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ABSTRACT

-The purpose of this study is to review the various causes of
coal dust explosions and to summarize the preventive ﬁeasures through
which it ﬁay be possible to minimize the hazards of coal dust explo-
sions. The properties of coal dust which have an important iﬁfluenée
on its explosibility are: fineness, purity, percentage of volatile
matter, dryness, age and degree of oxidation, lifting velocitieé and
dispersability, and its static electrification.

Explosibility of coal dust has been studied in laboratories, in
explosion galleries and in an experimental coal mine. The data and
results obtained from the tests showed that finely‘pulverized coal dust
has a lower explosive limit of 0.035 to 0.08 ounces pe? cubic foot.

Although fdrmation of coal dust is not possible to prevent, its
dispersion can, however, be considefably reduced if proper preventive
measures are adopted.

Application of water during the various phases of mining is an
effective means in many instances for reducing the quantity of fine coal
dusf dispersed during mining operations.

One of the most practical measures is a generous application of
rock dust in the mine workings. The requirement of 65 percent of incom-
bustible material in coal mine dust provides é comfortable factor of
safety against coal dust explosioms.

Other major preventive measures which can be adopted include rock
dust barriers, concrete stoppihgs, and pressure relief vents in their

various forms and modifications.
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CHAPTER I
INTRODUCTION

Explosions in coal mines have caused death and injury to miners
and destruction of workings in all countries where coal is mined under-
ground. In the United States, the first reported explosion occurred in
1810 and others are still adding to its devastation. Mine explosions
are caused by a combination of factors, including concentration of
methane in air, formation of dust clouds, and the éresence of a suitable
source of ignition. These factors vary with the changes of mining
methods and practices over thé years.

During the last century it was recognized that finely divided coal
played a rqle in many mine explosions. However, the importance of coal
dust was not realized until the Courrieres mine explosion in France in
1907 in which 1100 miners were killed. As a result of this disaster, it
later became known that, in wide-spread explosions, coal dust is the
principal and probaEly only flame propagating combustible substance of
mine explosions. During the first decade of the present century, many
serious mine explosions occurred in this country and abroad. In the
United States alone, between 1902 and 1911, nearly 350 people were killed
annually by major explosions in coal mines; during 1942 to 1951 the
average number killed was about 75 per year; and during the last five
years there were three major coal mine explogions which resulted in 27
fatalities., Figure 1 shows the number of fatalities in coal mines during

the period between 1902 and 1951.
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In spite of this improving record, further intensive gtudies of
the coal dust problem are being pursued continually.’ Coal dust éxpl;sions
are still occurring, however, and many unsolved problems on this subject
still rémain. This is due, in part, to their comﬁlexity and to the many
parameﬁers that affect the ignition sensitivity and the explosibility of
coal dust. Furthermore, new dust problems are being generated and old
ones accentuated by changes in mining conditions and techniques. Modern
mechanized mining with high speed machines, multiple-entry systems, mul-
tiple blasting, high velocity air currents, and rapid haulage have
resulted in greatly increased production which, in turn, produced
increased dissemination of fine coal dust and a greater probability of
incendive spark formation by frictional contact between moving metals
and the mineral impurities of the coal seam.

Significant explosion studies had been conducted in surface
. galleries in England and other European countries for many years but the
opening of an experimental coal mine at Bruceton, Pennsylvania, providéd
the first undergroﬁnd testing laboratory in which carefully controlled,
large-scale tests could be made under simulated mining conditions. The
experimental mine haé, to date, been subjected to more than 2500 explo-
sion tests which have been directed toward a study of the ignition of
coal dust and the initiation of explosions; to observe the development
of explosions énd their propagation through the mine entry; to study the
.general physécgl and chemical phenomena qf'explosions; and develop
measures for preventing.or controlling coal mine explosions. Many important

data have resulted from these underground studies and, it is believed,
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that additional discoveries, by these and other similar investigations,
will continue to bolster the common effort toward diminishing the coal

dust explosion hazard.



CHAPTER II
COAL DUST
Physical Properties

According to the empiric standard stipulated by the United States
Bureau of Mines, coal dust means particles which will pass a 20-mesh sieve,
produced in mining and handling of coal, or artificially by grinding. To
obtain dust of uniform composition and size for the purpose of testing,
coarse coal is ground in bali or roller mills, or other pulverizers. As
the inflammability of coal dust increases with fineness, samples are rated
by the percentage passing through a 200-megh sieve, all having passed
through 20-mesh.

From the point of view of explosibility, the properties of coal
dust which require careful study are: {a) fineness; (b) purity; (c) per-
centage of volatile matter; (d) dryness; (e) age of the dust; (f) lifting

velocities and dispersibility; and (g) static electrification,

Fineness

As stated above, thée finer the dust, the more readily ignitible it
will be. 1In the tests carried out at the Expérimental Mine of the United
States Bureau of Mines and in other European.countries, the standard of
fineness was that 80 percent of the dust should pass a sieve having 200
meshes to.the linear inch and all passing through 20-mesh sieve. The
dust found in mine galleries varies greatly in fineness; in roadway dust,

from 10 to 20 percent of the particles passes through a 200-mesh screen,
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while in dust taken from the timbers and sides of the roadways about 40

percent passes through a 200-mesh screen.

Purity of the Dust

The susceptibility to ignition and propagation depends also upon
the purity of the coal dust. If it contains a large percentage of ash or
becomes mixed with a large percentage of incombustible material, it will

be less readily ignitible than if it contained no impurities.

Percentage of.Volatile Matter

In the explosion tests ;arried out at thé Experimental Mine of the
United States Bureau of Mines,.it wag found that the explosibility definitely
varied with the ratio of volatile combustible matter in the coal. Bit~
uminous coals, as a rule, have a ratio of volatile combustible to total
combustible ranging between 30 percent and 40 percent. The dusts from
such coal are readily ignitible and may be considered as being highly
explosive, It does not follow, however, that coal with less than 30 per-

cent of volatile matter are not readily explosive.

Dryness

The drier the coal dust, the more readily ignitible it is and the
more readily it is raised into the air; also the drier the atmosphere of
a mine, the more readily inflammable will be the dust produced in the mine.
It can be shown that in a deep mine at certa%ﬁ periods of the year, the
air in the mine is drier than at other‘periods gnd, other things being
equal, there is more likelihood for an explosion éo occur during that

period than at any other time. While this is so, a condition of dampness
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does not by any means form a safeguard against the possibility of an ex-
plosion. No condition of wetness less than that in which the dust collecting
~on the floor, roof, and sides has been converted into mud can be considered

an adequate safeguard.

Age of the Dust

If coal-dust is exposed to the atmosphere it gives up some of the
contained volatile matter. A coal-dust which contains a large proportion
of volatile matter, which is freély evolved from the dust by a high temp-
erature, is mofe readily ignited and consequently-more dangerous from the
point of view of explosibility than other kind of dusts which are not so
abundant in volatile matter and which do not give off their volatiles so

readily.

Lifting Velocities and Dispersibility

When a solid or liquid is Broken up into finely divided particles
and is dispersed in the air, two important changes take place: (a) the
surface area is greatiy increased, and (b) the space occupied by the dis-
persed material is expanded many times over the volume of the original
mass. The effect of thése cﬁanges is to intensify the chemical and physical
activity of the material. The rate of oxidation is increased so much éhat
coal dust burns in air with explosive violence. Rates of evaporation and
solubility are also increased, and the phenomena of adsorption and electro-
static activity are intensified.

Resistance to travel of a particle through air is dependent upon

such factors as: (1) size, shape, and specific gravity of the particles



to be lifted; LZ) the velocity and turbulence of the air; and (3) the
direction of dispersion of the dust, whether horizontally or verticélly.
The general equation (10, p. 5) for the resistance to travel may

be expressed as:

where R = resistance
C = coefficient of resistance
A = projected area of particle
u-= particle velocity-reléfive to air
p = ai; density

The drag coefficient, G, i1s not constant for all conditions of mot;on
but varies‘systematically with the dimensionless Reynolds numbexr R.e = udp/p,
p being- the viécosity of the air and 'd the particle diameter. C also varies
with the shape of the particle, the effect being different for each value
of Re. ‘

The relationship C = f(Re) is shown for spheres in Figure 2 for a
range of Ré from.lO.-4 to >-105. The relétionship has been divided into
three zones according to thé nature of dependence of C upon Ré. For high
values of Re, i.e, R.e > 103, C is reasonably constant. For spheres, C
has an average value of 0.44, -This is the zone of turbulent motion where
the viscosity of éhe air has no effect, For this region, resistance

varies with the squares of particle diameter and velocity:

R = kpdzu2
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From Industrial Dust, McGraw-Hill Book Company, 1954.
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For spheres, k = 0,44 x 7/8; when R, < 3.0, and C varies inversely with

R :
e

and R = kpdu

g

1+

For spheres, k = 317. Here resistance varies directly with particle ,
diameter and velocity and with viscosity of the air, but is independent
of air demsity. It 1s the zone of streamline motion for which Stokes
developed the above equation. (10, p. 6) .

Any'body falling through a resisting medium such as air or water
will accelerate from zero velocity until it reaches some terminal wvelocity
which is dependent upon the densities of the particle and the medium,
and the size of the particles. When a particle has attained its terminal
velocity, the air resistance.is just balanced by gravitational attraction

and for spheres,
T 43¢q-
R-Fg=:6d(o’p)g

where ¢ is the density of the particle and g the gravitational constant.
The terminal velocities for spherical particles in the three zones of
motion are derived by edﬁating resistance R to the particle weight, neg-

lecting the buoyancy of air:

. ]
1. Streamline motion: U ggd

t 18u
' 2/3
2. '+ Intermediate motion: U = 20 q d
. < . .1/3
(Pl

3. Turbulent motion: Ut = (éggg)%_
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Simplifying these equations for spherical particles falling in
air at ordinary temperature, p = 1.2 x 10-3, p=1.8 x 10-4, we get, for

velocity in centimeters per second and size expressed in microns,

' . . _ 2 115
1,. Streamline motion: Ut = 0.003o‘dm (dm 1/3)
, 2/3 115 2130
2. Intermediate motion: Ut = 0,3407"7d == 1/3 < d < 1/3)
. : X 0% 2130
3. Turbulent motion: U_ = 166°d_ (d 1 /3)

For 'irregular particles obeying Stokes' law, it is convenient to
roughly  take the terminal velocity for a 10-u particle, as about 1 fpm
(% cm/sec) and for other sizes is given by the ratio V fpm = ;%;, where
dm is in microns,

The two important functions of moving air with which we are con-
cerned in coal mine openings are: (1) the air must'be moving with
sufficient velocity to dislodge the dust particles from their positions;
and (2) the velocity of the air must be sufficient to raise the particies'
in order to disperse £hem into a dust cloud,

For dust particles which are lying free on a éiven surface, the
velocity required to diélodée them will be considerably less than that
. required to remove those which may be attached to the surface, Further-
.more, the shape of the particles plays an iﬁportant part in their ease
- of removal. Considering the effect of an air current upon a spherical,
a réctangular, ﬁnd a wedge shaped particle, it'may be predicted that a
wedge shaped parpicle would be.the easier to raise from its indicated

position; a spherical pafticle would be disturbed also; while a rectangular
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parﬁicle would be the most difficult to move.

In mines, we are encountered with turbulent flow. The velocities °
are much higher and the character of air flow for higher velocities over
ro;gh mine surfaces is different from that in smooth-walled ducts. The
creation of eddies and swirls iﬁ the air in mines is a very important

factor in dust dispersal.

Static Electrification of Coal Dust

Several coal mine accidernts have been caused by the discharge of
static electricity developed by dust laden compressed air, Vivid spark-
ing has been noticed from various belts due to the rubbing of belts against
materials and idler pulleys.

The air in metal auxiliary ventilating ducts travels at high speeds
and carries with it dust particles produced by mining operations. The
particles and the ducts become statically charged and.thereby develop
‘the possibility that sparks can pass from the duct to some adjacent body
and ignite a firedamp-air mixture, This is especially true where auxil-
iary fans are used énd a good ground is difficult té obtain. The quantity
of-electricity generaped in such a process increases with the speed of
the air currenﬁ, the weighé of the dust carried, and with increased part-
icle fineness.

Experiments were conducted in the development of static electricity
on solid particles carried‘by a blast of compressed air thfough a pipe
line, The charge on these particles was collected by placing an insulated
iron disc, about 500 sq. ‘cm. ‘in area, opposite fhe nozzle of a feed pipe.

With an'airipressure of 3 kg., sparks of 5 mm. to 8 mm, in length could
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be drawn from the disc. As the charge developed on the particles, an
equal charge of opposite sign developed on the pipe wallsy but this would
normally be discharged over the entire length of the pipe. Charges of
abo;t 6,000 volts were developed on various obstacles with the natural
air encountered in a compressed air line,

R. A. Dale (9, p. 333) cites a case wherein a deputy found a small
accumulation of gas at a ripping lip in a conveyor gate and decided to
remove the gas by compressed air. Compressed air for driving two face
conveyors was supplied by a seven inch main terminating 20 feet back
from the ripping lip which was itself about 15 feet from the face. The
deputy coupled a 30 foot length of 7/8 inch hose to the main and "blew
it out" on the floor of the roadway. He wrapped the loqsé end of the
hose, in which was inserted a coupling, around the last girder, which was
two to three feet from the.ripping lip. He stood on the scaffold in front
of the ripping lip and instructed his helper to "turn on the air steadily."
Immediately the air was turned on there was an ignition of firedamp which.
injured the deputy.,

Tests were conducted in various countries to determine whether
detonators can be prematurely initiated Quring pneumatic stemming by an
electrostatic phenomen similar in principle to the ignition of firedamp
‘by dust~laden compressed air. A shot hole is stemmed by grains of sand
projected into it by compressed air, The sand-laden compressed air passes
through the tube of the stemmer; the tube becomes electrified and the
grains of §and ééquire an gqual and oppgsite charge.

Static charges on conveyor belts in mines are usually small. (9, p. 335)
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The maximum charge detected was only 35 volts. This charge was fqund
near the point where the belt left the idle pulley; oné foot away from
this point no charge could be detected. The belt used was of normal
construction and was moving at a speed of 220 feet per minute. There
are certain circumstances under which dangerous sparks can be produced
by mine conveyor belts. In one case the rubbing of belt-fasteners against

guide rollers gave a spark 3/8 inch wide.



CHAPTER III
COAL DUST EXPLOSIBILITY
Historical

Prior to the first experiment on underground coal mine éxplosiona,
which was conducted in the Experimental Mine at Bruceton, Pittsburgh, by
the U, S. Bureau of Mines in the.year 1910, no conclusive evidenﬁe could
be obtaineq regarding the explosibility of coal dust.

| Investiéations were started as early as 1844 (49, p. 23-40 plus
25-51) by Faraday and have been carried on at the Lievin Gallery and the
Pas de Calais coal field in France; at testing galleries at Altofts,
Eskmeal, and Buxton, Great Britain; and the U, S. Bureau of Mines at
Pittsburgh., International cooperation on mine safety research, begun

by an agreement with Great ﬁritain and referring especially to mine explo-
sionsg, standafdization of samples and instruments, and interchange of
information, was extended in 1931 to other European nations.

The first expe;imental explosion was made on October 30, 1911.

The mine involved is shown in Figure 3 and consists of a pair of entries
driven in the Pittsburgh bed. These entfies are nearly parallel with
the "butt'" joints of the coal and at right angiea to the "faces". The
coal bed rises on-a s8light grade from the 0utérop. At the time of the
experimental explosion, the.main entry was 713- feet long, with 669 feet
of parallel airway, and with three crosscuts getween them. The west one
is called the main entry and is the chief explosioh passage. A third

passage, 198 feet long, enters the airway from the east at an angle of



E1308
r N
Ignition zone [
L2 kE1250
IR
:E -
< o o
] S
— N
3 IMl 3
£ -
(@]
’ ‘ ARy a§
No.1 and No.2 left butt entries 3 ||< o
. : o

A
=

1

— @
A750
18 —#

7/__[‘
A5m50
5 —
i
West entries

i iamlafils] |
B butt left 2 EQEEEEDU z R %: )
/A & ] |f
A butt left E ]
, ' 7@\5._:_‘____3
50,0 50 100 200  Fanshatt—h |8 ]|=
Scale, feet : I
g w
<

”~
L0,

-

FIGURE 3

From United States Bureau of Mines I.C. 7785, 1957.

www.manaraa.com



17 -
55 degrees., It has a small shaft on its east side, 62 feet from the
portal for ventilation purposes during development.

Along with the tests in the experimental mine,.laboratory studies
of coal dust inflammability were alsé conducted by the Bureau of Mines,
This firét series of tests proved conclusively that bituminous coal dust
is violently explosive and extremely dangerous under certain favorable
conditions, The laboratory studies and the results obtained.will be
aealth with in a separate chapter, |

As ‘a result of the above studies, the U. S, Bureau of Mines lists
the following factors as effecfing the explosibility of coal dust:

1. .The composition of‘the dust, its volatile, moisture, and

ash contgnts.

2, The particle size of the coal dust and inert dust admixed,

" 3. fhe presence of inflammable dust in the atmospﬁere.

4, The quantity of dust raised to form the cloud.

5. The distribution of the duét in the various parts of the
mine; |

6. The strength of the source of ignition.

7. Surroundiﬁg conditions which affect the rate at which
enexgy is taken from the ignited dust, either by direct
absorption of heat or by release of pressure,

.8. The ége of dust.

