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EFFECTS OF COAL VOLATILITY, PARTICLE SIZE,
AND METHANE ADDITION

K. L. Cashdollar and M. Hertzberg
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ABSTRACT

The Bureau of Mines has conducted a systematic study of the rock dust inerting
requirements for various coals, using a 20-L Taboratory test chamber. Particle
sizes of the coals ranged from very fine pulverized dusts to coarse (minus

20 mesh) dusts. The data show that, with respect to the rock dust inerting
requirement, the particle size of the coals has as much of an effect as the
standard volatility. In testing various CaCO3 rock dusts against a bituminous
coal dust, the finer sized rock dusts were more effective. The laboratory rock
dust inerting data also showed reasonable agreement with full-scale mine data.
Laboratory data on the effect of added methane gas also showed good agreement
with mine data.

INTRODUCTION (Cashdollar and Hertzberg 1985);
data from these chambers agreed
There have been over 500 major dust reasonably well with those from mine
and/or gas explosions in United tests.
States coal mines during the past
100 years (Nagy 1981). The frequency The 20-L chamber has become the
and magnitude of these explosion standard laboratory test chamber at
disasters have decreased as a result the Bureau for testing the
of regulations that require the explosibility and inerting of fuel
addition of rock dust to the coal dusts and gases. Some data on the
dust and that require the dilution of explosibility of coals and other
methane by ventilation air. However, carbonaceous dusts as measured in
the explosion hazard has not been the Bureau 20-L chamber have been
completely eliminated, and major coal reported previously. Those previous
mine explosion disasters still occur. papers have discussed the inerting
of a high volatile bituminous coal
The Bureau of Mines has been studying by various inhibitors (Hertzberg et
dust explosions in both laboratory al 1985), the ignition energy
and full-scale experimental mine requirements for accurate
tests since 1910. In the United measurements of flammability limits
States, the mining regulations have of dusts (Hertzberg et al 1988a), a
always been based on the results of volatility model for coal dust flame
the full-scale mine tests. propagation (Hertzberg et al 1988b),
Laboratory chambers have been used a comparison of laboratory and mine
for preliminary screening tests research on lean explosibility
before full-scale mine tests were limits and rock dust inerting of
conducted. Because the laboratory various coals (Cashdollar et al
tests can be conducted in a much 1987), and the effect of volatility
shorter time than the mine tests, a on the explosibility limits of coals
wider range of coal types and sizes and other carbonaceous dusts
can be studied in the laboratory (Cashdollar et al 1989).
chambers. During the past dozen
years, the Bureau has designed an The present paper compares 20-L data
8-L laboratory chamber (Hertzberg and on the limestone rock dust inerting
Cashdoilar 1977 and Cashdollar et al of three bituminous coals with data
1983) and a 20-L laboratory chamber from full-scale mine tests. There
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is also new 20-L data on the rock
dust inerting of various sizes of
bituminous coals. In this paper, the
terms "flammability" and
"explosibility" are used
interchangeably to refer to the
ability of an airborne dust cloud to
propagate a flame after it has been
initiated by a sufficiently strong
ignition source. The terms refer to
a rapid deflagration and not a
detonation.

EXPERIMENTAL APPARATUS AND DUST
ANALYSES

The dust explosibility data in this
paper were obtained in the 20-L
laboratory chamber (Cashdollar and
Hertzberg 1985) shown in figure 1.
The near-spherical chamber is made of
stainless steel and has a pressure
rating of 21 bar. Optical dust
probes (Cashdollar et al 1981) are
used to measure the uniformity of the
dust dispersion. The strain gauge
pressure transducer measures the
explosion pressure and a
differentiator amplifier allows the
direct measure of the rate of
pressure rise. The dust to be tested
can be placed either in the dust
reservoir or on top of the dispersion
nozzle at the bottom of the chamber.
The standard test procedure was to
partially evacuate the chamber to

0.1 bar absolute so that the blast of
air (which dispersed the dust) raised
the chamber pressure to about 1 bar
absolute at the time of ignition.

The standard ignition source used for
the rock dust inerting measurements
was a 5,000 J electrically activated
pyrotechnic ignitor.

