytical technique applied. Substitution of alternate low-impedance filters 

allowed use of this existing sampling system to acquire dust samples for analysis. 
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The Lundgren impactor is a four-stage impactor used in collecting highly Slze-

segregated samples. Size-segregation in a Lundgren impactor is based on inertial impac

tion26; particle size, velocity, and curvilinear motion of particles through a nozzle onto 

an impaction drum effects separation. The impactor consists of four barrels, each having 

a slit with decreasing width from one barrel to the next preceding them, and an 

afterfilter. The impactor is connected to a vacuum pump, and the particles are drawn 

through the slits at a flow rate adjusted to 2.5 ft3/min. As the slit width decreases, the 

velocity increases, causing larger particles to be unable to make the turn around the bar-

rels. These particles stick to the surface of the barrels, which are coated with silicone 

grease. Only the smaller particles, which are usually less than 6 microns in diameter, are 

collected on the afterfilter. Prefired quartz fiber filters and silver membrane filters were 

used with this sample preparation technique. 

B. Analytical Techniques 

Thermal evolved gas analysis (EGA) was done on an in-house constructed 

(Lawrence Berkeley Laboratory) system s,hown schematically in Figure 1. This analyti~al 

technique was initially developed to analyze carbonaceous particles collected on prefired 

quartz fiber filters. It was later extended to include visible light attenuation and evolved 

nitrogen (NO ) and hydrogen (Hl)O).27 The system uses a nondispersive infrared (NDIR) x _ 

COl) detector (MSA LIRA 202S), an NDIR H~O detector (MSALIRA. 202S), and a 
- -

chemiluminescent NO detector (Thermo Electron 14D/E) in series to determine analyte x 

concentrations in a single low-volume gas stream. Detection limit of < I ppm for CO2, 

< I ppm for H20, and < 0.01 ppm for NOx in the gas stream means that, with a flow 

rate of 200-250 ml/min- I , minimum sample sizes required for quantitation with typical 

ambient particle samples are approximately 10 pg carbon, 2 pg hydrogen, and < I J.lg 

nitrogen. 

The samples for analysis, either sections of the 'quartz fiber filter or bulk samples in 

a platinum boat, are placed in the quartz combustion tube. The tube is supplied with 



Chemiluminescent 
NO. detector 

Pump 

Critical 
orifice 

NOI R H20 detector 
Purified 

O2 

Excess 

NOI R CO2 detector 
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He-He 0~~~~~~~~~§§5~~~~~~ Interference laser ----(-[i -- filter and 
beam \N'"~ photodiode 

Linear temperature-ramp 
programmed furnace 
(25-1000°) 
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furnace (900°) 

XBL 8412-5169 

F.igure 1. Schematic diagram of thermal evolved gas 
analysIS apparatus. 
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purified oxygen, with excess oxygen escaping through an axial opening at the end of the 

tube. The remainder of the oxygen, together with gases produced during temperature-

programmed analysis, is drawn at a constant rate determined by a critical orifice 

through the CO2 detector, H20 detector, and NOx analyzer. Material is evolved from 

the sample by volatilization, pyrolysis, oxidation, or decomposition. To ensure complete 

conversion of all carbon to CO2, a section of the quartz tube immediately outside the 

temperature-programmed furnace is filled with a Pt catalyst bed that is kept at a con-

stan t 900 0 C by a second furnace. 

Analyte gas concentrations are monitored as a function of temperature, and the 

resultant "thermogram" is a plot of concentration vs. temperature, with the integrated 

area of the curves being proportional to the carbon, hydrogen, or nitrogen content of the 

sample. Quantitation is determined by combustion of known quantities of pure com-

pounds. For filter samples, transmission of a He-Ne laser beam (632.8 nm) through the 

sample is monitored simultaneously. The laser transmission method measures the 

attenuation of visible light as it passes through the filter. Attenuation (ATN) is defined 

as 

ATN = -100 In IlIa ' 

where 10 and I are the transmitted light intensities for the blank and loaded filter, 

respectively. Rosen et a1.28 and Yasa et al. 29 have shown that light attenuation is due 

to the presence of black carbon. If ATN has a linear dependence on [BC], the concen tra-

tion of black carbon, then 

[Be] = ATNIO' , 

where 0' is the specific attenuation, defined as the value of attenuation per unit mass of 

black carbon. This provides a concomitant measurement of light absorptivity with CO2 

evolution. An examination of the CO2 evolution and light transmission enables the 

assignmen t of peaks in the thermogram corresponding to the type of carbon that is light 

absorptive in character.30,31 It may also prove applicable to determining diesel exhaust 
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particulates in the presence of coal dust. 