Chemical and physical properties of d;;t include the chemical

composition, hgat of combustion, rate of oxidation, oxygen required for

complete combustion, sbecific heat, particle size, shape, and lifting
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velocities,

Concentration and uniformityiof distribution of dust cloud has a
marked effect on explosibility., ‘To be explosive, a dust=-air mixture
must posses8s a dust concentration, depending upon éarticle size, which
must be above the lower explosive limit and below the upper explosive
limit.,

Important properties of the atmosphere are the oxygen content,
inflammable gas and vapor present, humidity, temperaturé, pressure,
specific heats of constituents, and heat conductivity.’

Industrial dust explosions have been initiated byt (1) electric
sparks and arcs, (2) static electric discharges, (3) frictional or met-
allic sparks, (4) open lights, (5) overheated machinery. and other hot
surfaces, (6) glowing particles, (7) spontaneous combustion of coal,

(8) chemical reaction between constitueﬁts of dust mixtures, (9) gas
explosion, (10) improper use of -explosives.

The size, shape, and consfruction'of the enclosure in which a
dust explosion occurs have important influence on thé propagation of
explosion and the violence which may be caused. The presence of preséure
release vents are of sﬁeciai importance.

Other characteristics that influence the explosibility of dusts
are the ease of dispersionm which depends upon the size, shape, specific
gravity, the moisture absorbing quality of the dust, the accumulation of
electrical charge of dust particles, tendency of the particles to agglomer-

ate, and the absorption of oxygen or other gases by the dust.
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In general, the conditions required for a coai dust explosion
are:

1, Formation of coal dust in sufficient quantity,

2. Dispersion of the dusts to form a dust cloud.

3., A suitable source of ignition,

The mathematical probability that the right combination of con-
ditions may occur for both the ignition and propagation of aﬁ explosion
is small under the operating conditions in most coal mines. But once a
small ignition starts, and it produces heat more rapidly than it is
dissipated to the surroundings; the adjacent dust will be ignited and
the flame will be propagated throughout the mixture. This will cause a
very rapid rise in pressure‘and temperature, which in turn produces shock
waves to éroceed throughout the mine openings., Coal dust which is
present on the floor and ribs, will be lifted up and dispersed into the
atmosphere by the rush of air and the turbulence caused by the explosion

and thus permit the explosion to be further propagated.

Initiation of Coal Dust Explosions by Gas Explosions

Investigations by the Bureau of Mines have shown that the great-
est single cause of ignition of coal duét in the mines of the United States
is by an initial explosion of an accumulation of methane which raises and
ignites a dust cloud. (55, p. 1)

To initiate a coal-dust explosion, the gas explosion must raise
the coal-dust from its resting place, form the dust cloud, and ignite it,

The force developed by a gas explosion depends upon various factors.
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It is influenced by such factors as the percentage of methane present,
total volume of mixture, thoroughness of mixing, the igniting source,

and the confinement to which it is subjected.

The lower explosive limit. When there is less than this amount of

methane present, the mixture will burn in contact with a flame or éther
sufficient source of ignition so long as the source is maintained, but.
combustion ceases when the source is removed. The lower explosive limit
has been determined many times and under closely controlled laboratory
conditions, as 5.3 percent for a quiet atmosphere. A slightly lower
value is obtained if there is turbulence present in the atmosphere and

for mining conditions the lower explosive limit may be taken as five percent.

The upper explosive limit. The speed at which an explosive mixture
burns depends upon the percentage of methane present. Mixtures just ;bove»
‘the lower explosive limit burn very slowly, but there is a rapid increase
in the speed of burqing as the percentage of methane increases, and a méki-
mum is reached at about 10 percent. With further increase in the percent-
agé‘of methane, when the upper explosive limit is reached at 14.8 percent
of methane, a mixture is Abtained which will not give self-supporting combus-
tion. It burns readily, however, when in contact with additional air or

oxygen.

Iests in the Experimental Mine

In order to find out the effect of gas explosion on the initiation
of coal dust explosion; experiments were conducted in the Experimental

Mine. The dead-end of the main entry of the experimental mine was selected
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as the best place for the tests, and thé arrangéments are éhown in
Figure 4. This entry extends 50 feet beyond the last crosscut ;nd‘is
10 feet wide. The height.is about 6 feet at the crosscut and the roof
slopes downward a littie towards the'face. ~Pittsburgh coal-dust ground
éo that 93 percent would pass through a 200-mesh sieve was used. One-
third of the dust was distributed on the regular 3-inch side shelves
attached to the ribs, and two-thirds was placed on cross-shelves near
the roof. These shelves were at. intervals of 5 feet aﬁd were balanced
on a narrow support so that a small forcé would upset them and spill
the dust.

Experimenté were méde with uniform mixtures of natural gas and
air. The.properties of the natural gas were quite similar to those of
methane. For proper control. of test conditions, it was necessary to
prevent escape of the mixture used, and this was done by erecting a paper
diaphragm six. feet from the face qf the entry.‘

The tests may be divided into groups accordiqg to the volume of
gas mixture used:

Group 1, In these tests, 300 cubic feet of an explosive gas-éir
mixture occupied the entire volume behind the diaphragm. The space was
roughly 10 feet wide, 6 feet long, and 5 feet high, With no dust present,
a nine percent mixture projected flame about 30 feet from the  face of the
entry. It was found that 75 pounds of coal-dust distributed on the
shelves gave the greatest extension of flame when ignited, The length
of the dust-laden zone was 50. feet, Both nine and seven.percent mixtures

ignited this dust, and flame of its explosion was projected 25 feet beyond
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the end of the dust loading.

Group 2. These tests were made with 225 cubic-feet of an explo-
sive gas-air mixture. Dust conditions were the same as in Group 1. The
dust was 'ignited by a nine percent mixture and the flame of its explosion
‘extended 25 feet beyond the end of the dust zone.

Gr0qg 3. One hundred and fifth cubic feet of an explosive gas-
‘air mixture was used. Thg dimensions of the gas body were then approxi-
mately 10 by 6 by 2% feet. Dust conditions were the same as in Group 1.
-The dust was ignited by 9 to- 10 percent mixtures, and the flame was
projected 25 feet beyond the dust zone.

From the results bf.thé tests it may be concluded that the explo-
sion of as sm#ll a_quantity.as 150 cubic feet of a uniform mixture of
natural éas and air is sufficient to initiate an explosion of fine
Pittsburgh céal &ust when so distributed that it is readily thrown into
a cloud. These tests emphasize the need of adequate ventilation. The
conditions of the above tests required that the coal dust be brought into
suspension by the force accompanying the burning of the gas. If coal
dust was already thrown into suspension by blasting or mechanical agén-
cies, there is no queétion’that ignition of the dust would occur with

far smaller quantities of gas than those used in the tests.

Testing the Explosibility of Coal Dust

Study and research for the explosibility of dusts can be categorized
under three géneral heads:
1. Small scale laboratory testing.

2. Tests in explosion galleries:
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3. Explosibility tests of coal dust inig full scale experi-.
mental mine. |

~Laboratory tests are made to determine thg fundamental. principles involved
in dust explosion and to establish the explosibility limits of coal-rock
dust mixtﬁres as a criteria for their behavior under actual mining con-
ditions. Full scale tests are employed largely to verify and establish
explosibility characteristics of dust and gas in actual size openings.
Both laboratory, as well as full scale tests, are vitaliy important from
both a theoretical and a practical point of view, The laboratory work
has been extended to all types of industrial dusts, whereas, in the
experimental_mines,.studies haﬁe been made only on cdal dust., However,
any pertinent facts_obtainedlthrough the studies of other industrial
dusts will be considered along with coal dust explosion problems.

‘In general, laboratory tests were designed to make determinations

of the following characteristics of coal and other dusts:

1. The temperature required to ignite dust clouds and
undisperégd dust layers.

2, The total amount of inert dust required to be mixed with or
contained in a dust to prevent its ignition by a suitable
igniting source. This property is known as relative inflam-
mability.

3. Eneréy of ignitionm, That‘is, the amount of electrical
discharges from a condenser requiéed to ignite a dust cloud
or‘dust layer.

4, Lower limit of explosibility of dust concentration in air and

other atmospheres.
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5. Maximum pressure developed by éxplosion of dust clouds of

various concentrations and the rate .of pressure rise,

6. Effect of oxygen deficient atmospheres on ignition of dusts.

7. Effect of particle size and shape on e#plosibility

characteristics,

The United States Bureau of Mines used various types of apparatus
to perform the laboratory tests. Some of them are described below:

The apparatus that was used by Frazer, Hoffman, and Scholl (59,

p. 5) is shown in Figure 5; It consists essentially of the explosion
flask (a), the platinum coil ﬁij, and devices for putting the dust in
suspension and for measuring tﬂe pressure developed in (a).

The flask (a), which has a capacity of 1,600 c.c,, is provided
with large tubulures at its top and bottom; the ends of these tubulures
are ground trﬁe on a glass plate with e&e?y powder. The brass plate (k),
which rests on the end of the top tubulure, carries the platinum coil
(i) anl the brass tube (m). The brass plate (c), on which (a) rests,
carries the small glass funnel (b), which is cemente& éas-tight intq ().
The contacts between the ends of (a) and the brass plates (k) and (cj is
made gas-tight by Wide.rubﬁer bands. The contraction of rubber draws
the projecting portion of the rubber down on the ends, forming a rubber
cushion between the ends of the tubulures.and the brass plates and by
screwing down thé nuts above the stee} piece (1), the joints at these
points are_madg_tight. The platinum coil (i}.is suspended near the centex
of (a) by the two stout nickel leads (i, j), which pass through fiber

plugs in- (k). The coil (i) is made of about 100 em, of No. 26 platinum
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wire, wound on a quartz-glass frame, which is attached to the leads
(j,j). The steel ball (n) is ground to fit practically gas tiéht'on
top of (m), which is soldered to (k) and communicates. with (a).

The dust to be investigated is weighed into the glass funnel (b)
and at each trial is brought to about the same position in the stem of
the funnel, which is then connected by means of a short rubber tube to
the 150-c.c. glass bulb (d). By means of the compression bulb (p), the
air in (d) is compressed‘until a pressure of 150 mm. of mercury is indicated
by the manometer (h). At the proper instant the dust in (b) is ejected and
put in Suspeﬁsion in (a) by Suddenly opening the pinch cock (e). In order
to ensure a more uniform dissemination of the dust in (a), (b) is covered
with a small piece of 18-mesh copper gauze. The pressure developed in
(a) is determined by ascertaining by several trials the smallest weight
that must be placed on (n) to prevent its being lifted from (m).

With the apparatus connected as shown in Figure 5, the desired
current is passed through the platinum coil for exactly three minutes and
during this intervai the expanding air in (a) is released at intervals of
1, 2, and 2-3/4 minutes after the instant the current is first passed
through the coil. At the end of exactly three minutes, (e) is quickly
opened and the dust in (b) is ejected. The experiment is repeated several
times; the weight on (n) being varied each time until it is found that the
pressure developed in (a) lies between two values differing by five grams.
The weight, which is a small flask orlother-élass vessel containing mercury,
is easily varied. In every experiment, 0.05 gram of dust was used for
ignition, as with thisbquantity it has been found that the most inflammable

coals are still able to exert the maximum explosive force.
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Experiments were made on each dust with current stfengths_of 5,
5.5, 6, 6.5, and 7 amperes. In all the tests, each sample was ;ir'd;iéa
~ to constant ﬁeight and then ground fine egough to pass through a 200-mesh
sieve; the fineness of all the sampleé being as neérly as possible the
éame. Reéuits are plottéd with the strength of the current on. the coil
as abscissas and the pressures in the flask as ordinates; the maximum
welght in grams lifted in a test is taken as the pressure cofresponding~
to the strength of current in that test.- Since the diémeter oflthe brass
tube (m) is 7 mm., the pressure per unit area can be calculated if
desired. Six curves are given'in Figures 6 and 7 to illustrate the

results obtgined.

" Laboratory Inflammability Apparatus

Figure 8 shows the aﬁparatus (13, p. 4) with the furnace, A,
mounteﬁ §n a triﬁod. The ﬁeated ce;tral tube is cylindrical, of refractory
ﬁaterial with a 1%-inch inside diameter by 8 inches long. Heat is
supplied through a nichrome winding placed on a groove on the outside of
the tube, The temperature gradient'along the tube is reduced by concen-
trating the winding towardg the ends, From each end to the ceﬁter, each
successive inch of the tube carries sevén, six, five, and four turns of
wire respectively. |

This tube is enclosed in a.sheet-metai shell, 5% inches in diameter
by 9 inches long, provi&ed with ends of transite bored to ﬁold the tube
in place.z The space between the tube'and-sﬁell is packed with diatoma-

ceous earth (kieselguh:).to reduce heat losses. A power circuit is

-connected to the nichrome winding through terminals mounted on the top
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and bottom tramnsite heads; a rheostat and an ammeter are included in the
circuit for proper control.

The temperature is measured by a base-metal the?mocouple, C,
inserted in the bottom of the tube. Exploration with this thermocouple
showed a temperature gradient from the walls to the axis of the tube
and from the center to the ends thereof. This gradient is shown in'
Figure 9 with values obtained with a midpoint wall temperature of 720
degrees Centigrade,

The dust to be tested is placed in an open-end aluminum boat
inserted at (F) in the horizontal part of the dust tube (D), through a
ground-glass joint between (F) and (G). The inside of the vertical part
of the tube (D) is aligned with the furnace bore, and %he tube is kept
in positién by a short brass extension (E), screwed to the top of the
furnace. This extension also holds. a coarse-wire gauze that assists in
the dispersion of the dust as it enters the furnace. Air for injecting
the dust is contained in reservoir (H), a glass globe four inches in
diameter and having a side conmection to manometer (I). On the floor
is a compressor (L) and a high-pressure reservoir (K), from which (H)
is filled through needle valve (M). It is necessary to keep the air

" blast from reservoir (H) constant in differenf tests and uniformity of
release is obtained by a spring operated pinch-cock (N), which is re-

leaged by a trigger.

Determination’of Inflammability

The furnace is heated to the correct teﬁperature; a quantity of

the coal dust or a mixture of coal and inert dusts to be tested is weighed
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into the boat which is then placed in the horizontal arm of the dust
tube, after which the ground-glass joint is fitted in place. Automatic
release (N) is closed and reservoir (H)is filled with air to the correct
pressure. -The trigger of the release is pressed and the dust is blown
completely through the furnace in the rush of air thus liberated. The
cloud appearance is observed as it emerges from the bottom of the furnace.
If a volume of flame appears, the dust is termed "inflammable"; if no
flame appears the dust is termed 'non-inflammable'. The test is then
repeated to confirm the first observation.

The quantity of dust used and the composition of the mixture are
varied in successive tests until two mixtures are found which differ in
the proportion of inert dust by 2.5 percent, of which the one containing
the least inert dust definitely inflames in the furnace tube at some
weight of dust used and the other does not inflame at any of the weights
pested. Inflammability of the coal dust is taken as the mean of the
contents of total incombustible material in the two critical mixtures.
Total incombustible is the sum of the inert dust and the moisture and
ash of the coal dust mixed with it.

It was found that a'mixture close to the limit of inflammability
might inflame at some given quantity of dust and not at others. Tests
were made with total weights of dust ranging from 0.5 to 1.5 grams in
steps of 0.2 graﬁs.

Large-scale tests of fine dusts prepared from British coals were
conducted by Mason and Wheeler {13, p. 10) in a steel gallery at Buxtonm,
England, and from the results obtained, the-following mathematical re-

lationship was déducted: S = 100-(1,250/V), in which S is the incombustible
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content of any limiting mixture and V is the volatile ratio of coal

expressed in percent.

Godbert-Greenwald furnace. This appartus was déveloped by the

U. S. Bureau of Mines for the study of inflammability of coal dust and
its use has been extended to other types of industrial dusts. Figure 10
shows the apparatus with its test chamber consisting of an electrically
heated cylindrical tube furnace. The dust to be tested is placed in a
small boat which is connected to'the top of the furnace by a tubing. A
weighed amount of dust is placed in the boat and the dust is conveyed
pneumatically through the tube to the furnace, the temperature of which
is controlled by an automatic thermostat. This apparatus can be employed
to determine: (1) the minimum temperature of ignition,>and (2) the
relative inflammability, both by cut-and-try methods.

For minimum temperature of ignition studies, the temperature of
the furnace is varied and four trials are made at the temperature at
which ignition does not occur. The lowest temperature at which ignition‘
does occur, as indicated by the appearance of a flame at the lower mouth
of the furnace, is recorded as the ignition temperature of the dust.

Relative inflammability is deterﬁined with the temperature of the
furnace held constant at 700 degrees Centigrade (1292 degrees Fahrenﬁeit).
As an initial step, pure dust is blown into the furnace. 1If it gives
out a flame, increasing quantities of Fuller's earth are added to increase
the content of inert material., This is confinued until the minimum per-
centage is found which will ﬁrevent ignition of the powder in four success-

ive trials,
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Open-spark apparatus. The appartus used is shown in Figure 11.
It differs from the Godbert-Greenwald appartus only in that an electric -
spark is substituted for the furnace as a source of igqition. It con;
sists of a high-voltage continuous spark having an average power of 20
watts which is passed through a gap between electrodés in a pyrex tube.
The test sample is blown through the tube so that the spark is complétely
immersed in the moving dust cloud. The apparatus is flexible so that
the atmosphere in the tube, Which carries the dust, may be composed of

any gas mixture desired.

