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INTRODUCTION.

Gun cotton, although the first discov~
ered of the sudden explosives, the most
thoroughly investigated and the safest,
has not been employed to the extent to
which its properties seem to entitle it.
The accidents of the explosion of the
earlier large factories of gun cotton, the
rapid discovery and introduction of other
sudden explosives, especially nitro-gly-
cerine and its derivatives, the failure for
some time to produce a pure material,
and finally the unsuccessful attempts to
introduce it in artillery, led to its aban-
donment to a large extent.

The great problem in military engi-
neering to-day is the development of a
proper system of fortification to resist
the great power of modern ordnance. In
anticipation of the solution of this
problem, a new development is taking
place in artillery: the use of the sudden
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explosives in charging projectiles. Gun
cotton appears to be particularly adapted
for this purpose, and would seem to be
entitled to a fair test.

The experiments of Lieutenant Von
Forster constitute a valuable addition to
the literature of this explosive, and the
material used is superior in quality to
that genera]ly described in scientific
works. In order to complete the sub-
ject of gun cotton, and to make clear the
value of these experiments and of the
improvements in the qualities of the ex-
plosive, a brief outline of the process of
manufacture now in use,and a summary
of the properties of the best form pro-
duced, is here presented, and, in addi-
tion, a new method of analysis applicable
to compressed as well as to fibrous gun
cotton.



MODERN GUN COTTON,

T8

Manufacture, Properties and Analysis.

BY

Lieut. JOHN P. WISSER, U.S.A.







HISTORY.

The first step in the discovery of gun
cotton was the discovery by M. Brancon-
not, in 1833, of xyloidine, obtained by the
action of nitric acid on starch. This
substance was found to explode by igni-
tion and by percussion. In 1838 the
French chemist Pélouze observed that
when concentrated nitric acid acts on
paper, linen, or cotton wool, the cellulose
is converted into an explosive substance,
which he supposed to be identical with
xyloidine.

But little atiention was paid to these
substances till the close of the year 1845,
when Schonbein, of Basle, announced the
discovery of an explosive cotton, which
might be used as a substitute for gun-
powder. His investigations on ozone led
him to believe that a mixture of sulphuric
and nitric acids would contain a radical
like ozone and therefore possess strong
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oxydizing properties, and in applying his
theory he discovered several compounds,
among which gun cotton, on account of
its explosive properties, interested him
most, and in 1846 he sent specimens to
his English friends, set to work to apply
it in guns, and took out a patent on the
process of making it, keeping the process
a secret in the meantime. But soon
afterwards, Otto, of Brunswick, and
Bottger, of Frankfort, seeing the relation
between cotton and starch, and between
the properties of this new substance and
those of xyloidine, discovered gun cotton
independently, and made the discovery
public. They prepared it by acting on
cotton wool with strong nitric acid;
but soon after Knop showed that it was
preferable to use a mixture of nitric and
sulphuric acids.

Immediately after its discovery many
investigations were carried on and ex-
periments made, with a view to its appli-
cation as an explosive agent, and its
manufacture commenced on a large
gcale. But in a short time two great
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accidents occurred, owing to the limited
knowledge of the properties of this ex-
plosive and the precautions required in
its manufacture, which temporarily caused
its manufacture to be entirely abandoned.
Hall Bros., of Faversham, England, who
added the manufacture of gun cotton to
their gunpowder works, had an explo-
sion in 1847, which blew up the factory,
killing every man at work in the place;
and on the 17th of July, 1848, 16,000
kilograms of gun cotton exploded at
Bouchet, near Paris, France. Commit-
tees appointed in France and Germany
to investigate the manufacture and appli-
cation of this explosive, decided against
continuing any further experiments.
Two men, however, continued their in-
vestigations, the Austrian artillery officer,
General Von Lenk, and Sir F. A. Abel,
chemist to the English war office.
General Von Lenk discovered the
cause of previous failures, developed a
safe and profitable mode of preparation,
and, under the auspices of the Austrian
Government, commenced an extensive
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series of experiments on the best methods
of applying it to gunnery. The develop-
ment of the manufacture in Austria
attracted the attention of the other
European Governments, and Major Young
was sent from England to learn what the
Austrian Government would communi-
cate. In 1862 a committee was ap-
pointed by the British Association to
inquire into the application of the new
explosive to warlike purposes; General
Von Lenk furnished it with a complete
description of his process, and F. A. Abel
joined the committee and placed at its
disposal the information obtained from
Austria and the results of his own re-
searches. Not long after, a government
factory was commenced at Waltham Ab-
bey, and Messrs. Prentice & Co. adopted
Abel's method in their works at Stow-
market, England, but the latter works
exploded in 1871, on account of the in-
complete washing of the gun cotton.
To-day gun cotton is used almost ex-
clusively by the nations of Europe as the
charge for torpedoes and submarine mines,
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and in the United States as the charge
for torpedoes in the navy. It is manu-
factured in England at Waltham Abbey,
in France at the works of Moulin-Blang, in
Germany for the use of the navy and the
pioneers, at Kruppamiihle, Walsrode and
Diiren, and in the United States at the
Naval Torpedo Station, Newport, R. 1.
The result of experiments made at Lydd,
in 1885, with hollow projectiles loaded
with gun cotton and other sudden ex-
plosives, were very unsatisfactory; the
gun cotton shells were not exploded by
the primer. So that to-day the matter
still remains in doubt, and extensive ex-
periments, conducted with great care and
in accord with .scientific principles, will
be required to convince the military
world of the applicability of gun cotton
as a charge for shells. .

CHEMICAL COMPOSITION.

The chemical composition of gun
cotton has been the subject of much in-
vestigation and discussion. According
to the original analysis of Schonbein’s
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gun cotton by Walter Crum it was as-
sumed to be tri-nitro-cellulose, formed
from cellulose by the following simple
substitution, three atoms of hydrogen
being replaced by three molecules of
nitryl (NO,):

CH,0,+3HNO,=

cellulose. C,H,(NO,),0, +3H,0.

gun cotton.

The subsequent analyses by Abel and
others confirmed this conclusion as to its
chemical composition, but owing to the
fact that no substitution compounds had
been obtained, its true molecidar formula
could not be determined.

On account of the discovery of a nitrate
of cellulose intermediate between the
mono and the di-nitrate, the molecule of
cellulose was regarded as—

C,H,0

and gun cotton, therefore, was called the
hexanitrate of cellulose:
C,H,0,+6HNO,=

¢, H (NO),0, +6H,0.

Recent investigations on its substitu-
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tion compounds indicate that it is the
nitric ether of cellulose,
C,H,0,(NO,),
cellulose being regarded as a hexatomic
alcohol,
C,.H,,0,(0H),
and in the action of nitric acid six mole-
cules of hydroxyl (OH) are replaced by
six molecules of (NO,):
C,H,0,(0H),+6HNO,=
C,H,0,NO,,+6H,0.
The simplest expression for the explo-
sion of gun cotton is represented by the
equation :
CIZHICOJ(NOZQ)G:
7TH,0 + 3N, +3C0, +9CO,
but, as in the case of gunpowder, a num-
ber of secondary reactions probably take
place, so that the results of the analysis
of the products of explosion do not cor-
respond with this simple theory.

MANUFACTURE.

The accidents attending the earlier at-
tempts to manufacture gun cotton led
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General Von Lenk to carefully determine
the character of this explosive and the
causes of the accidents. The results of
his investigations may be summed up as
follows :

1. The cotton wool must be thoroughly
freed from fatty or waxy matter by
treatment with alkali, and must then be
thoroughly desiccated.

2. The strongest acids procurable in
commerce must be employed, 1 part, by
weight, nitric acid of specific gravity
1.485 and 3 ‘parts sulphuric acid of
specific gravity 1.84, the total weight of
the acid mixture being 300 times that of
the cotton. 5

3. After the first immersion, which
lasts but a few minutes, the cotton must
be steeped in a fresh mixture of acids in
the same proportion.

4. The steeping must be continued for
forty-eight hours.

5. The gun cotton must then be
squeezed and thoroughly purified by
washing in a stream of running water for

7
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several weeks, dipped in a solution of
potassium carbonate and again washed.

Unless these precautions are observed
the products are not uniform; nitric
acids forms substitution products with
fats, hence the necessity for cleansing
the wool ; weak acids produce a variety
of other compounds, hence the necessity
for using the strongest; and if any acid
is left in the gun cotton it is liable to
spontaneous decomposition, hence the
necessity for careful washing.

.The sulphuric acid acts simply to
absorb the water already present in the
commerecial nitric acid and also that pro-
duced in the change, and thus serves to
keep the nitric acid concentrated.

Lenk’s process has been improved by
Abel and others, and very great attention
has been paid to the manufacture of gun
cotton of late years, with u view to pro-
ducing a perfectly uniform product, which
might be employed as a substitute for
gunpowder.

The cotton employed is the waste from
spinning machines, which is picked as
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free as possible from foreign matter,
thoroughly cleansed with caustic alkali,
and brought, into a uniform and open
condition by being passed through a
carding engine. The rolls thus ob-
tained are dried in a triple cylinder; the
cotton is placed in the central chamber,
steam circulates in the surrounding one
to produce a high temperature, and a
blast of air enters the outside chamber at
bottom, is heated in traversing the cham-
ber, and then passes through the cotton
in the central chamber and dries it. The
dried cotton is then placed in tins and
covered.

The acid mixture consists of 3 parts by
weight of sulphuric acid, sp. gr. 1.84, to
1 part nitric acid, sp. gr. 1.562. The acids

‘are placed in separate stoneware cisterns

with taps, and allowed to run simulta-
neously, in slow streams, into another
stuneware cistern, furnished with a tap
and an iron lid with an opening for an
iron stirrer. The mixture is allowed to
stand for several hours to become cold.

About 12 gallons of the acid mixture is
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drawn off into a deep stoneware pan
standing in cold water. The cotton,
when cold, is weighed: out in quantities
of 1 Ib. each, carried to the dipping pan
and immersed, a pound at a time, in the
acid, and stirred about for two or three
minutes. It is then placed on a grate or
perforated shelf, attached to the pan, the
excess of acid is squeezed out with the
stirrer and the cotton allowed to drain.
Enough acid is drawn from the cistern to
replace that which has been absorbed by
the cotton, and more cotton is treated in
the same way.

The cotton is next transferred to
pots well covered, standing in a shallow
trough containing water, and is covered
with about 10 or 15 times its weight of
acid, and allowed to remain about 12
hours.

The large excess of acid is driven off
by a centrifugal machine of iron gauze,
revolving at first slowly then at 800 revo-
lutions a minute, for about ten minutes,
the waste acid being collected by a jacket
surrounding the revolving portion. The
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gun cotton is now washed by a stream of
water falling in cascade from a height,
being thrown on the falling stream, car-
ried down with it and whirled about in
the water in the washing vessel, so that
it comes in contact with a large quantity
of water, and its temperature is vot raised
appreciably. It is again drained in the
centrifugal machine and the washing re-
peated. It is then soaked in stirring
tanks for two or three weeks, and after-
wards boiled in large vats by the injec-
tion of steam. The purified gun cotton is
transferred to the beating tank, a contri-
vance for beating it into pulp, consisting
of a drum with a large number of closely
set ridges on its surface, revolving over
a fixed ridge in the tank, similar to the
rag engine of paper mills. The pulp is
removed to a poacher, where it isagitated
for about forty-eight hours with a large
quantity of warm water by means of a
wheel, the water being drawn off and re-
newed until the gun cotton answers the
heat test which  is now applied. The
pulp is then transferred to a vat and
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mixed with a little lime, carbonate of
soda or ammonia. It is then drained and
& measured quantity placed in the cylin-
der of a hydraulic press, ‘through the
perforated bottom of which most of the
water is drawn off by a suction pump,
and the press is then applied. It is
pressed again in a more powerful press,
and is thus obtained in the form of disks
or cylinders of various sizes, having a
density of 1.1 or 1.2, which are after-
wards soaked in water until they contain
about 25 per cent. of that liquid.

The cylinders made in England are
about 3 inches long, 2.5 inches in diame-
ter and weigh £ lb. The gun cotton used
in the navy of France for charging torpe-
does is pressed in the form of prismatic
disks or eylinders, weighing from 0.645
kilograms to 2.538 kilograms ; for mining
the French use cylinders 30 mm. high,
and 256 mm. in diameter, with a central
canal 5 mm. in diameter, weighing 25
grm. dry.

Granulated gun cotton is made by plac-
ing the pulp from the poacher in a cen-
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trifugal machine, where its water is re-
duced to 33 per cent., and the gun cot-
ton is made fibrous, and then passing it
through sieves, which break it into gran-
ules. It is then revolved for half an
bour in a drum, mounted on a horizontal
axis, for fifteen minutes, the dram re-
volving fast enough to cause the gran-
ules to roll rapidly down its surface, but
not so fast as to carry the granules
around with it.

Z'ests.—The ftinished gun cotton is ex-
amined by the following tests:

1. The density must be over 1.

2. The moisture is determined by dry-
ing it at 60° C.

3. The combustion of 2 grm. of gun cot-
ton must leave a residue less than 0.08
grm. in weight.

4. The gun cotton should dissolve en-
tirely in acetic ether, which would leave
any unconverted cotton undissolved.

5. Fifty grains of the gun cotton
should suffer little loss in weight when
digested for two or three hours with four
ounces of a mixture of 1 volume aleohol
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(40’) and 2 volumes rectified ether, which
would dissolve any collodion cotton.

6. Four grains are heated in a test tube
placed in an oil bath, and containing a
slip of paper moistened with a solution
of potassium, iodide and starch. No
tinge should be imparted to the paper till
the temperature of the oil reaches 88° C.

7. Four grains, heated as above, should
give no visible brown fumes below

175° C.

) 8. One grain is heated in a test tube,
placed in an oil-bath, till it explodes,
which should not happen below 179° C.

PROPERTIES.

The manufacture of gun cotton has
been so greatly improved of Ilate
years that the gun cotton of to-day is a
superior material to that usually described
even in scientific works.

Gun cotton resembles cotton wool in
appearance, but is harsher to the touch;
it becomes powerfully electric when rub-
bed, crackling and phosphorescing, and
emitting sparks in the dark. It remains
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unaltered in contact with water, and can
be worked and stored in the wet state
without danger. On ignition it burns
quietly when dry and leaves no residue;
wet gun cotton is not combustible.

Gun cotton is insoluble in alcohol and
ether or a mixture of the two, but is dis-
solved by acetic ether and by a mixture
of ordinary ether with ammonia. Strong
sulphuric acid dissolves it without car-
bonization, strong potash lye will also dis-
solve it, especially if heated to 70° C. A
solution of potassic sulphydride reduces
it to cellulose. When properly prepared
it remains unaltered—it has been kept
stored in Austria for twelve years without
change, and that which was thrown away
in the campaign in Italy in 1859 was
afterwards found unaltered, although it
had been exposed to the' hot sun for
many weeks. ’

Dry gun cotton inflames by percussion,
but is never exploded, even by. the pas-

sage of a bullet fired at short range, un- .

less confined. Its explosive effect is
greatest when detonated by means of &

e

e
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primer of mercuric fulminate, in which
case no confining is necessary. J The rate
of propagation of the detonation in a
mass of dry compressed gun cotton is
about 5500 meters per second.

‘Wet gun cotton is not affected by per-
cussion, and can be detonated only by
the detonation of an amount of dry gun
cotton bearing a certain ratio to the
weight of wet gun cotton employed. Its
explosive effect is much greater than that
of dry gun cotton.

The great explosive effect of nitro-
glycerine and gun cotton, as compared
with gunpowder, is due to their compo-
sition. There are two great classes of
explosives, mixtures and compounds. In
mixtures the grains of the separate con-
stituents, however finely divided, have a
sensible magnitude, and the chemical
action takes place between these grains
and on their surfaces, so that the layers
of the molecules are consumed in succes-
sion, hence the process must require
a sensible time. In compounds the
chemical action takes place in the mole-
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cules, which are infinitely smaller than
the smallest grains obtained by mechani-
cal processes, hence the action i8 essen-
tially instantaneous./ The following dia-
gram, or structural formula, représents
the manner in which the atoms of' a
molecule of gun cotton are connected one
with another, and it is known that this
molecule cannot be larger than the

1 .
%,606’0% of an inch:
HOHHHHHHHHEHHH
[ T S R Y é [ S
0=0-C-C-C-C~C—-C— ——?—C-—C-—-C:O
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000000000000

In the explosion, the hydrogen atoms
combine with the oxygen atoms to form
water, and the carbon atoms combine
with the oxygen atoms to form carbon
dioxide and carbon monoxide, all of which
action takes place in the molecule. The
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action in the case of the rapid burning ex-
plosives is indeed se sudden that the
great volume of gas produced does not
give the air time to move aside, but lifts
the entire column bodily, the air thus
acting as a kind of tamping, which ac-
counts for the enormous effects of nitro-
glycerine and gun cotton.

" The temperature at which gun cotton
explodes when heated is about 179° to
181° C., under the most favorable circum-
stances, but usually a much higher tem-
perature is required. The temperature
resulting from the explosion is about
4400° C. One gramme of gun cotton,
on explosion, gives a quantity of gaseous
products calculated to occupy at 0° C.
and 760 mm. Bar., 753 c.c., which, at the
temperature of explosion, would be ex-
panded to 12,889 c.c. The quantity of
heat generated' has been determined as
1056.3 Centigrade units. The pressure
produced by the detonation is estimated
by Berthollet at 160 tons per square
inch. The gases produced by the ex-



26

plosion of gun cotton, on analysis, have
been found to contain in 100 volumes:

Aqueous vapor...... 25.34 volumes.

Carbon monoxide. . ... 28.95 ¢

Carbon dioxide....... 20.82 “

Nitrogen............. 12.67 “

Hydrogen............ 3.16 ‘

Marshgas............ 724 ¢
98.18

Normal gun cotton has about 2 per
cent. of moisture, butis capable of taking
up about 30 per cent. Its rate of com-
bustion may be varied by spinning it
into yarns and winding these with greater
or less compactness.

Gun cotton is a powerful, reliable, safe,
portable, and convenient explosive, es-
pecially valuable for submarine opera-
tions. There is less danger in its
manufacture than in that of gunpowder
or nitro-glycerine. It can be stored wet
and is then perfectly safe. It leaves no™
residue and produces no smoke, and it is
from five to ten times as effective as gun-
powder when properly detonated.

