15" North American Mine Ventilation Symposium, 2015 — Jong, E., Sarver, E., Schafrik, S., Luxbacher, K.
© 2015, Virginia Tech Department of Mining and Minerals Engineering

Considerations for TGA of Respirable Coal Mine Dust Samples
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“Virginia Tech, Blacksburg, Virginia, USA

Respirable dust 1n underground coal mines has long been associated with occupational lung diseases, particularly
coal workers” pneumoconiosis (CWP) and silicosis. Regular dust sampling is required for assessing occupational
exposures, and compliance with federal regulations 1s determined on the basis of total respirable dust concentration and
crystalline silica content by mass. In light of continued incidence of CWP amongst coal miners, additional information
1s needed to determine what role specific dust characteristics might play in health outcomes. While particle-level
analysis 1s i1deal, cumrent time requirements and costs make this simply unfeasible for large numbers of samples.
However, opportunities do exist for gleaning additional information from bulk analysis (i.e., beyond total mass and
silica content) using relatively quick and inexpensive methods. Thermogravimetric analysis (TGA) may be a
particularly attractive option. It involves precise sample weight measurement 1n a temperature controlled environment,
such that weight changes over specific temperature ranges can be correlated to chemical changes of particular sample
constituents. In principle, TGA offers the ability to determine the coal and total mineral mass fractions in respirable
dust samples. Such analysis could conceivably be combined with standard methods currently used to measure total
mass and silica content. Under some circumstances, TGA might also be extended to provide information on specific
dust constituents of interest (such as calecite). In this paper, we consider the benefits and challenges of TGA of
respirable coal mine dust samples, and provide preliminary results and observations from ongoing research on this
topic.
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1.Introduction well as exposures to specific types of particles based on
their composition, size or shape. Moreover, the mining
methods and mine sizes may also contribute to unique dust
exposures. Continuous miners are generally employed with
auxiliary support (e.g., roof bolting and shuttle car
haulage), and most jobs have the potential for dust
generation. Also, due to relatively small crews, many
miners can perform a vanety of jobs and thus work mn a
variety of conditions.

Over the past several decades, significant progress has
been made toward improving worker health and safety at
coal mining operations in the US [1,23]. However,
respirable dust (1.e., particles less than about Sym in
aerodynamic diameter) is still a serious concern because
exposures are associated with nisks of occupational lung
diseases, namely Coal Workers’ Pneumoconiosis (CWP)
and silicosis [4]. These diseases can severely decrease
quality of life by limiting lung function, and in some cases
may lead to progressive massive fibrosis (PMF), and can

ultimately be fatal [4.5]. 1.1 Current Sampling and Analysis Methods for

Respirable Coal Mine Dusts

In May 2014, the Mine Safety and Health
Administration (MSHA) released a new rule regarding
respirable coal mine dust exposures [10]. By August 2016,
the permissible exposure limit (PEL) will be reduced from
20 to 1.5 mg/m’ in production areas of mines; and from

While federal regulation along with a variety of
technological and operational advancements have resulted
i a significant decline of such diseases, incidence remains
unacceptably high — particularly in parts of Central
Appalachia [6-8]. In some areas of this region, there
appears to even be an increase in the incidence of CWP
and silicosis [1,6-8]. While the reason(s) for this has yet to
be definitively determined, some explanations point to
unique mining conditions in this region. Indeed, these
mines employ a smaller workforce operating in thinner
seams of coal [3,0,79]. The reduced seam heights lead to
mining of rock strata above and below the coal (1e. the
roof and floor), which may increase total dust exposures as

10 to 0.5 mg/m’ in entries used for ventilation and for
“Part 90" miners (1.e., individuals already diagnosed with
CWP). Moreover, in mines where respirable dust i1s
comprised of greater than 5% quartz (by mass), the PEL 1s
decreased to a mine-specific PEL in order to reduce health
nisks (see Ref) [1.10,11]. If a mine has silica content
greater than 0.5 mg/m’, extended cuts with a continuous
miner (1.e. production cuts greater than 20 feet prior to roof
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bolting) are also prohibited. [11]. To demonstrate
compliance with the regulatory limits, personal dust
monitoring 1s required for miners working in designated
occupations which are identified by the increased nisk for
high dust exposure, such as the continuous miner or roof
bolter operator [10,12,13]. Additionally, operators take
samples 1n designated areas, including areas in the working
face that are known for high dust generation for
atmospheric concentrations and potential exposure for
workers [10]. The new dust rule requires that compliance
monitoring now be conducted when production 1s at least
80% of full production levels (1.e., as opposed to the 50%
threshold that was required previously) [10].