Hartmann apparatus. This apparatus was designed; (1) to determine
the maximum pressure and the rate of pressure rise during explosions of
dust clouds, (2) to measure the lower concentration limit of explosibil-
ity, and (3) the minimum energy required in a static spark to ignite
dust clouds. A sketch of the appar#tus is shown in Figure 12. The
;xplosion chamber is a cylindrical lucite tube 12 inches long by 2.75
inches in internal diameter, with a 0.25 inch thick wall and enclosedvin‘
a split-coppef sleeve to prevent rupture by high.pressures. The copper
sleeve has observation ports and the lucite tube has inserts at two inch
intervals for placing electrodes. The bottom of the lucite tube is
closed by a brass cap which supports a specially designed cup for hold-
ing the test sample which is dispersed upward in the tube by eir or gas,
depending upon the test being made. -The top of the tube is connected to
; manometér for pressure measurement or it ﬁay be closed by a paper dia-

phragm if pressure measurements are not desired,
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The source of ignition is an electric spark with an average power
of 24 watts. Five levels or vertically displaced positions for the
_electrodes are provided to assist in obtaining lower ipflammability
limits. The top of the explosion cylinder is covered with a paper dia-
phragm and the minimum quantity of dust required to ignite at gach elect-
rode level is found by successive trials. The higher the electrodeé,
the greater the quantity of dust which must be dispersed into the
chamber., This shows that the dust cloud is not uniform but is denser
in the lower portions of the tube. With this equipment, however, the
vertical spacing of the electrodes permits a more accurate estimation
of the lower limit than can be obtained from data taken with the elect-
rodes at one level only.

The manometer used for measuring pressures is of the diaphragm
type with magnification of diaphragm movement through an optical lever
.for recording on photographic film mounted on a rotating drum. The
Hartmann apparatus is also employed to determine relative inflammability
and the electrical énergy necessary to ignite dust élouds. This latter
méasurement is made through the knowledge of the quantity of electricity

discharged across the-spafk gap from a charged condenser.

Tests in Explosion Galleries

Explosion galleries used by the U. S. Bureau of Mines vary in
size and shape with most of the experiments being carried out in one to
six foot cubical enclosures, Elongated galieries have also been used

for experimentation.
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A four by four foot gallery is of typical construction and made
of 2-inch tongue-and-groove pine planking reinforced wi;h steel ‘angles
‘along the outer edges and lined on the inside with galyanized steel
sheet. There are four adjustable openings or vents in the walls with
one on top and one on each of three sides. Openings may be adjusted
from 18 by 30 inches to smaller sizes. The fourth side has a door oﬁ
vertical hinges. This gallery is anchored to the floor of a shed which
is 12 by 16 feet by 10 to 12 feet high with large doors and removable
panels.,

Pressures are measured by two types of manometers; one for higher
and the other for lower pressures. Two or three manometers were used in
each test with care being taken to prevent heat effects from deflecting
the diaphragm of the manometers,

Ignitibn was initiated either by an electric spark or a guncotton
flame. The factors affecting combustion and the pressures developed are;
(1) dispersion of the dust, (2) effects on the location of the dust cups,
(3) location of the ignition sources, (4) timing of ignition relative to
dust cloud formation, (5) the effect of dust concentration upon the
severity of the exploéion,'and (6) the size of vents and material used

to cover them,

Lower limit of explosibility. (6, p. 44) Particle size has a

marked effect on explosive limit. For the purpose of studies, dusts
used are such’'that 50 percent or more pass through a 200-mesh screen.
The lower explosive limit also depends upon the source of ignition, A

weak electric arc would not ignite dispersions of an atomized aluminum
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powder in air if the concentration was below 0.05 ounce per cubic foot
but a rapid timed flame of a small quantity of gun cottom could start
.exp}osions in concentration as low as 0.025 ounce per cubic foot. The
corresponding ignition limits for fimely pulverized coal dust were found
to be 0.035 and 0.005 ounce per cubic foot.

If heat losses are neglected, the heat of combustion produced by
a unit volume of dust cloud must be equal to the heat required to raise
the temperature of a similar volume to ignition level., This is demon-

strated by the expression;

pq = p (I-t) c, * (T-t) sc;

wherein,

(T-t) scy
q - (T-t) c, >

p=

p = lower explosive limit of dust concentration,
q = heat of combustion of a unit weight of dust,
T = ignition temperatures of dust,
t = initial temperature in a dust cloud,
s = density of air at initial tegperature and pressure,
c, = gpecific heat of air at constant volume, and
c, = specific heat of dust.
This expfession is only an approximation because it neglects heat
losses, dissociation, incomplete combustion,'and pressure effects in
front of the flame or combustion zone; and does not take into account

the particle size effects. It is useful for comparative purposes only.



43
The above formula may be modified by introducing a factor q' which

is found by correcting q for the errors stated above. Then;
q' = q - k {T-t) - d(T) - £(s)

where:

k = a heat loss factor of the apparatus,

d(T)

i

logs of heat due to dissociation, and
f(s) = loss of heat due to particle size effects.
The expression for explosibility limit would then be:

(T-t) sc,
PRkt (1-t) - 4 - £(s)

The three new correction factors have to be determined by

experimentation and, at present, very few such data are available.

Tests in the Experimental Mine

A brief description of the experimental mine has been given on
page 15 and in Figurg 3. The seam consists of five feet of nearly clean’
coal, one to two feet of friable clay, and one to two feet of "roof coal',
Which is composed of glternate layers of coal and shale. The upper coal
layers make an'excellent r;of, usually requiring no timber support and
being capable of withstanding the shock of explosions in most places.

Stations have been cut along the main entry for experimental
purposes and the cut-throughs have been blockaded with stoppings in order
that the hainwentry can be used separately for many of the tests. The
floor of the main entry was concreted and the walls and roof were covered

with gunite to prevent contamination of the dust samples and to strengthen
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them as well as to facilitate cleaning up after an explosion.
The mine is equipped with wiring systems so tﬁa; appropfiate
_ measurements can be taken of temperatures, pressures, flame velocities,
and any other quantities desired. Automaéic gas sémplers are used to

éample before, during, and after an explosion.

Test'i. Pulverized Pittsburgh-bed coal was loaded at rates of
0.032, 0.04, and 0.08 ounces per cubic foot and subjected to ighitioﬁ
"source Bf, consisting of a blown-out shot of four pounds of FFF black
blasting powdér tamped with ﬁh;ee pounds of clay. This was fired from
a steel cannon resting on the floor at the face of the main entry into
100 pounds of pulverized Pittsburgh-bed coal~-dust distributed over the
' 50-foot dead end inby the last crosscut. The dust under test is dis-
tributed in the c?osscut and outby on both entries for a distance of
300 féet. The blown-out shot develgps an explosion in the pulverized
sdust which is projected into the dust under test,

In some tests the dust was distribute& on overhead cr&ss shelves,
which are fixed at 10-foot intervals. An explosion was obtained with 0.08
ounces of dust per cubic ﬁoot but was not obtained with 0,04 ounces. A
éecond trial was made with the dust plaéed on special shélves 80 arranged
that they would be thrpwn down and the dust scattered in the air. 'ﬁith
this arrangement, propagation was again obtained with 0.08 ounces of dust
per cubic foot apd was not obtained with 0.032 ounces. Tﬁat the latter
‘;ethod of fofhing the dust cloud was more effective was shown by the
fact that the'exploaiqn‘witﬁ the 0.08 ounce léading was much more rapid

and violent than with the former method.
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Test 2. In this test, pulverized Pittsburgh-bed coal-dust (92
percent through 200 mesh) was loaded at the rate of 0.032 ounces per
cubic foot. The dust was equally divided between the pverhead cross
shelves, longitudinal side-shelves, and the floor; a method of loading
that has been standard in most of the work. The source of ignition was
a gas explosion, called "source C", The dead end of the main entry; 50
feet long, is closed by a paper diaphragm and a uniform mixture of
natural gas and air in proportiops to obtain maximum explosibility is
prepared in it. 1In the test there was 9.3 percent of gas in the mixture
which was ignited eight feet from the face by firing a black-powder
igniter into it. This gas mixture gives a violent explosion, pressures
are three to four times as great as obtained from source B, and there
is a greater projection of flame from this explosion zone in the entry
head and into the dust testing zone beyond. The dust raising power is
greatly enhanced by the higher pressure. An idea of the violence may
be obtained from the fact that some of the three by eight inches oak cross
shelves are broken ffequently.

Propagation was not obtained in this test, as the flame died out
after traversing about half of the coal dust loading, It is evident
that there was not sufficient dust raised in the path of the flame to
give a self-sustained explosion even though the dust cloud was fairly
uniform,

A similar test was made with dust paséing 95 percent through 20-
mesh and 20 percent through a 200-mes£ sieve, and loaded at the rate of

0.04 ounces per cubic foot. This loading also failed to give propagation,
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The flame traveled through about 80 perCentlof the dust and, therefore,
it was closer to the dividing line of the density required than the.
previous test with pulverized dust.

Tests in the Eiperiméntal Mine have shown that the lower limit of
inflammability of minus 200~mesh Pittsburgh coal dust lies between 0.032
and 0.08 ounces per cubic foot, This is a very small amout and is
equivalent to three ounces per linear foot in an entry of 60 square
feet in cross section. Such a spall amount, when distributed over all
the inner mine surfaces, could be detected only by careful examination,
On this basis, it is evident that no coal mine can be so clean that

propagation of a coal dust expiosion is impossible,

Electricity and Coal Dust Explosion
With the increased use of electricity in present day mining,
direct ignition of coal dust by electricity requires careful considera-
tion. Laboratory investigations started in the early 19th century and
the investigators agreéd that for direct ignition of coal dust, a dust
.clpud of sufficient density must be brought in contéct with an electric

spark or arc.

Demonstrations in the Experimental Mine

Demonstrations of the ignition of coal-dust cloud by an electric
arc are carried.out: in the entry pit mouth, which is concrete lined, has
a width of eight feet and a height at the center of the arch of a little
more than eight feet. A dust’cloud is formed by blowing coal-dust from

a shelf near the roof by means of compressed air. The arrangement is
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shown in Figure 13. An arc lamp is suspended six to seven feet in front
of the shelf with the arc about 18 inches below. All pfotecting glasses
.oﬁ ;he lamp are removed so that the arc is fully exposed. When the 1émp
is in operation, the current in the arc is 6.5 amperes'and the potential
across the carbons is 65 volts. .Thé arc used has much less intensity
than one that might occur by the grounding of a trolley or powér line
or of an extended lighting circuit.

When air is admitted to the pipe on the shelf, about 35 éounds of
the dust is b;own off and falls over the arc in a well-dispersed cloud.
The coal dust thus blown from the shelf obscures the arc momentarily
while a flame starts from it and spreads through the cloud with a rush
" to the portal and into the open air beyond. The size of this arc is
small wheﬁ compared with those normally met in mining practice whose
current drawn in a direct short circuit may be hundreds of amperes and
at voltages of 250 to 500. Such arcs would have enormously greater

igniting power,

Experiments at the face of the main entxry., The demonstratiqn

described above giveg no quantitative data on.the ignition variables
involved. Thié particula; test was made in order to determine the amount
of dust required to initiate a self-sustaining explosion with a given
arc, how thé'danger varies with the composition of the coal, and how
both of these vary with the voltage,and_cur;gnt of the arc.

The face of the main entry is 50 feet in advance of the last open
cross cut, its size is dbout 6 by 10 feet and with a dead-end volume of

about 3,000 cubic feet. Figure 14 shows the longitudinal section of the
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dead end with the shelves upon which the dust is placed; the shelf and
arc being the same as in Figure 13 but with the arc nearer to the floor.
The valve on the air line is opened by energizing a solenoid circuit in
proper synchronism with the operation of the pressure and flame velocity
recorders which are used in the tests. The Pittsburgh coal dust used
was ground so that 90 percent passed through a 200-mesh sieve.

Two types of tests were made: (1) those in which there was dust ‘
only on the shelf carrying the a}r pipe, and (2) those in which’additional
dust was placed on the other shelves to determine if the initial inflamma-
tion could raise it and develop a self-sustaining explosion.,

In tests of type (1), various amount of coal dust were blown from
the shelf and the extent of flame and the pressure devgloped were deter-

mined. Table I gives the results of the tests.

TABLE I
Pressure, pounds Time taken
Quantity . Length per square inch for flame to
of Dust, of Flame, 50 feet 150 feet travel 50 feet,
Test pounds feet from arc from arc seconds
1 100 75 2.5 6.0 0.42
2 50 75 1.3 5.5 : 0.22
3 25 50 ——— 6.3 0.17
4 10 50 - -—- -
5 10 35 0.5 1.5 ———-
6 10 50 0.8 2.4 1.05
i

5 20 0.1 0.5 ~n-
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A reduction of the quantity of dust from 100 to 50 pounds caused
no decrease in length of flame; only a slight decrease in pressure and
“an increase in the velocity of flame travel. This indicated that the
larger.quantity produced too dense a cloudAand.that part of the coal dust
could notAbe consumed thus retarding, by heat ébsorption, the combustion
of that which was inflamed,

In tests of type (2), studies were made to determine whether or
not a self-sustaining explosion gould develop from the inflammation of
10 pounds of coal dust. In these tests, 50 pounds of additional coal
dust was placed on the cross shelves from the arc to the cross cut.
These shelves were so0 arranged'on,a narrow support that a small force
would upset them and thus spill the dust. 1In theselcaqes, the flames
extended ;bout 35 feet beyond the last shkelf and the pressures were
twice as great as in the previous tests.

In another test, 100 pounds of coal dust was used besides 10
pounds blown into the arc., It was distributed on the side shelves and
floor to the open créss cut and on the cross and side shelves and on the
floor in the cross cut. A well developed explosion resulted. Flamé'
extended at least lOO'feet‘beyond the eqdé of the dust loading in both
entries and pressures of five to nine pounds ﬁer square inch were recorded.
These tests show that a wide-spread disaster may result when as little
as 10 pounds of-fine dry bituminous coal dust is ignited by an arc in

a mine,
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Data and Results from the Study
The dusts which were used in these tests were prepared  from.coal:
seams of different parts of the country and ranging from lignite to ﬁeta—
anthracite, The samples are listed in Tagle 1T which gives the source
classification, proximate analysis, heat content, volatile ratio, and

the volatile content on a dry and mineral-matter-free (DMM-free) basis.

TABLE II

CLASSIFICATION AND ANALYSIS OF COAL SAMPLES {26, p. 3)

Proximate analysis Volatile
percent _ ratio, Volatile
Classifi~ Vola- Heat percent matter
cation Mois- tile Fixed value, - ¥V {DMi-free),
of Coal ture matter carbon Ash BTU/lb. V + F.C. percent
Meta- :
anthraqite 0.2 3.0 64.1 32,7 8,720 4.5 2.0
Anthracite 4.1 4.0 82.5 9.4 12,830 4,6 3.6
Semi - ' :
anthracite 2,1 8.2 80.4 9.3 13,600 9.3 8.4
Low- . : .
volatile 3.6 16,5 72.8 7.1 13,960 1845 17.8
Medium-~"
volatile 2.7 24,7 65.9 6.7 14,050 27,2 26.7
High~ : :
volatile 1,2 34,8 56.0 8.0 13,770 38.3 37.8
do. 3.0 40,5 53.7 2.8 14,06Q 43.0 42,8
Sub- _
bituminous 10.7  34.6 46.3 8.4 11,020 42.8 42,2

Lignite 39.9 27.0 30.0 3.1 6,800 47.3 47.0
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The analyses indicate that the moisture contents of the samples
ranged from 0.2 to 39.9 percent. However, except in special eiperiments
- on the effect of moisture, no dust had more than three percent moisture
when the explosibility tests were performed. 'Several samples were dried
at 75 degrees Centigrade to reduce their moisfure content,

Most studies were made on coal dusts of through-200-mesh (minus
74-micron-square)fineness. Some experiments were conducted with so
called mine-size dusts in which all particles were finér than 20-mesh
and 20 percent by weight passed through a 200-mesh sieve. 1In tests on
the effect of particle size, sémples composed of definite sieve fractions
were used., That is, mesh sizes ranging from 48- to 65-, 65- to 100-,
100~ to 150-, 150~ to 200-, 200~ to 270-, 270- to 325-, and through 325-
were used. In another set of experiments, the effect of varying propor-
tions of through 200-mesh particles in the samples was studied., In this
case, fine dust was added to coarse aggregates consisting of particles
between 20- and 200-mesh,

The amount of dust used in most tests was one gram or less. In
the explosion-quenching and pressure-release experiments conducted in
the galleries, sampleé of 10 grams to a few hundred grams are dispersed
and exploded. Most experiments were performed in air but in some tests
the dust was dispersed and ignited in oxygen. To determine the limiting
percentage of oxygen that will support combustion, mixtures of air and
002 were used in a few tests.

The inert dust used to determine the relative inflammability of

coal dust in the laboratory is Fuller's Earth in which all particles were
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finer than 20-mesh, 44 percent finer than 100-mesh, and 30 percent by
weight finer than 200-mesh. The relative inflammability of a dust -is
defined as the percentage of inert dust in a mixture with the combuséible
dust that 'is required to prevent ignition-of the mixture by a given
igniting source. The results obtained from the above tests are given
in the form.of graphs.

Figure 15 shows the incombustible or rock dust requirements for
preventing flame propagation in.dust clouds of various ranks of coals.