Its principal disadvantages are, it re-
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quires more space in torpedoes than
nitro-glycerine, being less dense and also
less plastic, and cannot, therefore, be
packed so easily and compactly, .and
when used as a charge for shells the
point where the latter strike is not so
readily seen, as no smoke is produced.

ANALYSIS.

The objects of the chemical analysis of
gun cotton are to determine whether the
freshly prepared material has the compo-
sition necessary for the production of the
maximum effect in explosion, and to
ascertain what changes have taken place
in its composition by storage. The de-
terminations to be made are:

Moisture,

Calcium carbonate,
Ash,

Nitrogen,

Nitrates, and
Cellulose.

The sample, in case of compressed
gun cotton, is obtained by rubbing off a
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portion of the air-dried cake or cylinder
by means of a coarse file, and passing it
through a fine sieve. The powder is
then placed in an exsiccator for several
days before use.

Moisture.—About 5 grm. of the gun
cotton are placed in a weighed shallow
platinum dish and dried in the drying
oven at 60° C. for 120 hours.

Calcium Carbonate.—A weighed quan-
tity of gun cotton is placed in a beaker,
and an accurately measured quantity of
dilute hydrochloric acigd, the strength of
which has been previously determined by
alkalimetry, is added, and after acting
for a short time the liquid is filtered and
the residue well washed. The free acid
in the filtrate is then determined by
means of a titrated solution of soda,
which had been so constructed that a
given volume neutralized an equal volume
of the original dilute hydrochloric acid
used. The difference between the vol-
umes of acid and soda used will give the
volume of acid to decompose the calcium -
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carbonate, from which the percentage of
the latter may be calculated.

Ash.—The residue of gun cotton left
after the determination of the calcium
carbonate, is dried and a weighed portion
digested in concentrated nitric acid in a
weighed platinum dish, evaporated care-
_ fully to dryness, and the residue ignited.
The increase in weight gives the ash.

Nitrogen.—The nitrogen is best de-
termined by the ¢Reversion-Nitrome-
ter” of Lubarsch.* It consists of a gas
burette A, a reservoir B, and a filling
tube C.

The gas burette is bent obliquely at
the top, and just below the bend is en-
larged to a globe containing about 25 c.c.
The 0 of the scale is just above the
globe, the divisions beginning just below
the globe with 30 c.c. and the graduation,
in % c.c., continues to 80 c.c. Five centi-
meters further down, the burette is
closed by the stop-cock a, and between
this stop-cock and the end of the gradua-

* Manufactured by Mr. Gelssler, Berlin, N. w.,
Philippstrasse, 22.
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tion is a side tube with stop-cock b&.
Below the stop-cock a the burette nar-
rows to the tube with a small bulb g, to
which is attached the heavy rubber tube
which connects the burette with the fill-
ing tube.

Into the mouth of the burette is care-
fully fitted, by grinding the surfaces of
contact, the reservoir B. The latter con-
sists of a short tube, closed at one end,
bent at its middle at an angle of about
120° to the outer part of the angle of
which is fused the separatory funnel d ¢,
about 6 c.c. in capacity. Thelower point
of the funnel projects into the reservoir.
The funnel may be shut off from the
reservoir by the stop-cock d, and its
upper end is closed by the the ground
glass stopper e. The capacity of the
reservoir, when attached to the burette,
amounts to 26.7 c.c., that of the point of
the funnel, below the stop-cock d, to
0.2 c.c.

The filling tube C branches at its
lower end, one branch being closed by
the clamp £, the other being attached to
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the heavy rubber tube which connects it
with the burette. The filling tube is
usually held tight by its clamp, whereas
the burette rests loosely with its globe
on the clamp.

The principle on which the method of
analysis is founded is shown by the fol-
lowing reaction :

C,H,6O,/(NO,, + 9H,S0, +18 Hg=
01’ HQO OIO + 9 Hg! SO‘ + 6 Hﬁ O
+ 6 NO.

The apparatus is dried, the reservoir
is placed in the burette and fastened by
passing a rubber band around the pro-
jection cand the narrow tube at d, the
burette and filling tube are connected by
a dry rubber tube, the stop-cocks a and
b are closed and d opened. The filling
tube is then half filled with mercury, and
by gradually opening the stop-cock a it
is allowed to rise till close up to the side
tube b, and the level in the filling tube is
then made the same as that in the burette.
By squeezing the rubber tube and alter-
nately raising and lowering the burette
all enclosed air is removed, and the stop-
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cock a is then closed. The side tube is
then connected with the carbon dioxide
apparatus and the stop-cock b opened.
The carbon dioxide is prepared in the or-
dinary Kipp apparatus from marble,
which has been boiled in water and pure
hydrochlorie acid, and is dried by two
wash-bottles containing sulphuric acid
and two calcium chloride tubes. In a
short time the apparatus is entirely filled
with carbon dioxide.

Meanwhile about 0.3 grm. (not over
0.35 grm.) finely pulverized gun cotton
are weighed in a small glass flagk, the re-
servoir is,removed, and the gun cotton
carefully poured into it. The reservoir
is replaced and secured, and the stream
of carbon dioxide continued wuntil the
empty flask is weighed. The stop-cock
b is then closed, a opened and mercury
poured into] the filling tube till its level
is accurately at the 0 of the scale.. The
stop-cocks ¢ and ¢ are then closed, and
the reading of the thermometer taken.
Pure concentrated sulphuric acid is then
poured into the funnel d ¢, the stop-cock
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a is opened and the filling tube lowered
till the level in it is 5 or 6 centimeters
lower than in the burette, or the requisite
amount of mercury is let off at £

-The stop-cock dis carefully opened and
sulphuric acid allowed to flow down upon
the gun cotton until it is nearly all out
of the funnel, when d is closed and the
stopper ¢ carefully inserted. In a few
minutes nitric acid is evolved, and the
reservoir, after removing the rubber
band, is carefully turned in its ground
fitting 180°, and the rubber band re-
placed. The reaction now begins,
and the burette is removed from its
clamp every five minutes, and by grad-
ually inclining it a portion of the liquid
is allowed to run into the reservoir, and
the whole well shaken. The mercury
which rises in the filling tube, after re-
_placing the burette, is let off by the
clamp, so as to have but little excess of
pressure. Towards the end of the oper-
ation, which usually requires about half
an hour, the mercury is nearly all driven
out of the burette, and before each shak-
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ing the stop-cock ¢ must be closed, to
prevent sulphuric acid or gas bubbles
from getting into the rubber tube. The
shaking is accomplished by holding the
upper part of the burette with the right
hand, the thumb on the catch ¢, the

‘fingers at o, the left hand keeping the

stop-cock @ in place. After each shaking
the burette is replaced in its clamp, the

stop-cock a opened only after the mer-
cury and acid have completely separated.
Finally, the level of the mercury in the
filling tube is made higher than that in
the burette by 4 the number of divisions
of the scale occupied by the sulphuric
acid columu,* the comparison being easily
accomplished by turning the clamps till
the tubes stand side by side, and apply-
ing a horizontal straight-edge. The
volume of nitrous oxide is noted, the
stop-cock a closed and the burette again
shaken. After the liquids settle the stop-
cock a is opened, the level again adjusted,

* To counterbalance the weight of the column of
sulphuric acid ; mercury is about seven times heavier
than the acid,
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and this operation is repeated till two
consecutive results are equal. The ap-
paratus is then allowed to stand for 15
minutes, and the readings of the burette,
the barometer and the thermometer are
noted. .

There are two corrections to be ap-
plied, a fixed and a variable one.

The fixed correction is the capacity of
the tip of the separatory funnel, 0.2 c.c,,
which must be subtracted.

The variable correction is due to the
difference in volume of the carbon diox-
ide due to the difference in temperature
at the beginning and end of the opera-
tion. Subtractive, if the latter tempera-
ture be the higher, additive, if it be the
lower.

Nitrates.—The lower nitrates of cellu-
lose are determined by the following pro-
cess: .

A weighed quantity of gun cotton
(about 5 grm.) is placed in a wide cylin-
der, provided with a glass stop-cock, and
digested with the requisite quantity
(about 200 grm.) of a mixture of abso-
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lnte alcohol and rectified ether in the
proportion of 1:3 for twelve hours, and
repeatedly shaken. After settling, the
clear liquid is passed through a weighed,
crimped filter of Swedish filter-paper.
The residue in the cylinder is treated
with a quantity of a mixture of alcohol
and ether equal to that first used, but in
the proportion of 1:2, for six hours. After
settling, the clear liquid is again passed
through the filter, and the residue di-
gested with a new mixture in the propor-
tion 1:1. It is then twice washed with
pure alcohol, twice with dilute alcohol,
and finally several times with pure water.
The residue is then brought on the filter,
and after draining is dried in the air-bath
at 60° C and weighed. The lossin weight
represents the lower nitrates present.

The residue on the filter is pure hexa-
nitrate of cellulose, and can be analysed
as described under Nitrogen.

The filtrate contains the soluble ni-
trates. This is mixed with several litres
of water, well stirred, the precipitate col-
lected on a filter, washed, dried and
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weighed. The nitrogen in the soluble
nitrates may be determined as before.”

Cellulose.—The unaltered cellulose re-
maining in the gun cotton may be de-
termined in two ways, directly and in-
directly.

The direct method consists in boiling
a weighed quantity of finely-divided gun
cotton for 15 minutes in a concentrated
golution of sodium stannate, prepared by
fusing sodium hydrate with tin and leach-
ing the fused mass. The cellulose ni-
trates are dissolved and the pure cellulose
remains. The latter is filtered, washed,
dried at 100° C and weighed. The so-
dium stannate must be freshly prepared.

The indirect method consists in a sim-
ple calculation. If we designate the per-
centage of nitrogen found by analysis by
N, and the percentage of cellulose by z,
we have the proportion:

(14.14—N) : 1414 :: «: 100,
. =100 (1—N : 14.14.)

The gun cotton used in the analysis must
be the pure hexanitrate, obtained as de-
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scribed under nitrates, which contains
also the unaltered cellulose. Perfectly

pure hexanitrate of cellulose contains
14.14% nitrogen.
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PREFACE.

In continuation of our previous ex-
periments,* we have made further investi-
gations with compressed gun cotton, with
reference to its explosive force, using
larger quantities of the explosive and
confining it in a closed space.

‘We have endeavored to establish re-
lations in the experiments similar to
those existing in military practice. With
reference to the application of com-
pressed gun cotton for military purposes,
we have considered the value of the use
of paraffin in connection therewith, as
well as the coating of the gun cotton by
dipping it in a solvent; and finally we
have instituted extensive experiments on
the explosion and firing of gun cotton
shells, with special reference to granula-
ted gun cotton for charging the shells.

* Experiments with Compressed Gun Cotton. Van
Nostrand’s Engineering Magazine, August, 1884.
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In the recent work of Lieutenant-
General Brialmont, La fortification du
temps présent, Bruxelles, 1885, attention
is called to the importance and effect of
gun cotton shells, and a shell filled with
gun cotton in the form of disks is de-
scribed in full, so that we feel convinced
that the record of our experiments in
this direction will be of interest.

Our experiments with shells were
carried on for several years entirely at
our own suggestion and at our own ex-
pense, with the exception of the experi-
ments of firing and exploding six cali-
ber steel shells, which were conducted
in our presence by a foreign artillery.

A part of the results of our experiments
was made public by the following patents
taken out in Germany, in conjunction
with W. F. Wolff:

1. No. 22,418. Method of exploding
compressed gun cotton under water.
September 1, 1882.

2. No. 24,674. Projectile containing a
charge of compressed gun cotton. Janu-
ary 14, 1883.
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A shell, the head of which may be un-
screwed and the shell filled with gun
cotton in the form of disks, and contain-
ing a primer, independent of the fuse,
placed near the bottom of the shell.

3. No. 26,014. Method of coating
pieces of compressed gun cotton, com-
pressed nitrated wood and other forms
of cellulose. partially or entirely, by
treatment with a solvent thereof. March
9, 1883.

4. No. 33,867. Method of filling hol-
low projectiles with compressed explo-
sives in a granulated form. May 2, 1885.

Our experiments, so far as the objects
acted on are concerned, could be carried
on only to the extent possible in a manu-
factory, but the results, we hope, will
furnish data for all sorts of objects.

We are able, however, to furnish
several examples of experiments with ex-
plosives on sunken ships and wrecks,
carried on by us under the direction of
dhe imperial admiralty, the imperial
pilot command of Wilhelmshaven, and
various other commands, as well as of
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private persons, which illustrate the
effect of compressed gun cotton in sub-
marine explosions in its larger relations.
We have used exclusively gun cotton
prepared in the powder and gun cotton
works of Wolff & Co., Walsrode. This
gun cotton is used in all arms of the
German Army, and has been tested by
the German Navy, accepted, and a con-
siderable quantity stored; it is supplied
to many European and foreign armies
and navies, and must therefore be re-
garded as fulfilling all the requirements
of the best compressed gun cotton, and
the results obtained must be regarded as
applying to all good gun cotton. 'The
gun cotton, unless otherwise specified,
has aspecific gravity of 1.1, and contains,
on an average, 12.6 per cent. nitrogen,
calculated on the weight of the absolutely
dry gun cotton, just as it is, that is, in-
cluding chalk and foreign ingredients.
It is well known that wet gun cotton
is detonated by means of a correspond-
ing weight of dry gun cotton, and we
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have done this even when it is not par-
ticularly stated. '

The dry gun cotton we have detonated
by means of a primer containing 1 grm.
mercuric fulminate from the ILinden
Primer Factory, in Egestorf, Linden,
near Hanover. These primers act very
satisfactorily, even after having been five
years in store.






Compressed Gun Cotton for Military Use.

ExpERIMENTS RELATIVE TO THE FORCE
ExerTep 1N THE Exprosion oF CoM-
PRESSED GUN CoTTON.

A. Dry and Wet Gun Cotton, not Con-
Jined, Placed on Lead Cylinders and
Detonated.

Faperiments Nos. 1-4—360 grm.
gun cotton, placed on lead cylinders
46 mm. in diameter and 100 mm. in
height, destroyed the latter—the dry
gun cotton to one-half its depth, the wet
gun cotton almost completely.

Ezxperiment No. 5a.—6,500 grm. dry
gun cotton disks, 14 cm. in diameter,
and, in toto, 43 cm. high.

Experiment No. 56.—6,600 grm. wet
gun cotton disks, same weight dry plus
25 per cent. water and of the same
dimensions.

Base consisting of two superposed
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blocks of rolled lead, 15 c.c. in volume.
The lower block stood on a perforated
iron plate.

The dry gun cotton destroyed the
upper, the wet also the lower block.

Ezxperiment No. 6.—A gun cotton
disk, 14 cm. in diameter, 6 cm. in height,
weighing 920 grm., dry, containing a
primer, and placed on blocks similar to
those in 5a and 55, destroyed them to
at least the same extent, so that a charge
of 900 grm. acted quite as effectively, if
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not more so, on the support directly
underneath, as a charge of 6,600 grm.,
the surfaces of contact in the two cases
being equal. In this experiment the re-
sult may perhaps be attributed to the
effect exerted by the primer on the de-
velopment of the explosive force of the
gun cotton.

In the succeeding experiments the
weight of the gun cotton employed was
so far reduced that the object against
which the force was exerted, the resist-
ance of which was considerable, was not
entirely destroyed. The charges, which
were still considerable, acted in such
wise that funnels with raised rims were
formed in the blocks, while the upper
surface of the blocks surrounding the
funnels remained intact. To determine
the effect, the rim was cut through
vertically down to the unaffected upper
surface of the block, and thus the level
of the upper surface ‘was marked on
the interior of the funnel. The volume
of lead displaced from the core of the
block was then measured by filling the
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funnel to the mark with water from a
glass tube graduated in cubic centi-
meters.

The greater the number of cubic
centimeters of lead displaced, the greater
the explosive force of the gun cotton.

The blocks of lead were so large (12
cm. cube), that a considerable weight
of gun cotton could be employed.

GuN CorroN CARTRIDGES.—38 mm. in diame-
ter, 50 mm. high, 63 grm. in weight.

Ezperiment No.7.—1 dry cartridge
displaced..........ociiiiiiiiann 27 c.c.
Ezperiment No. 8.—1 wet cartridge,
detonated by a superposed dry car-
tridge like No. 7, displaced..... . 86c.c.
Egzperiment No. 9.—8 dry cartridges,
like No. 7. placed one above the
other, displaced.................. 33.5 c.c.

Gux CoTroN CARTRIDGES.—80) mm. in diame-
ter, 50 mm. high, of various weights.
Experiment No. 10.—1 dry cartridge,
specific gravity 1.1, 158 grm. in
weight, displaced................. 60 c.c.
Ezperiment No. 11.—1 dry cartridge
of the same dimensions, specific
gravity 1.28, 178 grm. in weight,
displaced................c.iii... 90 c.c.
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Ezperiment No. 12.—The experiment
was repeated. Weight of cartridge,
175 grm., displaced..............

Ezperiment No. 18.—1 cartridge, as
in 11 and 12, but with 18 per cent.
water, containing an excavation
sufficiently large to receive a dry
priming cartridge weighing 32 grm.,
of specific gravity 1.1; the dry
weight of the total amount of gun
cotton employed was therefore the
same as in 11 and 12, the volume as
in 10, 11 and 12. Lead displaced..

Or, 23 times as much as in 10, and 1%
times as much as in 11 and 12.

Ezperiment No, 14.—As in No. 13,
but the priming cartridge weighed
only 12.5 grm., specific gravity 1.1,
so that 12.5 grm. gun cotton were
wanting ; the lower result is not,
however, attributable to this. Lead
displaced........................

FEaperiment No. 15 —Cartridge as in
13 and 14, the priming cartridge,
however, composed of 8 pieces,
placed one on the other, 38 mm. in
diameter, and weighing 63 grm.
each. Primer placed in the upper-
most cartridge. Lead displaced...

40 c.c.

148 c.c.

110 c.c.

143 c.c.
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Although, as previously shown, the
action of the last cartridge in long
charges, here the eighth, is less, in com-
parison, than that of the first, neverthe-
less the eighth cartridge served effectu-
ally as a priming cartridge, and forced
the gun cotton detonated by it to a
full development of its explosive force.