Presently, dust monitoring involves collecting a full-
shift sample with a permissible pump (ie., certified
itrinsically safe), sampling tube, and Dorr-Oliver cyclone
(nylon, cut pomnt of ~4 ym). Samples are collected onto
polyvinyl chlonide (PVC) filters of known weight housed
in pre-assembled cassettes [12,14]. The pump is run at a
flow rate of 1.7 L/min to mimic the rate of human
respiration [12,14]; it 1s tumed on when the miner enters
the mine and left running until the miner returns to the
surface. The sample 1s then shipped to a certified lab for
analysis.

Analysis of respirable dust samples currently includes
two results: the total sample weight, which can be
converted to a mass concentration of exposure (mg/m’),
and the mass fraction of erystalline silica in the sample.
The sample weight 1s determined gravimetncally (1.e., by
difference between the filter weight before and after
sample collection) [12,14,15], and the silica fraction is
determined by infrared spectroscopy (IR) by either NIOSH
Method 7603 or MSHA Method P7 [16.17]. For both
methods, the PVC filters are ashed to remove organic
matter (1e. coal dust and the filter) and unoxidized
matenial is redeposited on a vinyl acrylic copolymer filter,
which can be scanned with IR [16.17].

As of February 1, 2016, compliance monitoring will
also include use of the continuous personal dust monitor
(CPDM) for miners working in high-dust areas [10]. The
CPDM 1s a wearable unit that allows quasi real-time
monitoring of total respirable dust exposures by measuring
incremental changes in the weight of a filter as it collects
dust over time. The idea 1s that miners can track their
exposures durning their work and make timely decisions to
reduce their health nisks. The CPDM does not allow for
determination of silica content in respirable dust, and so
silica must still be measured on samples collected and
analyzed as described above. In order to provide more

timely information regarding silica exposures, NIOSH is
currently researching methods for direct-on-filter analysis
that could be used immediately following sample
collection (1e., end of shift) [12,13.18-20]. While an
ultimate goal would be real-time measurement of silica,
end-of-shift results would certainly be an improvement
over current methods.

1.2 Needs for Expanded Analysis

The field 1s indeed advancing toward faster capabilities
for quantifying respirable coal mine dust exposures by
total concentration and silica content, the two focal points
of current regulation. But many other exposure aspects
may be useful in understanding health nisks and effects,
particularly in light of apparent differences 1 lung disease
rates between various coal mining regions [1,57].
Regarding the dust itself, characteristics such as particle
shapes, sizes and chemistnies may all be important. For
instance, particle size and shape may play a role in the how
well dust can penetrate and become embedded in lung
tissue [10,21], and a combination of size and chemistry
may influence the relative reactivity of particles within the
respiratory  system [2122]. Ideally, many individual
particles could be analyzed to determine distributions of
these charactenistics. In reality, this 1s possible by methods
such as scanning electron microscopy with energy-
dispersive x-ray (SEM-EDX) — but far from feasible at
large scale due to costs and time requirements [17].
However, there is potential to gather more data from dust
samples than 1s currently done, without having to examine
individual particles.

An objective of ongoing research by the authors is to
develop efficient and relatively inexpensive methods for
expanded analysis of respirable coal mine dust samples.
Currently, we are focused on opportunities for using
thermogravimetric analysis (TGA).