The proximate analyses of the four
bituminous coals that were tested
most extensively are listed in

table 1. The coals were desiccated
before testing, as shown by the low
moisture contents in the table. The
standard ASTM volatilities are listed
for reference only. Other
measurements have shown that the true
volatilities are higher at the high
heating rates found in dust flame
fronts (Hertzberg and Ng 1987,
Cashdollar et al 1989).
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Figure 1. - Vertical cross section
of the 20-L laboratory test chamber.

The particle size analyses for the
various pulverized batches of these
four bituminous coals are listed in
table 2. The size distributions
were determined from a combination
of sonic sieving data and Coulter
counter data. The first column
lists the coal seam and identifies
the various batches of each seam by
number. The Pittsburgh seam is
abbreviated as Pgh and the
Pocahontas as Poc. The second and
third columns 1ist the weight
percent of each dust that is less
than 20 or 75 um, respectively. In
the fourth and fifth columns, Dg is
the arithmetic surface mean diameter
and D, is the arithmetic volume or
mass mean diameter. Since particle
size distributions generally
approximate a log-normal
distribution, the geometric size
parameters are also listed in the
table in the sixth and seventh
columns. In the sixth column, D
the geometric mass mean diameter:
If the size distribution were
exactly log-normal, Dg would also be

is



Table 1: Proximate analys

es of selected coals

Coal dust, Moisture, |Ash, [Volatility, Fixed
seam and state % % % carbon, %
Sunnyside, UT 0.8 6.6 38.5 54.1
Pittsburgh, PA 0.9 6.0 36.5 56.6
Freeport, PA 0.9 7.6 22.5 69.0
Pocahontas, VA 0.6 6.0 17.1 76.3
Table 2: Size analyses of the pulverized coals
<20 pm, (<75 pm, |Dg, |Dy, Dg, 0g
Coal dust % % Jum |pm |um
Sunnyside-1 12 83 |36 |52 (44 |1.8
-2 25 73 |24 |62 |40 |2.7
-3 41 86 |17 |40 |26 (2.6
-4 18 100 (28 (38 |33 |1.7
Pgh-1 16 81 |31 |51 (40 |2.0
-2 24 100 |25 {35 (30 |1.8
-3 47 97 |18 (28 |23 |1.9
-4 100 100 89| 8]1.5
-5 100 100 516 |6 |1.5
Freeport-1 27 73 |23 {55 |37 |2.6
-2 47 97 {16 (29 |22 |2.2
Poc-1 10 78 |38 |55 |46 |1.8
-2 27 65 (19 [63 |39 (3.0
-3 38 75 {18 |60 |32 |3.2
-4 43 86 |16 |40 |25 (2.7
-5 67 94 {11 {23 |15 (2.4
-6 67 100 |13 {17 {16 |1.6
-7 100 100 51615 1(1.5

identical to the mass median particle
diameter. For these pulverized
coals, the size distributions are
close enough to a log-normal
distribution so that Dy usually
differs by only a few percent from
the mass median diameter. In the
seventh column, o4 is the geometric
standard deviatiog based on the
volume or mass distribution. For a
log-normal curve, the characteristic
width of the distribution is from
Dg/o to Dyog- For example, the Pgh-
1 cog1 has Dy = 40 pm and o4 = 2.0.
Therefore, one sigma smaller than the
mean would be Dy/0q = 20 pm and one
sigma larger thgn %he mean would be
Dgo = 80 um. The larger o4 is, the
brogder is the size distribltion.

For a perfectly monodisperse size
distribution, Og would be 1.0. Most
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of the particle size distributions
shown in table 2 are for pulverized
coals from various pulverizers. The
smallest sizes of the Pittsburgh
(Pgh 3,4, and 5) and Pocahontas (Poc
6,7) seam coals were centrifugally
classified.

Table 3 1ists similar size data for
the three coarse bituminous coals
that were studied. The second
through fifth columns 1ist the
percent passing through various
sieves or, equivalently, the percent
less than a certain particle size.
For the coarse coals, the size
distributions are skewed and
therefore the mass median diameters
are about 35 to 40% larger than the
listed geometric mean diameters.