Ezperiment No. 16.—3 cartridges, ap-

plied as before, 60 mm. in diameter,

50 mm. high specific gravity 1.1,

total weight 410 grm., all three dry,

displaced.............iiiiianntn 120 c.c.
Exzperiment No. 17.—3 similar car-

tridges, but of specific gravity 1.8,

weight 488 grm., dry, displaced... 200 c.c.

Results.—Gun cotton with a specific
gravity considerably above 1.1 gives
higher power, and the latter increases
more rapidly than the absolute weight of
the gun cotton used.

It is therefore, in general, advanta-
geous to use gun cotton of the highest
possible specific gravity (when the space
available for the charge is limited),
although the following experiments, con-
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ducted with shells, as well as those in
which the charges are not in direct con-
tact with the object, show that, under
circumstances other than those thus far
considered, the superiority of the gun
cotton of higher specific gravity is less
noticeable.

Effect of gun cotton against objects with
which it is not in direct contact, but
separated therefrom by an air space.

In order to obtain data for the com-
parison of the following experiments, the
preliminary test described under 1 was
made.

1. A cylinder of gun cotton, 60 mm. in
diameter, of specific gravity 1.2, 181 grm.
in weight, was placed on a piece of
wrought iron, 30 mm. thick and de-
tonated.

The effect was as follows :

A trough-like depression was produced
in the iron, of the diameter of the piece
of gun cotton, 8 mm. deep in the center.
Besides, the effect on the lower surface
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of the iron was very much more marked,
—the iron was nearly perforated.

2. A cylinder 60 mm. in diameter, of
specific gravity 1.3, 181 grm. in weight,
placed 34 mm. above a piece of iron
similar to that in 1, hence, separated
from it by an air space of 34 mm., made
an impression 55 mm. in diameter and 3
to 4 mm. deep.

3. A cylinder 60 mm. in diameter,
specific gravity 1.1, 156 grm. in weight,
applied as in 2, made an impression 55
mmn. in diameter, 14 to 2 mm. deep.

Moreover, the iron received a crack in
2 and 3, running in the direction of the
fibers, which penetrated to the under
side.

The effect, considered as a whole, di-
minished in such a way that the ratio of
1 to 2 was as that of 2 to 3, the diminu-
tion in effect being quite considerable.

4. A piece of gun cotton, as in 2,
specific gravity 1.3, was placed at a dis-
tance of 100 mm. from the iron, and
made only traces of impressions on it.

5. A piece of gun cotton, as in 3,
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specific gravity 1.1, also 100 mm. from
the iron, made also only traces of impres-
sions, but even less distinct than in 4.
The difference between 4 and 5 is, how-
ever, not great.

6. A charge of 254 grm. gun cotton was
hung to a pine 9 em. in diameter, at a
distance of 20 cm. from the trunk and
35 cm. above the ground. On the
ground under the charge was placed an
oak board 25 mm. thick. The detona-
tion peeled the bark off the pine and
split a piece lengthwise from the board.

7. Another charge was similarly ar-
ranged, but of 400 grm. weight, and at
only 15 cm. distance from the tree. The
latter was broken and a piece was split
from the board as before.

Results.—In case of an open space be-
tween the charge and the object to be
destroyed, the effect is thereby greatly
diminished ; and in case the open space
is considerable, no great difference in ac-
tion is observed between gun cotton of
specific gravity 1.3 and that of specific
gravity 1.1.
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B. Experiments with Gun Cotton en-
closed in Cast Iron Shells.

The gun cotton was in the form of
disks, 139 mm. in diameter and 50 mm.
high, with a specific gravity of 1.1. The
shells were provided with a cavity cor-
responding to the diameter of the disks,
the side walls were 32 mm. thick, the bot-
tom 60 mm. and the head 120 mm.

The shells were placed upright on two
superposed lead blocks, each 15 c.c. in
volume, such as were used in former ex-
periments, and which were, as in the pre-
vious experiments, set on an iron plate
provided with a central opening. The
upper block was always more or less dis-
turbed. The effect could be more accur-
ately measured by the depression made
in the lower block, and by the amount of
lead which was forced from the bottom of
the lower block into the opening of the
iron plate below.

Experiment No. 1.—The shell was
filled with 5,200 grm. dry gun cotton,
the primer was in the upper gun cotton
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disk, hence on the side farthest removed
from the object.

Experiment No. 2.—The shell was
filled with gun cotton, containing 20 per
cent. water, but of the same weight dry
as No. 1. The upper piece of gun cotton
was dry, and served to detonate the wet
portions.

Erperiment No. 3.—The charge of the
shell consisted of wet gun cotton, con-
taining 20 per cent. water, reamed out
about the long axis of the shell to a dia-
meter of 50 mm. In the head was placed
a piece of dry gun cotton for detona-
tion.

By analogy of gun cotton charges not
confined, it was presumed that a very en-
ergetic effect would be produced on the
object by the open central canal.

Experiment No. 4.—The shell was
filled with wet gun cotton, containing 20
per cent. water; the lowermost disks
weighing 930 grm., was dry, however,
and contained the detonating primer.

As shown in the diagrams B. 1, 2, 3, 4,
the effect in 3, with a hollow charge, was
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the weakest; next in order came No. 1,
the dry, then No. 2, the wet, and the ef-
fect was greatest in No. 4, in which the
piece of gun cotton detonated by the
primer was almost in direct contact with
the object on which it was to act.

It has often appeared from the experi-
ments that gun cotton detonated by the
mercuric fulminate primer is more ener-
getic in its action than such as, instead
of being detonated directly by the primer,
is detonated by other gun cotton; in this
phenomenon, the distance, to which the
primer acts directly, plays an important
part ; as soon as this distance is passed,
we assume that the gun cotton is no
longer exploded by the primer, but by
other gun cotton.

With a view to a closer examina-
tion of the effect of the primer on the
energy of the explosion, the following
experiment was made: ’

Experiment No. 5.—Four blocks of
lead, each 15 c.c. in volume, such as
were used in previous experiments, were
bored through the center, the diameter
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of the opening being 23 mm., one block
not quite through, however, but only
half way. The four blocks were placed
one above the other, and fastened length-
wise by iron rails; the block bored only
half way through at the bottom.

The channel in the four blocks, 52.5
c.m. deep, was charged with a charge of
gun cotton, composed of several cart-
ridges, 22.5 mm. in diameter and 45 cm.
in length, so that the lower cartridge
reached the bottom; into the upper
cartridge, which was bored out for this
purpose, was placed a 1 grm. primer with
fuse attached, and the upper block closed
with a leaden stopper, bored out for the
passage of the fuse.

After the explosion of the cartridge
the blocks were separated quite regularly
into four parts, but when these parts
were put together, a hollow space was
seen to be formed therein by the explo-
sion, which, in the upper quarter, where
the primer had been placed, was 230 mm.
in diameter, and in the lower quarter, or
the one farthest removed from the primer,
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was 180 mm. in diameter. The spheres
corresponding to these diameters are to
each other as 6:1, so that it is apparent
that the effect of the part detonated by
the primer is six times as great as that of
the lower part of the cartridge detonated
by the progression of the explosion of
the gun cotton.

‘We come to the conclusion, from these
experiments, that it must be possible,
by altering the physical condition of the
gun cotton, or by a different method of
detonation, to obtain a considerably in-
creased effect. .

The detonation of the primer devel-
ops the gases generated from the gun
cotton in a very energetic form ; the
latter lose their force, however, against
the elastic gun cotton which they meet,
and cannot develop gases of the same
energy as they themselves possess. Thus
far it has been impossible for us to con-
tinue the experiments, using hollow lead
blocks, nor to repeat them with gun
cotton of specific gravity 1.3, and nitro-
glycerin, which is not elastic; neverthe-
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be placed on a piece of armor plate, or a
piece of wrought iron of sufficient re-
sistance, and detonated, its form will be
accurately reproduced on the underlying
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object, and the action extends beyond
this limit only so far as the parts of the
iron plate, affected directly, tear along
with them the parts lying adjacent. The
gases produced by the detonation ocecu-
pied, therefore,in the first instant, and
indeed during their entire action, exactly
the same form as, and no more space
than, the piece of gun cotton previously
occupied. How instantanedus the action
is is shown by the following experiment :

If a coin be placed between a gun cot-
ton cartridge and a wrought-iron plate,
the figures and letters in relief on the coin
will appear in the iron as depressions after
the explosion; if, instead of the coin, &
green leaf be inserted, the entire skeleton
of the leaf will uppear on the iron plate
after the explosion. The more promin-
ent, as well as the finer veins, protect the
underlying iron, the more delicate parts
of the leaf, lying between the veins, can-
not afford the same protection; hence
the depression under the latter is the
greater.
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C. Explosion of Shells on Rails.

‘We exploded a number of shells on ob-
jects such as occur in actual practice, and
used principally granulated gun co tton
for the exposive charge.

15 em. cast-iron shells, 24 calibers long,
containing a cavity 2 liters in capacity,
were filled with granulated gun cotton.
After being charged the spaces between
the grains were filled with liquid paraffin,
ag will be described in detail further on.
The dry as well as the wet grains were
coated by means of acetic ether. The
explosive charge consisted of :

Experiment No. 1.—Dry granulated
gun cotton, 1,200 grm.

Experiment No. 2.—Wet grains, con-
taining 25 per cent. water, and 260 grm.
dry grains.

Experiment No. 3.—Wet grains, con-
taining 25 per cent. water, and 150 grm.
dry grains.

FExperiment No. 4.—Wet grains, con-
taining 25 per cent. water, and 100 grm.

dry grains.



T4

Fueperiment No. b.—Grains entirely
coated with paraffin and 300 grm. dry
grains,

Experiment No. 6.—Grains entirely
coated with paraffin, and 200 grm. dry
grains without paraffin, gelatinized.

FExperiment No. T.—Wet grains, con-
taining 25 per cent. water, and a dry
priming cartridge 31 mm. in diameter,
weighing 35 grm.

Fazxperiment No. 8.—Dry grains, and a
priming cartridge weighing 36 grm.

Experiment No. 9.—QGrains entirely
coated with paraffin, 150 grm. dry grains
without paraffin, and a priming cartridge
weighing 35 grm.

Experiment No. 10.—A half shell, cut
lengthwise, fill:d with 1,000 grm. gun
cotton in large prisms (volume of each,
140 c.c.).

Ezxperiment No.11.—Two prisms, each
weighing 154 grm., as in 10, placed di-
rectly on the base of a rail.

Ewxperiment No. 12.—One such prism,
as in 11, placed on a rail.
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Faxplosions 11 and 12 without the em-
ployment of a shell.

Each shell received 2 priming cartridge
16 mm. in diameter, 9 grm. in weight, for
the reception of which a space was left
in the filling; in the priming cartridge
was placed the primer, containing 1 grm.
fulminate.

The shells were placed on three iron
rails, placed with the head down, as close
together as possible, as shown in the
diagram (C. 12).

All the shells exploded with perfect
accuracy. The effect in all the shells was
approximately the same, the rails were
generally broken ; when this did not take
place completely, a similarly great energy
exhibited itself in some other manner.

The effect in No. 10 was not greater
than in the preceding ones, showing that
the grains are quite as effective as the
gun cotton in disks.

In 11 the rail was cut smoothly in two
twice, in 12 once; in comparison with
the preceding explosions the effect was
greater, showing that by confining the
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gun cotton its effect is not increased, on
the contrary, the direct instantaneous ac-
tion on the object is rather weakened, a
phenomenon explained by the fact that
the 20 mm. thick wall of the shell re-
moves the charge that far from the ob-
ject. We call attention to the fact that
we speak of the direct action on the ob-
ject; total effect, acting also at a dis-
tance, must be distinguished therefrom ;
in the latter such small distances as 20
mm. can have no effect. This distinction
also accounts for the fact that, in all ex-
periments in which the force can act only
in one direction on an object in direct
contact, only relatively correct results are
obtained, and that our experiments, too,
at times conducted by placing the gun
cotton directly on the object, and at other
times coufining it, furnish no uniformly
accurate results.

Moreover, if 9 cylinders of gun cotton
produce no more effect on the object than
one cylinder (see Experiments A. 5a, 56
and 6), it does not follow that in the first
case more total energy, corresponding to
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the weight, was not developed. At all
events, even considering exclusively the
effect, wet gun cotton will have prefer-
ence over dry, in case it is desired to de-
stroy, by means of externally applied un-
confined charges, such objects as_walls,
arches, iron plates, etc., where the sur-
face of contact between the gun cotton
and the object to be destroyed is the
largest possjble.

FExperiment No. 13.—A shell, filled
with grains entirely coated with paraffin.
A priming cartridge, 31 mm. in diameter,
65 grm. in weight, placed in a space left
vacant for it in the filling, failed to deton-
ate the filling of the shell, There was a
partial combustion of the charge.

Erperiment No. 14.—A shell, filled
with grains entirely coated with paraffin,
and confaining a priming cartridge 31
mm. in diameter, bat weighing 100 grm.,
detonated perfectly.

In case grains composing the filling of
the shell are not bound together by
means of melted paraffin, a very much
heavier, and therefore larger, priming
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cartridge is necessary for detonation than
if this is the case.

Erperiment No.15.—A 21 c.m. cast-
iron shell was filled with 4,200 grm. dry
granulated gun cotton, and placed on a
support formed of a double row of rails.
Five iron rails were placed side by side
on two wooden skids, four rails were
placed between the first named rails.
The skids were 1 meter apart, the rails
therefore had a bearing of 1 m.

The shell was covered with earth to a
depth of 4 m. The action was very con-
siderable ; all the rails were broken, most
of them at several points, and in addition
& depression was formed in the ground }
m. deep. A bomb-proof covering can,
therefore, no longer be made in this way.

D. Action of Gun Cotton and Gun
Cotton Shells in Earth.

Ezxperiment No. 16.—A 15 c.m. shell,
filled as above with granulated gun cot-
ton, buried 1 m. deep in the earth, pro-
duces in light soil as well as in somewhat
heavy soil (sandy clay) a cone:
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60 cm. deep and 2 m. in diameter.
Fxperiment No. 17.—A 15 cm. shell,
filled with 2,100 grm. ordinary gun-
powder, produces a cone: -
50 cm. deep, 2 m. long, and 1} m. broad.
Experiment No. 18.—A 15 em. steel
shell, 6 calibers long, filled with 8.9 kg.
granulated gun cotton, wet, containing
25 per cent. water, 1 kg. dry grains, and
a priming cartridge weighing 36 grm., so
buried that the head was 1 m. under the
surface, the base } m., made a funnel :
1.3 m. deep and 4 m. in diameter.
(See diagrams).

E.  Comparative Experiments with
Granulated Gun Cotton and Gun
Cotton Disks.

. The earth in which the explosions took

place was light, clayey, sandy soil.
Experiment No. 19.—A tin canister,

8 calibers long, T} liters in capacity,

filled with:

6300 grm. wet gra.nulated gun cotton, 8 mm.
800 ¢ dry cube.

50 ¢ priming cartridge,
. 5620 ‘ = total dry weight,
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was buried so that one end was 1.2 m.
nnder the surface, the other 0.9 m.; it
formed a cone in the explosion,

1.10 m. deep, and 3.30 m. in diameter.

Lrperiment No. 20.—An explosive
charge of the same form as in Experi-
ment 19, but composed of disks of wet
gun cotton, 8.3 kg. in dry weight, and
furnished with a 50 grm. priming car-
tridge, was buried as in Experiment 19;
it formed a cone in the explosion,

1.30 m. deep and 4.10 m. in diameter.

FEuxperiment No. 21.—A tin canister,
6 calibers long, 15 liters in capacity,
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D.16 and 17.
CONES OF EXPLOSION.

15 cm. shell filled with ordinary gunpowder.
e 2 .
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filled with 11,150 grm. dry granulated
gun cotton (8 mm. cube in volume,
cubic weight 0.75) and a priming car-
tridge weighing 50 grm., was buried so
that one end lay 1.2 m. deep, the other
0.6 m., and formed, in the explosion, a
cone :

1.68 m. deep and 4.45 m. in diameter.

Ezperiment No. 22.—An explosive
charge, composed of wet gun cotton
disks, 16.6 kg. in dry weight, provided
with a priming cartridge weighing 50
grm., buried as in Experiment 21, formed
a cone, in the explosion,

1.56 m. deep and 5.1 m. in diameter.

A piece of wrought iron 3 cm. thick,
10 cm. square in surface area, which, in
the tirst two explosions lay close under
one corner of the charge, in the second
two explosions 15 cm. below the charge
and parallel to its side wall, separated
from it by earth, was, in Expériments
Nos. 19, 21 and 22, compressed to an
equal degree, but in No. 20, somewhat
more than in the others. In Experi-
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‘ments 19 and 20, the iron lay, as re-
marked, immediately against the charge,
and, under these circumstances, the
disks were more energetic in their ac-
tion than the grains.

Hxperiment No. 23.—A piece of iron
rail, 0.5 m. long, 10 em. broad in the
base, 12 cm. high, was placed in a ditch
1.25 m. deep, resting on two pieces of fir,
10 square centimeters in cross-sections,
80 as to leave 25 cm. between bearings.
Earth was thrown over the rail to a
depth of 25 ecm. above the head. A tin
canister, like the one employed in Ex-
periment No. 19, filled with 5,620 grm.
dry grains and a 10 grm. priming car-
tridge, was placed on the earth with its
axis perpendicular to that of therail, and
the ditch filled up to the surface. The
canister was exploded—it cut the rail
squarely across, dividing it into three
parts, and besides, the base of the rail
was driven 1 cm. deep into the wood.
The pieces of wood were otherwise un-
injured. The cone of explosion was:

1.10 m. deep, 3.10 m. in diameter.

v
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The pieces of rail and the strips of
wood were found at a depth of 1.50 m.

~ under the surface.

Eaxperiment No. 24.—A charge of wet
gun cotton disks, of the same dimen-
gions as the above-described tin canister,
838 kg. in dry weight, and provided
with a 50 grm. priming cartridge, was
applied as in Experiment No. 23 and
exploded.

The iron rail was broken in al-
most the same manner as in No. 23,
except that there were only two pieces,
in each of which a piece was broken
off from the head of the rail near the
middle. The base of the rail did not
penetrate into the wooden supports, but
the latter were cut squarely and smoothly

. in two. They evidently offered less re-

sistance than in Experiment No. 23.
With the exception of this break the
strips of wood sustained no injury.