2.Thermogravimetric Analysis

TGA 1s used to monitor weight change of a sample as 1t
1s exposed to changing temperature in a given atmosphere
[23]. Weight change 1s generally plotted as a function of
temperature or time on a thermogram [2324], and this
information can be interpreted to understand chemical
changes in the sample as it 1s heated. In some cases, TGA
can be combined with additional analyses (eg., to
characterize the volatiles or reaction products that are
generated as a sample decomposes) [23,25-28]. In the



context of coal, TGA has long been used to conduct
proximate analysis, in which the goal 1s to determine the
ash content of the coal (i.e., the non-combustible mineral
fraction) [29-31]. TGA has also been used for rank
classification of coal samples [30].

The TGA instrument is comprised of two key
components: the fumace and the balance. With tight
control over the fumace chamber conditions (1e.,
temperature and atmosphere) and a highly sensitive
balance, experiments can be conducted with very good
precision — for instance, allowing measurements of weight
changes on the order of just a few pg. This ability has
allowed proximate coal analysis to be done on very small
sample sizes [29,30]. It also potentially provides an option
for analysis of respirable dust samples from coal mines,
which are typically on the order of tens to hundreds of pg.

2.1 Considering TGA for Respirable Dust Samples

At present, we are investigating the efficacy of TGA to
estimate the mass fractions of coal (1e., organic) and
mineral (1.e., inorganic) content in respirable dust samples.
For a very basic estimate, TGA of dust samples can be
treated as analogous to proximate analysis of bulk coal
samples: The coal content 1s oxidizable, and so 1s assumed
to totally degrade (1.e., loose all of its mass) duning the
TGA process; whereas the mineral content does not
appreciably degrade or react, and so the remaining residue
at the end of the TGA expenment is taken as the total
mineral mass. Figure 1 illustrates hypothetical
thermograms for this general example.
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Fig. 1. Hypothetical thermograms for (a) direct-on-filter and (b)
dust-only TGA of a respirable coal mine dust sample. For the
direct-on-filter conceptualization, the filter media is assumed to
decompose completely prior to coal oxidation.

In reality, the inorganic matter in a dust sample from a
coal mine may include a number of different minerals from
different sources. Minerals such as silica, silicates, or
carbonates may be associated with shales or sandstones
that make up roof or floor rock; and minerals such as
pyrite or chlonide salts may be ingrained in the coal seam.
Of these, only carbonates are expected to react
significantly within the same temperature range as coal.
Carbonates can thermally decompose to mineral oxides
and carbon dioxide, with the conversion of calcite (CaCO;)
to calcium oxide and carbon dioxide (CaO + CO,) being a
common example [1825-28]. Thus, a more accurate
estimate of coal and mineral fractions within a dust sample
by TGA might necessitate separation of coal oxidation
from carbonate decomposition.

The issue of carbonate content in coal mine dust
samples 1s further complicated by “rock dusting”™ activities.
Rock dust i1s prnimarnly composed of caleite and/or
dolomite (CaMg(CO3),), and dusting 1s required 1n certain
areas of mines to prevent propagation of coal dust
explosions [32]. In areas with heavy rock dust
applications, or when the rock dust product has a high
proportion of very fine particles, rock dust might
contnibute significantly to the total respirable dust
concentration [32]. TGA of samples from such areas
should therefore consider calcite and/or dolomite,
specifically; otherwise a simple proximate analysis
approach as described above may overestimate the coal
dust fraction.

The potential for using TGA to specifically estimate
rock dust mass in a sample may also be of interest because
1t could allow operators to understand the influence of their
rock dusting programs on respirable dust concentrations in
the mine environment. As dust exposure limits are reduced
with new regulation, understanding which activities are
contnibuting dust 1s cntical for compliance efforts. While
the main components of rock dust are not generally
considered to adversely affect lung health, regulatory dust
limits are currently aimed at total dust concentration (and
silica mass content) — and so even innocuous dust particles
are conceming.

3. Development of a TGA Method for Respirable
Coal Mine Dust Samples

In principle, TGA of coal mine dust samples could be
done as an intermediate step between current standard
methods for assessing the total weight of a sample and its
mass fraction of silica (1.e., NIOSH 7603 or MSHA P7)
[16,17]. As illustrated in Figure 1, TGA might be done



directly on the filter used to collect the dust sample, or on
dust that has been removed from a filter. In either case, due
to very small sample masses, a very sensitive TGA
nstrument 1s required.