It may be seen that the incombustible requirement is less than 50 percent
for coal dusts of volatile ratios below 0,20 and.the value becomes 65 per-
cent or more only at volatile ratios of about 0.30 to 0.35. Regulations
in the United~Statgs require a minimum of 65 perceﬁt incombustible in
all mineg where the volatile ratio of coal is above 0.12,

- Figuré 16 shows the effect of volatile content on the lower explo-
-8ilve limit, minimum igniting energy, and ignition temperatures of coal
dusts. The curves show that the ignition sensitivity increases and the
lower explosive limit decreases with increased volatile content. In
oxygen this effect becomes less important above a volatile content of
about 20 percent.

Figure 17 shows the effect of volatile content on the maximum
pressures and rates of pressure rise developed by explosions of dust
clouds in a cloéed bomb. Here the rates above 15,000-20,000 1b. per
-QQuare ipch per second are approximétions. ,The curves show that in air
the pressure and speed of tye explosions increase with increase in

volatile matter whereas in oxygen there is-1little change in intensity
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above 20 percent volatile matter. |

Figure 18 shows the effect of dust concentration on the ‘pressures
an@ rates of pressure rise which were developed by exylosions of fine
bituminous coal dusts. Data for the other dusts gave curves of similar
shape. The maximum pressures and rise rates in the air tests attained
maximum values at concentrations of 0.05 to 1.00 ounces per cubic f&ot.
Explosion tests in oxygen could not be performed at concentrations above
1.00 ounce per cubic foot; the }imit being set by the strength of the
‘test equipment.

- The effect of initial pressure on explosions was studied with one
bituminous coal dust. Pressure tests were made at concentrations ranging
from 0.10 to 2,00 ounces per cubic foot., 1In all c;seg, the maximum
explosioﬁ pressures and the_rate of pressure rise increased linearly
with the initial pressure. In one case, at initial pressures of 0, 10,
and éO p.s.i., the explosion pressures were determined to be 73, 99, and
125 p.s.i.; the average rates were 2,100, 2,700, and 3,350 p.s.i. per
second; and the maximum rates were 4,300, 5,700, and 7,100 p.s.i. per
second, respectively.

| Figures 19 and 20 show the effegts of particle size on various
explosive characteristics. Increase in particle size reduces ignition
sensitivity and explosion pressure, Dust clouds of fractions coarser
than 150- to 200-mesh could not be ignited in air by electric sparks as
.shown.in curves in Figures 6 and 7.
Figure 20 shows that the ignigion temperature of dust clouds is

fairly constant as the particle size increases to about 180 microns
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(65- to 100-mesh); this being about 200 degrees Centigrade lower in
oxygen than in air. Any=further increase in size results in rapid rise
in the ignition temperature.

Figure 21 shows the effect of various proportions of fine dust
particleé on the explosibility of Pittsburgh coal in air., The two lower
curves indicate that the addition of fines, uﬁ to 30 to 40 percent of
the total b& weight, results in a very significant reduction in the
minimum explosive concentration and the minimum igniting energy. Any
further increase has a much lesser effect.

Figure 22 shows the effect of moisture on explosibility of coal
dust. For fine Pittsburgh coal dust there is little change in the lower
explosive limit up to about eight percent moisture, but beyond that the
required dust concentration increases sharply.

Figure 23 shows the relationship of the temperature in the labor-
atory furnace to the relative flammability of mine-size Pittsburgh coal
dust and the permissible oxygen content in thé atmosphere for through
200-mesh dust. The results obtained indicate the following limiting
oxygen contents respectively for spark tests and furnace tests; (a) semi-
anthracite 1 and 11.5, (b) low-volatile 1 and 10.5, (¢) medium-volatile
18.5 and 10.5, (d) high-volatile 17.0 and 10.5, and (e) lignite 15.0

and 7.5.
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Some effort was made to develop an experimental method for eval-
uating the ﬁpper explosive limits of dusf clouds. Although an entirely
satisfactory method has not yet been found, approximate data indicape'
that fine bituminous Pittsburgh coal dust has an upper limit of about

12 ounces per cubic foot.



CHAPTER 1V
'PREVENTING COAL DUST EXPLOSIONS
General

In days past, to a considerable extent, there had been a belief
that explosions were a mining hazard which could not be prevented. Such
belief is Based on the human failure to observe necessary safety pre-
cautions. There is no logical reason to think that mine explosions can
not be prevented when prope: preventive measures are taken.. In general,
this will involve the prevention of coal dust fbrmation, prevention of
dust dispersion to form a cloud, prevention of ignitién of-the dust, and

as a final step, prevention of explosive propagation.

Prevention of Formation of. Coal Dust.

It is a recogﬁized fact that, in the coal mining industry, coal
dust must be allayed in order to promote the safety and health of the
workers. The use of water provides the principle means of déaling with
the dust~abatement problems. In the earliest attempts, it was commqn’to
sprinkle road beds from water cars. Water was manually thrown from the
tank car witﬁ buckeés ofiallowed to run by gfavity into the center of
‘the road bed. Lgter, it was gravity spriﬁkiéd thiough perforated pipes'
and, finally,.Fhe taﬁk car mgthod-was improved by pumps which wefe uséd<
to develop enough pressure to éprfgkle the roof and ribs as well aé the
floor. :The..tank cars were tﬁen repléceq by pipe lines with connections

for fixed sprays or hoses to thoroughly wet d4ll surfaces of the roadways.
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The quantity of dust that is raised into the air during coal
under~gutting operations rangesufroﬁ'és.S to 163.9 million partiéies
per cubic foot of air andiaVerages 1?0.9'partic1es for the d;ylméthoa;
€23, p. 5). When water. is used on the mining machines in the same -
working'places, the dust rangeé from 3.6-to'42.9vand'ayerages 21.8
million particlés per éubic foot of air. If the dust which is raised
dUring wét under-cutting is taken as 100 ?ercent,zthe average without
water is 55456 percent. That.is, the operatibn becomes 5%-tiﬁe8'aé

dusty.

Watgr at_the face. Water can be psed at the face to wet coai
: beforeg;ﬁd after blasting and during7loéding. iArrangements can also be
made for:;utting and driiling méchines to wet the coal cuttings pro&uce&.
Water reaches the working faces at pressﬁres ranging from 20 to 150
poupds pet'square inch. .A half-ﬁnch'pipe with a valve and a 50-foot
length.of half-inch hose'aré connected to machines when nécessary for
wetting‘beéore and after-blésting'as Well aé dufing lbading; The arrange- -
ment -of the water 'pipes and ﬁhe method.éf'dischatging.the wéter vary.

One method of equippingi#he-méchines with waﬁer pipes is to bend
the half4ihch'§ipe'to clamp across'the frént of the.mofo; casing.‘ A
watér'hpse is conpecﬁéd go the machiﬁ; andfwater,dischgrges'thrOugh 1/8-
} iﬂgh hélgsioﬁbthe chéiniand bar.at.thé front eﬁdth the ‘machine.
-Arrangémenté are'shawn in Figqfeé‘Zé,'Zégrand.26.u(23,'p. iO).

.Various other'ﬁé£hods areiéogsiblé;-bugzche general plan is the

y o

same 'in-all cases; only the details and points of discharge of the water
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differ in each case. 1In all the methods shown, the cutting machine has
a pipe over the top of the motor hoﬁsiné from where it .extends inside
of the cutter-bar to the cutter-bar head.

In all the gbove cases, varying'numbers and .sizes of jets and
nozzles have been tried to spray w;ter.

.Case 1. Three jets were used, each having a 1/8-inch diameter
bore. Two were det near the chain where it entered the cut and one
where the chain emerged from.the cut. Trouble arose from.chpking'of
the jets and, therefore, this size Waé not very popﬁlar.

‘Case 2. One jet of 1/4-inch diameter bore was used on the chain
whete it entered the cut. ﬁo troubles arose .from choking the jet, but
dust allayment was not fu11§ attained. The loss of efficiency in dust
reduct?on was accentuated in places where the speed.of cutting was
greatest. Even where the cutting speed was 2%~feet per minute, the pile
of cuttings had large patches which gere quite dry.

Casg.B. Two jets each of 1/4~inch diameter bore were uyaed, Jets
were set one over the chain where it entered the cut and one over the
chain where it eﬁérged from the cut. No trouble:arose from choked jets;
and for all speeds of cutting, the whole of the gummings, both in the
cut and in the cut£er frack, was uniformly damped throughouﬁ.

In the above tests the pressure of water was maintained constant.
‘Tests show that the number, size, and arrangement of the jets in the
manner descrgbed in case 3 is.the arrangement to be recommended for

under ‘cutting.
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The quantity of water required depends upon operating conditions

and tests were made to determine the quantity of water necessary to give

the desired results under various conditioms.

given in Table III.

TABLE III

The data obtained’are‘

TESTS FOR QUANTITIES OF WATER ON CUTTER-BARS,
CALCULATED WEIGHTS IN TONS (23, p. 23)

D 3 1% 32

« 8] ‘ IS) LR S} 9 .
@ WD w3 o5 o > ] © £ o "
0 R3] ° O O n — o o0 oD oo
Mine [=] ] ] .lJ. ] [=] 1)) Lol 3 9 o ‘: <0
~ o e &4 D H 2o @ Hoer Ho©
-~ O o0 PR ) o0 O )] — ot wd Q PV} [ IS [V cH
52 $% BF 9% £ 3is 3@ 5§ 8% il
OH =D AbD mp = OmO @p §:J =z O 0
Ft/In Ft/In Ft/In In % Tons Tons Tons Gal. Gal.
A 4 11 41 7 5 7 & 12.93 47.09 3.19 3.53 81.39 1.95
A 411% 390 5 8 5 17.45 45.20 3.80° 4.43 88.56  2.38
B 5 6 35 0 7 6 4 15.70 59.55 3.61 4.13 124.48 3.56
B 4 9% 35 0 7 3% 5 13.17 50.43 4.38 4.86 114.91  3.29
C 7 °5 22 0 7 0 5 4.14 47.49 2.69 2.72 7.18 0.33
C 7 9 24 Q 7 6 5 5.88 58.59 3,15 3.24 21.54 7 0.89
D 310 30 0 5 0 5 15.54 23.72 2.58 2.95 88.56 2.95
0 5% 13.57 21.31 2.98 3.33 83.66 2.61

Water consumption tests with
numbers and sizes of jets were made

IV, (8, p. 758).

wet undercutting using various

and the results are given in Table
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TABLE IV

WATER CONSUMPTION TESTS WITH WET UNDERCUITING

: Jets Used
Cutting  Water. Water _ + Condition
Yards . Speed Used in Used in Size’ of
Cut  ft/min gallons gal/yd No. Inch  Gummings
80 4.4 396 4.95 1 7/32 Mainly damp with
- ‘ dry patches
% 4.1 511 5.35 1 7/32  Mainly damp with
' ' : .dry patches
100 4.1 548 5.48 1 7/32  Mainly damp with
: dry patches
120 5.7 176  1.47 2 3/16 Much dust in
_ : ‘ gummings
30 6.4 129 - 4,30 2 3/16°  Very little dust

70 © 3.8 322 4 .60 2 3/16 Very little dust

Allaying dust during operation of continuous-mining machines. A -

high breséure triplex plunger pump that created a static pressure of 800
pounds per square inch at no delivery was used go_develop high hydra&lic
. Pressures to force water or solutiéns of water mixed with wetting compound
to the contjnuogs-miniqg machine at desired preséures. The pump was
driven by a 5-H.P., 500-volt, direct~-current mo;or;.and the pump and
motor were assembled~into one working unit; |

| The pump ﬁas placed along the entfy af a water sump about 300 feet

from the machine. Water was delivered from the pump to within 50 feet

of the machine through a 3/4-inch pipeline, and then to the machine
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through a 3/4-inch rubber hose. Water was dispensed at the machine
through seven spray nozzles, which were placed strategically and effect-
ively on and near the cutting and conveyor head, as shown in:Figure 27.
Only five of the seven spray nozzles were placed on the right side of
the cutting and conveyor head of the machine in‘positions corresponding
with C-and D nozzles on the left side of the machine. Table V shows the
positions, manufacturer's numbers, and orifice diameters of the épray

nozzles used.

TABLE V (45, p. 5)

Manufacturer's

Position Designating Numbers ‘Diameter of the Orifices
of for the of the Spray Nozzles
Spray Nozzles Spray Nozzles ~ 64ths of an inch
A No. 5 - 5/64
B ‘ | "No. 5 . 5/64
c  No. 5 5/64
p No. & A
E . No. 3 3/64 )
'F No. 6 6/64

G _ No. & 4/64

When the seven spray nozzles were operated at full capacity, the
pressure created by the pump decreased from 800 to 300 pounds per square
~ inch without any apparent decrease in the‘effectiveness.of the spray

nozzles. The effectiveness of water used alone during operation of the
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machine was‘satisfactory with the indicated arrangement of the spray
nozzles, because the mist from the nozzies covered all outlets of coal
dust from the machine. When a wetting compound was used with water, '
results improved very much and virtually all particles of coal dust
were agglomerated or flocculated and settled to the floor at the cutting

and conveyor head.

The wetting compound. Wetting compound, which is a balanced

blend of wetting and dispersibn chemicals, when added in the'c0ncentfated
form in‘minute quantities to water, will cause the mixture to penetrate
and allay coal dust by produging almost instant dispersion of thé liquid
over the dust particles. The wetting power of the compound-water
solution is based not only on the reduction of surface tension of the
solution but also upon the reduction of the interfacial tension between
the solid and fhe liquid.

The compound is évailablevin the form of a solidified capsule or
cartridge.‘ It is a multiphase compound and has various trade names, one
popular name is "PERMINAL W". One to three pounds of the compound are
‘used.with 1000 gallons of water. A solid cartridge of the material is
placed upright in a steel receptacle, which is connected to the pipeline
at the discharge end of the pump. Water from the discharge end of the
punp is admitted to the bottom of the unit and around the sides of the
cartridge, dissolving the wetting agent. Figure 28 shows a schematic

sketch of the steel receptacle.
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The pump mentioned dischérges about 12.8 gallongs of water per
minute at a pressure of 600 pounds per square inch. It is a positive
displacement type and operates at a fairly constant gpeed.

The spray nozzles affixed to the continuous~gining machine
contain swirl plates with seven holes. -The apex spray angles formed
by the.spray nozzles containing seven plates. are as follows:

No. 1 spray nozzles formed an apex spray angle of 0.0 degree,.

No. 2 spray nozzles fo;med an apex spray angle of 12.5 degrees.

No. 3 spray nozzles fo?med an apex spray angle of 15.0 degrees.

No. 4 spray nozzles formed an apex spray angle of 20.0 degrees.

No. 5 spray nozzles formed an apex sprg& angle of 26.0 degrees.

Nq. 6 spray nozzles formed an apex spray angle of 31.0 degrees.

The design of the high pressure spray nozzle is shown in Figure 29.

Dust conditions during a test. At the beginning of a 24-hour

test during three consecutive Wofking shifts, a sheet of white paper
24 by 24 inches, which had absorbed moisture and was damp, was placed
in the return-ai;,course 30 feet outby the working face, in an upfighf
position 10 degrees from horizontal and facing the direction of the
return-air current from the working face where the machine was operating.
A negligiblé amount of coal dust was deposited on the paper when water
mixed with compound was used to allay the dust.

Air-borne dust samples were collected at places "A", "B", and 'C",
indicated in Figure 30. Three samples of air-borne dust were obtained

while the mdchine was operated during each of the following arrangements:
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(a) without dust-allaying facilities, (b) with water alone, and (c) with

a solution of water and wetting compound.

A volume of 11,485 cubic feet of air per minute was circulated

at the end of the line brattice, 14 feet from the face of 8 left entry.

The velocity of the air current was 296 feet per minute, and the cross-

sectional area behind the line brattice was 38 square feet. Table VI

gives the density of the air-borne dust samples mentioned above.

TABLE VI (45, p. 10)

DENSITY OF AIR-BORNE.DUST SAMPLES COLLECTED DURING
OPERATION OF CONTINUOUS-MINING MACHINE

Dust Allaved

Place Where  Collection Without with
Sample -~ Sample was Time, Dust-Allaying with Wetting
Number Collected Minutes Facilities’ Water Compound
1 A , 5 1,128,00 - - - -
2 B 5 152,00 - - - -
3 c 5 736,00 - - - -
4 A 15 - - 18.98 - -
5 B 15 - - 5.88 - -
6 C 15 - - 7.40 - -
7 A - 15 - - - - 1.20
8 B 15 - - - - .30
9 c 15 - - - - 1.62
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The U. S. Bureau of Mines midget impinger dust sampling apparatus
was used to collect air-borne coal dust samples during operation of the
machine. Counting of dust was made by a midget microprojeckor and dust
~sizes of 10 microns or less in diameter were considered when making dust
counts,

- Tests and observations have indicated that in bituminous coal

- mines 40-million particles per cubic foot constitutes a dusty atmosphere;
this figure is recommended as the maximum allowable concentration.

45, p. 8).

Water on haulageways. Standpipes for sprays for loaded cars are

connected to the main-line water pipe, and a'pipe across the track is
drilled with 1/8 to 3/4-inch holes, two to four inches apart, and
installed in room entries, partings, or side tracké where trips are
gathered and from which they are pulled. These standpipes are controlled

by valves.