The cone of explosion was:

1.5 m. deep and 3.5 m. in diameter,
hence, somewhat larger than in Experi-
ment No.23. The pieces of rail and the
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of wood were found buried at a

of 1.65 m.

y charges Nos. 23 and 24 broke up
on rails at a depth of 45 cm.
‘them, and threw out cones of ex-
n to a depth of 40 and 80 cm. re-
vely. The pieces of rail and the
n supports were found pressed 90
to the ground, and the sandy earth
round to dust to the same depth.

s experiment shows that gun cot-
 both forms acts not only when in
contact, but with great force even
siderable distance.

m the comparative experiments it
rs that in sum total the action of
volumes of granulated gun cotfon
un cotton disks is the same; the
3 in weight of over a third has
ect, especially when considerable
ts are used, and the object to be
yed is not in direct contact with
arge.

ether, with other objects and under
circumstances, the excess of weight
 charge when disks are used over
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that of grains, will be made effective re-
mains undetermined, but we believe from
all the preceding experiments that we are
forced to the conclusion that this can
only take place to a slight extent.

‘We are furthermore of opinion that it
is very doubtful whether, by the use of
heavier and more sudden explosives, a8,
for instance, explosive gelatine, mixtures
of the nitrates of benzole and aniline
with nitric or hyponitric acid, in shells,
a greater effect will be obtained.

. In actnal firing, the shells will rarely

be in direct contact with the o®ject which
they are to destroy, but will more gener-
ally be some distance from it; e. g., in
case of arches and armor plates they will
not lie in contact therewith along their
entire length, but will either not be in
direct contact at all or but very slightly,
and at the smaller distances is just where
the degree of suddenness of action of an
explosive is most apparent.

In case of shells with thick cast-iron
walls, the increased suddenness of action
will probably have no other effect than to
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pulverize the walls to dust—an effect in
many eases not at all desired.

It will be necessary, however, to test
the various explosives under circum-
stances which resemble actual practice, in
order to obtain comparative results of
their power and action.

We will quote here a few examples
from the above mentioned work of Lieu-
tenant General Brialmont :

Ordinary 21 cm. steel shells, containing

a charge of 14} kg. of gunpowder, fired
at an elevgtion of 45° from the Krupp 21
em. forge? mortar, penetrated from 2 to
2.60 m. into the sandy earth of the firing
ground at Meppen, and threw out ellipti-
cal cones of explosion—

1.20 to 1.40 m. deep.

8.20 to 4.80 m. long.

3.20 to 400 m. broad.

Fired at 28° and 60° elevation, the action
was less. A steel torpedo shell, 6 calibers
long, containing a charge of 36 kg. of
gunpowder, fired at 35° elevation, pro-
duced a cone of explosion,
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.23 and 24.
CONES OF EXPLOSION,
8 kg. guncotton in disks, equal quantity granulated guncotton.
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2.40 m deep and 4.80 m. in diameter,
corresponding to a mean displacement of
15 cubic meters of earth.

Arches, constructed of the best béton,
1.45 m. thick, require the following thick-
nesses of sandy earth to protect them
against various projectiles fired from the
21 cm. mortar:

1.00 to 2.20 m. deep,
3.20 to 5.00 m. long,
2.60 to 5.00 m. broad,

corresponding to a mean displacement of
earth of 7 cubic meters.

The 21 cm. steel gun cotton shells pene-
trate 4 m. deep, lying nearly horizontal,
and throw out cones of explosion,

Ordinary shells,.... ........... : 2.50 m.
Steel shells, charge 143 kg. gun-
powder.................... : 8 t03.50 m.

- Torpedo shell filled with gun cot-

703 P S : 5 m.

But this thickness of earth covering of
5 m. cannot be attained in practice, as the
fortification works will have to be too
high and too costly. It is, therefore, pro-
posed to omit the earth covering entirely
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and to replace it by a layer of granite or
porphyry 0.80 m. in thickness, or by a
bed of Portland cement 1 m. to 1.20 m.
in thickness.

The experiments in Silberberg in 1869
showed, however, that even this covering
will not suffice against the projectiles of
the forged mortar charged simply with
gunpowder, as these projectiles produc-
ed depressions of § to § m., so that a
second shell striking the same point
would penetrate the arch.

Lieutenant General Brialmont thinks,
therefore, that it is not possible to pro-
pose anything definite on this subject as
yet, but considers it preferable to con-
struct the arches of the best béton, made
1 to 1.50 m. thick, and covered with at
least 3 m. of earth. In casethis is not
sufficient, a part of the earth must be re-
placed by béton, or the earth covering
must be increased, or an arch of sheet-
iron may be inserted under the béton
arch, which last is the simplest and cheap-
est method.
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This, it is evident, approaches the ar-
mored turret.

We believe, however, that even this
may be greatly damaged by means of
large charges of gun cotton.

From all this it is evident that Lieu-
tenant General Brialmont considers the
power of the gun cotton shell, and its
effect on the future construction of earth-
works, as very great.

SusMarINE Exrrosions wiTE CoOMPRESSED

Goux CorroN.

Ezxplosion of the ITron Tug-boat Mathias
Stinnes I, Sunk in the Rhine near the
Railroad Bridge of Rlumhausen, be-
low Duisburyg.

Conducted by the author and engineer
MarH. ROSSENBEOK.

"The tug-boat was a strong iron vessel,
dating from the earliest times in which
such vessels were built, constructed es-
pecially solidly in all its parts.

She lay with the stern 200 m. from the
railroad bridge, which stood on massive
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piers, and 100 m. out from the right bank
of the Rhine, extending thence with its
entire length down stream almost in the
direction of the current. The stern at
mean low water was about 2 m., the bow
about 6 m. under water.

The vessel was to be cleared away to a
certain depth of water, so that evidently
the stern and center had to be removed.
The current is sostrong that a diver can-
not descend without assistance.

A wooden Rhenish flat boat was there-
fore 86 arranged that an iron cylinder was
laid square across its deck, containing on
the end extending over the flat boat an
iron ladder, which could be turned in its
support. When the ladder hung free
vertically it was held by a hand-screw,
but it could also be rested on the sunken
vessel, on parts which had fallen off, or
on the flatter parts of the river bottom,
and rose in all cases 2 m. above the
shaft. On theladder a shield # m. broad
was fastened, which diverted the current
from it. The ladder and shield could be
raised and lowered by means of a hand-
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screw. By means of the ladder the diver
could reach the vessel, and, protected by
theshield, could work readily, mostly with
the left arm.

A second flat-boat of the largest kind
was provided with a solid deck and a
crane, by means of which and an iron
chain the parts separated by the explo-
sions were raised.

Although large charges could not be
used on account of the proximity of the
railroad bridge, on which account heavy
shocks had to be avoided, they would
have been of no avail, but would more
likely have been detrimental.

No charge, however large, even if 1,000
kg. of the most powerful explosive had
been detonated at once, would have de-
stroyed the vessel in such a way that the
separated parts could be raised and re-
moved. It would have left a conglom-
eration of parts of the vessel which, ad-
hering firmly, would not have permitted
~ the removal of the separate parts or the
work of the divers.

The question was how to remove separ-
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ate parts by charges not too great, and
then to raise these parts by means of the
crane on the flat-boat. Wooden chests
were therefore charged with 10 kg. com-
pressed gun cotton, and used either sep-
arately or occasionally two at the same
time.

The diver descended to the vessel,
placed the charge in position, which often
required hours on account of the strong
current, ascended ; the ladder was raieed,
the flat-boat went out to the middle of the
stream, and the explosion was effected
by electricity.

The boat -returned, the dlver descend-
ed, fastened a chain to the loose parts of
the vessel, an operation which again re-
quired several hours, on account of the
exceedingly great difficulties, and an at-
tempt was then made to raise the parts,
which generally succeeded. Often the
attempt failed, however, as the parts
were still fast bound to the vessel, and
the strong crane could not tear them
away.

The iron planks, the ribs, the wheel,
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gradually the boiler, parts of the wheels,
parts of the shaft and the machinery
appeared in turn. The shaft was a cy-
linder of the best steel, 15 cm. thick,
and was acted on by a double charge,
hence by 20 kg. gun cotton, cutting it
across in several places.

Great as was the action of the gun
cotton, over 100 explosions, in which
1,200 kg. gun cotton were used, were
found necessary to clear the water to the
required depth. The greater part of the
stern of the vessel was removed, the rest
was forcedinto the sand of the stream by
the force of the explosions ; the bow of the
vessel till beyond the wheel shaft was
little disturbed; it lay, however, below
the required depth of water.

It is shown again, in this example,
that the annihilation of the vessel by
means of charges of explosives is entirely
out of the question ; iron constructions
are particularly difficult to remove, unless
they are raised after the explosion or the
force of the explosion pushes them into
the ground.
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To sink a floating vessel is quite another
matter.

Charges of 20 kg. of gun cotton, ap-
plied externally to a suitable part of the
vessel, and lying in direct contact, will
burst through the sides of the vessel, but
whether they will so disturb it as to make
it sink is a question. So far as relatesto
its action at a distance, we have observed

that in explosions in deep water, at a |

distance of 100 m. from a charge as much
as 100 kg. in weight, only a light shock
is given to floating material, such as ves-
sels, and that, on the contrary, the shock
produced by such an explosion is trans-
mitted through the solid earth to consid-
erable distances, 500 t0.800 m., to other
solid substances standing on the ground,
such as buildings, for instance.

‘Wooden vessels are easily destroyed by
explosion; because after the explosion
they are removed by the water, by ebb
and flood tide, or by other currents.

We have destroyed a large number of
such sunken vessels on the coasts of the
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North Sea, and at the mouths of the Jade
and Weser.

Charges of 100 kg. of gun cotton each,
placed in long chests, were lowered to the
wreck, ‘or, when possible, fastened by
divers to the side-walls of the wrecks, and
exploded.

In the case of small vessels, two or
three well-applied charges are sufficient ;
in the case of larger vessels, considerably
more are required.

EXPLOSIONS AT THE ADLERGRUND.

In the Baltic Sea, between Bornholm
and Riigen, lies the Adlergrund, a shoal
formed by large rocks lying on the bot-
tom of the sea. At the shallowest places
the royal government, with a view to in-
creasing the depth of water, had some of
the rocks removed by vessels furnished
with cranes.

Divers went down, fastened chains
about the rocks, or attached clamps to
them ; the rocks were then raised. In
order to break up the rocksand to render
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more easy the attachment of the lifting
machinery, many charges of 10 kg. gun
cotton each were placed on the bottom of
the ses, to a depth of 4 to 6 m., and de-
tonated. These explosions usually loosen-
ed from two to four blocks, each about 2
cubic meters in volume, and forced them
completely out of their original position,

so that they could be easily raised. '

Rock-blasting in the Rhine, with a View
to Deepening the Channel between Bin-
gen and Coblenz.

In many places rocks at the bottom of
the Rhine form shoals which impede nav-
igation, the best known and most dan-
gerous of which is the . Bingerloch.”
From rafts and vessels a series of holes
is bored in the rocky bottom, 1 to 2 m.
deep, according to the amount of rock
material to be removed; these are filled
with gunpowder, tamped with sand, and
the charge fired. After 10 or 20, or even
more blasts, vessels provided with div-
ing-bells are run over the spot, the
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diving-bell is lowered, and, by means of
picks and bars, the rocks are broken
Joose, and are then raised through the
diving-bell to the surface and loaded into
vessels held ready for the purpose.

‘We are of the opinion that if, in place
of the gunpowder, sudden explosives are
used, the work of removing the débris,
" which now involves the principal cost,
will be greatly simplified and rendered
cheaper. It is also necessary with gun-
powder to deepen the bore-holes consid-
erably below the point to which it is de-
sired to remove the rock; fired with sud-
den explosives, the rock will be removed
to the bottom of the boring, whereas by
the use of gunpowder the lower third of
the bore-hole remains intact. The sud-
den explosives are not used, because peo-
ple still fear those who decry them, say-
ing that a part of the explosive may re-
main unexploded, and when the diving-
bell is lowered and the workmen proceed
to loosen the rocks, may give rise to after-
explosions, produced by the shocks in



102

striking it, which may cause serious acci-
dents.

This may be true of nitro-glycerine
preparations, which are not rendered in-
explosive by penetrating water, but in the
case of gun cotton the cartridges, as the
author has stated in his previous article,
may be easily so arranged that, after a
certain time, say 24 hours, they will be-
come thoroughly wet and rendered inex-
plosive and perfectly safe, as well from
the explosive priming cartridge, which
may still remain, as from the shocks of
the tools.

Although advantages are gained by the
use of compressed gun cotton in such
work, we are nevertheless of the opinion
that neither gun cotton nor any other
sudden explosive can actso as to dispense -
with the boring of the bore-holes.

Externally applied charges do not, even
in case of considerable depth of water,
which acts as a kind of tamping, act so
strongly, but that the cost of explosives
will be too great.

We can conceive of an advantageous
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method of carrying on the work with ex-
ternally-applied charges, without the use
of bore-holes, only in case large surfaces
of rocks are to be removed to but slight
depths, perhaps to 10 or 15 cm., in which
case bore-holes would even act disadvan-
tageously. The entire work of preparing
the borings and the removal of the rocks
is saved, and thus, in spite of the large
amount of explosives employed, a rela-
tively cheaper and more rapld work is
obtained.

Pararrinine Goux CorroN.

1. Paraffining Dry Gun Cotton so that
the Paraffine penetrates the piece and
takes the place of the water, which is
always present in wet Gun Cotton.

Wet gun cotton, in store, will dry in
time unless it be packed air-tight, and
must therefore be moistened from time
to time.

To save this labor, it has been proposed
to replace wet gun cotton by paraffined
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dry, on the ground that paraffine does not
evaporate.

This would be a very practical sugges-
tion if the paraffine were capable of re-
placing the water. But this is by no
means the case; paraffined gun cotton is
rather a substance intermediate between
wet and dry, without the good properties
of either.

The principal advantage of wet gun
cotton, containing 25 per cent. of water,
is, it is not combustible. This property
deprives it, in handling, storing and
transportation, of the character of an
explosive, and it is a great advantage to
be able to store gun cotton in this condi-
tion, especially when large quantities are
on hand.

This will come into play, particularly
in case fire breaks out in the magazine or
in its vicinity ; even if the supply of gun
cotton is destroyed, as will be the case if
large quantities of other combustible sub-
stances are present, and the flameis there-
fore very persistent, danger there cannot
be.



1056

Although spontanéous decomposition
is not absolutely impossible, yet wet gun
cotton will have the preference over all
other explosives formed by the nitration
of organic substances, which are all com-
bustible, in that spontaneous combustion,
at all events, cannot take place.

The property of incombustibility is
that which above all renders wet gun
cotton particularly suitable for military
use, and especially in submarine mines,
since, in this case, large quantities of the
explosive will be accumulated in one
place, and, in case large quantities of ex-
plosive burn, there is great danger arising
from this very fact; moreover, by the
gradual rise in temperature an explosion
may even take place.

Paraffined gun cotton, however, is not
incombustible ; in fact, any little flame will
set fire to it, and it will burn almost as
rapidly as dry gun cotton.

The rapidity with which the flame
spreads and develops is the true criterion
of the degree of danger, which may re-
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sult from its combhistion, to a magazine
filled with explosive.

As a further test of paraffined gun
cotton, the following experiment, made
at the factory at Walsrode, may serve:

"Pieces of gun cotton, not thoroughly
freed from acid, were paraffined. Aftera
period of two years the gun cotton
showed signs of decomposition, green
flecks and curdy spots began to appear,
the mass became soft and liquid ; the ap-
pearances were the same as in the case
of poor, dry, unparaffined gun cotton. In
cage of wet gun cotton this phenomenon
was not observed.

But not only does the paraffining not
prevent decomposition, it must, accord-
ing to all appearances, induce a spon-
taneous decomposition, Paraffined gun
cotton was prepared by drying wet gun
cotton and digesting it in a bath of
paraffine at 65° C until the entire piece
was permeated by the paraffine. This re-
quires from § to one hour, according to
the size of the pieces. If the paraffine
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bath is at a lower temperature, a longer
time will be required.

This process may injure the gun cot-
ton every time.

It is a determined fact that at tempera-
tures of +65° C. nitrous acid is evolved
from gun cotton; it is detected by means
of the reaction with potassium iodide
and starch paper. The paraffine causes
this nitrous acid, as well as that which
may be evolved in the course of the year,
during the storage of the gun cotton, to
be retained. In case of dry or wet gun
cotton, not inclosed air-tight, the gases
developed can escape.

The discovery has often been verified
in the factory at Walsrode that, accord-
ing to the potassium iodide and starch
test, gun cotton of slight stability, which
is permitted to give off its vapors freely,
becomes more stable after a number of
years. The acid developed partly com-
bines with the chalk and partly volatil-
izes, so that a more stable gun cotton
remains. Very slight traces of nitrous
acid are evolved from all gun cotton
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even at comparatively low temperatures.
If gun cotton be digested in warm water,
or for a longer time in cold water, nitrous
acid may be detected in the water by the
addition of sulphuric acid and zinc
iodide and starch solution.

‘We made the following experiment :

Gun cotton was washed at the labora-
tory until the wash water no longer gave
any reaction for nitrous acid; then the
gun cotton was left in the drying oven
at +30°C. for eight days and again
washed. The washings again gave the
reaction for nitrous acid.

The same experiment, repeated with
the same gun cotton, invariably gave the
same result.

Hence, we must conclude that all gun
cotton contains nitrous acid.

Moreover, all commercial nitre, as used
in the manufacture of gunpowder, con-
tains nitrous acid.

We applied to one of the most cele-
brated factories of chemicals for fused
nitre, free from nitrous acid, and were
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told that they had not succeeded in pre-
paring it.

We then prepared ‘it in our own
laboratory, by careful fusion and re-
fusion, under certain required condi-
tions, and preserved it in a well-closed
glass flask.

When examined after an interval of
several months, the nitre again contained
nitrous acid. '

Professor Himly, of Kiel, often ex-
pressed himself to the author to the
effect that: ¢ All nitro-compounds are
unstable, all organic substances are easily
decomposed, only inorganic substances
should be used for explosives.” True as
this is theoretically, it is nevertheless not
verified in practice.

In all cases, however, it will be well,
even with gun cotton, not only to exer-
cise great care in the manufacture, but
also not to rely too much on its safety
in preparing charges for blasting, as is
too often done.

