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4 MEMOIR ON THE

3. A series of detonations, successively inereasing in loudness, were followed
by a final explosion of which, agreeably to an affidavit, the report resembled a
* loud elap of thunder.” This tore into pieces the building within which it took
place, threw down seven houses in the vicinity, and drove in the fronts of the
houses on the opposite side of the street, at the distance of eighty-seven feet.
The whole of the space within which these tremendous effects took place, was
filled with a dazzling flame, and various masses, intensely ignited and vividly
luminous, were projected aloft as if expelled from a voleano, =0 as, on alighting,
to spread the conflagration far and wide. Shipping anchored in the Hudson River,
probably at the distance of more than a quarter of a mile, were greatly endangered
by these deflagrating missiles.

4. So violent was the atmospheric concussion, that people were prostrated by
the consequent blast, when too remote to be injured by the flames or flying frag-
ments. Some persons were wounded or killed, but so small was the number, in
comparison with that of the multitude which might have been mutilated or de-
stroyed, that there was more gratulation for the escape of the many, than sorrow
over the few who actually perished. 'This comparative immunity was due to the
warning given by the detonations which, as already mentioned, preceded that by
which the mischief was effected.

5. The natural inference arising from the detonations thus alluded to, was, that
gunpowder had been stored in parcels of various amounts on the different floors of
the store, the smaller portions above, the larger below, and that the detonations
were the consequence of the successive ignition of the parcels thus situated. The
ery of gunpowder was raised on the occurrence of the first explosion, and caused
the retreat of almost everybody near the quarter whence it proceeded. Hence
before the final catastrophe, the streets about the store were entirely vacated, so
that scarcely any person was injured besides those in the houses opposite to the
conflagration. i

6. Notwithstanding the reasonableness of the belief at first created, as to the
agency of gunpowder, there was the most conclusive evidence, so far as the oaths
of worthy and well-informed witnesses could avail, that no gunpowder was con-
tained in the building within which the explosions occurred. Of course, the real
cause of the disaster became a subject of perplexing consideration for chemists in
general, and especially for those adepts in chemistry, to whom the Corporation of
the city concerned applied for an elucidation of the mystery.

7. It was fully established by the statements of the highly respectable proprie-
tors, and that of their store-house clerk, that there were in the store more than
three hundred thousand pounds of nitre, secured in double gunny bags, containing
one hundred and eighty pounds of nitre each, in piles alternating with heaps of
combustible merchandise ; yet as, agreeably to ordinary experience, such com-
bustibles deflagrate when ignited with nitre, without exploding, this did not remove
the unfavorable impressions unjustly ereated respecting the occupants of the store,
The stowing of any large quantity of gunpowder adequate to the effects produced,
had been culpably imprudent and illegal ; and coupled with a most solemn denial















EXPLOSIVENESS OF NITRE. 9

facts and inferences ; and moreover, I endeavored to illustrate the subject by refer-
ring to the explosion =o frequently produced by blacksmiths, through the forcible con-
tact with moisture, of incandescent iron struck by a hammer. It has been ascertained
that globules of oxide of iron, as they fall in a state of fusion from a wire ignited n
oxygen, do not at first produce any commotion in water. This arises from the gener-
ation of a protecting atmosphere of rarefied aqueous vapor, which renders contact
with the liquid water impossible. Widely different would be the result, were the liguid
suddenly forced into contact with the globule by a blow from a hammer, as above
mentioned.  Analogous causes operate when globules of the most volatile liquids
or solids are retained for a time in the cavity of an incandescent metallic ladle,
meanwhile evaporating much more slowly than if the temperature were less. In
any one of these instances an explosion would follow from a contaet being coerced
between the heated surface and the liguid. When a hammer is employed as above
deseribed, mechanieal force produces that contact, which, in the explosive union
of incandescent oxide of potassium with water, is caused by intense chemical
affinity.

11. The explosion produced by Hayes, as above mentioned, and that which took
place in my laboratory, as well as the explosive reaction of oxide of potassium
with water, gave a practical confirmation to the inference, that the meeting of
water with the base of incandescent nitre could cause tremendous results. Sub-
sequently, in the winter of 1845-6, I found that when nitre, by the flame of a
hydro-oxygen blow-pipe supplied with atmospheric air and oxygen, is heated to
incandescence, and then quickly submerged in water previously situated beneath
the containing ladle, a sharp explosion ensues. I found, nevertheless, that when
thrown, under like circumstances, upon molasses or sugar, the effects were those
of deflagration rather than explosion. Yet, latterly, I have fallen upon con-
trivances, by which pulverized sugar and nitre may be made to explode. The
first expedient which succeeded, was that of pouring melted sugar npon the face
of a hammer, so as to make a disk of commensurate size. Such a dizgk, if it should
not adhere, is easily made to do so by slightly moistening the face of the hammer.
Some nitre was put into a thin shallow platina capsule, situated over a small anvil,
near one of its edges, so that the bottom of the capsule might be reached obliquely
by a hydro-atmospheric blow-pipe flame. Under these circumstances, the nitre
having been heated until its potash began to be volatilized, was struck with the
sugar-faced hammer. A smart detonation was the consequence. This experiment
may fail sometimes from the blow not being properly given ; from the nitre not
being sufficiently hot; or the capsule being ill situated. The explosion of ful-
minating mercury by a hammer fails sometimes, from the blow not being so given
as to produce a due degree of parallelism between the surfaces.