Table 3: Size analyses of the coarse coals
-200 mesh, |-100 mesh, |-40 mesh,|-20 mesh, |Ds, |Dy, Dg, 0g
Coal dust <75 um, <150 pum, |<425 pm, |<850 pm, [pm |pm {uMm
% % % %
Sunnyside 20 35 69 100 {92 {311]|199(3.0
Pittsburgh 21 35 67 99 |89 |325|202(3.2
Pocahontas 20 34 67 99 {77 [323]199(3.3

Table 4 1ists particle size data for
the rock dusts used in this study.
The first is the standard limestone
rock dust used at the Bureau for mine
explosion tests. The second is this
same limestone rock dust with 0.5%
magnesium stearate added as a
fluidizing agent to make the dust
disperse more easily. The third is a
sample of the stone dust used in
tests at the Experimental Mine
Tremonia in Dortmund, Germany. The
fourth is a rock dust made from
pulverized marble; this rock dust is
used in some coal mines in the
southern United States. The first
three rock dusts have very similar
size distributions. The marble rock
dust has a higher percentage minus
200 mesh (less than 75 um), but it
also has less fines below 20 pm than
the other rock dusts. The fifth rock
dust in table 4 is the minus 325 mesh
size fraction sieved from the regular
limestone rock dust. The sixth is a
very fine, centrifugally classified
limestone dust.

ROCK DUST INERTING DATA

Figures 2, 3, and 4 are examples of
the rock dust inerting data for Pgh-1
coal in the 20-L chamber. To test
whether a particular percentage of
rock dust will inert a coal, tests
are conducted over a wide range of
coal dust concentrations. Figure 2
shows the explosibility data for
mixtures of 40% fluidized limestone
rock dust and 60% coal dust. In the
top part of the figure, the maximum
rate of pressure rise for each test
is plotted versus the coal dust
concentration. For the 20-L data,
the rate of pressure rise data are
size normalized by multiplying by the
cube root of the chamber volume. In
the bottom part of figure 2, the

pressure ratio is the maximum
explosion pressure (corrected for
the pressure rise due to the ignitor
by itself) divided by the pressure
at ignition (about 1 bar).
Therefore, the pressure ratio (PR)
is approximately the maximum
absolute explosion pressure in bar
or atm. For comparison, the dashed
lines in figure 2 show the data for
the coal dust without any added rock
dust. Based on previous data
(Hertzberg et al 1988a), the
criteria for significant flame
propagat{ n are PR > 2 and

(dP/dt)v 35> 1.5. Using these
criteria the 40% rock dust tests
produced explosions at all cga]
concentrations above ~80 g/m°. At
higher concentrations, the explosion
pressures for the coal-rock mixtures
were slightly lower than those for
the coal by itself. However, the
rates of pressure rise were only
about half of those for the coal
alone.

Figure 3 shows the data for mixtures
of 70% rock dust and 30% coal dust.
For these mixtures, both the maximum
explosion pressures and rates of
pressure rise are significantly
lower than those for the coal alone
or for the 40% rock dust mixture.
However, almost all of the tests at
high concentrations produced
explosions, and therefore 70% rock
dust is still insufficient to inert
the mixture. In figure 4, the data
show that only a few tests at 75%
rock dust produced explosions.
However, more than half of the tests
at coal_concentrations of 200 and
700 g/m3 did produce explosions.
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Table 4: Size analyses of the CaCO3 rock dusts

<20 pm, <75 pm,|Dg, | Dy, Dg, 0g
Rock dust % % lum [pm [pm

Limestone, regular 53 77 |12 (42 (22 |3.2
Limestone, fluidized] 46 73 |14 |49 |26 |3.2
Limestone, German 51 79 (15 {41 124 |2.9
Marble 34 94 |18 |35 (26 |2.2
Limestone, -325 mesh| 75 100 8 (14 |11 |2.1
Limestone, very fine| 100 100 3141411.4

Therefore, the amount of fluidized
limestone rock dust necessary to
completely inert the Pgh-1 coal dust
would be slightly more than 75%.

That conclusion was confirmed by the
fact that tests of an 80% rock dust
mixture produced no explosions at any
concentration.

A summary of all such 20-L data for
mixtures of Pgh-1 coal dust and
fluidized 1imestone rock dust is
shown in figure 5. For each mixture
tested, the average maximum pressure
and rate of pressure rise values
(measured at high coal dust
concentrations) are plotted versus
the amount of rock dust in the
mixture. The pressure ratio declines
only slightly with increased
inhibitor content until a high
percent of rock dust is reached.