Oxygen analysis of coal dust is done with a similar type of EGA equipment. It 

involves pyrolysis in a nitrogen atmosphere and conversion of evolved oxygen species to 

CO with a heated graphite catalyst.32 

X-ray photoelectron spectroscopy data were collected using a modified AEI ES-200 

electron spectrometer that has been updated by installing a Surface Science Laboratories 

Model 239G position-sensitive photoelectron detector. The modifications also included 

replacing all lens and analyzer power supplies, as well as. changing to a modern 

microprocessor-based data system. This surface-sensitive analytical technique, with a 

pr~be depth of 15 to 30 1, involves exposure of the material to be studied to a flux of 

monoenergetic x-rays of known energy. Absorption of these x-ray photons by atoms of 

the sample material results in the prompt emission of electrons, usually originating from 

the inner or core atomic orbitals. Since energy must be conserved in this photoemission 

process, the absorbed x-ray photon energy, hv, must be partitioned between the kinetic 

energy of the emitted electron, Ek, and the work expended in removing it from the 

atom, usually referred to as the electron binding energy, Eb (i.e., hv = Eb + Ek). In 

practice, hll is known, and Ek is measured by the spectrometer, allowing determination 

of the electron binding energy from the difference between hll and Ek. In measurements 

conducted on solid materials, additional terms must be considered in the energy equa-

tion. For the sample, the x-ray photon energy can be partitioned among (1) Eb ' the 
f 

binding energy of the core level of interest referenced to the Fermi level; (2) ¢> ,the sa 

work function of the sample; and (3) Ek ' the kinetic energy of the photoelectron. Thus, 
v 

Eb can be calculated from: 

f 33 
Eb = hll - Ek - ¢> • 

f v sa 

ESCA data were collected from bulk coal slices, laboratory-generated coal dust 

samples, and actual mine dust. Initially, dust samples were collected on quartz fiber 

filters, resulting in a large background signal due to silica species. In order to determine 
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to what extent the quartz fiber filters contributed to the overall silica signal, ESCA 

analysis was done on laboratory-generated dust samples collected on silver membrane 

filters. 

Scanning electron microscopy (SEM) was used to determine morphology and size 

distribution of coal dust particles. Its design is a JEOL scanning electron microscope 

equipped with a Kevex x-ray emission detector. Coal dust samples were collected on 

Nucleopore polycarbonate filters for this analysis. 

Each analytical technique used in this study yielded information that, when exam

ined together, gave a more complete understanding of the morphological, physical, and 

chemical characteristics of coal mine dust. 
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Results and Discussion 

Figure 2 shows typical CO2, H20, and NOx thermograms of coal dust. The CO
2 

thermogram shows the presence of at le~t two overlapping carbon peaks. The first car-

bon peak, Cl , is referred to as the" aliphatic" carbon and the second peak, C2, as the 

"aromatic" carbon. This assignment is based on previous ESCA measurements of coal 

dusts having known carbon-type content and is reinforced by the H/C ratio for these 

peaks. The H20 thermogram shows the presence of at least two overlapping hydrogen 

peaks with the majority being associated with C l , the low-temperature carbon. The 

average ratio for Hl/Cl is 3.0, which suggests that C1 is highly hydrogenated; and the 

average ratio for H2/C2 is 0.32, which suggests that C2 is very unsaturated. There is 

only one peak in the NO thermogram. It evolves concurrently with the C.., peak. 
x ~ 

Fractional percentages of C1 (aliphatic), C2 (aromatic), and specific attenuation for 

analyzed laboratory-generated coal dusts are shown in Table 1. The average percentage 

of aliphatic and aromatic carbon are 28.9% and 71.1%, respectively. The carbon peaks 
... 

were deconvoluted manually. By using improved computer-based deconvolution tech-

niques, an increase in accuracy in resolving the individual peak components could be 

achived. The peak shapes observed correspond closely to the theoretical combustion 

exponential function developed by Hansen and Novakov at Lawrence Berkeley Labora

tory,34,35 The values of specific attenuation obtained from these samples are a factor of 

17X smaller than the results obtained by Gundel and Dod for the specific atten uation of 

com bustion-derived aerosol particulate materia1.36 Differences in chemical form and par-

ticle size distribution contribute to the this rather large difference. 