Water Infusion System -
Water infﬁsion as a means of dust suppression is a technique by
" which dust can be allayed at the source, that is, on the face, for it
is there that occurs the heaviest concentrations of men and the primary
causes of an explosion. As with all processes, there must be some
standard by which the efficiency of water infusion may be judged. This
is provided By the arbitrary standards laid down by the National Coal
Board, England. These standards; which shOuld not be exceeded, are 850

particles per cubic centimeter (650 p.p.c.c. for'anthracite) in the size
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range of 1 to 5 microns (one micron is 1/25,000th part of an inch) for
coal and 450 p.p.c.c. in the size range of 0.5 to 5 microns for rock
dust. (66, p. 755).

In introducing an infusion system, the factprs to be conéidered
are: (a) the porosity of the coal and the surrounding strata; (b) the
presence of impervious beds; (c) the probable effect on roof and floor
conditions; (d) the method of working, and (e) the rate of gas émission,
if any.

The above factors influence the location, spacing and depth of
the holes, the pressures and the quantities of water to be infused.

The concéption of water flowing along a coal bed can be better
understood by considering the pfessur required to force water into the
seam. When attempts are made to infuse a seam; three types of pressures
are involved: (a) the static pressure of water available; (b) the opén
flow pressure, that ié, the water pressure with the infusion tube open
to the atmosphere; and (c) the infusion pressure, or the pressure needed
to force water into the seam. Although it is true that the infusion
pressure varies éccording to the position of the seal and also on the
preéence of breaks, both natural and induced, there is, in the absence
of breaks, a figure which can be 109ked upon as typical of the seam.

Experiments were made to find out the most suitable time during
the cycle of operations when infusion should take place. Twelve holes
were drilled in a four foot thick seam to a depth of 4% feet; each hole
waé infused for five minutes at a maintained pressure of 140 p.s.i. to

200 p.s.i. before the face was cut, and 13 to 16 gallons of water were
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allowed to enter each hole. Twelve similar holes were drilled in the
same seam and the face was cut; when infusion was tried, not only was
difficulty experienced in inserting the infusion tubes, but:in no case
did the infusion pressure exceed 10 p.s.i.; and water ran through the

seam and appeared near the floor almost at once.

Influence of cracks and breaks. This property of resistance is

the baramOunt characteristic around which a successful technique of
deep infusion is developed. A rough experiment was made to’ascertain
the sige of breaks which would reduce resistance, by welding a four
inch diameter plate at right angles at the end of an infusion gun and
seéuring a similar solid plate by three adjuétable set screws to the
first plate in such a manner that predetermined gaps could be made
between the plates. A static water pressure of 260 pounds per square
inch was available, but with a gap of 0.005 inch, water began to flow

and the pressure was reduced by 100 p.s.i.

Variations in resistance. Experiments have shown that not only

the resistance of one seam is different from that of another but that

~ resistances are not constant in all horizons of the same seam. In one
case, in a four foot thick seam, iflwas found that a hole drilled nine
inches from the roof had a pressure 100 p.s.i. gore than a similar hole

drilled in the center of the seam.

Tests in the Experimental Mine

" Figure 31 shows a typical face for infusion test. The coal face
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was undercut to a depth of six feet; in tests without infusion, coal
féces were normally nine feet wide, and’in tests with infusion, 12‘feet.
Arrangements of shot holes are shown in the plan and front view,éf the.
~figure. For the infusion tests, four two-inch diameter horizontai
infusion holes, generally eight feet lbng,‘were drilied in the face
before undefcutting. Water was injected simultaneously into the two
bottom holes, then into the top two holes.

Injection was accomplished by a water~infusion seal shown in.
Figure 32. The quantity of water injected ipto the face pef test
ranged‘from 116 to 394 gallons. Water supplied from a tank car was
maintained under pressures ranging from 70 to'100 p.s.i. The maximum
water pressures in the infusion holes ranged from 18 to 98 p.s.i. The
rate of water flow was 1.0 to 6.6 gallons per ﬁinute. The average
volumé of water injected into the coal face was 10 gallons per ton of
coal mined. In some tests, a wetting agent was added to water in the
proportion of one part per thousand, as recommended by the manufacturer.

The coal face was undercut 20 to 120 minutes after water was
injected. Drilling the shot holes generally was accomplished the same
: daf as undercutting; blasting and coal loading were performed on
.succeeding-days. " Permissible explosive was used to blast the shot holes.
Approximately 11 tons of coal were mined from a 9 foot face and 15 tons
from a 12 foot face. - -

Float dust samples were collected during each mining operation.
Dﬁst‘samplés of 1 to 10 micronﬁéiées we;é collected by midget impingers

in the intake and return air. Sampling generally was begun one minute
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before an operation and was continued for about five minutes after the
operation. Figure 33 and Table VII show the air-borne dust enc0uﬁtered
during mining operations. Results show that injection of water intp the
coal face did not appreciably reduce the amount of dust liberated by
undercutting, shot firing, or drilling the top holes. There appeared
to be a slight reduction in float-dust resulting from infusion when the

bottom holes were being drilled.

‘TABLE VII

FLOAT DUST IN RETURN AIR DURING MINING OPERATIONS (46, p. 8)

Dust in Return Air, billion particles/minute

Test Under Drilling . Shot Loading

No. Cutting Top Holes Bottom Holes Firing Cars Cars
1 70 80 5 15 10 120
2 20 30 0 45 5 55
3 50 50 10 290 5 15
4 30 45 10 220 10 25
5 60 50 5 ‘180 5 5
6 45 40 5 120 5 35

Moisture retained in coal. The loss of weight was measured for

drill cuttings and under cuttings passing through 20-mesh after drying
at 105 degrees Centigrade for two hours. Table VIII gives the moisture

content of coal cuttings.
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TABLE VIII

MOISTURE CONTENT OF COAL CUTTINGS (46, p. 6)

Noninfused Infused

Number of Average Moisture Number of Average Moisture
Operations Samples Content, percent Samples Content, percent
Under- 6 3.8 7 6.7
cutting
Drilling top 15 1.8 21 2.0
shot holes
Drilling bottom 10 2.3 14 4.4

shot holes

Water Infusion of Coal Pillars.

Results of infusing coal pillars with water and water mixed with
wetting agents have indicated conclusively that much air-borne dust
created and feleased normally during mining, especially during drilling
and blasting, can be "killed" 6r abated at its source by this method.
(41, p. 2).

Water forced into holes drilled into coal pillars travelsAtﬁfough
the coal along the cleat planes naturally occufring within the coal.

" The coal that is strongly cleated at close intervals may be expécted to
offer lesé resistaﬁce to water flow from the drill hole than will coal

which is more massive in structure. It is apparent that within the one
area of coal, or even within the one pillar, there aré zones which per-
mit greater water flows than others. This is believed to be due to the

effects '0f roof pressures and roof-floor convergence.
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Visual observation of a pillér indicétes that the periphery of a
.pillar consists of coal broken away from the solid coal by parallel
"pressure cracks caused by mining. If infusion holes drilled into such
a pillér are not sealed beyond this brokeﬁ periphéry, water escapes along
these cracks to the floor.

Holes may be bored at about midway in the coal bed. Where the
bed shows the tendency to crush, which would result in tﬁe distortion
and loss of holes so bored,-it is advantageods to 5ore in any part of
the bed which may bé harder. Very long holes are not desirable in
piilar infusion as length éecreases the control over where the water
g;es. Figure 34 shoﬁs two methods of infusing a pillar. Imn general,
the worse the pillar conditions are with regard to roof conditiomns, floor
heave, and crﬁshing of the coal; the shorter the holes and the closer
tﬁeir spacing should be.

A drawing of a water infusion seal suitable for pressures up to
350 pounds per square inch is shown in Figure 35. 1t is important -that
all flows in tﬂe pillars be measured and controlled. Uncontrolled pillar
infusion leads tq accumulation of water on the dip side and may'have
adverse effects on thé stability of the floor and -roof.

In pillar infusion it is desirable to infuse twice, the -initial
and major infusion should be done prior to splitting the pillars. That
is, before the goaf line has advanced to the pillar; this should be
foliowed~by a second infusion during_fhe actual extraction of the pillar
to ensure the presence:of surface moisture on the surfaces of the cléat:

pléneé‘and other cracks within the coal.
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The data available indicates that with pressures in the range Qf
50 to 100 pounds per square inch, flows of as much as 30 galloﬁs‘an hour
are normal, that above 30 gallons an hour they are suspicious; and that

when flows reach 90 gallons an hour, infusion should be stopped.

Pulsed Infusion.

This is infusion of water combined with shot-firing.' Pulsed
infusion results in a better spread of the explosi&e energy, the impulse
on fifing‘being transmitted through the water to the coal.

Infusion is done With a hydraulically operated impulse~-firing
gun. This gun differs from other types in tha; there are two water
circuits, one for the infusion flow and the other for the water seal.
Figure 36 shows the section of the gun. The gun consists of two meﬁal
tubes with a rubber sleeve insert. When the sealing pressure is applied,
the assembly is fore-shortened, expanding the rubber ring diametricall&
against the sides of the hole. A 3/8-inch minor valve controls the.
flow. In one éése, the water pressure recorde& is 750 p.s.i. and water
is supplied by a 5 g.p.m. pump.

Figure 37‘showé the pattern of the infusion holes; the diameter
of each hole is 1~11/16 inches and 16 holes are placed at approximately
mid-position in the seam. The gun is inserted into the first hole and
the sealing valve is opened. This expands the rubber sleeve and draws
the inne;vtube back in relation to the.éuter case. When the gun is
securely sealed in the hole the sealing valve is closed and infusion

proper is commenced. The infusion pressure is about 250 p.s.i. and the
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rate of flow is about 2% gallons per minute. Infusion is continued
until the water is seen to be oozing out of fissures and breaké.' Aéter
the hole has been infused, it is charged with a special submarine explo-
sive. The wires from the detonator, which is placed in the cartridge,
are brought to the outside of the hole and the infusion gun is again
inserted, care being taken to avoid any barring of the detonator wires.
No stemming is required. Figure 38 shows the section of the pulsed inféision
hole.. During firing, the pfessure developed is about 50 p.s.i. At the
time of firing, the shot-firer keeps the combined water meter and guage
unit under observation.torensure that the séal is being maintained.
Beforebthe shot is fired, to prevent the infusion gun being ejected from
the hole, it is attached to an adjacent prop by méans of a safety prop.

Due to water in the hole, the explosive force spreads more
uniformly and, conseqﬁently, higher yield 6f large coal with considerable
reducti&n in the amount of dust is achieved. The absence of objectionable
smoke is also & notable feature. By drilling six-foot flanking hole at
45 degrees, pulls obtained were five feet and the coal very easily
parted from the roof, |

Without the use of water iﬁfusion technique, the same face required

40 holes with an average of 16 ounces of explosive in each hole. (66, p. 759).

High Pressure Water Infusion.

The principles of high pressure water infusion tube is showp in
Figure 39. (65, p.-306). It mainly consists of two separate tubes, one

fitting closely into the other. Water enters into the tube through the



14 YARDS

LN ] ~u - e . [

FIGURE 37

From Colliery Guardian, Vol. 196, 1958,

(.

<

\ ,_\-\‘ (2 5
=
EXPLOSIVE

FIGURE 38

From Colliery Guardian, Vol. 196, 1958,

98




*

FIGURE 39

From Colliery Guardian, Vol. 194, 1957.



100

control cock A and then into the cylinder B via the ports C. Due to the
pressure of water, the piston D is forced back, and as a résult,»tﬁe
inner.tube is forced out into the outer tube. This makes the rubber
seal E to expand and grip the hole. After the hole has been infused,
the cock A is operated and the water in thé cylinder and inner tube
comes out through the vents F and G, thus releasing the pressure and
allowing the tube to be withdrawn.

In high pressure infusion, much depends upon the pump employed.
The pump used is a five ram constant delivery type which delivers 11
gallons per minute at 950 f.p.m. and at pressures ranging up to 1,000
pounds per square inch, requiring an input of 10 H.P. The pump is fitted
with an adjustable relief valve by means of which the pressure can be
varied fromlo pounds to 1,000 ﬁOunds per square inch. |

A new type of high preésure infusion gun (65, p. 405) can treat
holes as long as 30 to 40 feet and develop an infusion pressure of 3,600
p.s.i. when the static pressure is 4,000 p.s.i. The amount of water
required in high pressure infusion depends on mine conditions. In one
case, where the mine was very dry and dusty and the seam was four feet
thick, 1,000 gallon; of water were requiréd for every 40 yards of face.
High pressure infusion can be applied periodically as opposed to shift-
by-shift infusion in case of ordinary water infusion.

The following general conclusions can be drawn on the basis of
thé tests carried out under varied physical conditions: (a) water infusion
system can be adopted for dust suppression in any seam in which the

cleavages or slips are pronounced, () in the dustiest seams, from 80 to
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90 percent of the air-borme dust comés from the face of the cleavage
planes or slips, and also the crushed coal bordering these pianeél |
Following saturation of the seam by water infusion methods the dust
can_ﬁe limited und;r extreme conditions to 1,000 particles per c.c.,
(c) in the dust spot samples taken, it is estimated that 80 percent of
the particles are below five micrbns, (d) with medium and bad conditions
of roof and floor, boreholes up to eight feet in length and spéced ffom
eight yards to 12 yards apart have been found to give the best satura-
tion results, (e) trials in any new seam should include preliminary
fests to decide the horizon of the bbrehoies s8o as to avoid seepage of
water into roof or floor, (f) if the holes are fed simultaneously, it is
necessary to ensure a plentiful supply of water, with a water column
along the face at least two inches in diameter, (g) the rate of travel
vof water infusion or moisturevin a seam along any particular path appears
to be largely independent upon the pressure of water. The pressure seems
to be necessary only to maintain the flow to advance along-the‘nuﬁerous
planes where the capacity of the seam does nof impose a limit upon the
general rate of saturation, (h) although the period taken for saturation
is usualiy longer with low water pressure, saturation seems fo be more
effective, (i) in certain meams, the system of water infusion has a
decidedly beneficial effect on the working of the coal, as it falls much
‘easier. In seams where shot-firing was car;ied on it has been considér-
abiy réduced, (j) dust concentration is s0 reduced that the full benefit
of better illumination is obtained, (k) the method of water infusion

does not seem to have any detrimental effect on the screening operations*
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or on the marketing properties of the coal. Evaporation takes place
and the moisture is greatly reduced during the transit of the coal from

the face to screens.

Mine Roadway Dust Consolidation.

Use of water for allaying coal dust has been dealt with in the
earlier chapter. It has beeﬁ found that, in order to 1ay thick and
irregular deposits of dust, it is necessary to obtain as rapid a surface
wetting as possible and to avoid the spraying of too large a vol&me of
water ip one operation. fhe various wetting agents available, "Perminal
W" and "D.S. 103" are the most suitable for the purpose.

The procedure to be adopted to getvsatisfactory wetting is as
follows: (a) spraying with a two to three percent solution of wetting
agent, at a rate of from two to four gallons per 100 square feet of
floor area, according to the ability of the surface to carry it without
any loss by drainage, (b) repetition of this treatment, after one hour,
if the average thickness of the dust-deposit approached one inch, {(c)
completion of the treatment, after a further hour, by spraying w{th
water alone in sufficient quantity to moisten the depost throughout.

Tests were made by treating roadways according to the procedure
outlined and it was found that: ka) periodic watering was adequate to
cope with much more than the moderate deposition of fresh duét on the
treated roadway, (b) for a thinner dust deposit, second spraying with
wetting agent might be omitted without disadvantagé and with economy,

(c) a fine spray was not esseﬁtial, though preferable, for the initial
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application of wetting agent, while for subsequent spraying and for

periodic treatment with water a coarse spray was adequate.

Treatment of a roadway. (35, p. 214). A full length of 600 yards

of road was treated with wetting agent, Perminal W. The double treat-
ment with Perminal solution was given, except over a short portion of
the level roadway where least dust was present. The solution was applied
from two 10-galion limewash sprayers, and the final spraying with.water
was through a coarse hoée nozzle or from ordinary garden watering cans
with hoses. Spraying wés carried out with some care to direct the spray
towards the thicker deposits of dust and to avoid pools of excess liquid.
1,400 gallons of Perminal solution were‘required for the treatment and
no appreciable change occured in the humidity of the air.

Dust on the roadway was laid satisfactérily and it dried.within
a day to give a fifm floorf The floor has since been treated at intef-
vals of two or three weeks with water, roughly applied from a hose, in
sufficient quantity to bind any loose surface dust. The trgatment had

rendered this section of the road pleasant to travel and had entirely

eliminated the dust.

The use of calcium chloride. A solution of calcium chloride is
as readily absorbed as water by the road dust once the deposit has been
wettedvby Perminal solution. The effect of wetting agent upon CaCl2 is
to bind coal dust and maintain it in a moist conditionm, thus eliminating
the-need for periodic re-wa;ering;-

For the purpose of treatment, -an ordinary oil-barrel can be used.
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The barrel is mounted on a tub frame, as shown in Figure 40, and a
guage-glass is fixed at one end of the barrel, its connection to the
inside of the barrel being at the bottom. The’guage-glass‘is ﬁroiected
at the sides by a wooden frame, and at the front by a sliding steel
strip. Behind the guage-glass is fixed a paper scale marked off in
intervals of two gallons. The top of the barrel has a rectangular
section, 8 by 6 inches which is cut out and a fitting was made to
which a double acting hand-pump could be attached. Two sets of fiexible
rubber tubes could be cbupled to the delivery end of the pump.