12, Another method of producing explosive reaction is as follows :—Nitre and
sugar being coarsely powdered, let disks of paper, about three inches in width, be
prepared. Place one of the disks upon an anvil, and cover it with a stratum of
sugar. Then cover the sugar with a stratum of nitre, placing over this another of
the disks. Heat a flat iron bar, wider than the disks, to a welding heat, and
quickly withdrawing it from the fire, and holding it above the paper, strike it down
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EXPLOBIVENESS OF NITRE 11

of water, being virtually hydrates of carbon. Oils, resins, or bitumens, consist ot
carbon and hydrogen, with but little oxygen. Of course either, when heated with
nitre, can supply water to the base of this salt, with, if not without, assistance from
its oxygen, which constitutes nearly hall” of the matter in nitre. Such substances
may, therefore, under favorable circumstances, perform the part performed by
sulphur in gunpowder, which I conceive to be that of seizing the potassium and
liberating the acid, so as to enable its oxygen to react freely with the carbon and
the resulting sulphide of potassium. Considerations analogous to those advanced
respecting the agency of the elements of water in exploding with nitrates, will
apply with respect to those of carbonic acid ; since carbonated alkalies, no less
than the hydrated, being indecomposable per se by heat, carbon as well as hydro-
gen must, by uniting with one portion of the oxygen of the nitric acid and taking
hold of the base, expel all the nitrogen with the rest of the oxygen.

15. Having submitted the preceding facts and considerations, my explanation
of the stupendous explosion which forms the topie of this communication is as
follows :

Of the enormous quantity of nitre which the store held, more than 56,000
pounds were on the first floor, about 180,000 pounds on the second floor, and
about 100,000 on the third floor. The weight of combustible merchandise was
about 700,000 pounds. As it was alleged by some of the wiinesses examined
tlrat the iron window shutters of an upper story became red hot by the conflagra-
tion of an adjoining house, it is probable that fire was communicated to some of
the gunny bags holding the nitre, or some other combustibles, which, as stated in
evidence, were piled against the shutters. As soon, however, as a single bag
became ignited, the mtre with which the inner bag must have been imbued, would
give the greatest deflagrating intensity to the consequent combustion ; while the
interstices between the bags, like those between grains of gunpowder, would
enable the flame to pervade the whole heap of bags. As nitre fuses at a low red
heat, very soon a great quantity, in a state of liquefaction, must have run down
upon the wooden floor, which would immediately burst into an intense state of
reaction with the oxygen of the salt. To this combustion the merchandise adjoin-
g would add fuel, causing a still more extensive liquefaction of the nitre. The
deflagrating mass thus created, on burning its way through the floor, or falling
through the scuttles, which were all open agreeably to the evidence, must have
received an enormous reinforcement from the subjacent nitre or combustible
merchandise. On the giving way of each floor in succession, the conflagration
must have received a reinforcement of deflagrating fuel, so as to have grown
rapidly with its growth, and strengthened with its strength. Under these circum-
stances, the whole of the nitre becoming liquefied, must have found its way to the
cellar. Meanwhile, the merchandise and the charcoal of the wood-work must
have been conglomerated by the fusibility of the sugar, shellac, and bitumen,
aided by the molasses, and formed thus an antagonistic mass of more than half a
million of pounds in weight, deflagrating intensely with the nitre. But whenever,
by these means, a portion of the deflagrating congeries attained the fulminating
temperature, a detonation must have ensued, causing a temporary lifting of the









14 MEMOIR ON THE

ball moves an available distance. The elements in these combinations are in a
state of intense chemical union, and can only leave that state for another, by
which gases and vapors are produced with an instantaneous and almost irresistible
expansibility. They require no confinement, becanse already confined by their
reciprocal affinities. In gunpowder and analogous mixtures, the ingredients exist
without any forcible coherence, so that an incipient reaction causes a tendency
to move apart, which prevents the reaction from L’.xlﬁlldillg it=elf when there 15 no
confinement. ‘This was strikingly shown by attempting to burn in vacuo a small
eylinder of consolidated gunpowder, made by intense pressure within a metallic
tube by a steel piston. This cylinder, about a half inch in diameter and an inch
in length, was placed in contact with a platinum wire within an exhausted receiver.
The wire being ignited, a feeble combustion ensued.  Subsequent examination
showed that the cylinder was only about half deflugrated, the unburnt portion
remaining unchanged. It had been extinguished spontaneously, after being com-
pletely ignited at the end in contact with the incandescent wire.