For development of TGA method for respirable coal
mine dust samples, we are wusmng a Q500
Thermogravimetric Analyzer (TA Instruments, New
Castle, DE). The Q500 employs a microbalance with 0.1pg
resolution, and its vertical furmace eliminates some thermal
influence on the balance [25,33]. The mnstrument 1s highly
programmable, such that users can create precise methods
that may be run without interference. Our instrument is
also equipped with an autosampler, which provides the
ability to run up to 16 separate samples in sequence.
Platinum sample pans are used due to their inertness across
a wide temperature range and because they are easy to
clean.

To date, our method development work has focused on
both direct-on-filter and dust-only TGA of respirable coal
mine dust samples.

3.1 Direct-on-filter TGA

For a direct-on-filter method, the idea 1s simply to
“ash” the entire sample filter in the TGA instrument. As
such, an understanding of the filter media behavior as it 1s
heated, and any potential interactions between it and the
sample matnx, 1s needed. Ideally, the filter media:
decomposes in a separate temperature range from the
sample matrix; 1s highly uniform with respect to its ash
content; and can be folded to fit in the TGA pans without
significant mass loss. Considering the relative weight of
filters (1.e., tens of mg) versus a typical dust sample (1e.,
tens to hundreds of pg), decomposition of the filter at a
different temperature than the coal (and other sample
components such as calcite) 1s particularly important.
Moreover, compatibility of the filter media with current
dust sampling and analysis protocols should be considered.

Thus far, two filter media types have been evaluated:
PVC and MCE (mixed cellulose ester). Both filter types
are available in the 37 mm size commonly used for dust
sample collection 1n underground coal mines, and both can
be used for respirable dust sampling, specifically [34,35].
Table 1 provides a comparison of key charactenistics, with
favorable characteristics denoted by a star.

Table 1. Comparison of PVC and MCE filter media
charactenistics.

PVC MCE

*

Static charging possible *

Non-hygroscopic ~ [lygroscopic

Low static charging

Some ash content w Vistually ashless

Tears easily

® Pliable

PVC 1s currently used for respirable dust sampling 1n
coal mines, and so is favorable from the perspective of
utilizing TGA as an intermediate step between current
gravimetric (1.e., total dust sample weight) and silica
content analyses. However, PVC filters generally have ash
content, which could complicate determination of mineral
content in the dust sample matrix; and they also are subject
to static charging issues [35]. MCE, on the other hand, 1s
considered ashless and not susceptible to static buildup
[34]. But the materal 1s relatively hygroscopic, meaning it
can easily absorb moisture, and this 1s problematic from
the standpoint of current gravimetric analysis (ie.,

accurately determining the dust sample weight 1s difficult)
[34].

3.1.2 Summary of Experiments and Results

To test the suitability of PVC and MCE filters (37 mm,
Sum pore size) for direct-on-filter TGA of respirable coal
mine dust samples, preliminary experiments were
conducted (see [36] for more details). Blank filters of each
type (n=20) were ashed under a vanety of conditions to
observe their behavior; and several samples of pulverized
raw coal (with varying mineral content) have also been
ashed to simulate a dust sample that might be collected
underground. Figure 2 shows typical thermograms for
PVC, MCE and coal dust TGA experiments conducted in
air (1e., oxidizing environment). The main observations
from these experiments were:

* Coal oxidation occurs above about 425°C; at lower
temperatures, some moisture and volatiles are also
lost.

« PVC filters weight between about 15-18mg. They
decompose in two primary stages (1.e., around 285°C,
and then above about 450°C); the latter stage overlaps
significantly with coal oxidation. The weight change
ratio between these two stages of decomposition 1s not
reproducible enough to predict the weight change in
the coal oxidation region with sufficient accuracy. Ash
m PVC filters tested is highly reproducible and



accounts for about 0.13 + 0.02% of total filter weight.
Static charging was not observed to be a significant
1ssue.