One hose set had two deliveries of very fine sprays for use with
the Perminal solution, and the other hose had only one delivery through
a 1/8-inch diameter nipple and onto a dispersing plate for use with the
calcium-chloride solution. In order to ensure equal treatment along
the full length of a roadway, it is divided into short lengths of
about 20 feet. The amount of calcium chloride required depends upon
the humidity of the roadway.

To find the minimum proportion of CaCl, mecessary to bind the
dust on the floor after a preliminary treatment with Perminal solutiomn
withqut making it uncomfortably damp, three test lengths, each 100 feet,
were laid out at the outby end of the previously treated roadway. The
first length, for comparison, received no further treatment; the second
was coarsely sprayed with 100 pouﬁds of calcium chloride dissolved in
40 gallons of.water; the third was similarly spréyed with a solution
'coﬁééining 50 pounds of calcium chloride in 40 gallons of water and,

some time later, as the moisture content and general conditions of the
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dust on the floor indicated, it was further treated with a solution

containing 100 pounds of CaClZ. Calcium chloride solution soakgd into

the dust deposit thoroughly and there was no excess solution.

surfaces treated with CaCi2

The

dried slowly. 'After several weeks, the

untreated test length had a 1/4-inch layer of eroded material covering

the consolidated dust. On the second length, there was a little

eroded surface material but, although it was not damp, it could not be

crumbled easily; the well-walked‘parts of this length of roadway were

consolidated firmly. The third iength also consolidated well.

The results are summarized below in Table IX,

TABLE IX (35, p. 256)

Test Length Number

No, 1 No. 2 No. 3
Calciﬁm chloride used, pounds ‘ Nil 100 150
CaCl2 in road dust, percent Nil 0.9 1.5
Moisture in road dust, percent 5 7 10
Condition of roadd surface, after Dry, Dry, Slightly
several weeks standing considerably little damp
. , eroded erosion no erosion
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Incombustible Dust for the Prevention of Explosions

The application of a sufficient quantity of fine, incombustible
~dust has been considered as the most efficient and practical means of
preventing the initiation and propagation of dust explosions in coal
mines. The effectiveness of this method has been proved by experiments
and experience in this and other countries.

The Federal Mine Safety Code for Bituminous Coal and Lignite
Mines of the United States, Ju1y~24, 1946, contains the following

provisions with regard to rock dusting:

Article VI - Section 2 - Rock Dusting

(a) All mines, except those mines or those locations in
a mine which are too wet or too high in incombustible content to
propagate an explosion, shall be rock-dusted to within 40 feet
of the faces of rooms and entries; however, if the mine or any
part of it is wet but becomes dry, the mine or portion of the
mine so affected shall be rock-dusted as soon as it becomes dry.

(b) In mines partially rock-dusted or in mines that are
required to start rock-dusting, haulageways and parallel entries
connected thereto by open crosscuts shall be rock-dusted. Back
entries shall be rock-dusted for at least 1,000 feet outby the
junction with the first active entry. Inby this junction, the
rooms, entries, and crosscuts shall be rock-dusted by generalized
rock dusting as provided for in section 2(a).

(c) Where rock dust is applied, it shall be distributed
upon the top, floor, and sides of all open places and maintained
in such quantity that the incombustible content of the mine dust
will not be less than 65 percent. In trackless entries and air
courses, protection in lieu of generalized rock dusting may be
had by using bags filled with rock dust, if they are placed at
regular intervals and staggered as described in Bureau of Mines
Report of Investigation 3411.

(d) When methane is present in ény ventilating current,
the 65 percent  of incombustible matter shall be increased one
percent for each 0.1 percent methane.
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The above code recommends a 65 percent content of inert or non-

combustible material in the coal dust. This is an average figure based

upon numerous tests by the U. S. Bureau of Mines.

~ In other countries the use of rock dust is also governed by

regulations. The British Regulations prescribé that (60, p. 171):

(1) The resultant dust shall always consist throughout
of a mixture containing not less than 50 percent of incombust-

ible matter.

(2) The incombustible dust used shall (a) be noninjurious
to health and (b) contain not less than 50 percent by weight of
fine material capable when dry of passing a sieve with 200 mesh
to the linear inch, provided that if more incombustible dust is

used than is necessary

to comply with (1), the percentage of

fine material may be reduced proportionately but shall not fall

below 25.

To determine the amount of incombustible dust fequired to render

coal-dust harmless, consideration must be given to a large number of

factors. These factors may be grouped under three main heads, namely,

those related to: (a) the coal dust, (b) the incombustible dust, and

(c) the mining conditions.
The main factbrs as
itybof the coal-dust; (ii)
the amount present.
As regards (b), the
chemical properties of the

heat, size range and shape

regards (a) are: (i) the relative inflammabil-

the size range of its particles; and (iii)

important factors are the physical and
dust, such as: (i) specific gravity, specific

of the particles, and the CO, and hydrated

2

water-content; (ii) the hygroscopic and the‘Balling and caking properties

of the dust; (iii) the dispersability of the dust; and (iv) the amount
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present.

As regards (c), they are: (i) the condition in respect of rough-
ness of surface and presence of moisture on the rock or ‘other sorfaoes
‘on which the dusts are deposited; (ii) the. temperature and humidity of
the atmospﬁere; (iii) the mode and rate of deposition of the coal and
incombustible dusts; (iv) whether the dusts are in intimate mixture or
in layers; (v) the thickness of the deposit; and (vi) the composition
and resistance of the exposed surface layer to movement by an air-blast.

Large scale experiments have shown that for all practical purposes,
the volatile content of the dust can be taken as a measure of its
inflamﬁability. Different percentages of incombustible dust are thus
required for different coal dusts.

An - incombustible dust is believed to be effective in preventing
the propagation of coal~-dust explosion mainly by reason of its capacity
for absorbing heat and/or its screeoing effect when suspended in a
'oloud with coal-dust. The physical and chemical oroperties on which
the effectiveness of the dusts depend, have been the subject of many.
inyestigations, but it is still doubtfuL which proporty is most import-
ant. s

The important physical and chemical properties of the more
commonly used materials are given in Table X.

Specific gravity soggests itself at once as a factor having a
bearing on the action of a dust, yet definite conclusions on this point
ore difficult‘to obtain. The incombustible dusts in general have a

specific gravity of from 2.2 to 2.7, approximately twice that of the
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TABLE X

SOME IMPORTANT PHYSICAL AND CHEMICAL PROPERTIES
OF INCOMBUSTIBLE DUSTS (60, p. 174)

Fineness Dispersion
% Surface Equal Equal  Mois- Percentage
Specific Thru Factor Wts. Vol. ture wt.~-loss
Specific geat o 200 Sq. Shale= Shale= at CO2 on %gnition at
Dust Gravity (20 -100C) Mesh Cm/Gm 100 100 103°C% % 700°C 940°C
Shale 2.732 10,2148 84.62 3,049 100 100 1.56 - - 26.81
Fuller's ‘
Earth 2.569 0.289 88.48 1,810 - - 4.96 11.45 - 18,98
Gypsum 2.204 0.4244 91.02 2,220 85.5 57 13.98 - 22.1 64.42
Anhydrite 2.717 ©0.1961 68.00 2,880 117 86.6 0.82 - 2.91 57.35
Lime pulp 2.31 0.2457 45.65 2,225 120 80.4 2.18 39.56 - 45.03

Limestone 2.68 0.209% 81.76 2,690 98 . 80 0.618 30.50 - 30.76
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average coal-dust. Extra fineness of particles can alone make up for

this difference in specific gravity when the particles are in suspension.

Dispersability of dust. An incombustible dust can be an effect-

ive flame suppressor when it is raised into a cloud. Ifs dispersability
and buoyanéy, that is, its ease of cloud formation and its capacity to
remain suspended in a cloud over an appreciable interval of timé, are
very important factors of its efficiency.

Figure 41 shows the apparatus for measurement of dispersability
of dusts. (60, p. 179). It consists essentially of a cubical box con-
taining three recessed windows, one of which is illuminated by an
electric bulb. At the other windows, photronic cells are fitted and
connected to galvanometers. An equal weight of dusf was used in each
case and dispersed centrally between the windows by a éuff of compressed-
air from a jet in the bottom of the box. The shadow of the dispersed
dust or the amount of light cut off from the cell opposite the lamp was
measured by the deflection of the galvanometer from its normal position.
In the case of dust barticles reflecting light, it was assumed that somé
light would bé reflected into the cell opposite the lamp and thus reduce
the shadow and hence the dispersion value of the dust. The second cell
was incorporated to measure the liéht, on the assumption that the amount
of light reflected to both cells would be equal. By plotting galvano-
meter deflectiohs to a time basis, the dispersion curves of the various

~dusts, varied in respect of fineness and moisture content, were obtained.

A typical curve is shown in Figure 42.

www.manaraa.com
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Relative to shale as 100, the values obtained are given in Table

XI and Table XII.

TABLE XI

RELATIVE DISPERSION VALUES OF INCOMBUSTIBLE DUSTS
(EQUAL WEIGHTS) (60, p. 177)

Percent
Light Total
Dust Reflected Dispersion
Shale 8.7 100
-100 mesh coal dust | - - 226
Softener product ' 7.6 170
Limestone 8.85 | 98
Pixie powder 9.45 77.5
Gypsum | 8.50 | 85.5
Anhydrite | 10.0 117
~Lime pulp 12.5 : 120

The effect of fineness in all cases is to increase the dispersio;
value of the dust. The surface of the dust is very important in
suppressing flame; taking into account the specific gravities of the
dusts, in a 50/50 mixture by weight ofvcoal and shale dust of equal
fineness, there will be more than twice as many coal as shale particles,
and hence, more than twice the surface. It is therefore desirable that

. values should be based on a bulk basis.
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TABLE XII

DISPERSION VALUES FOR VARIOUS MIXTURES OF
SIZED FRACTIONS OF DUSTS (60, p. 178)

All All 50% Thru 35% Thru 25% Thru
Above "Thru 200 . 200 200
200 Normal 200 507 Above 65% Above 75% Above
Dust Mesh Dust Mesh 200 200 200
Shale 9 55 56 42 35 31
Anhydrite 7% 38 39 27% 20% 19
Gypsum 6 29 35 22 17% 15
Pixie powder 7% 31 31% 22 17% 15
Softener .
product 12% 56 56% L4 37 28%
Limestone 9% 31 32% 30 - 22% 18

Testing the dusts on an equal volume basis, the dispersion values

~are found to be more nearly alike. The values are given in Table XIII.

Effect of mbisture on the efficiency of dusts. As moisture is -

added to a dust, its dispersability is rapidly reduced. The finer the
dust, the more severely is it affected. Figure 43 shows the effect of
moisture on ffactions of‘shale dust. The effect of moisture is more
marked at the beginning and has less effect at higher percentages when
the dust has reached a mealy condition.

The effect of moisture on the incombustible dust is to require an
increased imitial quantity of that dust to ensure suppression of inflam-

mation. Increased quantity is required to equalize the reduction in
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dispersion consequent upon the addition of moisture.

TABLE XIII

RELATIVE DISPERSION VALUES OF INCOMBUSTIBLE DUSTS
(EQUAL VOLUMES) (60, 180)

Dust

Dispersion Values
(equal volumes)

Shale

-100 mesh coal dust
Softener product
Anhydritel

GypSuﬁ

Pixie powder

Lime pulp

Limestone

100
98.2
80.4
86.6
57
57
80.4

80

The movement of dust. The question

is altogether apart from that of its power
which a layer of dust can be moved is more

force of adhesion between the dust and the

of the ease of moving a dust
of dispersing. The ease with
or less a measure of the

surface on which it is

placed. This'force is dependent on the nature of the surface, on the

composition and fineness of the dust, and on the method by which the

dust was applied. Once the dust is moved,.

its dispersability properties

play a part in the formation of dust clouds. The aim is to prevent the

initiation of an explosion by the provision of incombustible dust where

ever there is coal dust. This generally necessitates a thin layer of
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incombustible dust over all surfaces.

Experiments on the movement of dﬁst from layers under various
conditions were conducted and they indicated generaily,that: (66, p. 189)
(a) incombustible dusts vary appreciably in their ability to be moved
from a 1a§er. Gypsum was the most difficult to reﬁove. The heavier
shales and limestones were more easily removed; but as gypsum has a
comparatively lower specific gravity it has been extensively used;'(b)
coarse dusts offer most resistance with least surface adhesion, and
hence, are most easily removed.- Fine dusts tend to flétten out their
Airregularities and form a smooth surface, offering very little resistance;
(c) aé a consequence of the fiattening effect, increased thickness of
layers does not assist in a.greater removal of dust at velocities up to
‘100 feet. per second. A definite amount of dust is removed at each
velocity, irrespéctive of the increase in thickness of the layer over
a given minimum; (d) initial roughness of surface increases the amount
removed, a smooth layer gives least removal; (e) shocks and eddies cause
greater removal of’dust_in all cases; (f) for maximum removal of incom=-
bustible dust, it must form the top layer; (g) moist and balled up dusts
are more easily remgved from a dry surface than dry dusts, becausé'ball-
ing is equivélent to an increase in particle size. Dispersion, however,
is reduced; and (h) a minute film of moisture, such as caused by breath-
ing on the Sufface of adhesion, greatly increases the adhesion of all

. incombustible dusts. ~Coal dust, however, is not affected.
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Balling and caking of dusts. Balling is the tendency of dusts

to take up the form of spherical agglomerates. Many dusts exhibit a
markéd tendency to ball in their normal condition; the,presencé of a
large percentage of moisture is not necessary. With the increase in
moisture éontent, balls are moré pronounced; larger as a rule and show
more cohesion in general. It is apparent that the cloud producing
properties of these dusts must be very much reduced. 1In case of bélling
in the normal condition, the inclusion of over 30 percent of material
below 15 microns causes balling in the average stone dust.

To eliminate balling tendencies, the reduction or elimination of
the fines fraction is desirabie. The elimination of the fraction below
five microns is required for purely physiological reasons. But if this
is done, the ability of the dust to suppress inflammation and also its

property of adhering to surfaces are decreased.

. Incombustible Required to Prevent Propagation of Explosions

After rock dust is applied in mine workings, the dust on the floor
frequently becomes rapidly contaminated by coal spilled during haulagé,
by abrasion of coal ribs, and by coal dust settling from the air current.
As a result, the incombustible content of the floor dust often falls
below 65 percent, whereas that of the‘less contaminated overhead dust
remains above the required limit. To find out to what extent a déficiency
of rock dust on the floor might be toleraﬁed with safety and whether it
 can be compensated forvby excess rock dust on the rib aﬁd roof surfaces,
investigations were made by the U.S. BUréau of Mines at their Experimental

Mine.

www.manaraa.com
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About 70 single-entry explosion tests were made in the 1,308

feet long main entry, nine feet wide by‘seven feet high, of the
Experimental mine (32, p. 2). Bituminous Pittsburgh coal dust Qas used’
in all tests. Coal dust was prepared so that all particles passed
through a‘éO-mesh sieve and 20 percent by weight passed through a 200-
mesh sieve; in a few tests, 28 to 30 percent of the dust was finer than
200-mesh. The rock dust used in the tests was limestone containing 0.1
percent moisture and 99.9 percent total incombustible; 75 to 80 percent
of the dust passed through a 200-mesh sieve. |
| Coal and limestone dusts were mixed intimately on the surface.
Separa£e mixtures were prepare& for loading on the floor and on the side
and overhead shelves in the test zone. The dust was distributed manually
with hand scoops. To study the effect on the rock dust requirements of
different dust cénditions in mines, the rate of dust loading was variedl
in different groups of experiments as follows; the values indicate the
"weight of coal dust in the dust mixtures per linear foot of entry,
uniformly applied in the ignition zone: (a) 2/3 pound on rib-roof = -
(one-half is always placed on the longitudinal side shelves and one-
half on cross shelvgs), 1/3 pound on floor; (b) 2/3 pound on rib-roof,
2/3 pound on floor; (c) é/3 pound on rib-roof, 1-1/3 pound on floor; (d)
1/3 pound on rib-roof, 1-1/3 pound on floor; (e) 1/6 pound on rib-roof,
“1-% pound on floor. The incombustible content of the dust mixtures on
‘the floor ranged from 36 to 68 percent, and in the rib-roof dust from

36 to 86 percent.
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To study the effect on the compensa;iOn of rock dust deficiency
in floor dust, four different igniting QOurces Qere used ih the invest-
igation. The weakest source is a 5-ampere electric arc, over which 25
' poﬂnds of coal dust, 75 to 80 percent through 200-mesh, is projected
from a trough By compressed air; 100 pounds of puré pulverized coal
dust is distributed in a 50-foot zone near the face. The second source
;onéists of 1,300 cubic feet of 9 to 9.5 percent gas-air mixture in a
25-foot zone near tﬁe face of the entry; the mixture is igniﬁed by an
electric spafk. The third source is a blown-out shot §f four pounds
FFF black powder, fired from a steel camnon in the coal face into a 50
foot éone of 100 pounds of pulverized coal. The arrangement of the
fourth igniting source is similar to the third, but the pulverized coal
'zone is extended 33 feet at the rate of one pound per. linear foot of
entry.
The following expression can be used to find out the dust content
U at the various places: (32, p. 3)

IW +1IW B
rr . :

L ="% +vwf :
r f
where,
It = incombustiblé content of total dust, percent;
Ir = Incombustible content of rib-roof dust,.percent;
If = Incombustible content of floor dust, percent;
Wr = Weight of rib-roof dust (coal plus limestone), pounds per
" linear foot.
Wf =‘Weight'qf floor dust (coal plus limestone), pounds per linear

foot.
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' The effect of reducing the incombustible content of the fldor

dust is shown in Figures 44 and 45. Thé data are plotted in three
separate blocks on each figure, to correspond with three sources of
ignition, in Figure 44 the incombustible in the rib-roof dust is p10£ted
against tﬁe incombustible in the floor dust; Figufe 45 shows the incom-
bustible in the total dust, computed according to the expression given
above, with relation to incombustible in the floor dust. |

Tests indicate that deficiency of rock dust on the flbo; of mine
workings can, within certain limite, be compensated fdr by excess rock
‘dust on the rib-roof surfaces, so that the weighted incombustible content
of thé total dust around the ﬁerimeter of an entry is maintained at 65
vpercent. The limits depend oﬁ the strength of a potential explosion
'and on the distribution of dust on the floor and overhead. ¥In most
mines the amounﬁ of dust on the floor is many times greater than Qverhéad.
If pfotection is desired ‘against explosions initiated by a strong source
| that might disperse say three times as much dust off the floor as off
the rib-roof surfaces, then if the incombustible in the floor dust were
;educed to 55 percent, the incombustible in the o§erhead dust would have
to be 95 percent to bring the value in the total dispersed dust fo the
necessary miﬁimum of 65'percent. Under such conditions therefore,

virtually no rock dust deficiency can be tolerated.