We call attention, moreover, to the
fact that, when the nitrous acid has com-
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bined with the chalk to form ecalcium
nitrite, as long as no more is evolved
than the chalk can combine with, it can-
not injure the gun cotton. Nevertheless,
it again makes its appearance when
tested with solution of potassium iodide
and starch, or zine¢ iodide and starch,
because the calcium nifrite is dissolved
by the water in which the gun cotton is
digested; and when sulphuric acid is
added the nitrous acid is liberated and
detected by the reagent. A gun cotton
may therefore be free from aeid, and yet,
when tested, give the reaction for nitrous
acid. From all this we conclude that it
is useless to attempt to prepare gun
cotton free from nitrous acid. But such
gun cotton is not to be confounded with
that which contains considerable quanti.
ties of free acid, even nitric acid. Such
gun cotton, instead of improving with
time, will deteriorate and rapidly de-
compose.

Any indication that gun cotton, even
only moderately free from acid, but
chemically altered, decomposes with the
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production of light, we have never ob-
served.

Returning to paraffined gun cotton,
we do not mean to state that a good gun
cotton must necessarily decompose to

. such an extent as to be dangerous, but
only that it is better to avoid the process
of paraffining, if possible; furthermore, we
do not say in general that it is injurious
to preserve a good gun cotton air tight,
but rather have frequently verified the
fact that a good gun cotton, stored air-
tight for years, has lost nothing of its
permanence, as determined by the po-
tassium iodide and starch test; we
simply believe that for all gun cotton it
is better, if practicable, to store it with-
out inclosing it air-tight.

If we return now to the physical
properties of paraffined gun cotton, we
shall see that its only similarity to wet
gun cotton is in being less sensitive to a
shock than dry, on account of which
property paraffining has been mainly ad-
vocated ; it is, however, much more sen-
’sitive to a shock, and especially to
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ignition by a shock, than gun cotton
with 15 per cent. water.

In this connection we made the fol-
lowing experiment :

Shots were fired at short distances
from the Mauser Infantry arm against -
disks of gun cotton 15 cm. in diameter
and 5 cm. thick. Gun cotton with 15
per cent. water stood three hits; paraf-
fined gun cotton was ignited the third
hit.

The shocks to which the gun cotton
designed for use in submarine mines is
liable, even dry gun cotton can endure;
for that purpose it will not, therefore, be
necessary to paraffine the gun cotton.
The charges of the Fish torpedo are an
exception, as they are often exposed to
the enemy's fire, but for this very reason
paraffined gun cotton cannot be used.

Having shown that paraffined gun
cotton is too sensitive to shock, it should
be stated, on the other hand, that it has
lost the power of being detonated by
the detonation of a primer containing
1 grm. mercuric fulminate. It can be
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detonated only by means of dry gun
cotton.

As paraffine does not evaporate it for-
ever prevents the use of gun cotton per-
meated with it for priming cartridges,
while wet gun cotton need only be dried
to be used for this purpose.

We repeat, therefore, that, in our
opinion, paraffined gun cotton is not an
advantageous form of the erplosive.

In the work “The Modern High Ex-
plosives” of Manuel Eissler, Mining
Engineer, New York, 1885, gun cotton
is very unjustly dealt with, as it is stated
there that in Epgland, experiments had
been made showing that gun cotton is
80 sensitive to a shock, that in a system
of submarine mines charged with gun
cotton, the explosion of one mine caused
the neighboring ones, and thus succes-
sively the entire series, to explode, and
that it would therefore be easy, by means
of a countermine, to explode an entire
system of mines charged with gun
cotton, and thus render it harmless.

It is a well- known fact that there is no
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navy in Europe which does not use com-
pressed gun cotton almost exclusively
for charging submarine mines, except in
go far as old powder mines are still on
hand, and just because it is 8o little sen-
sitive to shock.

In describing the chemical properties
and the investigations of gun cotton, Mr.
Eissler has also shown that he does
not understand its character and proper-
ties.

2. Puraffining dry gun cotton ex-
ternally, so that the paraffine penetrates
several millimeters, and forms with the
gun cotton a coating, which protects the
inner dry portion of the cartridge
against external action, especially of
motsture.

The operation is especially adapted for
the preparation of priming cartridges.
The opening for the reception of the
primer is closed with a sheet of paper
before the cartridge is dipped in the
paraffine, and the cartridge is thus pro-
tected against moisturein general during
years of storage.



116

An improvement of the process con-
sists in coating the walls of the cavity
which serves for the reception of the
primer, by means of acetic ether. The
cartridge is thereby rendered impervious
to .water for a considerable time, even
after the sheet of paper is broken, and
the primer is placed in position, prepara-
tory to using the cartridge, even under
water.

The detonating power of the cartridge
is not diminished by the thin coating of
dissolved gun cotton; it will detonate
even under water, in spite of the fact that
water penetrates between the primer and
the walls of the cartridge.

In the case of charges for submar-
ine mines, however, the use of paraffine
offers no advantages. However carefully
the paraffining is performed, it is not
possible to ascertain whether the paraffine
may not have penetrated too far into the
cartridge ; it is possible that the car-
tridge has lost the power of being de-
tonated by the primer, but we are not
able to determine this with certainty.
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Moreover, cartridges paraffined in this
way will, according to our experience,
become cracked, thus-allowing moisture
to penetrate. The piece of gun cotton
is not an unalterable mass ; it changes its
form with changes of temperature and
with changes in the hygrometric state of
the atmosphere ; hence, small cracks will
. be formed, and in time large ones, too.

These possibilities will be ground suf-
ficient for not applying paraffine in any
manner to cartridges used in submarine
mines. These cartridges must be pre-
served against moisture by the mode of
packing, during storage and use.

We add, in this connection, that car-
tridges which are air-dried, and are pre-
served in & dry and airy magazine, will be
detonated at all seasons, in every kind of
weather, by a 1 grm, primer; it is there-
fore not necessary to tuke such extreme
precautions with it, provided only that
good 1 grm. primers are used.

8. Paraffining Wet Gun Cotton.
Pieces of gun cotton, with 25 per cent.
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water, may be coated externally with a
layer of paraffine several millimeters thick,
but the paraffine cannot penetrate on ac-
count of the presence of the water.

At ordinary temperatures the layer of
paraffine is tolerably firm and prevents the
piece from drying, to a certain extent, and
gives it a tolerably permanent form.

By changes of temperature, and by
frost, innumerable cracks are rapidly
formed, however, and portions begin to
crumble, causing the two advantagesjust
mentioned to be rendered nugatory.

According to experiments made at the
factory at Walsrode, it appears that of the
most carefully-prepared wet pieces of gun
cotton, paraffined externally, several with-
stood the effects of the first winter, none
the second; the crevices became so nu-
merous that there was no longer any im-
pediment to the evaporation of the water,
and the form of the piece of gun cotton
was no more permanent than in pieces
without the layer of paraffine. ’

Not unimportant is the fact that the layer
of paraffineincreases the size of the pieces,
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and a given space will therefore contain
less gun cotton. .

In the case of pieces of gun cotton, 140
c.c. in volume, the increased space re-
quired amounts to 12 per cent., and, be-
sides, 12 per cent. paraffine, i.¢., & consid-
erable weight of a substance, which, to-
gether with the wood of the packing
boxes, forms a combustible material,
penetrates into the wet gun cotton.

Small pieces will evidently not be very
suitable for this process.

If the layer of paraffine be less than 2
mm. thick, it will not subserve its pur-
pose even for a short time. In conclu-
sion, it will be exceedingly difficult and
expensive to paraffine a large quantity of
wet gun cotton, externally, so that the
pieces are well coated with paraffine, and
that the layer of paraffine will not di-
minish the facility with which the wet gun
cotton may be detonated.

By experiment it was found that the
“detonation of wet, externally paraffined
pieces of gun cotton was not effected by
a priming cartridge of 150 grm., when
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the pieces are not in contact, but separ-
ated 10 mm. from each other. In case
of charges not inclosed, failures to ex-
plode, or partial explosions, may easily
take place.

The result is that we must also regard
wet, externally paraffined gun cotton, on
account of its increased cost and disad-
vantages, as not advantageous.

Coarina GuN CorroN BY IMMERSING IT IN A
SoLveNT.

This process has proved a success in
the experiments. extending over three
years, and conducted in every possible
direction. The coating lasts well, cracks
or peelings occur only to an inconsider-
able extent. A portion of wet gun cot-
ton thus coated was preserved in well-
closed cases, another portion in open
cases under water. Although a few pieces
contained cracks, the form and density
of the pieces, obtained by pressure in the
manufacture, was preserved. The time,
during which the moisture is retained by
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the gun cotton varies mainly with the
mode of packing it; impermeable the
coating is not, but still it protects in a
great degree as well against the penetra-
tion of water in the case of dry gun cot-
ton as against the evaporation of it in
wet. The principal advantage lies in its
rendering the pieces as tough as wood,
and whoever has had occasion to observe
the condition of even well-pressed and
well-packed gun cotton, after transporta-
tion over long distances, will appreciate
this advantage. '

Moreover, the coating prevents the
formation of mould, although in the case
of wet gun cotton the formation of mould
is favored by the very mode of storing
it, and goes on in spite of the fact that
the gun cotton is enclosed, as when it
begins on tke sides of the packing chests
and extends to all the material stored in
the chests, in which case the pieces of
gun cotton cannot remain free from it,
whether coated or not. Are they coated,
however, the mould will not penetrate
the pieces, but remains outside on the
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coating. It may easily be removed by
wiping the pieces. It cannot therefore
injure either the structure or the com-
position of the gun cotton.

We will remark, in this connection,
that when wet gun cotton, on which
mould has formed, is placed in an
airy store-room, in which it can dry, the
growth of the fungus is stopped. More-
over, we moistened gun cotton, which
seemed to be especially threatened with
the formation of mould, on acecount of the
climate or the mode of storage, with car-
bolic acid, with good effect.

The coating will commend itself more
especially in the case of gun cotton in-
tended for use in submarine mines or the
Fish torpedoes, which must endure trans-
portation and always a long term of stor-
age, and which may possibly have to en-
dure unpacking and repacking in the
vessels used for holding it in the mines.

The coating is also suitable for the
gun cotton used for explosion by the
land forces, and which, in the event of
war, must endure long-continued trans-
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portation, and often unpacking and re-
packing. ,

In case of granulated gun cotton, in-
tended as a charge for shells, the coating
is indispensable. All granulated powder
will jolt in the shell when fired, friction
on the walls of the shell is unavoidable,
and thereby ignition of the powder and
premature explosion of the shell may be
produced. .

In case of granulated gun cotton this
is true in a higher degree than ordin-
arily.

We therefore fill up the interstices in
the granulated gun cotton, with which
the shell is charged, with liquid paraffine,
which forms of the entire filling, after
solidification, & compact, no longer com-
pressible;, body, excluding the possibility
of a jolting of the charge or a move-
ment of the separate parts.

The coating of the separate grains pre-

vents the paraffine, while liquid, from -

penetrating into them, and it is necessary
to prevent this, because grains of gun
cotton permeated with paraffine require a
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priming cartridge so large that it cannot
be conveniently applied or cannot be ap-
plied at all.

Every granulated gun cotton is par-
ticularly subject. to conversion into dust;
the coating prevents this, and it is there-
by made capable of being transported
and of being used in warfare.

The facility of detonation, in case of
coated gun cotton, is in no wise dimin-
ished ; dry gun cotton remains subject to
detonation by a primer to the same de-
gree, and wet gun cotton to the detona-
tion of the dry and the adjacent wet gun
cotton.

Nor can there be any ground for the
opposite view, since no foreign body is
carried into the gun cotton or added to
it by the coating; a very small portion
of the piece of gun cotton on the sur-
face, about as thick as a sheet of thin
paper, is simply dissolved by the solvent,
and remains, after the evaporation of the
solvent, as a thin, closely-adhering pel-
licle. This pellicle consists of dry gun
cotton, and it has therefore been said that
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the process of coating by means of acetic
ether renders wet gun cotton combus-
tible.

Occasionally, too, the word “ether’
has led to the belief that, after the com-
pletion of the fabrication of the coating,
combustible vapors of ether may remain.

The latter is of course not at all the
case. The ether used for solution evap-
orates very rapidly, and the above-men-
tioned hard, dry pellicle remains. The
amount of dry gun cotton thus pro-
duced is, however, exceedingly small ; in
& prism 230 c.c. in volume it amounts to
1 grm., and in case of one of 140 c.c. it
is still smaller ; therefore less than 4 per
cent.

A chest containing 50 kg. of wet gun
cotton will therefore contain $ kg. of dry
gun cotton, a quantity involving no dan-
ger whatever, and which, in comparison
with other combustible material present
in the storage of wet gun cotton, is in-
significant.

Gun cotton is generally packed in
wooden chests, pitched inside. The wood

’
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of the chest weighs 15 kg., the tar } kg.
per 50 kg. of packed gun cotton—an
amount of combustible material sufficient
to produce a continuous heat, in case a
fire breaks out in the magazine, adequate
to vaporize gradually the water of the wet
gun cotton, and thus convert it into dry
gun cotton.

The 4 per cent.of drygun cotton pro-
duced by the coating, will not alter these
relations, since it does mot fly about in
the form of dust and come in contact
with any light that may be carried about
and thus take fire, as it is in a compact,
not a pulverulent form, on wet gun cot-
ton, combined with the latter in chests.

As already stated, we are of the opinion
thbat keeping gun cotton moist prevents
all danger in case of firein the.magazine,
as it prevents a rapid development of the
fire; we are, however, also of the opinion
that, in all ordinary methods of packing
or arrangement of the magazine, the
stock of gun cotton may be considerably
damaged by fire, and, in case of inade-
quate arrangements for extinguishing
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fire, may even be entirely destroyed, and
any change in the wet gun cotton, such
as the coating produced by acetic ether,
which is insignificant in effect, will not
alter the character of wet gun cotton in
this respect.

The coated gun cotton long retains the
odor of acetic ether. After some-time,
however, not a trace of the odor remains
an indication that all the acetic ether
has evaporated. No alteration in the
gun cotton or in the pellicle is pro-
duced, however. We have found that
no acetic acid is formed either in the pel-
licle, or immediately under it, or in the
piece of gun cotton itself.

Should traces of acetic acid, formed
by the mixture of vapors of acetic ether
with atmospheric air, accumulate, how-
ever, due to the inclosing of freshly-
coated gun cotton, no injury will result,
as it is in no way injurious to gun cotton.

The process of coating gun cotton by
dipping it in acetic ether is called « gel-
atinizing” gun cotton, and this expression
is often used in the text.



127

Gux Corrox SHELLS.

It is well known that the effect of
shells filled with ordinary gunpowder
against stone arches, against iron cover-
ings, against armored walls and armored
turrets, is often very slight, and that at-
tempts have been made for some time to
introduce a more energetic explosive as
a charge for shells. Compressed gun
cotton must be recognized as best adapt-
ed for this purpose, as it belongs to the
most energetic of the explosives now
known, exists in the solid form, is con-
venient to handle, safe in transporta-
tion and storage, little sensitive to shock
(not at all when wet), chemically stable
even after long-continued storage, and
has been known in the military world
for 20 years, and is in use at present
giving good results.

From these considerations we have en-
deavored to apply compressed gun cot-
ton to produce an increased effect in the
explosion of shells, and we have suc-
ceeded, by extensive firings and explo-
sions at the factory at Walsrode, in dis-
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covering a method of filling the shells
which promises to fulfill all the require-
ments, in that it not only renders pos-
sible the firing of the ordinary rifle shell
for mortars or guns without exploding in
the bore, but alro insures the explosion
of the shell at the target.

This filling of the shell—the gun cot-
ton as well as the primer—endures all
the shocks produced by the expanding
gases in the bore of the gun ; there is no
danger whatever that one of the two por-
tions of the filling of the shell will ex-
plode prematurely by the shock received,
and thus produce an explosion in the
bore.

‘We have proved this by the following
experiments :

1. By firing a considerable number of
shots (over 200) with gun cotton shells
with full charges, from an 8.8 cm. gun,
with an initial velocity of 450 m.;

By firing from the rifled 15 cm. mor-
tar, with an initial velocity of 200 m. ;

By firing from arifled long 15 cm. gun,
with an initial velocity of 400, but in the
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case of the two last named guns with the
6-caliber steel shells as well as with the
ordinary shells.

2. By firing shots with ordinary shells,
in which separate parts of the filling
were left, the others being omitted, so
that every part might be tested separ-
ately against various objects.

Besides the immediate practical result,
namely, that the shells were fired with-
out exploding in the bore, it was com-
puted in these experiments that the shock
experienced by the shell with a high final
velocity, in striking a solid object, was
very much greater than that which it re-
ceives from the expansive powder gasesin
the bore of the gun. If it can, there-
fore, endure the former without explod-
ing (i. e., when the plunger, which is to
cause the explosion of the shell on strik-
ing, is removed), even without separate
parts of the charge or of the fuse being
changed in form or position, it may be
assumed with perfect certainty that it will
endure the latter shock in the bore
of the gun under all circumstances,
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and that, even when the plunger is in.the
fuse, explosions in the bore will not take
place, as the plunger is the same as that
which has been in use for some time in
fuses and found perfectly safe. Besides
the plunger, the fuse contains the primer,
necessary for the detonation of the gun
cotton. In the construction of this
primer, which plays a most important
part in the experiments with gun cotton
shells, we bave modified somewhat the
form ordinarily used and rendered it par-
ticularly safe, and, as shown by the ex-
periments, we have thoroughly tested it
under all kinds of circumstances. Be-
sides the primer descr.bed in our patent,
we used another form, which guarantees
all that is possibly required. After a
combination of wet and dry gun cotton
has been accepted as a charge for shells,
the remainder of the question is simply
one of a proper fuse, which we found ex-
tremely difficult to answer, but believe
now to have thoroughly and completely
solved.*

* In filling the shell a hollow space is left in the pro-
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The experiments, which determined
the capability of the charge of our shells
to resist the effects of shocks, were as
follows :

a. We fired charged shells, from which
the plunger, which we consider as having
no part in the experiments, had been re-
moved, but which contained the rest of
the fuse and the charge of gun cotton,
against objects of great resistance at

longation of the fuse-hole for the priming cartridge,
injwhich is temporarily placed a hollow cylinder. After
the paraffine congeals the cylinder is withdrawn and
replaced by a tube of thin sheet brass. The diameter
of the priming cartridge is the same as that of the fuse-
hole. A diameter of 16 mm. and a length of cartridge
of 42 mm. give it a weight of 7 grm., which is sufficient
for the detonation of the charge. The priming car-
tridgeis provided with a channel 8 mm. in width and
82 mm. deep.