« MCE filters weigh between about 35-37mg. They
decompose primarily below 425°C (i.e., loosing about
98 5% of their weight), and the weight change ratio
between decomposition before 425°C and after is
highly reproducible. MCE ash content 1s also highly
reproducible, and accounts for about 0.03 + 0.01% of
the total filter weight. Filter pliability can be increased

misting the filters with high punty water dunng
folding.

Based on these observations, further experiments
were run where raw coal was pulvenized and collected
onto PVC and MCE filters. Because the PVC filters
are non-hygroscopic, the dust sample weight could
easily be determined by weighing the filter before and
after dust collection. A Sartorius Cubis Microbalance
(Bohemia, NY) was used for this.).
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Fig. 2. Example thermograms for blank PVC and MCE filters (primary y-axis) and a raw coal sample (secondary y-axis). The
PV(C filter has two regions of weight loss, which span relatively wide temperature ranges, whereas the MCE filter losses most of
its weight in one very narrow region. Coal oxidation is significant at temperatures above about 425°C.

For the MCE filters, pre- and post-weighing the filter
may not provide an accurate sample weight due to
moisture uptake, so the idea was to interpret the TGA
results to determine the dry sample weight (1.e., by using
the known filter decomposition rate and ash content as
previously determined

For the dust on PVC filters, the coal and muneral
fractions could be determined with good accuracy (i1e., as
compared to the known ash content of the coal sample
used to generate the dust). The coal and mineral fractions
were determined using a simple proximate analysis
approach: the dust sample weight was found as the
difference between pre- and post-collection filter weight;
the dust mineral weight was found as the difference
between the final residue weight and the known ash
content of the filter; and the dust coal weight was found as
the difference between the dust sample weight and the dust
mineral weight. Such analysis could certainly be

conducted between curmrent gravimetric and silica analyses
for respirable dust samples; indeed, a sensitive TGA i1s not
even needed for this, only the fumace and appropnate
microbalance that are already used. However, this
approach does not allow for determination of specific
mineral components (e.g., calcite) of a dust sample.

Despite promising results from experiments on raw
coal matenal and MCE separately, results from TGA of
dust on these filters proved that direct-on-filter analysts 1s
likely not possible. Figure 3 illustrates the reason for this.
When the MCE begins to decompose just below 200°C, it
appears that the coal particles immediately oxidize as well.
As can be seen in the figure, the weight loss around this
temperature associated with the dust-laden filter accounts
for more than the filter weight; it also accounts for loss of
most of the dust itself. This result was not initially
expected, since in coal matenal-only expenments the
primary weight loss did not occur until temperatures above



425°C. However, the result makes sense when considering size of the particles, and hence their large surface area, this
that, although the furnace chamber temperature may only result 1s not so surprising in retrospect. This explanation 1s
be around 200°C when the MCE filter decomposes, the supported by the small spike in fumace chamber

local temperature where this reaction is happening should
be much greater, and thus triggered spontaneous
combustion of the coal particles. Considening the very fine

temperature that can be seen Figure 3.
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Fig. 3. Thermograms (weight on the primary y-axis vs. time) for a blank MCE filter and an MCE filter with dust generated from a
raw coal sample; temperature is shown on the secondary y-axis. The difference in initial weights is about 80pg, with the dust-
laden filter being heavier than the empty filter; the difference in filter weights after the significant decomposition just above
200°C is about 30pg, with the dust-laden filter now being lighter than the empty filter. This result indicates that the coal dust
spontaneously combusted when the MCE filter decomposed. The fumace chamber temperature spike indicates that the MCE
decomposition did indeed create significant heat.

In summary, direct-on-filter TGA using PVC
filters 1s possible, but will not likely yield results that
provide insights beyond a basic ratio of oxidizable to
nonoxidizable content in a dust sample. Direct-on-
filter TGA using MCE does not appear favorable at
all, since the hygroscopic nature of the filters makes
dust sample weight difficult to determine directly,
and sample decomposition cannot be distinguished
from filter decomposition duning the TGA procedure.