Improving the Adherence of Rock Dust

. During normal application with machines, it is often difficult to

make the rock dust adhere to the roof and ribs, particularly if these
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surfaces are dry and smooth. Tests have shown that, éven with nérma}ly
good adherence, not more than 30 to 35 percenﬁ of limestone dust sticks
to the ribs and roof; the balance falls chiefly onvthe floor,:and'some
is carried away by the air current.

Some tests and experiments were made by tﬁe Bureau of Mines and
it was concluded that, when it is difficult to make rock dust adhere to
the ribs and roof, these surfaces should be moistened before or dﬁring
rock dusting. In commercial mines it would be advisable to determine
by tria¥ which of the available limestone dusts is mést suitable and to
what degree the ribs and roof should be wetted to achieve the desired
results.

The requirement, that rock dusting in mine entries be carried to
within 40 feet of active coal faces, may necessitate the application of
rock dust.duriﬁg a working shift. This is particularly true for'highiy
meéhanized mines, where a face méy advance several hundred feet daily.
Conventional rock dusting with machines is a dusty operation, and the
dense dust clouds may affect the health of the face workers and impair
expensive mining machines. For this reason, in some minesflong sections
of gntries are found without rock dust.

To femedy the situation, various sqbstitute_methods of rock dust-
ing and other protective measures have been considered. One procedure
involves the application of wet rock dust, either in the form of a pre-
mixed slurry or by mixing dry rock dust with water at the nozzle of a

rock-dusting machine.
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Wet rock dusting. The problem was investigated by the U. S.
Bureau of Mines in the experimental coal mine and the objectives of the
study were: (a) to determine whether wet rock dust could be apblied
practically in coal mine entries without creating undesirable dust clouds;
to find the proper ratio of rock dust to water; to find the least quantity
necessary for a good covering of the rib and roof surfaces; to establish
the degree of adherence; and to determine the rate of drying after
application; and (b) to study the effectiveness of wetted rock dust,
after partial or complete drying, in arresting the prépagation of explo-
sions.

The results of the preiiminary study showed that: (33, p. 9)
(a) a pre-mixed slurry of limestone and water fed from a guniting mach-
ine through a gunite nozzle can be applied effectively on mine surfaces
and will produce very little dust in the air; (b) limestone dust fed
from a guniting machine or from a commercial rock dusting machine, mixed
with water at the nozzle, can also be applied effectively and produces
little dust in the air. Application with the gunite machine gave a more
‘uniform flow than the small rock dusting machine; (c) a minimum of four
pounds of rock dust, applied wet, was needed per linear foot of entry
(9 to 10 feet wide by 7'feet high) to cover the ribs and roof completely.
Six gallons of water mixed with 100 pounds of limestone gave a satisfactory
mixture for nozzle application; the slurry'required slightly more water.
About 85 percent of the wetted rock dust adhered to the rib and roof
surfaces; (d) the rate of drying of the r;ck dust varied with the humid-

ity and with the velocity of the air current. At normal air flow, at
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relative humidities below 80 percent, the rock dust dried completely in
one to three days; at humidities of 80 to 90 percent, it dried in about
one week; and at higher humidities, several weeks were needed:for'dry4
ihg; and (e) during dry rock dusting, when the air flow in the entry was
maintained at 6,000 cubic feet per minute, the dust count, 25 feet from
the nozzle, was found to be as high as 5,000 million particles per cubic
foot of air, and 100 feet downstream the count was about 2,000 m.p./cubic
feet. When the slurry was applied, the dust count was less than 0.5
percent of the foregoing values; when limestone dustband water were
mixgd by a hozzle, the dust pount ranged from 1 to 10 percent of the
foregoing values.

After application and drying of the wetted rock dust, a small
amount of coal dust was distributed by hand over the rock dusted surfaces.
The aim was to simulate operating conditions in a coal mine, where frésh
float dust is transported by the air current and deposited in the
entries déily. To serve as a basis for judging the effectiveness of
wetted rock dust, several tests were made with dry rock dusting. The
results of the explosion tests indicated that: (a) dry rock dusting was
more effective tham wetted rock dusting in arresting the propagation of
explosions; (b) wetted rock dust was somewhat more effective after
complete drying than after partial drying; and (c) dry rock dust distri-
buted on the floor in entries where wet rock dust had been applied on rib

roof surfaces helped greatly in limiting explosion propagation.
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Figure 46 shows the application of limestone-water slurry on
coal rib and Figure 47 shows the adherence of coal dust on wet rock-

dusted roof and rib surfaces of mine entry.

Rock Dusting Machines

Compared to throwing the dust by hand, the use of a machine
de;reases the cost and greatly increases the convenience and efficiency
of dusting. A machine blows a thick cloud of dust into the air current,
which carries it for long distances, the dust gradually settling out and
forming a mantle over the coai dust deposits.

The ﬁachine used at the experimental mine of the U., S. Bureau of
Mines, consists of a small positive blower, the air from which passes
~ through a two-inch pipe to the ejector chamber into which the rock dust
is fed from a hopper; the air and dust, becoming mixed in this chamber,
is blown through a hose into the atmosphere,

Figure 48 shows an Outliﬁe of the arrangement. The blower used
has a voluﬁe of about 288 cubic inches and is run at about 1,000 r.p.m.
The pressure in the outlet pipe when the machine is operating is about
.two pounds per square inch. The two-inch air inlet is reduced to a
nozzle of one inch opening, and the nozzle should extend far enough into
the chamber of the three-inch tee so that the nozzle oﬁening is below
the outer edge of the dust-hopper opening. The dust then falls or is
drawn forward into the air stream and is‘blown through the hose. A
flexible hose is desirable for an outlet so that it can.be pointed_to
any difecéidn and also this permits its éonnection to pipes through

1

stoppings to direct the dust stream into other air courses or entries.
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0.8



tererttf Bim

Nigple fagers o !"here and
1 upon the proper adjustment
tof ﬂ.vsf'/"z/;/;/e’s position de-
. perds the proper operation

} of dust fe and/;awef.

2 Rubber Hoss with 2”
Hose Coupling for direct-

%8 Nipple._ing Stream inany direct-

v *2'x3"Bushing’ Dust
Hose may be connected entry stopping irto refurn air course b make a rock-dust
narthe over accumuilation of fine.coal dust.

When such arrfries-Mave mo frock, frequerttly noattempt is made to treat coal dust.

FIGURE 48

From Trans. Inst. of Min. Eng., Vol. 97, 1939.

130



131

Figuré 49 shows the photograph of a modern rock-dusting machine.
This is a high pressure portable type>ofkrock'duster for wet or dry
dusting. It can deliver from 35 to 60 pound; of dﬁst_per minute through
50 to 400 feet of 1-3/4 inch hose. It is equipped with a wet nozzie and
. water supply at a preSSuré of 20 to 25 pounds pef square inch. Figure
50 shows the wet nozzlé. Important features of the machine are: quick-
léck caiis for attaching the hose, stainless steel hopper and multiple

disc clutch for mechanical protections.

§pecifications:
Length -=-==emmeccccammmmecccccaaan - 72 incheé
Height ~--==m-e-cccmccemnccecnnan" —————— 18 inches
Width it ie bt 23 inches
' Net weight -=-==mmc-ceeccoccmcccmcaoaon- . 590 pounds
: Mofor HoP, =ommemccccccmccccncncncaaaa- 5

Hopper capacity ===---=--emccmccacoono-a 160 pounds
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- CHAPTER V
LIMITATION OF EXPLOSIONS BY -BARRIERS

Various types of rock-dust barrieré are used to confine coal
dust explosions to the limited areas in which they originate. Thesé
barriers were first tested in 1910-1911, With favofable'reSults under
the conditions of test, at the French official gallery which was then
at Lieven, Department of Pas-de~Calais. Shortly afterwards, the U. S.
Bureau of Mines, in.the course of its investigation of all practiéal
e#plosion-preventiOn methods, tried barriers in their experimental mine,
using the primary form of simple fiﬁed cross shelves 20 inches wide
vextending over the passage way and laden with rock dust. The 3ureau
termed them "Taffanel barriers" in honor of the director of the Lieven
testing station;

Developﬁent of various types of mechanically operated rock-dust
Earriers was carried out by the Bureau of Mines. Among these were:
(54, p. 5) (a) a box barrier COnSnging’Of six to eight individual boxes,
"(b) a trough rock dust barrier, (c) a rock-dust ventilation stoppiﬁg,
(d) a rock-dust-protected ventilation door, (e) a rock-dust-protected
overcast, and (f) a concentfated barrier.

It is beyond the scope of this work to give detaiis of constructio
of all the types of barriers tried, however, some important types are

detailed beloﬁ:
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-Box Barrier

The box barrier consists of six or more boxes cqntaining incom-~
bustible dust, opentopped except for a loosé waterproof cover, hung
loosely from roof supports two to three yafds apart and extending across
the entry near the roof in such a manner that the explosion wave wiil
cause them to be upset, thus throwing into the entfy a large amount of
incombustible dust. The bottom boards of the box are so'arranged that
after a short fall ﬁhey are caught by chains, attacﬁed to the roof, so
that some of the dus£ is retained on these boards. Two grids within the
bo#, which rest loosely on blocks and are connected to the same chains
at distances of three and six inches.below the top of the box, also
'retain some of the dust and allow the balance to fall through the open
spaces.v The boxes are hung high enough to.be clear of traffic.

Figure Si shows ;he arrangement and the details éf construction
of one type. The boxes used at the experimental mine, are about 7%. feet
iong, 23 inches wide, and 10 inches deep. Each box will hold 700 to 800
pounds of rock dust. The length and number of boxes required will vary
with the cross section of the roadway. In the experimental mine the
entries average nine feet wide and about 6% feet high. Six to eight

boxes were used.

Irough Rock Dust Barrier

The 12-inch V-trough is constructed of lumber normally l-inch
thick and 12-inches wide. Two boards 12 inches wide, are nailed to-

gether at right angles as shown in'Figure 52. The ends of the trough
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so formed are closed by triangular pieces and a similar piece is nailed
in the center of the trough to strengthen it. The trough is covered by
a nominal 1 by 8-inch baffle board as shown to prevent mass. ejection of
the dust. The maximum distance from the end of the trough to the rib is
one foot; consequently, the minimum length of a trough is determined by
subtracting two feet from the width of the entry. |

The troughs are supported near each end by notched biocks, the
‘details of which are shown in Figure 52, These blocks are nailed to
stringers parallel to the ribs, which in turn are nailed to 5-inch posts.
Wﬁen round posts are used, a flat place should be cut on them to
receive the stringer.

A 12-inch V-trough of this type will hold about 30 pounds of
dust per foot of length when level full, that is, a 10-foot. trough will

hold about 300 pounds of dust.

Concentrated Barrier

| Concentrated barriers, as a class, have been the most successful.
They are more complicated and costly than the unit class, but they have
the distinct advantage that the length of entry covered is only one-third
to one-fifth as great. This is important where the roof must be taken
down before the barrier is plaéed. Figure 53 is a general view of the
concentrated type barrier for use in a 10-foot entry. It is 10 feet
long and is supported by four posts (1) and two crossbars (2); these are
all 6 by 6-in¢hés. The cross-bars are hitched and wedged into the ribs

to brace the barrier support against the longitudinal strains imposed by
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Description

8™x€&" posts

6"x6" cross timbers

2%x6"x9'-0" spacers

2"x6™ fixed boards

2"x6” box frame ends

2"x6" box frame sides

1"x8" side boards

113" axle stops

1" axle pipes

1" roller pipes

2"x6"x8'~0" movable boards

29310 Vane boards

3/8"x2" supporting stirrups
2"x2"x1/4"x37" reverse movement ungles
27x8"x10' ~0" revsrse stop supports
2" thk. reverse movemsnt stor tlocks
1/27x3-1/2" 8q. Ld. machine bolvs
1/2" round weshere

2"x6"18'~0" Vane contector
3/8"x2-1/2" Sq. kd. machine holie
24" length 1/4" proof coil chsina
20 4. nails

Guard board suspens!on

Guard boards for trolley

Trolley wire '
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an explosion and thus prevent collapse before discharging the rock

dust. The end timber sets are also tied together by two 2 by 6-inch
longitudinal spacer pieces (3) at the outer edge of the posts. ' Seven

2 by 6-inch longitudinal fixed boards (4) are nailed on top bf the
timber sets as shown. A box frame is formed on these fixed boards out
of 2 by 6-inch stock consisting of two end pieces (5)_and two side
pieces (6). The height of the side is increased to one foét by nailing
on 1 by 8-inch side boards (7). The spaces between thg fixed boards are
closed by six pairs of 2 by 6-inch movable or'drop boards (11) which are
immediately below the fixed boards and lap over them % inch on each
side. These movable boards are supported at either end by a one-inch
pipe roller (10). Each roller is supported in turn by four stirrups
(13) secured by bolts (17) to a 2 by 10 inch vane board (12). The vane
board rests, in turn, on a one-inch pipe axle (9) which is preVented
from rolling inward by a. 1 by 3-inch stop strip (8) nailed entirely
across the barrier. There are also'fastened near the end of eachAvane

2 by 2 by %-inch angle irons (l4) termed 'reverse-movement irons."

These angles are 37 inches long and their lower ends lie against stop
blocks (16) which are nailed to 2 by 6-inch supporting timbers (15)
"running the entire length of the barrier. The movable boards on either
side of a fixed board are connected at each end by a 24-ipnch length of
%-inch proof coil chain (21) secured to the movable boards by bolts (20)
which pass through the board on its longitudinal center line. The
- central link of the chain is droppéd over a 20d nail (22) driven into

the center of the..fixed board. The :end movable boards are fastened to

www.manaraa.com
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the end fixed boards by half-length chains. The two vanes which are
identical in arrangement with respect to the middle of the barrier are
connected by a 2 by 6-inch spacer (19) which rests loosely. in notches
cut in the center of the vanes. The spacer is to ensure thaf the wvanes
aét simultaneously to release both. ends of the movable boards. The
dust is placed in the box frame which will hold 4,0007pounds or more
when the depth of dust is one foot, measured from the fixe& boards, and
the entry width is 10 feet.

Operation of all mechaniéal rock-dust barriers depends -ypon the
pressure of air forced ahead of an explosion. For thié, vanes are
essential for the proﬁer functioning of the barrier. The vane facing
the pressure is tilted inward and hinges.gt the axle pipe; the 3qpport—
.ing stirrups tilt outward and the roller pipe rolls out from under the
movable boards which fall six inches and are then caught and held by
the chains. The movement of fhe front vane facing the explosion is
communicated to the rear vane at the other end of the barrier by the
spacer. The rear vane, by the effect of the thrust of the spacer,
hinges at the lower end of the reverse moﬁement irons and rolls off the
axle pipe, at the same time pulling the hooks out from under the
suppbrting rollér pipe, thus releaseing the rear end of the moveable or

drop boards.

Qualities of a Successful Barrier

To be successful, a barrier must have the following qualities:
(a) installation of a barrier and its subsequent operation, accidental

or otherwise, must not obstruct the passageway sufficiently to cause an
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appreciable reduction in the volume of air flowing therein; (b) barrier§
must not cause injury to men or damage to property if set off accidenf-
ally during normal operation of the mine. They should:not be located
low enough to strike passing cars or to reduce greatly the height of the
passage under the barrier; (c) a barrier must be designed to retain one-
fourth to one~-third of its loading when it is operated by a shock wave
before the arrival of an explosion; (d) a barrier must be ;o designed
that it can be placed close to the roof, and it must extend practically
across the passageway in which it is placed s§ that there are no con-
siderable gaps through which flame may dart; (e) a barrier must be of
such design that in entries where the air is humid, the rock dust load-
ing can be covered to protect it from moisture. The covering must not

- interfere with the operation of the barrier..

Kind andvgﬁantity of barrier dust. Any rock dust that meets the
specifications of the Bureau of Mines for size of the dust and which
does not absorb moisture and cake when exposed to a nearly saturated
atmospheré will be found satisfactory for barrier purposes. 'ihe dust
used in the barriers for tests in the experimental mine was limestone,
about 70 percent of which would pass a 200-mesh sieve. The specifica-
tions set by the U. S. Burea; of Mineé require that all particles must
be minus 20-mesh and at least 50 percent pass 200-mesh.