The fuse is a percussion fuse, modified. The case of
the fuse is lengthened and the end closed by a screw.
In the hollow space, formed in lengthening it, is
lodged the primer cap, containing 1 grm. mercuric
fulminate. The plunger remains as before. The
primer is provided with a strong case, surrounded by
an India-rubber cap, to weaken the shocks transmitted
to the primer. The primer projects nearly 22 mm.
from the fuse, and this projection enters the channel
in the priming cartridge.

In the other form of primer used the fuse was not
altered, the primer being separate therefrom, and is
protected from shocks by means of india-rubber.
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short distances.* The shells reached the
object with a high final velocity, 420 m.

The targets were earth walls,2walls of
strong wood, and wooden walls covered
with wrought iron rails,

We found that our gun cotton shells
endured the greatest striking force against
these objects in the highest degree, with-
out exploding, so long as the plunger was
left out.

We increased the strength of the
wrought iron rails, against which we
fired, as much as the strength of the
shells would permit, and found as a re-
sult that, as long as empty shells were
not broken by the striking force, the
shells containing gun cotton and primer
remained intact also. When the shell
breaks on striking the iron, and the parts
of the charge, in pressing forward, are
brought in direct contactwith the iron,
producing great friction, the gun cotton
generally burns and the primer detonates.

* We removed the plunger, because weused percus-
ston fuses, which, if the plunger had been in place
‘would have caused the primer to detonate on striking.
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Nevertheless, many cases arose in which
the shell broke, and the pieces were
found 1 meter deep in the wall of the
earth behind the rail, without any com-
bustion or detonation of the charge hav-
ing taken place.

b. Against the same objects we fired
shells, which were provided only with the
gun cotton charge, or only with the fuse,
without the plunger, but with the primer.

The first lot of shells we opened by plac-
ing on them a gun cotton cartridge and
detonating it ; in case the charge of the
shells did not also detonate, we were able
to show that the separate grains of the
charge of gun cotton suffered no com-
pression, but were found perfectly intact,
and that no jamming of the charge—
either towards the base or towards the
head of the shell—had taken place;
everything bad remained in place.

The last lot of shells, those in which
the fuse and primer were present, we
filled with peas instead of gun cotton,
and with a wet priming cartridge; we
opened them after the firing by cutting
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off the base with a boring machine, and
were able to show that the primer had
not been detonated.

We fired from the 8.8 cm. gun shells
of the ordinary form, but made of steel,
under the same circumstances as above
described, and obtained very good re-
sults, but before making the results pub-
lic we desire to continue the experi-
ments. :

While the experiments with partially
charged shells showed that our filling is
very safe against shock, the experiments
with completely charged shells have
shown that the arrangement of the primer
functions very well, and that the charge
of gun cotton always detonates entirely
and with full effect. Partial explosions
of the gun cotton charge did not occur
in using granulated gun cotton.

The form in which we prefer to use the
gun cotton for the charges of our shells
is differeut from the disks of gun cotton
heretofore in use.

A shell, filled with gun cotton in the
form of disks, is described fully in the
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work of Lieutenant General Brialmont,
“ La Fortification du temps présent.”

The disk form of gun cotton is not ad-
vantageous for the filling of shells, be-
cause the shells must be provided with a
base or head, screwing off and on, so
that the shell may be filled. We there-
fore prepare the charge of gun cotton
not only in the form of disks, but also
in the form of grains, so that the filling
may take place through the mouth of the
shell.

Each separate grain of this “gun cot-
ton powder” bhas a specific gravity of
over 1. The gravimetric density of the
gun cotton powder is 0.7 ; 700 grm. (dry
weight) will therefore fill a space of
1,000 c.c.

The grains are rectangular, 8 to 12
mm. in diameter in cross-section, and
either cubical or elongated. They are
gelatinized, or coated by dipping in
acetic ether, and have thereby acquired a
compact form, and are prevented from
crumbling to dust.

After the grains are poured into the
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shell, the latter is filled with melted
paraffine, which, after solidifying, con-
verts the whole filling into a solid mass.

In filling the larger shells we use wet
grains as the principal part of the charge,
adding at the end about 200 grm. dry
grains, 80 as to entirely fill $he shell.

In the use of powder of nitrated cellu-
lose as a charge for shells, in the case of
most of the different kinds of powder, par-
tial explosions will probably frequently

occur, and combustion or the carrying

away of a part of the charge will often
take place.

Gun cotton and other forms of nitrated
cellulose are as a rule more difficalt to
detonate than is generally supposed.

‘We made the following experiments :

In a strong wooden chest, lined with
tin, we placed uncompressed gun cotton
containing 30 per cent. water, and press-
ed it as compactly as was possible with-
out the use of machinery; the chest had
an interior capacity of } cubic meter and
held 50 kg. gun cotton, dry weight.
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A piece of compressed gun cotton, 500
grm. in weight, was placed in this chest,
in the center of the wet, uncompressed
gun cotton and detonated ; the chest and
its contents were burst asunder, without
causing either a partial explosion or a
combustion of the loose gun cotton.

A pile of such gun cotton was placed
on the ground, and a piece of compressed
gun cotton, 250 grm. in weight, placed on
it and detonated; no explosion of the
loose gun cotton took place, although it
could not avoid the shock of the car-
tridge.

We must therefore regard loose, wet
gun cotton as not belonging to the ex-
plosives. In one of its forms, as * col-
lodion cotton,” it is transported by the
railroads at ordinary rates, and no dan-
ger will result to commerce, if compress-
ed, wet gun cotton—which, so far as its
properties in this regard are concerned,
is nothing else than collodion cotton, al-
though in its use as an explosive it is
more advantageous—is transported by
rail under the same privileges as collo-
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dion cotton. In order to make possible
the fulfiliment of the requirements, the
amount of water now prescribed for col-
lodion cotton must be reduced for com-
pressed gun cotton to 25 per cent., as
the latter cannot absorb 50 per cent.
water. '

Gun cotton with 25 per cent. water is
a substance which cannot be exploded by
any accidents possible on a railroad.

During the storage at the place where
the gun cotton is to be used, the car-
tridges will dry of their own accord, and
can then be detonated with a primer.

It will thus be possible to furnish the
smaller purchasers with a suitable sud-
den explosive, and farmers, for instance,
would be greatly benefited thereby, since
& sudden explosive may be used with ad-
vantage, to blow up rocks and stumps of
trees, in the construction of roads andin
clearing land.

Uncompressed gun cotton in the dry
state burns rapidly, explodes even, but
does not detonate, and can, therefore, as
is well known, be used as gunpowder.
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The same is true of gun cotton powder.
It offers, of course, no great resistance to
the shock of the priming cartridge, nor
does one portion of the powder to an-
other. Gun cotton, itself easily detonat-
ed, if it be not in large, heavy pieces, but
in small, light ones, will move aside from
the shock of the detonated priming car-
tridge, and will be blown away or only
slightly burned.

The finer the powder, the smaller and
lighter the grain, the more is it subject
to partial explosions and combustion,
and the larger must be the priming car-
tridge, and the greater the degree of
confinement of the charge, to produce
perfect detonation.

It is very probable that most forms of
granulated powder, composed of nitro-
cellulose in large masses, cannot be
brought by practicable means to com-
plete detonation.

The gun cotton manufactured by us at
the Walsrode factory behaves differently.
In the first place, the grains are not too
porous and light, they have the same
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constitution as the large pieces of pressed
gun cotton; in the second place, the
grains are not too small, 6 mm. cube is
the very smallest size, and we give them
even, for reasons connected simply with
the manufacture, the greatest possible
size, e. g., about 10x10 mm. in cross-sec-
tion, 25 mm. in length.

In the third place, and this is very im-
portant, the paraffine, used to fill up the
interstices in the shell, forms with the
grains a compact mass, which acts as a
whole exactly like a piece of compressed
gun cotton. ‘

In generala 1 grm. primer is sufficient
for the detonation of this mass, when the
grains are completely dry; are they wet
or entirely paraffined, a priming cartridge
of corresponding weight must be in-
serted.

While in the case of wet grains formed
into a compact mass by inclosing them
in the shell and filling up with paraffine,
a priming cartridge 35 grm. in weight
is sufficient; grains entirely paraffined,
as we have seen, require a much heavier
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and larger priming cartridge ; indeed, so
large that it can hardly be applied in a
shell. In case a 65 grm. priming car-
tridge is not sufficient, one of 100 grm.,
although it may produce detonation once
in the experiments described, will not
always do so with certainty, and combus-
tion and partial detonations will be un-
avoidable in case of paraffined grains.
Moreover, paraffining increases the size
of the grains and diminishes, therefore,
their gravimetric density.

These reasons, in connection with the
decreased chemical stability, render grains
entirely paraffined in every way disad-
vantageous.

In the case of the dry and the wet
grains used by us, coated and formed
into a solid mass by means of paraffine,
a partial detonation never occurs, even
when the charge is but very lightly in-
closed, ¢. g., in & box of thin tin, as
shown by our previously described ex-
periments, and as must be evident from
the nature of the case.

It is unavoidable by using grains that
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the weight of the charge is somewhat less
than when disks of the same specific
gravity as the grains are used, but our
experiments have shown that the differ-
ence in effect of the two kinds of gun
cotton is not great.

On the other hand, the filling of shells
with granulated powder carries with it
the advantage of much greater strength
in shells made in one piece over shells
composed of two parts, or, in case
strength of shell is not particularly re-
quired, the possibility .of making the
walls of a steel shell thinner, or of mak-
ing the shells of cast iron, even if not six
calibers long, at least longer than ordi-
nary shells, since cast iron always fur-
nishes a sufficiently strong material for
shells made in one piece. In this way a
shell will be obtained especially effective
and at the same time cheap, the only
means of insuring the employment of
gun cotton for shells to the greatest, and,
as it appears to wus, judging from its
limited use, necessary extent.

Granulated gun cotton has, further-
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more, the valuable property of supplying
& material proper for all kinds of shells,
no matter of what caliber or kind. Granu-
lated gun cotton can be used in all sorts
of shells.

The advantage offered by this universal
explosive, as compared with gun cotton
disks, which require for every kind of
shell a different size, need not be dwelt
upon; the effort to obtain ammunition
of general application is sufficiently well
known and regarded as indispensable.

Moreover, granulated gun cotton will
permit the supply of steel and cast iron
shells now on hand, which were designed
for charging with gunpowder, to be con-
verted into gun cotton shells, and thus
give them not only a higher explosive
power, but also so increase the number
of pieces resulting from the explosion,
that their effect must be exceptionally
great.

The number of pieces resulting from
the explosion of artillery projectiles has
been increased, as is well known, by
forming the interior core of the shell
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of many parts, which are held together
by the outer wall of the shell, and also
by constructing shrapnel; the former
method can be used in but few kinds of
shells, and therefore an increase in the
number of pieces resulting from explo-
sion, in the case of most of the ordinary
shells now on hand, is greatly to be de-
sired. The second method for obtaining
a large number of pieces by the explo-
sion, the use of shrapnel, has the disad-
vantage of requiring a number of special
kinds of projectiles, and it is well known
that we would gladly give them up if a
good substitute ceuld be obtained in some
form of shell.

The cast iron shell, filled with granu-
lated gun cotton, offers, in this respect,
great advantages, at least for the ammu-
nition of fortification and siege guns, for
it is not to be expected that gun cotton
shells will be introduced in field artillery.

The following experiments present
some idea of the number of fragments
obtainable in the explosion of ordinary
shells,
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‘We exploded the shells in a space,
specially - constructed for the experi-
ments, well closed, built of masonry and
covered on the inside with boards, but
containing an exit for the gases resulting
from the detonation, to diminish the ex-
plosive force, and obtained:

From a cast-iron 8.8 cm. shell, weighing 7 kg.,
filled with ordinary gunpowder,
37 fragments, weighing in toto 6,160 grm.
Filled with granulated gun cotton,
200 fragments, each weighing over 10 grm.
600 “ weighing from 1 to 10 grm,
From an 8.8 cm. steel shell weighing 6,640 grm.,
filled with granulated gun cotton,
23 fragments, weighing in toto 2,260 grm.
127 4 ‘s [ 2)865 “
150 [ “ ‘" 5'125 i
From a cast-iron 15 cm. shell, weighing 27 kg.,
filled with ordinary gunpowder,
. 42 fragments,
Filled with granulated gun cotton,
876 fragments, each weighing over 10 grm.
828 “ weighing from 1 to 10 grm,

A large part of the cast-iron shell is
- broken into very small fragments. Pieces
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less than 1 grm. in weight have not been
considered in our estimation, although
they are entitled to consideration, as
most of them received from the explo-
sive charge alone so much energy that
they penetrated boards 25 mm. thick,
and, evidently, in actual practice against
troops, some effect would still be pro-
duced by them. As regards fragments
over 10 grm. in weight, which have
snfficient energy for proper effect even
at considerable distances, the charge of
granulated gun cotton was nine times as
effective as the charge of gunpowder—
certainly a remarkable result.

Moreover, gun cotton shells, unless
provided with a slow fuse to delay ex-
plosion, possess the special property of
bursting immediately after the first im-
pact, not after an appreciable time, as is
the case with gunpowder shells.

‘We made the following experiments in
this connection:

a. Two targets made of boards 40 mm.
thick were placed, one behind the other,

4 m. apart. A gun cotton shell pene-
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trates the first target and bursts between
this and the second.

b. A target of boards, 4 square meters
in area, was fired at with an 8.8 cm. cast-
iron shell, in such a way that the shell
struck the ground 2 m. in front of the
target. The shell burst before reaching
the target, which was penetrated by 136
fragments.

¢. Two targets, as above described, but
separated by 2 m., were fired at by an

-8.8 cm. powder shell so as to strike the
center of the targets.

The shell pierced both targets and
burst only in rear of the second in an
earth wall.

The powder shell had the same per-
cussion fuse as the gun cotton shell; the
later bursting of the former cannot there-
fore be due to the fuse, as heretofore
always assumed, but to the slower de-
velopment of the powder gases of the
charge, as compared to the gun cotton
gases.

The property of gun cotton shells of
bursting in this way at the first moment
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of impact, must give them, in a variety of
cases, many advantages over gunpowder
shells, ¢. g., in the destruction of objects
into -which the shell cannot penetrate,
such as heavy armor or solid masonry,
when the shell strikes obliquely, in which
case it will be deflected if charged with
gunpowder and have no explosive effect,
and also in case of objects which are so
easily penetrated that the gunpowder
shell will burst too late and generally
behind them, such as gun-carriages,
caissons and other wagon material.

By inserting a slow-burning composi-
tion in the fuse, by which the primer is
detonated some time after the shock of
striking, or by means of a time fuse, the
bursting of the gun cotton shell may be
delayed for any length of time. This
delay will be necessary in the case of
the bombardment of fortifications pro-
tected by an earth covering, in order that
the latter may be penetrated before the
shell bursts.

From data obtained at the cast-steel
works of Friedr. Krupp, relating to ex-
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periments with guns and projectiles, we
quote the following, as they appear to us
to indicate in what cases a gun cotton
shell may be of use.
Guie: 15 cm. gun, 85 calibers long.
Projectiles :

| =
L hof |« .
. i Pg;z%u?es. 88| 8
5ol s
Kind. | 5% 24
|mm calibers a-;s ©
Steel armor shell.. } 500 3.85 | 61 | 1.5
Cast-iron ordinary shell 596, 4 51 | 8.4
Cast-steel ordinary shell., 670I 45 |51 6.2

Mortars are used for purposes other
than those for which guns are designed,
and the projectiles should be constructed
with this difference in application in view.
In general, the walls of the mortar pro-
jectiles may be much thinner than those
of the projectiles used in guns, since the
pressures of the gases in the bores of
the respective pieces are as 1 : 2. Mor-
tars are used exclusively for firing with
great elevations.
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They are intended :

1. To remove earthworks.

2. To fire on troops posted behind
cover. ,

8. To destroy coverings.

1. In order to remove earthworks
shells are required which penetrate as
"deep a8 possible before bursting, which
hold a large charge and which possgess
the requisite strength, so that the pow-
der may be consumed as completely as
possible before the beginning of the ex-
plosive effect.

High elevations and percussion fuses,
the action of which is delayed, must be
employed. Cast-iron shells are less
suitable for this purpose, as they must
necessarily have thick walls, and can
therefore contain only comparatively
small bursting charges, and offer, be-
sides, too little resistance to the gases of
the charge, so that the bursting takes
place before all the powder is consumed.
Steel shells are much more effective in
this case, because they are free from these
objections.
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If it be not desired to fire with full
charges in the piece the walls of the steel
shell may be made very thin. To obtain
the normal total weight, the length may
be increased. In this way we arrive at
shells with great bursting charges, the
so-called torpedo shells.

2. To fire on troops behind cover
shrapnel are used.

8. Destruction of coverings. While
m firing on earthworks, it is necessary
to delay the action of the percussion fuse,
in order to obtain great penetration be-
fore explosion, in firing on coverings it
is desirable to have the explosion take
place instantly after striking, because
otherwise the projectile will burst in as-
cending arc, and the effect of explosion
for the purpose sought will be lost. As
is well known, it has not been possible to
overcome this difficulty. This object can
hardly be attained in a satisfactory man-
ner, because, even with the most deli-
cate fuse, a certain amount of time
elapses and must necessarily elapse, be-
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tween the striking and the bursting of
the shell.

‘We deduce from these data the follow-
ing:

The armor shells are capable of con-
taining only a small charge, and the
effect of even the largest calibered steel
armor shells, with an initial volocity of
500 m. and more, obtained by the use of
brown powder, will not be very greatly
increased by ever so energetic a bursting
charge, but still it will be increased, and
at least clear out the opening produced
by the shell.

The cast-iron and cast-steel shells con-
tain a sufficiently large charge to produce
the requisite effect.

The torpedo shell is the form most
suitable for the application of gun
cotton.

To remove earthworks the gun cot-
ton shell is valuable, as its effect in earth
is greater than that of the gunpowder
shell. A delay in the action of the fuse
is easily obtained.
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To break down coverings the gun
cotton shell is essential, as it alone can
attain the object sought, namely, the con-
dition that the shell must burst in
striking ; the gunpowder shell can never
attain this object, since its bursting after
striking must be ascribed, not to the fuse,
but as first shown in our experiments,*
to the gunpowder charge.

