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three charges of 200 grammes (625 oz.), tambed with
\} 1:

In Lei hire the coal is worked in two ways;

safety tamps; faults can be passed through by
N \]

coaldust and bluwn out 1nto a dusty atmosy

g 12 per cent of gas, gave mse to nenhier gnition nor
explosion, although the temperature was raised to 35
degs.

It was thus proved that the proportion of dydrated salt
for pieventing ignition must increase with the temperature
of the explosve atmosphere, the harmlessness of which
it was desited 1o ensure. What ean this be but that the
“arparcnl temperature of igmtion,” as defined by M.
Mallard and M. Le Chatelier increases with the tempera-
ture; it would, fore, bea of the
of eaplosion and of the surrounding temperature, 1t fol-
lows that the degrees of safety powsessed by the various
evplosves can in reality only be reled upon, subject to

o
¥ of money 3 but spuntzacous combustion can
hardly be prevented, and when once begun at is some-
tmes impossibie to stop it, excent by some process that
involves the entire closing of the colliery.

Spontancous combustion of coal or as it is sometimes,
and perhaps more correctly called spontancous ignition,
weans the firing of coal without the direct application of
a lighted match or other tlame,

In some cases the cause of spontancous ignition is
obvivus,  Take for instance a ventilating furnace built in
aseam of coal. ‘rhe heat from the fice makes the brick-
shale work hot,and raises the tempera

ljoining to the point y }ur g
tween 7o0and 800 degr. Fahr,  The remedy jor thiskind of

nt agmbon, af i can be so called, s very simple,

the conditon that they be made wath an equal
ing temperature 3 becanse—as may be deduced from the
Schiebusch eay he hant ot P where
safety ceases t0 extst, may be such as i met with i the
undergroudd workings of ‘a colliery.  With a vanaton of
2 or 2 degs. 1 temg ) any explosive By harm-
less, may become dangerous, or, at any rate, lose s
quality of safety. Deep and ot snunes are therelore more
dangerons than others: and i this case agam the first
remedy tor the evil 15 powerful and abundant ventilation,
. As the Schiebush resuit must leave doubt on the sub-
Ject, the author quotes, from the report of the French

ommission on Laplos facts to prove that the ex-
plosive itself is highly sensitive to the intluence of tem-
perature, The above Cemmision also deals with the
question 1 a special chapter as 1o the possible influence
Crerted un the it hty ot p by the g Y
of steam contained in the air, in the course of which the
following observation occurs : =** It is possible that if the
quantity of watery vapour contained in the atmosphere
be 1, the andl bty of may not be
so much reduced as it would otherwise be.”  “The report
then quotes Me. Dinons deductions, that carbonic onde
does not combine with ovygen, under the influence of the
clectric spark, when the gasesare perfectly dry, obserning
that a similar fact as regards gasy mixtures would be of
great importance in collieries where the air is generally
saturated with moistute. Une more quotation from the
feport terminates in the following words :==** Laboratory
N ©

| have not t of noticing any aprreci-
able difk m the il bility of nuatures contain.
ing more or less hum -

Considenn 3 the h

d by the author to
y he has led fi of
uwed in the Produits eaperi-
ments being graduated to tenths of a degree (Centigrade).
Suspended about the middle of the gas chamber, it 1c-
corded the mean temperature of that chamber s and a
clay plug closed the aperture by which the thenmometer
wasintroduced, so as to avoid any escape of gas.  The
reason why the thermometer only marked a mean of the
lcn.lpcx:llnrc‘ was on account of the heating apparatus,
which consisted of a steam coil of five spirals of cqual
diameter, held by flanges agmins the wall, behind the
hoiler.  The temperature was therefore necessanly higher
ncar the cannon’s mouth 3 and the products of the explo
Slon, representing a blown-out shot, thus passed through
the most point of the first of all.