Near the inerting level, the pressure
ratio decreases rapidly from a value
of 4 at 73% rock dust to a value of
about 1.1 at 80% rock dust. Based on
the flammability criteria and the
data in figure 5, the amount of
fluidized Timestone rock dust
necessary to inert this Pittsburgh
seam coal is about 76%. This is the
inerting level as measured in the
20-L chamber using 5000 J ignitors.
Because of the possible dependence on
apparatus and the known varijation
with ignition energy, this inerting
level should be considered not as an
absolute value, but rather as a
relative one. This will be discussed
in more detail later in the paper
when the data are compared to mine
test data.

Data similar to those in figures 2
through 5 were obtained for all the
coals listed in tables 2 and 3.

Table 5 1ists the fluidized
limestone rock dust inerting data
obtained in the 20-L chamber for all
the pulverized coals from table 2.
The repeatability of these data is
about +2%. The amount of rock dust
necessary to inert the Sunnyside,
Utah coal ranged from 76 to 83%
depending on the coal particle size
distribution. In general, the finer
pulverized coals required more rock
dust to inert them. However, the
inerting data do not correlate
precisely with any one measure of
the coal particle size in table 2
because the exact size distribution
cannot be described by only one
parameter. For these relatively
broad size distributions, either an
increase in finer particles (<20 pm)
or a decrease in the larger
particles (>75 pm) results in an
increase in the amount of rock dust
required to inert the coal-rock
mixture. The same general
observations can be made for the
various sizes of Pittsburgh seam
coal. The two finest sizes (Pgh-4
and Pgh-5) were centrifugally
classified to remove all the large
particles, and these two sizes
required the greatest amount of rock
dust to inert the coal-rock
mixtures.

The two Freeport coals show the same
size effects, with the finer size
requiring more rock dust. The
Pocahontas seam coal data in table 5
show the same correlation with
particle size as the other coals.
However, this Tower volatility coal
requires a somewhat lower amount of
rock dust to inert, if similar sizes
of the coals are compared. For
example, Pgh-1 and Sunnyside-1 are



Table 5: Amount of fluidized
limestone rock dust necessary to
inert various fine size, pulverized
coals.

Coal dust |Amount to inert, %
Sunnyside-1 76
-2 78
-3 83
-4 79
Pgh-1 76
-2 79
-3 79
-4 87
-5 89
Freeport-1 73
-2 79
Poc-1 63
-2 67
-3 74
-4 78
-5 83
-6 78
-7 84

similar in size to Poc-1, but they
require 76% rock dust to inert
compared to 63% for the Pocahontas.
Also, Pgh-5 is comparable in size to
Poc-7 but requires 89% to inert
compared to 84% for the Pocahontas
coal. Note that the difference in
inerting amount required for the
Pittsburgh versus Pocahontas coals is
smaller for the finer sizes of the
coal dusts. This may be due to
increased amount and rate of
volatiles generation from the finer
dusts (Hertzberg and Ng 1987),
especially for the lower volatility
coal.

A comparison of the inerting
effectiveness of the regular and
fluidized Timestone rock dusts in the
20-L laboratory chamber is listed in
tables 6 and 7. The dashes in the
tables indicate that no tests were
made. For both the Pittsburgh and
Pocahontas seam pulverized coals,
somewhat more of the fluidized rock
dust was required to inert the
mixture. The reason for this may be
that although the fluidized rock dust
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disperses better (which should make
it more effective), it may also
allow the coal dust to disperse
better. Also listed in tables 6 and
7 are the Bureau data from the
Bruceton Experimental Mine (BEM) and
Lake Lynn Experimental Mine (LLEM).
The BEM data are based on previous
tests with a wide range of coals
(Rice and Greenwald 1929 and
Richmond et al 1975). Those early
data have also been presented in
more recent papers (Nagy 1981,
Cashdollar et al 1987, and Weiss et
al 1989). The coarse Pocahontas
coal was not actually tested in the
BEM, and the data listed in table 7
are for a coarse bituminous coal of
similar volatility. The LLEM data
are from the paper at this
conference by Weiss et al (1989). In
those other papers describing the
mine results, the amount to inert
was usually presented as the total
incombustible content rather than
just the Timestone content as listed
in tables 6 and 7. (The total
incombustible includes the moisture
and ash in the coal in addition to
the Timestone.) The data listed in
tables 6 and 7 show that larger
amounts of rock dust are required in
the larger cross section entry of
the LLEM compared to those required
at the BEM, particularly for the
lower volatility Pocahontas and for
the coarse size coals. The 20-L
laboratory data show reasonably good
agreement with the mine data,
especially for the pulverized coals.
It is unrealistic to expect that a
laboratory chamber would always give
exact agreement with large-scale
mine data over a wide range of coal
volatility and particle size.
However, the relative data from the
20-L chamber can be used for
preliminary screening tests before
fuli-scale mine tests. This
provides a cost effective method of
reducing the number of mine tests
needed to document the inerting
requirements for coals.