Even the cast-iron shells will be con-
siderably improved by the gun cotton
charge, since the slight resistance which
they offer is not detrimental, and the
thick walls, and consequent smaller
charge, is not such a great disadvantage,
considering the much greater energy of
gun cotton.

But a steel shell with thin walls is
always to be preferred.

As regards shrapnel, we remark that
they may perhaps be entirely superseded
by the cast-iron gun cotton shell, since
the latter, as our experiments have
shown, gives as great a number of pieces
by explosion as shrapnel.

* Experiments a, b and ¢, a few pages preced n.
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‘We repeat that the ordinary cast-iron
156 cm. shell, filled with granulated gun
cotton, gave

876 fragments, each over 10 grm. in weight.
828 ‘“  between 1and 10 grm. in weight.

We hope that Mr. Fried. Krupp with
the extensive means at his disposal in his
establishment, will soon begin experi-
ments with gun cotton shells, since it is
evident that they are capable of at least
supplying many very delicate wants in
the effects of explosives. If they can
offer advantages on account of a differ-
ence in the trajectory at the target, as
we have seen to be the case in discussing
their property of bursting instantly on
striking, the question of obtaining a
more energetic charge for shells than
gunpowder is of the greatest importance,
even if not in the same degree for all
kinds of projectiles, and this question
must come up for solution in the near
future.

Should Mr. Krupp undertake the ex-
periments, we are convinced that he will
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solve this, as he has all other questions
relating to artillery that have come under
his]notice, in a brilliant manner, and if
we, with our gun cotton factory, with
our knowledge of explosives and of gun
cotton in particular, derived from years
of experience, can be of any service, we
are always at his disposal.

Interesting cases, in which gun cotton
shells may be used, are found in Major
Schumann’s work on armored gun car-
riages, in which it is stated:

“In England was adopted a method of
armoring for sea-coast fortifications ac-
cording to the so-called Sandwich sys-
tem, a combination of 3 to & plates, gen-
erally 15 to 16 cm. thick each, with layers
of wood between.

‘With the latest steel shells, which have
been so greatly improved, it is to be ex-
pected that the penetration into the dif-
ferent layers will be sufficient to cause
them, if charged with sudden explosives,
to act with disastrous effect on the en-
tire system.
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The penetration of projectiles in mas-
sive forged iron armor, 40 to 60 cm.
thick, will evidently be much less. There
is, however, in case the plates are very
soft, and therefore little inclined to
crack, & not unimportant increase of
effect to be expected from charges of
sudden explosives, at least in case of
those shots which strike near the edges
of the plates.

The two latest improvements in pro-
jectiles join hands here.

The Krupp shells, which are made of
excellent material and forged under the
hammer over a mandrel, receive such a
degree of toughness by this method of
manufacture that they are stronger than
solid shot. Their hardness is increased
to such a degree that a projectile from
the 15 cm. gun, 35 calibers long in the
bore, for instance, penetrated two plates,
each 18 cm. thick with a layer of wood,

»m. thick, between, and showed but a
single slight alteration, in that the point
was abraded about 1 mm.

The second improvement consists in



157

the use of sudden explosives in charging
the shells, the hardness and strength of
which allow them to penetrate sufficient-
ly deep in vertical, soft forged iron
plates, to make use of at least a part of
the explosive effect of sudden explosives.
In cases, therefore, where such armor
plates ecan be struck with velocities which
admit of the sufficiently deep penetra-
tion of such projectiles in soft forged
iron, to allow sudden explosives to act
-with effect, means will have to be devised
to prevent this penetration.

Examples of armor plates which may
be struck directly are:

a. Armored ships.

b. Armored sea-coast fortifications.

¢. Armored turrets in land fortifica-
tions.

The Schumann method of construc-
tion consists in preventing direct impact
on the armor of land fortifications, with
armor shells fired from long guns, by
building the turret in the form of an -
umbrella, the armor plate of which the
shells cannot strike in a direction per-



158

pendicular to the surface. They will
strike at an acute angle and glance off
without effect. The effect of explosion
can be the only one that can act, but
this will be too late, as the shell bursts
too late, whether it be a gunpowder or a
gun cotton shell.” ’

From these constructions of Major
Schumann it appears that he expects im-
portant results from the use of sudden
explosives as a charge for armor shells,
and we add, in reference to the technical
construction, the following :

In case gun cotton, as a charge for ar-
mor shells, which therefore penetrate into
the armor, ‘detonates directly from the
shock of the shell in striking the armor
plate, and this without fuse and without
primer—we do not doubt that the dry
priming cartridge will partially burn or
explode, the only question is, will it de-
tonate in such a way as to cause the wet
gun cotton to detonate at the same time ?
—then it will detonate before the shell
has exerted its full energy, hence too
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soon. The development of the detona-
tion of gun cotton as compared to that
of gunpowder is, as we observed, instan-
taneous, and this will be true whether it
is caused by the primer or by the shock.

A fuse, even a slow one, in projectiles
which strike armor plate perpendicular-
ly and penetrate into it, will break, hence
no effect can be expected from delaying
the bursting by making the fuse a slow
one.

In case dry gun cotton is detonated by
the shock, the bursting of the shell will
take place too early; in case it does not
detonate, but only takes fire and under-
goes partial combustion, it would be
possible—by arranging the primer in the
shell so that it is not detonated too early
by the shock in the bore of the gun and
cause bursting in the bore—to delay the
bursting of the shell, and the events tak-
ing place in the shell would succeed each
other as follows:

The primer would be detonated by the
burning dry gun cotton, and cause that
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part of the dry gun cotton which is not
yet consumed to detonate.

Similar relations may be obtained by
placing a primer in a piece of dry gun
cotton, provided with a recess for the
purpose, and igniting the piece of gun
cotton at any point. In a large number
of experiments, which we personally con-
ducted, the gun cotton was always cansed
to detonate after ignition, and by the
combustion in conjunction with the
primer.

In shells we found the action similar.

‘We believe, moreover, that, by a special
construction and application of the pri-
mer, it will be more difficult to cause it
to detonate than to cause dry gun cotton
to burn.

On the other hand, there is no danger
whatever that, when the dry gun cotton
begins to burn, the shell will burst before
the primer is detonated.

It is therefore quite possible to make
an armor shell, containing wet and dry
gun cotton and a primer, but without a
fuse, burst at the proper time, hence not
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L]
too early, since the development of the
flame of dry gun cotton and the trans-
mission of the flame to the primer will
require a certain amount of time.

‘We do not know whether this has been
determined by experiments, but it is clear
that in case of shells which do not pene-
trate into the armor plate, and are not
designed to, the relations are much more
favorable. These shells would be pro-
vided with as great a charge as possible,
and witha fuse, of course not a slow one.

The shell will either strike the ar-
mor plate at an acute angle and glance
off—in which case it will burst, contrary
to the view of Major Schumann, quite
close to the armor plate—or it will strike
perpendicularly, so that it will be crushed
or flattened, and thus in all cases be de-
tonated, and at the proper time for the
charge to act with full effect, since it
bursts immediately after impact.

‘We believe, oo, that the Schumann
armored constructions are not safe against
the effect of gun cotton shells as they
are against gunpowder shells, and that
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therefore gun cotton shells will be of
service against all kinds of armored con-
structions. .

‘We return to the object of our experi-
ments with gun cotton shells, viz., that,
in opposition to the propositions to use s
dynamite cartridge, thrown by means of
compressed air from the bore of a gun,
and in opposition to many other proposi-
tions, and the application of apparatus
already on hand, to throw projectiles
filled with sudden explosives, in all of
which uncommon, complex and very ex-
pensive apparatus, difficult to transport,
is required, we propose to fire at great
ranges the ordinary shell as a gun cotton
shell, specially provided with our mode of
arrangement, from ordinary guns and
mortars, with the gunpowder charges
now in use. We lay particular stress on
the simplicity of the application of our
gun cotton shells, and, according to our
view, we must add that, under all cir-
cumstances, at least on land, nothing
should ever be used as a moving force
for projectiles but the most compendious
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and cheapest source of such power—gun-
powder.

Our constructions relate only to the
filling of the shells now in use with gun
cotton ; no change of material other than
the charge of the shell takes place ; even
the weight of the filled shell remains un-
changed.

These results we have obtained :

1. By the manufacture of a special,
new and effective granulated gun cotton.

2. By means of a special arrangement
for filling the shells, viz., by filling out
the interstices with paraffine.

3. By the construction of a suitable
primer.

We are convinced that the gun cotton
shell will be of great service, even if it
will not accomplish wonders.

The effect of sudden explosives is over-
rated; on a small part of a heavy armored
plate, for instance, one cannot obtain
nearly the same effect with ever so ener-
getic a sudden explosive as may be ob-
tained with a steel shell from a 30 c¢m. or
40 cm. gun, but in the first place there
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are but few such gnns, and in the second
place they cannot be moved about on
land. On land anAd in the attack and de-
fense of fortifications the limit of pro-
ducing increase in effect by increasing the
caliber is soon reached, and nothing re-
mains but to increase the effect of explo-
sion, and we believe that shelle contain-
ing sudden explosives will play an im-
portant part in the future, although they
will notaccomplish all thatis expected by
those who overrate the possibilities in the
case; but just because these shells will not
work wonders, we are of opinion that the
sudden explosives must be applied so as
not to alter the artillery material.

‘We submit these lines to the indulgent
reader with the assurance that, although
we have said much pro domo, we have
also endeavored to carry out the experi-
ments without prejudice and to draw the
conclusions in the same spirit.
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COLBURN (ZERAH). The Gas-Works of London. 12mo,
board

S0 ieenes venseranenes ceteretssssatttccenteratasanne . 6o

COLLINS UAS E.) The Private Book of Useful Al and
Memoranda for Goldsmiths, Jewellers, etc. 18mo, cloth... 5o
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CORNWALL (Prof. H. B) Manu:l of Blow -Pipe Analysht

Qualitative and Q System o

Descriptive Mineralogy. 8vo, cloth wuh many illustrz-
tions. N.Y., 188z..... tee.seressnccacerenene os vevee-.. 8250

CRAIG (B F.) Weights and Mecasures. An account of the

edm Syﬂem. with Tabies of Conversion for Commer-
Scientific Uses. Square game, limp cloth.......... %

CRAIG (l’rot: THOS.) El of the Math ical Theory

id Motion. 16mo, cloth..... cere.. 1325

DAVIS (C. B)and RAE (F. B. ) Hand-Book of Electrical Dia-
grams and Connections. Hlustrated with 32 full—page illus-
trations. Second edition. Oblong 8vo, cloth extra ....... 200

DIEDRICH iIOHN) The Theory of Strains : a Compendium
for the Calculation and Construction of Bndgcs, Roofs, and
granels b Illustrated by numerous plates and diagrams.

vo, cloth......

DIXON (D, B.) The Macllimst s aud Steam-Engineer
tical Calculator. A Compilation of useful Rules, a
lems Arithmetically Solved, together with General I
tion applicable to Shop-Tools Mill-Gearing, Pulley:
Shafts, Steam-Boilers and Engines. Embracing Valuable
Tablcs, and Instruction in Screw-cutting, Valve and Link
Motion, etc. 16mo, full morocco, pocket form ..o(In press)

DODD (GEO.) Dictionary of Manufactures, Mining, Ma-

chinery, and the Industrial Arts. 12mo, cloth.............. 15
DOUGLASS (Prof S.H )and PRESCOTT Prof A Ba} Qual-

itative Chemical Anal A Guide in l e Pracuc Study

of Chemistry, and in the Work of Analysis. edition.

8vo, cloth 35

DUBOIS (A.].) The New Method of Graplncal Statics. Witll
6o illustrations, 8vo, cloth...........cceeeiviivencncnncnaie

EASSIE (P. B.) Woodand its Uses. A Hnnd-Book for :lh'i‘ use
im-
ber Merchants. Upwards of 250 lllustratums. 8vo, cloth. 1 50

EDDY Prof. H. T.) R hes in Graphical Statics,
ﬁg ew Constructionsin Graphical Statics, a New General
ethod in Graphical Statics, and the Theory of Internal
Stress in Graphical Statics. 8'vo, cloth.......iiviiennniens 15

ELIOT (Prof. C. W.) and STORER (Prof, F. H)) A Compen-
dious Manual of Qualitative Chemical Analysis. Revised
with the co-operation of the authors. By Prof. William R.
Nichols. Illusu-md 12mo, cloth.... [ &)

ELLIOT (Maj, GEO. H,, U. S. E. ean Light-House
tems. Beinga chort ofa Tour of nspccnon made in
x [34 and . 8vo,cloth........ .50
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ENGINEERING FACTS AND FIGURES. An Annual
Register of ngnss in Mechanical Engineering and Con-
struction_for the years 1863- 68, ully illus~
trated. 6vols. 18mo, clmh (each volume sold leparatel)),
PEr Vol oo eiiiieieiiiiniiennecereiiiiaresnaaisaracinann %

FANNING (] T) A Pmctlcal Treatise of ‘Water-Supply En-
slrx;ecnn Relating to the Hydrology, Hydm..ynam\cs, and
ctical Construction of Water-Works in North America.

Third edition, With numerous tables and 180 illustra-

tions, 650 pages. 8vo, Clothe.e..erves iveiviiiiviinannnn, 5 00
FISKE (BRADI. EY A.,U.S.N) Eleclncny in Theory and
Practice. 8vo,cloth,.........ccoiiiiiiiiuiiiiiiienimeseer 2 %0

FOSTER (Gen. J. G, U.S. A}{ Submarine Blastm‘ in Boston
Harbor, Massach; husetts. emoval of Tower and Courwin

Rocks.  Illustrated with seven plates. g4to, cloth.......... 35
FOYE (Prof. J. C.) Chemical Problems. With brief State-

ments of the Principles d edition,

and enlarged. 16mo, boards.........co . ciiiieiceriiines [’

FRANCIS (JAS. B, CE) Lowell Hydmlic Exrcrlmcnts.

Being a f on Hydraulic Motors,
on the Flow of Water over Wcu’s, in Open Canals of Uni-
form Rectangular Section, and through submerged Orifices
and diverging Tubes. Made at Lowell, Massachusetts,
Fourth edition, revised and enlarged, with many new ex-
penments, and Illustmted wnh (wenty-three copperplate

engravings, 4to, cloth..

FREE-HAND DRAWING. A Guide to Ornamental Figure
and Lmdsczpe Drawmg. By an Art Student, 1

GILLMORE éGen. Q. %‘Treanse on Limes, Hydraulic Ce-
ments, and Mortars, pers on Practical kngmecrmg, U,
S. Engineer Department, No. containing Reports of
numerous Experiments conduc«ed in New York City during
the years xs,gc o 1861, With |llusm|-
tions. 8vo, cloth .

«—— Practical Tmatue on the Construction of RoadshStreets,
and Pavements. With o illustrations. 12mo, cloth .......

Report on Stren, f‘h of the Buxldmg Stones in the United
States, etc. 8vo, illustrated, cloth ._............... ..... 1%

ig'net Beton and other Artificial Stone. ¢ plates.views,
VO, Clotheeeeeresaeniiniiiiiiiiiiirnnnnninnas resreeis 250

GOODEVE (T. M.) A Text-Book on the Steam-Engine. 143
illustrations, 12mo, cloth............... o enies eeeraes eae

GOI:&ON (J. E.H)) FourL on Smtic" ducti 12mo,

R R L R T Ty PR PP P T PR P PP

- 400
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GRUNER (M. L) The Manufacture of Steel. Translated
from the French, by Lenox Smith, with an appendix on the
Bu-em:woceu the United States, by the translator,
1llustras 8vo, cloth........... e Y

HALF-HOURS WITH MODERN SCIENTISTS. Lectures
and Essays. By Professors Huxley, Barker, Stir] Cope,
all, - Wallace, llowoe‘ Huggins, Lockyer, Young,
ayer, and Reed.” Being the Ui vetsit; Series bound up,
ith a introduction by Noah Porter, President of
Yale College. 2 vols. 12mo, cloth, illustrated ............. .25

HAMILTON (W, G.) Useful Information for Railway Men.
Sixth edition, revised and enlarged. 562 pages, pocket form.
Morocco, gilt.......c..centn eaebienanaan -- eveasesenoes vees 2 00

HARRISON (W. B) The Mechanic’s Tool Book, with Prac-
tical Rules and Suggestions for Use of Machinists, Iron-

orkers, and others. lllustrated with 44 engravings.
1zmo, cloth......... ... o el eenracen Ceesearinnne 1%

HASKINS (C. H.) The Galvanometer and its Uses. A Man-
ual for Electricians and Students. Second edition. 12mo,
TDOPOCED. o verees sonesennnsenannsans [T S )

HENRICI (OLAUS). Skeleton Structures, especially in their
application to the Building of Steel and Tron Bridges. With
folding plates and diagrams. 8vo, cloth................ e I 80

HEWSON (WM.) Principles and Practice of Embanking
Lands from River Floods, as applied to the Levees of the
Mississippi. 8vo, cloth................ teersaeen PO 200

HO}L‘E'Y (.gLE).L L.) A Treatiseon Ordnance and Al;moy, em-

y , and p P
concerning the materials, fabrication, requirements, capa-
bilities, :n‘d d of Europ and Ameri Guns,
for Naval, Sea-Coast, and Iron-Clad Warfare, and their
Rifling, Projectiles, and Breech-Loading; also, results of
experiments against armor, from official records, with an

appendix referring to Gun-Cotton, Hcoped Guns, etc,, etc.