Table II shows elemental ratios detected by thermal evolved gas analysis for 

laboratory-generated coal dust samples. It shows the H/C and N/C ratios, both for total 

samples and individual components, for coals studied. The HtotatiCtotal (HT/CT ) ratio 

for the samples analyzed ranges from 0.43 to 1.30. These ratios indicates the degree of 

saturation and can be used for identification and differentiation of coal dusts. These 
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Table I. Fractional percentage of C1 (aliphatic), C2 (aromatic), and specific at-
tenuation for analyzed laboratory generated coal dust samples. 

% Aliphatic % Aromatic Specific 
Sample Carbon Carbon Attenuation 

Bruceton Coal 
.~ 

(April Sample) 30.8 69.2 2.10 

Bruceton Coal 
35MXO 33.3 66.7 1.50 

Black Creek 
(hand grinder) 34.4 65.6 1.11 

Black Creek 
(ball min) 25.7 74.3 2.01 

L25956 
(freshly ground) 26.6 73.4 1.78 

L25956 
(Aged) 20.4 79.6 1.71 

L23592 26.1 73.9 0.40 

L25828 28.0 72.0 1.95 

L25144 34.3 65.7 1.12 

L23589 38.6 61.4 0.99 

NACCO 
Powhatan No.6 27.1 72.9 1.14 

NACCO (bulk) 
Powhatan No.6 26.3 73.7 

L25144 (bulk) 24.9 75.1 

Avg. 28.9 71.1 1.44 
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Table II. Elemental ratios detected by thermal evolved gas analysis 
for laboratory generated coal dust samples. 

Sample 
HT Hi H2 N N 

Or C 1 C2 Or C2 

Bruceton Coal 
(April Sample) 0.83 2.66 0.28 0.02 0.02 

Bruceton Coal 
35MXO 1.03 2.42 0.35 0.01 0.02 

Black Creek 
(hand grinder) 0.74 2.26 0.18 0.01 0.02 

Black Creek 
(ball mill) 1.17 5.74 0.22 0.01 0.02 

L25956 
(freshly ground) 0.82 2.34 0.27 0.02 0.02 

L25956 
(Aged) 0.62 1.95 0.28 0.02 0.03 

L23592 0.43 1.17 0.16 0.01 0.01 

L25828 0.96 2.59 .0.33 0.02 0.03 

L25144 0.94 2.05 0.37 0.02 0.02 

NACCO 
Powhatan No. 6 1.30 3.54 0.47 0.02 0.02 

NACCO (bulk) 
Powhattan No.6 0.92 2.72 0.28 0.02 0.02 

L25144 (bulk) 1.30 3.36 0.66 0.02 0.03 
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ratios can be changed by mechanical modifications. For example, the HT/CT ratio for 

Black Creek coal is different when the sample is ground in a ball mill from the same coal 

ground using a hand grinder for dust generation. This increase is due to a change in the 

hydrogen content of the "aliphatic" component. The H1/C1 ratio for the ball mill sam

ple is a factor of 2.5 greater than the sample produced by a hand grinder. Figures 3 and 

4 show the CO2 and H20 thermograms of Black Creek coal ground by two methods: 

ball mill and hand grinder. 

A series of samples from the same mine was analyzed by EGA. They included a 

laboratory-generated coal dust sample, an actual mine dust sample, and a bulk sample. 

Figure 5 shows the CO2 thermograms of these samples. Sample A was collected on 

prefired quartz fiber filter from a dust chamber in the laboratory, using an impactor to 

remove particles larger than 6 p.m. Sample B was collected on quartz fiber filter in the 

coal mine by using a personal respirable dust sampler. Sample C is 75 p.g of ground coal 

in a platinum boat. Samples A and B show evidence of a volatile fraction evolving, start

ing at 100· C. This highly volatile fraction is not detected in the bulk sample. It seems 

likely that this volatile fraction is from the absorption of hydrocarbon gases by coal dust 

particles. All three samples show that the majority of the carbon is associated with C1 

and C2 carbon. No shifts in combustion temperature or relative concentration are seen 

in the two primary carbon components among these three samples. The mine dust sam

ple shows a carbon peak at 630· C, which is not observed in the coal dust thermograms. 