Table 8 1ists inerting data for the
various CaCO3 rock dusts listed in
table 4. All were tested against
the Pgh-1 pulverized coal dust in



Table 6: Amount of limestone rock dust (%) necessary
to inert pulverized bituminous coals
20-L chamber BEM LLEM
fluidized]reqular|reqular|requiar
Sunnyside-1 76 - 77 75-79
Pgh-1 76 72 76 78-80
Poc-1 63 58 50-55 >68
Table 7: Amount of Timestone rock dust (%) necessary
to inert coarse bituminous coals
20-1L chamber BEM LLEM
fluidized|reqular|reqular|regqular
Sunnyside 51 - 59 68-72
Pittsburgh 50 47 58 >65
Pocahontas 42 37 30-35 | 52-56

Table 8: Amount of various rock
dusts (%) necessary to inert
Pittsburgh pulverized coal dust.

Rock dust Amount to

inert, %
Limestone, regular 72
Limestone, fluidized 76
Limestone, German 76
Marble 76
Limestone, -325 mesh 68
Limestone, very fine 63

the 20-L chamber. The German stone
or rock dust has a size distribution
similar to those of regular and
fluidized Timestone rock dusts from
the United States. Its effectiveness
is comparable to that of the
fluidized rather than regular rock
dust even though the optical dust
probes show that its dispersion
characteristics are comparable to
those of the regular rather than
fluidized Timestone. The marble rock
dust is also less effective than the
regular limestone and comparable to
the fluidized limestone rock dust.

In this case also, the optical dust
probes show that the dispersion
characteristics of the marble are
comparable to those of the regular
limestone. From table 4, the marble
dust has a higher percentage of mass
below 75 um but Tess below 20 um than
the other rock dusts. The smaller
amount of very fine particles may
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reduce its effectiveness as a heat
sink. The minus 325 mesh limestone
was finer in size than the other
rock dusts and required less to
inert the coal. The very fine sized
limestone was the most effective of
these rock dusts. The explanation
is that the finer dusts are probably
more effective heat sinks.

The effect of small amounts of added
methane gas on the inerting
effectiveness of rock dust is shown
in table 9. More rock dust is
required to inert the mixture when
the atmosphere contains added
methane. Based on previous tests in
the Bruceton Experimental Mine (Rice
and Greenwald 1929), a formula was
developed for the additional amount
of rock dust, A, necessary for each
percent of methane present. The
formula is A = (100 - I)/5, where A
is in percent and I is the total
incombustible percent required in
the absence of methane. The data in
table 9 from the 20-L laboratory

Table 9: Amount of fluidized
limestone rock dust (%) necessary
to inert pulverized coal with
added methane gas.

Coal dust[0% CHyl1% CHql2.5% CHq
Pgh-1 76 80 87
Poc-1 63 71 -




chamber also follow this empirical
formula. Thus there is good
agreement between the data from the
20-L laboratory tests and those from
full-scale mine tests for the
inerting requirements of mixtures of
coal dust and methane.