In the top of that part of the boder which constituted
the gas chamlwr, three man-holes had been cut : and the
covers which ciosed them rested simply on - india-rubber
tings 3 but chains, the links of which are made of 4 in.
round wron, attach them to much stronger nings niveted to
the boiler plates. The covers were well luted with clay
every time that gas was intreduced into the apparatus’s
and in this way the covers formed safety valves, while
they ko acted, to a certaun estent, as dynamo-meters,
the intendity of the explosion being shown by the manner
ins which these covers were lified up, and thrown forward
or tor off.  Oneexplosion, with farcite, threw onc of the
covers a distance of 30 m. over the wall of the enclosure 3
another, with ier explosive, threw a cover 10 almost
the same spot 3 and anather, 435 m. distance over a double
span of coal-shed roofs, sunilar effects being obtamed with
the same explosives in other evperi
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Spontaneous Combustion in Coal Mines. *

In submitting the following maper va ™ Spontancous,
Combustion in Coal Mines, ™ the author docs so rather in
the hape of cliciting valuahle infarmation in *he dis
cussing, than with any expectation of conveying knowledze
1o those members whose experience has been gainml?n
mines liable to this specics of catastrophe.  The few
temarks submitted are the result of knowledge gleaned in
his cxperience and travels in districts nwst liable
10 sy hust such as Leicestershi
Warwickshirc, Staffordshire, and in other districts where
it is less froquent, such as Vorkshire, Derbyshite, and
Notunghamshire. Ile is, hawever. also indebted to the
varivus papers add wiitings of others, publiched in the
Proccadings of the vanous scientiic bodics, and 10 his
private  correspondence  with mining  cngineers and

hose assi b Tenoeled

" c 1!

Mast of the dangers and AMftarulties enavuntered n a
mine, can e in certaan well-known ways;
water can be maised by pumping-engines: gas can be
carried away by ventilation, and the danger obviated by

and that is to separate the coal or coal shale from the
futnace by a ‘mmgc cumeymy a cerrent of coolaise It
15 not cnough to provide an air space, because air is as
casily heated as any other substance 3 at 1s necessary, to
provide a constant current so that there may be always
cool air between the arch containing the furnace and the
arch suppurting the cual or other strata,

But spontancous sgmtion often takes place under condi-
tons where there is no fire ur any. apparent souzce of heat
cqual to 700 or Svo degs. Ihr.  Any large heap of
ordinary Intwminous coal is liable to spontancous com.
bustion—say, one, 10 feet thich and 30 or 40 feet square,
The larger the heap and the smaller the coal, the greater
the habality of e, Thus, 2 heapof coal banlt up of large
blocks of hard coal 15 feet high will probably not take fire,
but a heap of slack of equal height from the same seam
would probably take fire.

If 2 little artificial heat is applied 10 a very small heap
of slack, of say, 2 or 3 tons, it is hable to fire.  Suppose,
for nstance, there 1> a brick flue earryang the hot gases
from a fire to achimney and 3 or 4 tons of slack are
upped aganst this flue, it is very hikely totake fire.  The
reason of this again is very obvious. )I‘hc outside of the
boiler-flue fecls cool, because it is exposed to the wind,
but theinsude of the botler-flue 1s very hot, perhaps Soo
degs. Fahr., or more in temperature.  \When the slack
covers the external wall the heat is no longer carried
away, and the outside of the brickwork in afew days
will become nearly as hot as the interior, whose heat is
quite sufhicient to set fire to coal.

There are, however, other cases less easily understoad.
For instance, if 2 heap of coal be haid over a steam pipe
it will soon take fire, though the temperature of the steam
and the pipe never eacceds 330 degs. Fahr., which is less
than half the temperature required for the ignition of
coal.  But this is not so curious as the iginition of coal
where there s no antificial heat of any Kind.