Since no change was observed in the transmitted light intensity and limestone (i.e., cal

cium carbonate) is used as a dust suppression agent in the mine, this peak represents the 

decomposition trace amount of that limestone in the mine dust. 

The H20 thermograms (Fig. 6) of these samples show hydrogen peaks concomitant 

with CO2 evolution. Two distinct water peaks are seen in each sample. 

The NOx thermograms (Fig. 7) for the three· samples show that only one major 

nitrogen component exists. However, samples A and B show a small amount of volatile 
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nitrogen, which accounts for only a very sma.ll percentage of total nitrogen. 

The two actual mine dust samples received were analyzed to determine the similari

ties between samples collected at an actual mine site. The CO2 thermograms of these 

two samples are shown in Fig. 8. Both have volatile fractions evolved, starting at 100 0 C, 

and carbonate peaks evolved at 630 0 C. As can be seen from Table III, Powhatan No.6 

mine sample shows a larger percentage of volatile and carbonate carbon. The H20 ther

mograms (Fig. 9) and the NOx thermograms (Fig. 10) show no great differences. Table 

IV shows elemental ratios detected by EGA for these two samples. 

EGA can also differentiate between samples that are collected when coal is freshly 

ground and those that are collected after ground coal is exposed to the ambient atmo

sphere and allowed to age. Figure 11 compares the CO2 thermograms of the two sam

ples. The thermogram for aged coal shows some loss in volatile carbon. The change in 

the relative amounts of the two overlapping aromatic carbon peaks could be due to sur

face oxidation. 

ESCA results for laboratory-generated samples studied show that collected coal 

dust particles contain carbon, oxygen, nitrogen, and sulfur. Table II shows the binding 

energies of those elements detected. Nitrogen was not regularly measured because total 

coverage of the silver membrane filter was required in order to detect a nitrogen peak; 

otherwise, the energy loss spectra of silver 3d peaks masked the nitrogen peak. 

The most dramatic feature of Table V is the C Is region of the mine dust samples 

when compared to a laboratory-generated dust sample and a bulk coal slice from the 

same mine. Figure 12 shows the C Is ESCA spectra of two of these samples. The mine 

dust sample shows three carbon components. Two forms of carbon are more oxidized 

than the neutral form of the most prevalent carbon found in the sample. The carbon 

component with the highest binding energy is assigned to the carbonate carbon from 

limestone used as a dust suppressant agent in the mine. The intermediate carbon 

represents a surface carbon that has been oxidized. It could also arise from the carbonate 



Table lli. Fractional percentages of Cv (volatile, C1 (aliphatic), C2 (aromatic), Cc (carbonate), and 
specific attenuation of mine dust samples. 

Specific 
Sample Volatile Aliphatic Aromatic Carbonate Attenuation 

NACCO 
Powhatan No.6 4.0% 37.8% 54.2% 4.0% 1.69 

Meigs No.2 2.4% 33.3% 63% 1.3% 2.09 

Table IV. Elemental ratios detected by thermal evolved gas 
analysis for mine dust samples. 

Sample 
HT HI H2 N N 

~ C I C2 ~ C2 

NACCO 
Powhatan No.6 1.22 2.96 0.47 0.02 0.02 

Meigs No.2 0.91 2.14 0.37 0.02 0.03 
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Table V. Binding energies of detected elements in coal dust. 

Sample C Is Si Is S 2p3/2,1/2 o Is N Is 

Powhatan #6 Mine 

Mine dust 285.0 
288.4 106.4 
290.6 109.3 538.6 

Laboratory 
generated 285.0 101.4 533.5 

Bulk Coal 285.0 101.2 164.2 533.8 

Bruceton 285.0 101.8 533.6 

L25144 285.0 101.8 533.4 

L23589 285.0 102.2 533.6 

L23592 285.0 101.6 533.6 

L25956 285.0 102.4 534.0 

L25828 285.0 102.2 534.0 400.0 
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carbon in limestone; but, in order to prove this point, an ESCA spectrum of a sample of 

the limestone used in the mine must be evaluated. The bulk coal slice shows one main 

carbon peak with tailing to the high binding energy side. The differences that appear in 

these samples could be due to factors such as high temperature and fracturing of coal in 

the mine. 