A summary of rock dust inerting
requirements measured in the 20-L
chamber for a very wide range of
carbonaceous dusts is shown in
figure 6. Some of these data were
presented previously (Cashdollar et
al 1989), but the figure now contains
new data for the pulverized coals in
table 2. Data for the very fine,
centrifugally classified coal dusts
were not included. The graph shows
the amount of fluidized limestone
rock dust necessary to inert the
various fuel dusts as tested in the
20-L chamber using 5000 J ignitors.
The amount to inert is shown in two
ways as a function of the standard
ASTM volatility (on an "as received"
basis). The first (open circles) is
the total incombustible, which
includes both the limestone and the
ash and moisture in the coal. The
coals tested include low volatile
anthracites and various bituminous
coals. The data have been extended
to higher volatility by also testing
a polyethylene-graphite mixture (50%
volatility), gilsonite (a mined,
asphaltic material with 85%
volatility), and polyethylene

(100% volatility). Proximate
analyses of these dusts are listed
either in table 1 or in the previous
paper (Cashdollar et al 1989). The
data curve for total incombustible
required versus volatility agrees
rather well with previous data for
pulverized coals tested in the
Bruceton experimental mine (Rice and
Greenwald 1929 and Richmond et al
1975).

In the second way of presenting the
data in figure 6, the triangles are
the inerting data points for which
the fixed carbon char is also
considered to be part of the inert
material. These data show that all
of the fuel dusts are inerted at a
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Figure 6. - Rock dust inerting
requirements for carbonaceous dusts
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volatility, when the fixed carbon is
considered part of the inert. This
shows that the added Timestone rock
dust, the ash and moisture in the
coals, and the fixed carbon are all
of similar effectiveness in inerting
the dusts during the short time
scale of flame propagation. As
another test, graphite powder was
used to inert the polyethylene dust,
and 94% graphite was sufficient to
inert the polyethylene-graphite
mixture. This was only slightly
more than the 92% limestone required
to inert the polyethylene-limestone
mixture.

DISCUSSION AND CONCLUSION

The data show that the particle size
distribution of coals can have as
much of an effect on the rock dust
inerting requirements as the
volatility of the coals. In
general, the finer the size of the
coal, the more rock dust is required
to inert. However, any single
measure of particle size (such as
the percent minus 200 mesh) is
insufficient to characterize the
particle size distribution and rock
dust inerting requirement. The data
also show that finer sized rock dust



is more effective in inerting coal
dust.

The 20-L Taboratory data presented
here are consistent with Taboratory
rock dust inerting data of other
researchers (Banhegyi and Egyedi
1983, Vukanic and Vukanic 1983,
Foniok 1985, and Krzystolik 1987).
However, an exact comparison is
difficult because of insufficient
details of the experimental
apparatus, test procedures, and
propagation criteria used by the
other researchers.

There is sufficiently good agreement
between the 20-L laboratory chamber
data and the experimental mine data
to justify the use of the laboratory
chamber for preliminary screening
tests, thus improving the cost
effectiveness of the full-scale mine
testing program.
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ETUDE APPROFONDIE EN LABORATOIRE DES CONDITIONS D'INERTIE DES
POUSSIERES DE ROCHES : EFFETS DE 1A VOLATILITE DU CHARBON, DE LA
TAILLE DES PARTICULES ET DE L’'APPORT DE METHANE

Kenneth L. Cashdollar, Martin Hertzberg

Une étude systématique des conditions d’'inertie des poussiéres de calcaire a été
effectuée dans une chambre de laboratoire de 20-L. Les données d'inertie ont été
comparées aux données des limites maigres d’explosibilité pour les mémes charbons.
La taille des particules de charbon s’échelonnait des poussiéres pulvérisées de 100
pct passant & la maille de moins de 200 aux poussiéres épaisses de 20 pct passant
4 la maille de moins de 200. Les poussiéres examinées comprenaient des poussiéres
d’'anthracites et de charbons bitumineux dont la volatilité allait de faible a
élevée.

En ce qui concerne les conditions d’inertie des poussiéres de roches, les
données révélent que la taille des particules de charbon a autant d’influence que
leur volatilité. Elles révélent également que le composant fixe de carbone ou de
charbon animal des charbons est essentiellement inerte au cours d'explosions de
courte durée.

Les données d’inertie des poussiéres de roches obtenues en laboratoire
rejoignent celles obtenues par des essais miniers & grande échelle.

UMFASSENDE LABORSTUDIE DER ANFORDERUNGEN AN DAS EINSTAUBEN MIT STEINSTAUB:
EFFEKTE DER FLUCHTIGEN BESTANDTEILE DER KOHLE, KORNGROSBE UND METHANGASZUSATZ.