Moreover, if determination of rock dust content in
respirable coal mine dust samples 1s important, the
sample will likely need to be removed from filters
prior to TGA. This 1s because, similar to the effect
that MCE filter decomposition has on spontaneous
coal oxidation at relatively low furnace temperatures,
calcite and dolomite may thermally degrade earlier
than expected when in contact with the MCE
material. Altematively, an inert filter across the
temperature range required to completely oxidize
coal particles (e.g., glass fiber) might provide an
option for direct-on-filter TGA with the opportunity

to estimate rock dust content. However, this option
could not be easily integrated between the current
standard methods for gravimetnic and silica content
analyses.

3.2 Dust-only TGA

To increase resolution of TGA results and allow
for evaluation of specific components of a respirable
coal mine dust sample, particles may be removed
from the filter on which they were collected. In
prnciple, dust removal can be done on any filter —
including perhaps the small glass fiber filters that are
used in CPDMs. A procedure similar to that
described in the sample preparation sections of the
NIOSH 7603 or MSHA P7 can be used; in these
methods, it is necessary to remove the silica-
containing residue from a secondary filter following
ashing of the PVC sample collection filter. In short,
the filter 1s submersed 1n a tube of 1sopropanol, which
is then bmefly placed in an ultrasonic bath (or
sonicator). The ultrasonic energy shakes the dust




particles from the filter, which can then be removed
from the tube, and the 1sopropanol is then evaporated.
The residue in the tube then contains the dust
particles. A fundamental assumption for a dust-only
TGA method will of course be that the dust removed
from the filter 1s representative of the entire sample
on the filter.

3.21  Preliminary  Observations  Regarding
Feasibility of Dust Removal

Preliminary expeniments are underway to
investigate the feasibility of removing respirable dust
from PVC and MCE filters (37 mm, Sum pore size)
that are compatible with approved dust sampling
pumps for underground coal mines, and also the glass
fiber filters that are specifically manufactured for use
with the CPDM. Based on the interference between
filter decomposition and coal dust oxidation observed
during direct-on-filter TGA expeniments, one major
goal of the current work is to determine how to
maximize dust particle removal while minimizing
filter degradation that results in filter media particles
being present in the removed dust sample.

To date, several important observations have been
made regarding MCE and PVC filters:

* Isopropanol is not an approprniate medium for
conducting the ultrasonic dust removal. In both
cases, the filter media react with the 1sopropanol.
Testing is ongoing with deionized water, which
appears promising.

« For blank filters, sonication times of 0.5-3.0
minutes appear to have similar effects on filter
degradation, meaning that similar amounts of
filter residue result from these times. The residue
1s on the order of tens of pg, which should
dramatically reduce the tendency for filter
decomposition to spur dust decomposition
duning TGA of removed dust samples.
Sonication for longer periods of time results 1
the filters breaking down significantly, and thus
a significant mass of filter residue may end up 1n
dust samples removed from the filters.

* TGA of residue from sonication of blank filters
shows similar results to TGA of the blank filters
themselves. This indicates that filter particles

present 1 removed dust samples should behave
similarly

*  Significant dust can be removed from filters. At
present, it appears dust removal from the CPDM
filters 1s more efficient than from PVC and MCE
filters. This 1s likely due to the smaller surface
area of the CPDM filters (1e.., 14 mm in
diameter), which allows a thicker layer of dust to
accumulate vs. the 37 mm filters.

While TGA expeniments on dust removed from
filters has not yet been completed, the above
observations provide some promise that a method can
be developed.

3.2.2 Determination of Rock Dust Fraction

Experiments are also underway to evaluate the
feasibility of determining the rock dust fraction of a
respirable dust sample collected m a coal mine. To
date, reagent grade calcite and a real rock dust
sample (raw limestone with calcite as the major
fraction and dolomite as a minor fraction) have been
mvestigated. A TGA method has been developed
which appears capable of distinguishing caleite and
likely dolomite from coal dust

Figure 4 provides example thermograms of
caleite, raw limestone and coal dust separately (top),
and samples contamning both the raw limestone and
coal dust (bottom). The coal dust was generated from
a raw coal sample as in other previous tests. The
TGA method requires precise control over the
fumace chamber. As noted on the figure, there are
four primary phases of sample weight change durning
the method.