The quantity of dust required in a barrier to stop an explosion
vgries widely with the characteristics of the explosion; however, the

quantity recommended by the U. S. Bureau of Mines is based on the amount
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which is necessary per square foot of cross-sectional area of the entry
at the barrier location. As é reéult'of the above testing, #nd based on
the assumption that the barriers will be used in conjﬁnction with general
rock dusting, the quantity recommended for the loading of tﬁe barriers
.is 60 pounds per square foot. A higher éuantity of about 100 pounds per
square foot should be used for places in mines which are not rock-dusted
at all.

It is also possible that the quantity of bafrigr dust required
per unit area may vary widely with the size 6f the entries, but no

experimental evidence of this could be obtained.

Protection against moisture. bamp and wet dust cannot be dis-
persed into a cloud, hence, such dust should not be used. When a
barrier is to be installed, moisture conditions at the pr;posed location
should be invéstigated. If water is dripping from the roof, the
position is entirely unsuitable unless a waterproof cover can be.placed
so as to proteét the dust.

Certain passageways of a mine may be damp or wet duriné some
seasons of the year and Ary during others, depending upon temperature
chénges. Return airways from faces at which water is used during mining
operations are quite likely fo be damp or wet. In such places it is
better and possibly cheaper to protect the barrier dust than to keep it
in good condition by frequent reﬁewals. A covered concentrated barrier

is best for such locations.
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Locations of barriers. No hard and fast rule can be laid down
for the location of barriers in a mine. They are intended to divide the
mine into sections so that flame cannot pass out of oﬂe sec;ioh to
gnother. Any system of mining that provides.only a small number of
-openings for a considerable area of workings, such as panel system,
can be readily Sectionalized. On the other hand, a system that provides
a large number of parallel paths, for example, where rooms are driven
through from entry to entry, presents little hope for effective use of
barriers. When two or more parallel entriesAare to be protected,
barriers must be insFélled in all of them directly opposite each othér;
that is, between the same crosscuts or side entries. When barriers are
used to protect main intersections, they must be installed on all sides
" thereof, as the direcdtion of travel of the flame cannot be foretold and
all poésibilities must be provided for.

| In mines where mechanical loading is used on advancing entries
aﬁd no water spray is employed, fine coal dust in naturally dry ﬁines is
carried into the return air course in chh quantities as to make it
difficult if not impossible to maintain proper rdck dusting. Barrie:s
may be of particular advantage in such places, An excellent arrangement
is to place a barrier immediately outby the second crosscut or cut-through
from the face and a second barrier two cut-throughs further out. When
the entry has advanced two additional cut~throughs, the outer barrier
should bg taken down and.re-erec?ed just outby the then second cut-
ihfough from the face. 1In this way, protection is advanced as the entries

advance.
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Rock-dust barriers are not effective in stopping fire-damp explo-
sions. The Bureau does not recommend barriers as a substitute for gen-
eral rock-dusting in preventing coal-dust explosions, but only recommends
them as additional defenses in stopping incipient explosions of coal-

dust within a section of a mine.

Bag-type Rock-Dust Barrier

To protect trackless entries and other areas where it is difficult
to maintain generalized rock dusting, bag-type rock dust devices have
been used in a few coai mines. (18, p. 15) Advantages claimed for these
devices include the following: (a) they afford good supplementary pro-
tection in back entries; (b) they proQide added protection against fresh
deposits of coal dust; (c) they can be instailed easily and quickly on
shift, with little discomfort in breathing;.(d) they make.rock dust
readily available‘for fire fighting; (e) rock dust does not become wet
from contact with moisture; and (f) bag type installation can easily
follow rapid advance of the coal face.

Tests yith various modifications of these devices showed that
one of their drawbacks was inadequate dispersion of the rock dust into
the air at the.proper moment. To overcome this, a burster, consisting
of a cha;ge of permissible e%piosive, was incorporated in the bag-type
units. In a few tests the explosive charges were triggefed by a manually
timed switch, and in others a préssure sensitive or a flame sensitive
device was initiated by the explesion itself. The tests indicated that
a‘properly designed systeﬁ of bég type units, equipped with bursters for

dispersing the dust, was capable of arresting coal dust explosioms.
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Figure 54 gives the dimensions of the supporting board, the
trigger wire, and the vane. it élso shows the manner in which a rip
wire is threaded through the bag of rock dust. The sﬁpporting board is
of nominal 1 by.6-inch stock with holes bored as indicated. The trigger
.is made of No. 8 steel wire and is in two parts with connecting loops
that act as a hinge. The experimental.diameter of the loops must be
small enough to permit them to pass freely through the siﬁgle 3/4-inch
hole in the right hand end of the board, as shown in the figure. The
bend in the horizontal portion.of the triggei wire has a definite pﬁr-
.pose. Upon assembly, the weight of the Subporting baard acting on the
bent-up portion forcés the entire wire to the right and binds the hook
on the left and firﬁly in the middle holg in the board.

The rip wire should be carefully inéerted in the bag. A long
stiff wire with an eye in one end serves as a needle forvinsefting the
rip wire, which should be stérted at' A and pulled out at B, started in
again at B and pulled out at C, and finally started in at C and éulled
out at D. The ends at A and D and the loops at B and C are necessary
for operation. The rip wire must not be.passed through portions of the
bag where the paper has been doubled back and glued or dtherwise fastened,
as it will-not‘rip through the extra plies of material. It may be noted
that 50 pounds of rock dustvis loaded in each bag.

Erection of a barrier is begun by placing the posts and cap
pieces. Nails are driven part way into the post five inches below the
cap- and three inches apart. and tﬁé'ends are then bent vertically with a

monkey wrench or..other convenient tool. Two holes in one end of the
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supporting board are siipped over the nail heads and the vertical por-
tion of the_ttigger is pagsed upward through the single hole in the
opposite end of the board and fastened to a staple or bent nail in the
cap piece. When released, the board will hang down at an angle, being :
caught by the projection and the loop at the opposite extreme of the
;;igger. The bag, with rip wire inserted, is placed 6n the board with
the rip wire side up and the loops in the wire away from the post. The
board is raised to a horizontal bosition and the trigger bent at its
hinge so that it lies along the under side of the board. The hooked
end passes through the hole in the short leg of the vane and is pushed
upwards into the holé near the middie‘of the board. Finally, the ends
and loops of the rip wire are pulled taut and nailed to the cross
Piece. | |

‘A unit oéerafes whén enough pressure is placed on the 'long leg
of the vane to rotate it and forcé the trigger wire out of the middle
holé in the board. The board thén falls ﬁntil caught by the end of the
trigger. At the same time the rip wire tears the top out of the paper
bag, part of the rock dust Being spilled immediately, and part being
retained on and in the remaining portion of the bag. Figure 55 shows

the general view of the barrier.
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Concrete Stoppings to Resist the Pressure of Explosions

General

. Stoppings in coal mines serve important and vital functions such
as coursing the ventilating current, sealing off abandoned or dangerous
workings, sealing off fire areas, and separating mines at boundaries.
Stoppings are designed primarily to resist pressures applied laterally
through air or gases. Their strength cannot be stated without specify-
ing the direction of applied load. ‘A stopping is principally designed
to resist theiaction of forces at right angles to its face, such as the
shocks of blasting, the pressure of gas from instantaneous violent out-
bursts, sudden compression of the air by falls of roof in closed spaces,
and pressures that accompany an explosion of fire-damp or coal dust or |
both. (56, p. 1).

A concrete stopping, well buttressed into solid coal ribs, has a
much greater strength than that indicated by computations made according
to formulas for the strength of plain concrete beams. Concrete has
little strength in tension. Such a stopping is structurally more nearly
a flat arch than a beam as movement of the ends is generally restrained.
As a result of this, the centrgl portion of ‘the face to which the
pressure is applied is thrown into compression and stoppings cannot fail
until the concrete crushes to a depth that may be about one-fifth of the

thickness.
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Tests in the Experimental Mine

As the strength of stoppings depends largely upon thg resistance
to compression offered by the coal strata, tests were made to obtain
direct information on the compressibility'andvcrushing'strength of the
Pittsburgh coal bed in the experimental mine. Figure 56 shows the plan
of the test chamber. The permanent stopping was pierced by a manhole
which could be ciosed by a steel-plate door. The space between the
permanent and test stoppings fdrmed the chamber in which black blasfing
powder was explodgd. The figure also shows the location of stopping
No. 2. The succeeding stoppings were placed at adja?ent points, and
the passageway was widened by excavating the ribs as occasion demanded.

A complete time-preSSure'record was obtained an& thg deflection
of the stoppiﬁgs was measured for every test. The deflection measure-
ments included: (a) movement of the outer face parallel to the applied
pfessure at a number of points; (b) permanent set of the outer face,
that is, the difference between the location of the points before and
after each test; (c) movement of the ends of the stopping parallel to its
length; (d)\maximum width of opening of the vertical central tension
crack in the outer face which is the first visible sign of stress and
appears at low loads; (e) permanent opening of this crack; (f) depth of
ﬁﬁis crack; and (g) permanent set of the central portion of the inner

face.

Construction of Stoppings

The concrete was 1:2:4 machine mixed. Only enough water was used
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to allowvthe concrete to work well in the mold. It is well known that
excess water in concrete weakens it and that the mixture should be as
stiff as can be properly worked and tamped in the form.

in actual construction‘the ribs are fifst trimmed properly, and
the recesses are then dug. The ¥loor is.prepared as required in the
various tests, and when the concrete used thereon has set, the innér
form is built up to the roof flush with the inner edges of the recesses
and extending entirely across the passageway. All the concrete for’each
stopping is placed with no pause in é single day. The concrete is well
spaded as it is pléced in the form and care is taken to see that the
recesses are completely filled, When steel plates are used, the top of
the form is kept.abOut six inches from the roof; the coﬁcrete is filled .
into this level and alléwed to set. After the form is removed, a layer
of mortar is placed on the concréte and the greased plate laid omn it.
The space over the plate is filled with concrete as far as possible and
the job completed with the cement gun. The plate is also fastened to
the roof by.bolts‘set in stiff grout in holes bored to recieve them.
After the concrete has set, the supports for the deflection indicators
are set and the instruments are placed. Figure 57 shows the deflection

and permanent set of a stopping under pressure.

Summary of Tests

(a) With an explosion pressure, such as is caused by black blast-
ing powder, the sudden or impact pressure produced is no more severe in
disruptive effects on the stopping than static pressure caused by com-

pressed air applied gradually or by hydraulic méans; (b) the strength of
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a massi&e concrete stopping is enormously increased by buttressihg it
tightly against solid walls so thatAit acts as a flat arch; and (c) a
massive concrete stopping buttressed into solid ribs and réceiving no
Su§p0r£ from the roof must héve a ratio of thickness to sfan of 1:10 to
just resist an explosion pressure of 50 pOunds‘per square inch; that is,
if a stopping is 10 feet wide from rib to rib, it should have a tﬁick-

ness of one foot . (56, p. 11)

Effect of Relief Vents on Reduction of Pressures

Developed by Dust Explosions

Description of Gallery-Test Equipment (30, p. 5)

The galiery in which the tests were made is cubical, 4 by 4 by
4 feet in inéide‘dimenéions or 64 cubic feet in volume. it is constructed
of two-inch tongue-and-groove ﬁine plapking, reinforced with steel angies
élopg outer edges and lined oﬁ the inside with galvanized-steel sheet. |

The galléry has four adjustable opening or vents, one in the top
and one each on threé sides. The maximum opening of each vent is 18 by
30 inches. When smaller vents are desired, portions of the openings can
be cloéed by %-inch steel plates. The fourth side of the gallery has a
~door set on vertical hinges which, during éxplosiou tests, is held
tightly against a sponge-rubber gasket by %-inch steel bolts. The
entire gallery is bolted to steel beams anchoréd to the floor of a shed
in which the gallery is hoﬁséd.

The dust used for forming the dust cloud in the gallery is placed

in four 6-inch diameter hemispherical cups set on the same level above
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the gallery floor. Dispersion is accomplished by directing a blast of
compressed air downward into the cups through gooseneck-shaped pipes.
Ignition of the dust clouds was obtained in some tests by a high voltaée‘
coﬁtinQOus induction spark across a 3/8-inch gap, and in others by the
timed flame of 15 grams of dry guncotton in an‘opén glass vial,

BreSSure-time records of all explosions were obtained by means
of manometers cdntaining a film on a revolving drum. Later a new.type
of manometer was used. Figure 58 shows the sketch of the manometer.
This instrument can measure pressurés of the ordef of 0.1 to a few
pounds per square’inch. In this device the diaphragm is replaced by a
calibrated spiral séring placed within a thin metallbellows seal. The
pressure acting on the closed end of the bellows compresses the spring
and actuates a light sliding pin whose motion is magnified optically.
This arrangement gives a linearlpressure-deflection calibration, and it
is not affected by temperaturé changes. An opposing spring outside the
bellows keeps tﬁe latter in neutral position when no explosion pressure
acts on it. All controls are in a building several hundred feet distant
from the gallery.

To ensure safety of the operating personnel while the gallery is
being cleaned and other preparations are béing made, all electrical
circuits leading to the gallery are grounded, except one used for
communication via a phone between the control foom and the gallery shed.
No dust is permitted in orrnéar the gallery at this time, and'no smoking

or matches are allowed at any time.
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When the gallery is ready for the test, the air pressure in the
reservoir is adjusted to the desired value by means of a regulator. This
is the air used for dispersing the dust in the gallery. Tﬁen connections
to all the circuits are made in the control room. To cloée the circuit
for the ignition spark, a switch must be closed in the control room and
simultaneously a second push button switch must be held closed about 40
feet from the gallery. The latter is an added safety measure to assure
that no one is near the gallery during the explosion. After the circuits
have been tested, all wires on the éontrol board are grounded, the
control box is locked, and the weighed dust samples are brought to the
gallery. |

The manometers are set, and the dust is placed into the hemis-
pherical cupé. When guncotton is used for ignition, this.is set in
position, then the door is shuﬁ and bolted tight. The doors and panelé
6n_the gallery shed are opened and everyone goes outside a fenced
enclosure surrounding the gallery, about 25 feet distant. When the
gates are closed, a warning siren blows for a short time. Then the
mercury-switch timing control which automatically makes and breaks all
circuits in a prearranged sequence, setting off the explosion and
obtaining pressure-time records, is startea. Figure 59 shows the effect
of unrestricted relief vents on pressure produced. |

Various types of vents were tried, and common types being: (a)
unrestricted or free openings; (b) hinged or pivoted sashes, which swing
outward at a pre&etermined internal preséure; (c) fixed sashes with light

wall anchorages; (d) scored glass panes; (e) light wall panels; (f)

www.manaraa.co
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poppet-type vent closures; and (g) paper, metal foil, or other diaphragms
that burst at low pressures.

Much additional development work is needed on the subject and it

is hoped that it will be possible to recommend correct venting for most

operations in which a dust explosion hazard exists.



SUMMARY AND CONCLUSIONS

It is practically impossible to prevent the formation of coal'dusf
at the working faces of a coal mine, particularly in modern mechanized mines
where productiqﬁ and dissemination of fine coal dust in mine entries have
- greatly increased. The distribution and dispersion of dust, however, can be
considerably reduced if proper preventive measures are adopted.

The properties of coal dust which have an important influence on its
explosibility are; fineness, purity, percentage of volatile matter, dryness,
age and degree éf oxidation, lifting velocities and dispersability, and its
static elecfrification.

Explosibility of coal dust and methane has been studied in laboratories,
in explosion galleries, and in an experimental coal mine. The data and
reéults obtained from the tests are the following:

1. The upper and lower ignition'limits of methane are 14.8 and

5.3 percent, respectively, and an explosion of 150 cubic feet
of a mixture pf gas and air is sufficient to_initiate an explo-~
sion of Pittéburgh coal dust.

2. Coal dust has a lower explosive limit of 0.035 to 0.08 ounces

per cubic foot.

3. Explosibility of coal dust increases with the increase in its’

voiatile content.

v4. -Considering the very small amount of coal dust necessary to

cause an explosion, and because it is not possible to prevent
formation of the dust; every part of a coal mine should be con-

sidered as a potential source of coal dust explosion.
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Due to the varied mining conditions and techniques, it is not
possible to set a general safety rule which will be applicable to all
mines. Each problem has to be studied carefully and the most applicable
preventive measures should be strictly followed.

Application of water during the various phases of mining is an
effective means in many instances for reducing the quantity of fine coal
dust produced during mining processes. Among the different methods of
using water, its injection into the coal seam before mining is successfully
applied in Australian and European coal fields but the results obtained from
the tests in the Experimental Mine show that water infusion in the Pittsburgh
coal seam has little, if any, beneficial effect on dust reductign.

The most practical measure for preventing the propagation of coal
dust explosions in mines is to rock dust the mine workings. The require-
ment of 65 percent of incombustible in mine dust provides a considerable
factor of safety against coal dust explosions. It gives no guarantee that
an explosion will never occur but it does give assurance that if the rock
dust has been properly applied and maintained, wide-~spread explosions will
not develop. Apart from the foregoing methods, some other preventive
measures which can be adopted include rock dust barriers, concrete stoppings,
and relief vents in their various forms and modificationms.

Although intensive studies and research have been and are presently
being conducted in this and many other countries, there is still a vital
need of further research to improve present measures for controlling

explosions.
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Metallurgy, University of Missouri, as a éraduate student in Mining

Engineering.
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