Although silicon represents only about 0.25% of coal weight, it is readily detected 

III bulk coal and samples collected on silver membrane filter. ESCA signal is directly 

related to photoelectric cross-sections for which silicon is fairly large. Figure 13 shows 

the Si Is ESCA spectrum of a bulk coal slice. The Si Is peak for the actual mine dust 

sample was difficult to determine because of the filter substrate used. The dust samples 

collected on quartz filter (electrical insulator) undergoes a charging effect in the spec

trometer that causes the observed binding energy to shift to higher values. Another fac

tor to note from Table V is that sulfur is not observed for the majority of samples. This 

is due to the m~king of the sulfur ~eak by the energy loss spectrum of the Si2s peak. 

SEM results obtained determined morphology and size distribution of coal dust 

particles of samples examined. This is important when one considers that size, in addi

tion to composition, of coal dust is important to the control of mine dust. SEM shows 

that particles of dust from the sample are in the respirable size range with some ranging 

down to the submicron level. Figure 14 shows the particle size distribution of that sam

ple. Although the observed particle size distribution shows the number distribution to 

decrease with increasing particle size, the area distribution shows an increase to the 

expected fractionation cut-off point. The implication of this is that one would expect a 

greater degree of chemical activity in the larger size ranges of respirable particles since 

they represent a greater range of exposed area. 

In examining the morphology of coal dust, the particles showed fractured planes 

and were rather angular in shape. These characteristics seem to apply down to the smal

lest particles observed. SEM results obtained represent only laboratory-generated coal 
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dust samples. Because of lack of mine dust samples collected on suitable substrate, we 

were unable to determine if these results would apply with actual mine dust samples. 
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Conclusion 

Analysis of laboratory-generated coal dust samples by EGA has shown that this 

analytical technique can be used for differentiation and identification of coal dust. The 

CO2 thermograms obtained show that carbon was evolved according to the combustion 

temperatures of its components. The H20 thermograms showed hydrogen evolving con

currently with carbon, with the majority of hydrogen being associated with the low

temperature carbon. This implies the low-temperature carbon is saturated and the high

temperature carbon is very unsaturated. The NOx thermograms showed that nitrogen is 

associated with the unsaturated carbon component, which is probably a heterocyclic 

group. From the thermograms, information concerning fractional percentages of the 

major carbon components and elemental ratios can be determined. The values of specific 

attenuation can also be calculated. As would be expected of particles showing this size 

distribution, the "blackness" per unit carbon mass (specific attenuation) is substantially 

lower than one observes in combustion-generated aerosol particles. 

EGA can also differentiate samples ~btained from the same mine but prepared for 

analysis by different methods. Volatile organic carbon was observed in the laboratory

generated and mine dust sample bu t not in the bulk coal. This volatile fraction arises 

from absorption of hydrocarbon gases by small dust particles. The mine dust sample 

showed a mineral carbonate peak in the CO2 thermogram, whereas the other two sam

ples did not, probably due to limestone used in dust suppression operations. 

The EGA thermograms showed the difference between dust samples analyzed after 

coal is freshly ground and those analyzed after coal is exposed to the atmosphere and 

allowed to age for seven months. The differences in the relative amoun ts of the two car

bon peaks were attributed to surface oxidation. The thermograms of the two actual mine 

dust samples available for analysis showed substantial similar.ities. They both showed 

the presence of volatile fractions and mineral carbonate peaks. 
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EGA has proven to be very promising in the analysis of coal mine dust. It requires 

only a very small sample size and gives a great deal of information in a short period of 

time. 

ESCA results obtained have shown that collected coal dust particles contain car

bon, oxygen, nitrogen, and sulfur. ESCA can also differentiate between samples from the 

same mine but prepared for analysis by different methods. The major differences are evi

dent in the C Is spectrum. ESCA has shown that surface characteristics of laboratory

generated and actual mine dust samples are indeed different. 

SEM has show~ that particles of laboratory-generated coal dust samples are in the 

respirable range with some ranging down to the submicron level. The particle size distri

bution showed the number distribution to decrease with increasing particle size; how

ever, the area distribution showed an increase to the expected fractionation cut-off point. 

The morphology of coal dust particles showed fractured planes and were angular in 

shape. These characteristics apply only to laboratory-generated dust particles because we 

were unable to obtain mine dust samples on a suitable substrate for comparison. 

-.. 
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