Dunng the first phase of the TGA method only
moisture and the small amount of volatiles from the
coal are lost as the sample 1s heated to about 380°C.
In the next phase, presumably the magnesium
carbonate portion of the dolomite mineral lattice is
converted to an oxide between about 380 and 400°C.
In the third phase, the coal i1s oxidized as the
temperature 1s ramped to about 500°C, and then the
chamber is held isothermal for a relatively long
period of time to ensure that coal oxidation is
complete. The weight change in this phase is thus
estimated to be the dry pure coal weight (1.e., non-
volatile portion of the coal dust). In the final phase,
the calcite 1s converted to calcium oxide as
temperature 1s ramped to about 750°C, and held
1sothermal for some time again.



The residue (1.e., final weight) at the end of the
experiment can be attributed to the calcium oxide and
other mineral matter in the coal dust. Taking the
weight change of the sample in the in the second and
fourth phases of the method as the weight of carbon
dioxide released during magnesium carbonate and
calcite conversion, a stoichiometric relationship can
be used to estimate the weight of these constituents in
the sample, and also the weight of their resulting
oxides. Finally, the difference between the
experiment residue and the estimated oxide weights
can be used to estimate the non-carbonate (1.e., inert)
mineral weight in the coal.

As descnbed, the developed method and
determination of dust sample components (1.e., coal,
carbonates, and all other mineral matter) does assume
that rock dust 1s comprised completely of carbonates—
which 1s not a practical assumption in many cases.
However, the method and calculations can easily be
adjusted based on more accurate assumptions. We are
currently developing a modified TGA method to
allow for determination of magnesium carbonate,
which 1s associated with rock dust products
contaimning significant dolomite. And since rock dust
products are often assayed to determine fractions of
caleite, dolomite and minor minerals, such
information can be used to come up with mine-
specific calculations. Regardless, the fundamental
TGA work appears very promising in this area.

4. Conclusions and Future Work

There are undoubtedly needs for enhanced
understanding of respirable dust characteristics in

coal mines. TGA provides great potential for very
simple determination of coal to total mineral ratios —
analogous to proximate analysis of bulk coal
samples. Such information could help provide
insights into the sources of respirable dusts, and
allow an additional basis of comparnson between
dusts from different mines, different areas of the
same mine, or generated under different conditions.
As well, TGA may provide opportunities to estimate
more specific mass fractions of dust samples — such
as the fraction associated with rock dust products.

The preliminary results and observations
presented here reveal that direct-on-filter TGA of
samples collected on PVC filter media may provide
at least some information about coal vs. mineral
fractions of respirable dust. Moreover, such analysis
could be easily integrated into current standard
methods for gravimetric and silica content analyses.
For more accurate estimation of coal and mineral
fractions, as well as the rock dust fraction
specifically, dust-only TGA appears promising.

Continuing research 1s focused on optimizing the
efficiency of dust removal from multiple filter types,
and determining detection limits with regards to dust
sample weights. Work 1s also needed to further
develop the TGA method(s) appropriate for calcite
and dolomite estimation. Complementary analyses to
TGA methods for respirable coal mine dusts samples
are additionally being considered, such as examining
residue from TGA experiments with SEM-EDX to
allow identification of specific mineral particles.
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Fig. 4 Example thermograms for reagent grade calcite only, raw limestone only and raw coal dust only (top), and samples
containing both raw coal and raw limestone dust (bottom). The TGA experiment method used here includes four major phases,
which drive off moisture and volatiles at temperatures less than about 380°C, convert a minor fraction of the limestone to an
oxide between about 380 and 400°C oxidize coal particles between about 400 and 500°C, and convert calcite to calcium oxide
between about 500 and 750°C. The residue at the end of the experiments represents calcium oxide and/or inert mineral content in
the raw coal.
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