21. This was, no doubt, in consequence of the process being effected n a rare-
fied medium. In order to compare these observations with those which might be
made by combustion in pleno, I made a larger eylinder of gunpowder, two inches
in diameter and two inches in height, by similar means, and set fire to it by an iron
rod ignited at one end. This T cansed to touch the top of the cylinder while
standing upright at the bottom of a cast-iron pot about four inches in diameter,
and a foot in depth. The combustion very much resembled that of a rocket, com-
mencing feebly, however, yet terminating with a detlagration so rapid as to be
almost explosive. The augmentation of intensity, I ascribe to the increased
resistance from reaction with the gas evolved, which pressed upon the cylinder
with a force like that which elevates a rocket.

22. Finding that, in vacuo, a perfect combustion could not be accomplished by
the means above mentioned, I resorted to an arrangement through which a cylin-
der of consolidated gunpowder might be so supported by a rod sliding in a stuffing
box as to be pushed upwards against a wire ignited by a galvanic battery within
an exhausted receiver. When, by these means, the ignition of gunpowder was
attempted, it was not very readily accomplished. The part touching the wire
appeared to burn feebly ; nevertheless, by turning the rod so as to cause the eylin-
der to revolve, and consequently to be assailed at varions points, combustion was
mmduced and gradually extended, and at last completed satisfactorily.

23. The receiver employed was held” between two metallic plates, one forming
the bottom, the other the cap. Through the middle of the bottom the sliding rod
was introduced, so as to be in the axis of the cavity. It was secured by two
stuffing boxes, the object of the outer one being to enable the rod to pass through
the orifice of a vessel of oil, employed to prevent the possibility of air entering
through that next the cavity. The juncture of the cap with the receiver was
covered by cold water, which served to prevent leakage, and keep down the tem-
perature. This was ascertained by a thermometer within the receiver, yet acces-
sible to inspection. The cavity, thus secured against leakage, held 240 cubic
mches ; the contents being indicated by a colamn of mercury in a barometer tube
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situated before a scale graduated into 480 parts. Of course, the whole contents
being 240 cubic inches, as above stated, each graduation represented half a cubic
inch.

24. The igniting wire was soldered to the ends of brass rods, of which one was
soldered to the cap, the other secured by collets of leather, so as to pass through
the cap without metallic contact. Consequently, connection being made between
this insulated rod and one pole of a battery, while the other pole had a metallic
communication with the cap, the wire might at any moment be made the medium
of a circuit competent for its intense ignition.

25. The upper end of the sliding rod supported a little disk of sheet copper, and
a little below that disk was supported, in like manner, a larger disk of the same
material perforated like a colander.

26. Upon the upper disk, the consolidated gunpowder being supported with all
the above-mentioned arrangements, the receiver was replaced.

7. The air was withdrawn until the mercury in the gauge tube attained nearly
the height of the column within an adjoining Torricellian tube, or that of a neigh-
boring barometer. The height was recorded, likewise the temperature indicated
by the thermometer. The fall of the barometrical column of mercury in the gauge
tube, resulting from the operation, was not estimated until the mercury in the
thermometer was in statu quo. The difference in degrees caused n the height of
the barometric column, divided by two, gave the number of cubic inches of gase-
ous matter evolved. This difference was of course set down.

28, In the next place, the temperature being carefully observed and recorded,
about two cubic inches of a strong solution of caustic potash was added. The
consequent absorption, as it declined in rapidity, was assisted by an agitation con-
sequent to moving up and down the rod, and the perforated disk attached to it.
When no more absorption could be observed to take place, judging by the quies-
cence of the mercurial column in the gauge, and when the temperature had
returned to the starting point, from which it had been disturbed by the heat gener-
ated through the reaction between the alkali and carbonic aeid, the height of the
column was again recorded, and the difference of degrees, divided by two, were
estimated to give the number of cubic inches of carbonic acid generated.  Allow-
ance was made for the mechanical effect of the bulk of the alkaline liquid in
lowering the mercurial column founded on actual measurement of the effect of a
like quantity of water ; the mercury being brought to the same height in the gauge
tube, in an experiment made for the purpose with atmospheric air.

29, Three samples of Dupont’s powder were obtained from the United States
Arsenal, severally designated cannon, musket, and rifle powder. Of each, 75
arains were pressed into an indurated eylindrical mass, as above described, and
successively burned in the exhausted receiver.

The following are the results :—

Cannon powder, gas evolved, v w e w05 edbit inches,
“ “ absorbed, . - . ; . 231 &
Musket powder, * evolved, - . 4 . 22 “

“ “ absorbed, . : : : - | “





















i

NLM 04142355 o