Kenneth L. Cashdollar, Martin Hertzberg

Eine systematische Studie tiber die Anforderungen an das Einstauben mit
Kalksteinstaub wurden in einer 20 1 fassenden Laborkammer durchgefihrt. Die
Daten wurden mit den Daten, die sich aus den Experimenten mit den
Explosivitidtsgrenzen filir dieselben Kohlen ergaben, verglichen. Die Korngréfle
der Kohlen reichte von 100% minus 200 Maschenweite bis zu groben Stiuben mit
20% minus 200 Maschenweite. Die Studie umfaBte Anthrazitkohle, sowie niedrig
und hoch flichtige Steinkohle.

In Bezug auf die Wirksamkeit des Einstaubens mit Steinstaub zeigen die
Daten, daB die KorngréBe des Staubes einen ebenso groBen EinfluB hat wie die
Fluchtigkeit. AuBerdem zeigt sich, daB feste Kohlenstoffanteile oder
Schwelkohleanteile in der Kohle widhrend der kurzen Zeit der Explosion inert
bleiben.

Die Ergebnisse dieser Studie werden mit denen aus GroBversuchen in Gruben
verglichen, und ihre Ubereinstimmung wird aufgezeigt.
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BCECTOPDHHEE 3KCNERPWMEHT ANBHOE WCCNEADBAHWME YCNOBURA
WHEPTHOCTW NOPOAHON MelllA: BOSAENCTBUE NETYHECTW Yrneq,
PASMEPA MBNEBRX HACTWU W AOBARIEHWA METAHA.

KenHed Tl Kawaonnap v Maptud Xepusepr

CucTeMaTuHeckoe WU3y-eHWe YCROoBWH, HEeQEXOAuMEY ANA YBRNUYeHWs
WHEPTHOCTY WEBECTHAKOERON NuNWM ANA PazNUYHBX BUADE YIrNd, N0 NMROBEASHO
B JNasopaTopHon xkamepe H20-T, VHepunoHHbe agaHHEE CpPaBHUBANUCE C
AaHHBIMK N0 nNpeaenam OTOUWEeHHON EBS3PLEDCMNOCOEHOCTW ANS TeX Xe BUAOB
yrna, Paamep yrofbHBY HacTull EapsUPORAN OT NYNEREPUICBAHHONW NbiJM,
cocToswel Ha 100% we dpavkuumm muHyc 200 Mew a0 KpynHOR neimM cocTosuel
Ha 20% nz $¢pakunn Mmuryc 200 meuw.

FesynertaTe NoOKaswBawT, HTO B PACCMOTRERAM YCIOBUA, HEOSXOAUMBX ANA
YBENUYEHNA WUHEPTHOCTW NOROAHOIR NeNW, PAZMEP YrodkHHEX 4HacTul WUMEEeT
CTONE Xe E0NbWie ZHAYEHWE, KAK W NEeTYYeCThb., FEe3YINeETAaTH TaKXe
NOATEEPXAAKT, HYTO CEBAS3AHHHDN yrnepoa unv ApeBecHas CoCTaeRnawnwas yrns,
B COCHOBHOM, WHEPTHE B TEYEHWEe TOrQ HOPOTHKOND MNROMEXYTKA BREMEHRW, Korga
NMPOVCXOANT B2PHEBE., JI2aE0PaTOPHEES JaHHHE SHAW CONOQCTAENEeHH C
PEEYNETRTAaMW NONMHOMACWTAREHLX NONEBHY WCNETAHWAE E WaXTe: £pN10 NOKAZaHO
Xopowees cosnageHue DelyneTaTos.

AR RERNEERE TR :
WERN, WRAN, RERBSHEM

WRNK L. MIKRY R BT HEHK

BATE 20 AREEFNBEAEHERETERIBIRIELERNT R SNH
. BREAMBRESRARSHEERMRERFRMEET . MBS o
BREAZETH 200 A4, BHEMESZ 20 FH 200 . HARMNKKEE
ERBPEERERERNER.

VERMBARRTIR, REHBRNBRAMSERETHSOYM . KiEH
HERENERR R RHEERBELREFREEMER.

KETERMBABESKRRTERESEREE, H4HEE.
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