Coal is not the only substance that will inflame without
the application of a match.  If newly burnt charcoal is
ground up, 1t will take fire.  Rags or waste svahed with
vegetable oif and put i a heap will take fire.  Very
fincly divided iron or lead will also burn.  Phosphorus
takes hre with the warmth of the hand.  The com.
pression of au, by means of a piston in a synnge, will
give heat sufficient to ignite cther of tinder soaked ina
solution of nitre,

In conl mines there is a general liability to spontancous
combustion 0 the majonty of the coal fields of Great
Bntain n_some districts it is exceadingly rare, and in
others it is ¢ dingly Espeti shous
that 1 1< very rarcin thin seams and very common in
thick scams : and that in scams of cqual thickness it is
morc likely to occur where a large proportion of the
seam is left in the mine, either as slack or as roof coal.
In fact, spontancons combustion, as a general rule,
occurs in those mines where a great deal of small and
broken coal is left in the goaf, and is hardly, if at all,
known in those munes where all the coal is sent out, and
where there is no coal in the mine except the solid uncur
scam or large and uncrushed pillas.

The districts where  gobfires are most  common in
Great Britain are South Staffordshire, West Lei hirc,
and Warwickshire,

In South Staffordshire, the Ten-yard coal is worked
pillar and swall. It is got in pancls. locally termed
*¢sides,” say about $0 to 100 yards square, in \\iﬁch area
there would be siateen or twenty pill: s about 10 yards
square.  The wholc of the coal betwe n the pillars and
the rits separating the sides or pancls i got, with the
cxception of the roof caal, say a yard in thickness, which
is IcE beeause of the danger of trying to get it. A good
deal of slack and of coal mived with dirt is alco left 1n as
being valueless.  In coursc of time the roof falls and a
good deal of coal no doubt breaks off the sides of the
pilars.  Thus cons:derable heaps of coal, dirt, and stack
are formed, and in ashort time these heaps frequently
get very hot, and unless precautions are taken they would
burst into flamcs,

The usual incthod of preventing this is to put stoppings
in all the roads lcading into the **side ™ o as to prevent
any_fresh air having access; thus any combustion that
begins speedily exhausts the oxygen, and futther com.
bustion is so prevented.  The slow combustion, however,
so far as it takes place, has the effect of making the minc
in that pant eaccedingly hol.  In some places air diaws
through eracks in the ribs, so that a more rapid com-
bustion ean_take place and great heat is produced.  The
main toads leading past these hot districts, are sometimes
arched with brichwork, to assist in the caclusion of the
air and to mamtain a good road.  Somctimes the brick-
work gets 3o hot that it cannot be touched.  Asageneral
rule, h Tasion of the air stops the com.

_* Paper by A Lupton, Tranuctions Felerated Institution of
Mining Engincers. »
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y the
bustion. After the whole.of the mine has been worked
the sides arc often rc-opencd to get the pillars and ribs.

sometimes by long-wall and pached gates, and <ome-
umes by heading out and working bach.  Where the
packed gates are used, the packs are made impervious to
air by means of wax walls. These wax walls are made
of clay, which has been worked to the proper consistency
for making bricks, and is sent down in Jarge Jumps about
9 inches square and 18 inches long, and is built up into
walls on each side of the gate road, while small dirt is
packed on each side of the wax walls.  These walls being
soft have no strength to support the roof, and the packs
are made to a great extent o} wood.  The wood used is
the swall branches of trees cut into lengths of about a
yard and built into square piles: It is commonly called
“ Drattice wootl,”  “These timber pachs are placed about
4 feev apart, and the space between them is filled ap with
stone made for the ripping of the gate roads. 1In this
way the guaf between the gate roads is hept from the ai
current; the only place where the air comes in contact
with the goaf is close to the working face. In order to
prevent the air from genting lack into the goaf near the
working face, the ventilation is kept as slack as is con
sistent with safety.  The face is moved forward pretty
fast, say, 2 or 3 yards a week, and conscquently the goaf
near the face has not time to heat.  If, however, there
should be a stoppage, owing to slachness of tradeor a
strike, the go:\} would take fire at the face; and to
prevent that, the wax wall has to be carrivd along the
ace from gate road to gate road,

Mr. Alfred Ely, in a valuable paper tead before the
Ch 1d and” Derbyshire Insti in  pril, 1877,
describies anuther methud of excluding the air from the

atthe face.  He packsa bank of dirt all the way
along the face on a slope from the roof to the floor.  The
face of this slope he then covers with a layer of sand 6
snches thick, which has the ssme effect as a clay wall in
keeping out air.