SJ paag(es. 493 engravings, and 147 Tables of Results, etc.

vo, half roan . ... ...cieeiiiiinireiiis creeeess .o 4.0 1000
w——— Railway Practice _Ameri and Europ Railway

Practice in the economical Generation of Steam, including

the Materials and Construction of Coal-burning Boilers,

Combustion, the Variable Blast, Vaporization, Circulation,

Superheating, Supplying and Heating Fecd-water, etc.,

nns the A‘da:ptation of Wood and_Coke-burning Engines to

Coal-t r; and in Per Way, including Road-bed,
Sleegm Rails, Joint-fastening, Street Railways, etc., etc.
With 77 lithographed plates. Folio, cloth. . e 1260

HOWARD (C. R.) Earthwork Mensuration on the Basis of
the Prismoidal Formulee. Containing simple and labor-
saving method of obtaining Prismoidal Contents directly
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from End_Areas. Illustrated by Examples, and accom-
wfd by Plain Rules for Practical Uses. Illustrated. Gvo,.
th .. .81 50

INDUCTION-COILS. How Made and How Used. 63illus-
trations. 16mo, boards ...........ccoeee cescavaecasasens

ISHERWOOD (B. F.) Engineering Precedents for Stcam Ma-
chinery, ~Arranged in the most practical and useful manner
for Engineers. With illustrations. Two
8vo, cloth... .. ... P &

JANNETTAZ (EDWARD). A Guide to the Determination of
Rocks: being an Introduction to Lithology. Translated
from the French by G. W, Plympton, Professor of Physical
Science at Brooklyn Polytechnic Institute. 12mo, cloth.... 1 50

JEFFERS (Capt. W. N.. U. S. N.) Nautical Surveying. Illus-
! and 31 d-cut

trated with 9 illustrations.

volumes in one.

, cloth.... ... eeenieerennne eeener maneeaitne neeeieanees 5 00
JONES (H, CHAPMAN). Text-Book of Experimental Or-
ganic Chemistry for Students. 18mo, cloth.. ............ 1 00

JOYNSON (F. H.). The Metals used in Construction: Iron,
Steel, Bessemer Metal, etc., etc. Illustrated. 12mo, cloth, 7%

Designing and Construction of Machine Geanng. Illus-

trated 8vo, cloth......... ....... T X -]

KANSAS CITY BRIDGE (THE). With an account of the
Regimen of the Missouri River, and a description of the
methods used for Founding in that River. By O. Chanute,
Chief-Engineer, and George Morrison, Assistant-Engineer,
Ilustrated with five lithographic views and twelve plates of
plans  4to, cloth. ......i.... oo iiiiiieiiiiiiieiens . .. 6

KING (W. H.) Lessons and Practical Notes on Steam, the

Steam-Engine, Propellers, ctc., etc, for young Marine En-

ineers, Students, and others, Revised by Chief-Enginecer

g. W, King, U. 8. Navy. Ni h edition, enlarged
vo, cloth......... .....c.... .- el eeee e saseseaens 2 00

KIRKWOOD (JAS. P.) Report on the Filtration of River
aters for the supply of Cities, as practised in Europe,
made to the Board og ‘Vater Commissioners of the City o
by 30 double-plate engravings. g4to,

.......... T X4
LARRABEE (C. S.) Cipher and Secret Letter and Telegra-
phic Code, with Hogg's Improvements. The most perfect
code i d or di d. I ible to read

secret e ever [
without the key. 18mo, cloth.....ovv ciivviiiiiiiiiiianes 100

LOCK (C. G.), WIGNER (G W.), and HARLAND (R. H.
Sugar Growing and Refining. Treatise on the Culture of
Sugar-Yielding Plants, and the Manufacture and Refining of
Cane, Beet, and other sugars. 8vo, cloth, illustrated ......12 00
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LOCKWOOD (THOS. D.) Electricity, Magnetism, and Elec-
tro-Telegraphy. A Practical Guide for Students, Operators,
and Inspectors, 8vo, cloth... ..... . .e.82 50

LORING (A. E) A Hand-Book on the Electro-Magnetic Tele-
ga&l: Paper boards. .
oth..

sisevcnnnes cese

50
75
sseseess 100

Morocco..

MACCORD (Prof. C. W) A Practical Treatise on the Slide.
Valve by Eccentrics, examining by methods the action of
the Eccentricupon the Slide-Valve, and explaining the prac-
tical processes of laying out the movements, adapting the
valve for itsvarious duties in the steam-engine, Second edi-
tion Illustrated. 4to,cloth............ cesessanssinaavana 25

«McCULILOCH (Prof. R S,) Elementary Treatisc on the Me-
chanical Theory of Heat, and its application to Air and
Steam Engines.” 8vo, cloth............. tesrnritntesersannan 350

MERRILL (Col. WM. E, U.S. A) Iron Truss Bridges for
Railroads. The method of calculating strains in Trusses,
with a careful comparison of the most promincnt;l'russcs, in

fe in binati c., etc. Il d

" MICHAELIS (Capt. O. E, U. S. A) The Le Boulenge
Chronograph, with three lithograph folding plates of illus-
trations, gto, cloth................ errit masesessssennes v 300

MICHIE (Prof. P. S.) Elements ot Wave Motion relating to
Sound and Light, Text-Book forthe U.S. Military Acade-
my. 8vo, cloth, illustrated........ reneenes [T 1

MINIFIE ) Mechanical Drawing. A Text-Book of Geo-
metrical Drawing for the use of Mechanics and Schools, in
which the Definitions and Rules of Geometry are familiarly

plained ; the ical Probl are ged, from the

most simple to the more complex, and in thesr description

technicalities are avoided as much as possible. With illus~
trations for Drawing Plans, Secti and El s of

Railways and Machinery; an Introduction to Isometrical

Drawing, and an Essayon Linear Perspective and Shadows.

llustrated with over 200diagrams enfravéd onsteel, Ninth
edition. With an Appendix on the Theory and Application
of Colors. 8vo,cloth ,...... .....cciviiiiiveiiiienninnenes 400
“ 1t 1 the best work on Drawing that we have ever seen, and is
especially a_text-book of Geometrical Drawing for the use of Me-
chanics and Schools. No young Mechanic, such as a Machinist,

Engineer, Cabinet-maker, Millwright, or Carpenter, should be with=

out it.""—Scientific American.

~—— Geometrical Drawing. Abrideed from the octavo edi-

tion, for the use of schools, Illustrated with forty-eight
steel plates. Fifth edition. 1amo,cloth ...........". veees 200
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MODERN METEOROLOGY A Sencs of Six Lectures, de-
livered under the of t g y
in1878. Illustrated. 1amo, clm .......... o er aese sevas $1 80

IEORRIS g ) Easy Rulcs for the Measurement of Earth-
wor s, by Means of the Pnsmoidal Foum:la 78 ilhmm-
tions.  8v0, Cloth............covverearnne necnansssescacases X 50

OTT (H.A, ér) A Pmctlcnl Truﬁse on ChemlstrY (Qulll-

tative and Blow-pipe
Analysiq, ineralogy, Amvmg Pharmaceuncal Prepara-
tions, jes, Weights and
Measuru, etc., etc., etc. ediuon, 1883. 650 pueo.

8vo, cloth.... . 4

NAQUET (A.) !egalChemlstry AGuidetothc Detecticmof

jon of Writings, Adulteratlon of Alimen-

an('l Pharmuentical Substances, An sis of Ashes,

an examination of Hair, Coins, Armlﬁ Stains, as ape

g'i,ed to Chemical Jurisprudence, for the use of Chemists,

ysicians, Lawyers, Pharmacists, and Experts, Translat-

ed, with ad'dnions, mcludmg a list of books and Memoirs on

Toxicology, etc., from the French By J.P. Battenbnll,

Ph.D., with a ace by C. F. Chandler, Ph.D., M.D,,
LL.D. 12mo, cloth,....... coee aa seeniiaiians sesecccces. B00

NOBLE (W. H) Useful Tables. Pocket form, cloth......... %0

NUGENT (E.) Treatise on Optics: or, Light and Sight, theo-
retically and ctically treated, with the ap lication to
Fine Art nd Indus! Pursuits. With 103 illustrations.

1amo, osese asesnsncra.iens eses.scssca-sasssesvrsosssse I 8O
PEIRCE (B.) System of Analytic Mechanics. 4to, cloth.....10 60

PLANE "ABLE (THE). Its Uses in To hical Survey-
ed" me the Papers of the U. S. Co“;:ogra 3 lllunnt-

¢l s eecesncitone eostasarasctonsaenntt sennnans

* This work gives a descrl on ofthe Plane Table employed ag
the U. S. Coast Survey oﬁce.pat;d the manner of using it. ‘p yed

PLATTNER. Manual of Qualitative and ntitative Ane
alysis with the Blow-Pipe. From the last German edition
revised and enlarged. By . Th. Richter, of the Royal
Saxon Mmin%Acndcm Translated by Prof H. B. Coi
wall, assisted ohn H. Caswell. lllustrated wlth87woodo

cuts and one ut oaraphlc plate. Fourth edition, revised,
sbo pages. 8vo, cloth.......... feieeiereienseianes cecncace . 800
'LYMF’!‘ON (Prof. GEO. W.) The Blow-Pine. A Guide to its
in the Determination of Salts and Minerals. Compiled
(mmvanoulsomces. 12mo, cloth,............. tereieereees T8O
=== The Aneroid Barometer: Its Construction_and Use.
Compiled from several sources. 16mo, boards, illustrated, %o

Morocco....... [ T LT T YT T T TTTTTTETINORPIPTIRE |
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PLYMPTON (Prof. GEO. W.) The Star-Findcr or th-
sphere, with Movable Horizon  Printed in colors on fine
card-board, and in accordance with Proctor's Star Atlas...$1 0o

POCKET LOGARITHMS, to Four Phces of Decimals, includ-

ing Logarithms of Sines and

‘Tangents to Single Minutes. To whlcﬁis added a Table of
Natural Smes, %’angents, and Co-Tangents. 16mo, boards, s0
............... irt eer sesses.essrsesicesee £ 00

POOK s, r Method of Compar the Lines and Draught-

s pi elled by Sail or Steam. Including a chap-

ter on Laymz-o on the Mould-Loft Floor. 1 vol. 8vo, with
illustrations, cloth, ...... cesneees tetratieerieanne cee. sieee . 500

POPE (F. L.) Modern Practice of the Electric Telegraph A
Hand-Book for El Op edi-
tion, revised and enlarged, and fully lllustraled 8vo, cloth. 2 00

PRESCOTT (Prof. A. B) Outlines of Proximate Orgamc An-
alysis, for the Identification, Sep and Q
Determination of the more commonly occumng Organic
Compounds. 12mo, cloth... . . ... cieiiniceeeernnnneas 175
—— Chemical Examination of Alcoholic Liquors, A Manual
of the Constituents of the Distilled Spirits and Fermented |
Liquors of Commerce, and their Qualitative and Quantita-

tive Determinations. 12mo, cloth.................loce, + 150
~——— First Book in Qualitative Chemistry. S d edition.
12mo, cloth... ......ccoeeeaies PR venenaninaiaaas e 1%

PYNCHON (Prof, T. R.)) Introduction to Chemical Ph 'slcu,
designcd or the use of Academies, Colleges, and High-
with g ngs, and con-

taining wuh di for prep g
them. Ncw edmon, and enl d, and lll
by 269 illustrations on wood Crown 8vo, cloth.... .... eeee 300

RAMMELSBERG (C. F.) Guide to a Course of Quantitative
Chemical Analysis, es%ecmally of Mmerals and Furnace
ducts. Il y d by J. Towler,
MD 8vo, cloth................. teererrearesaees an [ .238

RANDALL (P. M. artz Operator’s Hand-Book. New edi-
tion, A ) 2 l}ull ill d. 12mo, cloth,..

RANKINE M.) Applied Mechanics, comprisin,
ciples Sta{ws, )Cmel:tfaucs, and Dyn;mlcs,pand %heory
ot and Crown 8vo,
cloth. Tenth edition. London ..... ceeen sreeneaas sese 500
~—— A Manual of the St¢am-Engine and other Prime Movers,
th numerous tables and illustrations. Crown 8vo, cloth.
Tenth edition. London, 1882, L.i.iiiiiiiiiiiiiiiianan. ceeiee §00

Qal 1

— A ion from the M; Scient lﬁc Papers of,
with Memoir by P. G. Tan, and edited by ‘W.j.Millar,C.E.
* 8vo, cloth. London, 1880....c..........c0.00 ceenenes veeessJO 0O
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RANKINE (W, J. M.) A Manual of Machinery and Mill-work.
Founhe&tio':'u. rown 8vo, london,x&e:y....... JORDNE 3
~—— Cwil Engineeri rising Engineering Surveys,
Earthwork, Foundati Maso! Carpentry, Metal-
ork wgq;ds,o‘itai?w:;:: Canal;:rykivm, Wgér-wquu,

Harbors, etc. th numerous tables and illustrations.
F nth edition, revised by E. F. Bamber, C.E. 8vo.
London, 1883.... ....... teeireriereainen anesssns sassenaea 6 50

== Useful Rules and Tables for Architects, Builders, Car-

penters, Coachbuilders, Engineers, Founders, Mechan-

ics, Shipbuilders, Surveyors, Typefounders, Wheelwrights,

etc. Sixth edition. Crown 8vo, cloth, London, 1883..... . 400
and BAMBER (E. F.) A Mechanical Text-Book; or,
Introduction to the Study of Mechanics and Engineering.
8vo, cl .th. London, 1875 ........... Cereaes - 1. )

RICE (Prof. l' M.) and JOHNSON (Prof. W. W.) OnaNew
Method ol Obtaining the Differentials of Functions, with
especial refe to the Newtonian C P of Rates or
Velocities. 12mo, paper ....... .. ..cecoennes ceseesensene 50

ROGERS (Prof. H. D.) The Geol of Pennsylvania. A Gov-
ernment Survey, with a General View of the Geology of the
United States, Essays on the Coal Formation and its Fos-
sils, and a description of the Coal Fields of North America
and Great Britain. Illustrated with Plates and Engravings
in the text. 3 vols. 4to, cloth, with Portfolio of Maps. ....30 oo

ROEBLING (J. A) Long and Short Span Railway Bridges.
Ilustrated with la.rFe copperplate engravings of plans and
views. Imperial folio, cloth.......o.o.uull.. peeeenas 25 00

ROSE (JOSHUA, M.E.) The Pattern-Maker’s Assistant, em-
bracing Lathe Workaranch Work Core Work,Sweep Work,
and Practical Gear Constructions, the Preparation and Use
of Tools, together with a large collection of useful and val-
uable Tables, Third edition.” 1llustrated with 250 engrav-
ings. 8vo, cloth . ........... e -

SABINE LRO BERT). History and Progress of the Electric Tel-
:sgqp , with descriptions of some of theapparatus. Second
. edition, with additions, 12mo, cloth .................. vesnes 125

SAELTZER(ALEX) Treatise on Acoustics in connection with
Ventilation. 12mo, cloth ...c...coivvueniiiiiiaiannninenns 1 00

SCHUMANN ail") A Manual of Heating and Ventilation in
its Practical Application for the use of Engineers and Archi-
tects, embracing a series of Tables and Formula for dimen-
sions of heating, flow and return pipes for steam and hot-
water boilers, flues, etc., etc. 12mo. Illustrated. Full
roan ... . - rees e

Formulas and Tables for Architects and Engincersin g

calculating the strains and capacity of structures in Iron
and Wood. 12mo, morocco, tucks .... ... I X
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SAWYER (W.E) Electric-Lighting by I d

g’ , and
its Appli n to Interior lllumig\ation. A Practical
Treatise, With g6illustrations. Third edition. 8vo, cloth.§2 s0

SCRIBNER (J, M) Engineers’ and Mechanics' Companion,

comprising United States Weights and Measures, Mensura-
tion of Superfices and Solids, Tables of Squares and Cubes,
Square and Cube Roots, Circumference and Areas of Cir-
cles, the Mechanical Powers, Centres of Gravity, Gravita-
tion of Bodi Pendulums, Srcciﬁc va‘ilv o1 _Bodies,
Strength, Wclilt, and Crush of Materials, Water-Wheels,
Hydrostatics, draulics, Statics, Centres of Percussion
and Gyration, Friction Heat, Tables of the Weight of
Mectals, Scantling, etc,, Steam and the Steam-Engine.
Nin edition, revised, 16mo, full R & )

e F.ngineers’, Contractors’, and Surveyors’ Pocket Table-
Book.© Compti h Nun

Comprising Logarithms of Numbers, Logarithmic
Sines and I‘an‘gents, Natural Sines and Natural Tangents,
the Traverse Table, and a full and complete set of Excava-
tion and Embankment Tables, together with numerous
other valuable tables for Engineers, etc. Eleventh edition,
revised, 16mo, full MOrOCEO ...vvevuur vennees sosvee on . 150

SHELLEN (Dr. H.) Dynamo-Electric Machines. Translated,

with much new matter on American practice, and many il-
lustrations which now appear for the first time in print,
8vo, cloth, New York. ..(In press)

SH%CK (Chi_ef-Engd‘ W. H) Steam-Boilers: their Design,
an

N g 450 pages text. Illustrated
with 150 wood-cuts and 36 full-page plates (several double).
Quarto. Illustrated. Half morocco...... esecasacianne ve..15 00

SHUNK (W. F.) The Field Engincer. A bn.nd{book of prac-

tice in the Survey, Location, and Track-work of Railroad:
containing a large collection of Rules and Tables, original
and selected, applicable to both the Standard and Narrow
Gauge, and prepared with special reference to the wants of
th:k young gineer. ‘Third edition, 12mo, morocco,
tucks ...25

SHIELDS g. E.) Notes %ﬂ Engineering Construﬂon. Em-
brawt : fons of the Princip] onoy H

g P and Descrip-
tions of the Material employed in Tunnelfin , Bridging,
Canal and Road Building, etc., etc. 12mo, cloth ...

ceses I

sx-ugzvn (S. H) A Treatise on the Strength of Bridges and

oofs. Comprising the determination of Algebraic formu-
las for strains in Horizontal, Inclined or Rafter, Tri1ngular,
Bowstring, Lenticular,and other Trusses, from fixe and
moving loads, with practical applications and examples, for
the use of Students and Engineers. 87 wood-cut illustra-
tions. Third edition. 8vo, cloth........ erneieerasaasecians 35













THE VAN NOSTRAND SCIENCE SERIES,

No. 4.—~TURBINE WHEELS. By Prof. W. P. Trowbridge.
No. 45.~THERMODYNAMICS. By Prof H.T. Eddy.
No. “.—ICLE{—l{:KING MACHINES. From the French of

No. 47. —LINK.\GEB the Different Fonm and Uses of Ar-
ticulated Links. By J. D. C. De Roos.

No. 48—THEORE &F CSOBI:JD AND BRACED ARCHES. By
Wm. Cal
No. 4. —O‘T THE MOTION OF A SOLID IN A FLUID. By
‘homas Craig, P!
No. w.—DW'ELLING HOUSES their Sanitary Construction
and Arrangements. By Prof. Wm. H. Corfleld.
No. 51.—THE TELESCOPE: Its Construction, &oc. By
Thomas Nolan.
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