Where the system of heading out and working back is
employed 3 no wax walls are required, except <luxing a
stoppage, and then a wax wall is run along the face
Ixtween the coal and the goaf, so asto exclude the air
from the goaf.

In some collicries, the manager arranges as far as
possible to finish off a district before the sunmer when
trade is slack, and then he opens out a new district ready
for the cusuing winter; the point to be aimed at being
that the air current wmust never pass over or through
heaps of slack or broken coal as in a goaf.

In Warwichshire the liability to spontancous combus-
tion is met by working the face as quickly as possible.
For this purpose a nunber of coal-getters are concentrated
in a smallarea.  Where ever practicable, the mine is
worked by heading out in the solid, and then lringing
the coat back.

In many Warwickshize mines, the bulk of the coal lies
to the dip of the shaft; in this case the headings arc
driven down to the dip ¥ rundary, and then the coal is
brought back, the goa} being atlowed to il with water.

Hothin Warwickshireand Leicestershire, a considerable
portion of the coal in the scam worked is_not got, being
of slightly inferior quality to the coalthat is got. Alsoa
good deal of slack is left in the mine, so that there are
great heaps of slack and broken coal.

But the question now arises, Fow can this coal tahe
fire considenng that the natural wemperature of the carth
in these mines is, say, from 6o degs. 10 63 degs. Fhr.2

The explanation” formerly given was that the iron
})ylilcs. that is, disulphide of iron (fc S), which is often
ound in the coal and in the shales, is decomposed by the
ovygen of the air, and that this decomposition is accom-
panicd with heat. It has been found by experiment that
m some cases great heaps of shale, containing a large
percentage of iron pyrites, have taken fire through the
decompusition of the pyrites.  But the amount of pyrites
in_the coal mincs is 100 slight 10 have any appreciable
cficct in heating the coal, and this theory is now given up
by those who have most studied the question.

Prof. Vivian B. Lewes, has made some valuable con-
tributions to the knowledge of this subject in papers read
to the British Association, in 1891, and sulsequently to
the Socicty of Arts.  He states that it has been demon-
stzated by Richters, that newly cut ceal will absoth
oxygen; somic coal absorbing 1% times its own bulk,
and other coal 3 time its own bulk.

How the oxygen gets in and is compressed into the
very small space it must occupy is another question, but
there_is no doubt that it docs go in, and that active
chemical decomposition of the coal takes place, forming
carhonic acid gas and wiscr, and that this decemposition
is panied with iderable heat.

The hotter the nunc the more rapid the decomposition.
so that the process of heating when once begun goes on
at an accelerating ratio, or in_geometrial progression
provided there is a sufficiency of oxygen to keep up the
the combustion.

In mines where the air is successfully kept from the
goaf howcever, the heat rises up to a certain point suffi-
cient to make the mine very warm, but docs not exceed
that paint, and then cools ‘down again, becsuse these is
not cnough air for further slow combustion.

The return air of a mine, the natural temperature of
which is about 62 or 63 degrees Fahr., will probably be
70 degrecs, and in some places warmer still.

In order that the heat may get up to the point of com
bustion, it is necessary that the coatl or slack should have
no opportunity of cooling. In the case of a very large
heap of slack the heat which is generated in the centre
cannot_cscape, and in the case of a small heap of slack,
which is butied in the goaf of 2 mine, the heat there al
is kept in by the cover of shale and roof. - - But-while th




