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COMPLETE SPECIFICATION

Improvements in Explosives

I, Winniam Wanrexy Tricas, of the
firm of Marks & Clerk, 57 & 58, Lincoln’s
Inn Fields, London, W.C.2, a British
subject, do hereby declare the nature of

6 this invention (a communication to me
from abroad by United States Powder
Company, a corporation of the State of
Nevada, United States of America, of 704,
Market Street, San Francisco, State of

10 California, United States of America,)
and in what manner the same is to be
performed, to be particularly described
and ascertained in and by the following
statement : —

15 This invention relates to improvements
in nitro-compound explosives, and has for
its objects a nitro-compound explosive and
method of making the same, which explo-
sive has greater brisance and shattering

20 power than has heretofore.been produced
in nitro-compound explosives yet is
economical to make and less dangerous to
handle. Other objects and advantages
will appear in the following description.

25 Broadly, this invention relates to the
production of an explosive mixture and an
improvement of nitro-compound explosives
by the application of the principles of
catalysis and utilization of the results of
modern X-ray analysis of molecular struc-
ture, wherein my communicators have
found that by adding a small quantity of
an organic promoter of specific molecular
length, together with a nitro-derivative of
85 naphthalene, as later described, the
brisance and the shattering power of
explosives of the nitro-compound type is
greatly increased, yet this improved
explosive is economical to manufacture,
and is safer and mote effective in use than
the conventional nitro-compound explo-
sives heretofore made and used.

The invention consists in an explosive
mixture comprising a nitro-compound and
an oxidiser and having in addition a
nitro-derivative of naphthalene and an
organic promoter consisting of one or more
. aliphatic or aromatic compounds in which
7 the “ Molecular length *’ as hereinafter
50 defined calculated from the values of

atomic rTadii and bond angles herein

specified is within 0.1 angstrom units of

being equal to one of four characteristic
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molecular lengths of the naphthalene ring
complex, namely. 3.83, 4.19, 4.84 or 5.13 55
angstrom units.

In the accompanying drawing, the
figure illustrates four characteristic atomic
distances of the naphthalene ring complex
with which this invention is concerned.

The nitro-compound may be any of the
poly-nitro-compounds of benzene or its
derivatives, examples being dinitro-
benzene,. trinitrobenzene, dinitrotoluene,
trinitrotoluene, pieric acid, styphnic acid. 66
The oxidiser is desirably employed in
sufficient quantity to produce substan-
tially complete combustion and preferably
is in the form of alkali, ammonium or
alkaline earth nitrate buf other oxidisers
such as lead. nitrate may be used. Such
mixtures of a nitro-compound and - an
oxidiser have been known for many years
and have found some commercial applica-
tion. . . 75

My communicators have found that such
mixtures, as-above described, and which
are_well known, are rendered -highly
explosive by the ineorporation therewith
of -a nitro derivative of naphthalene and 80
a promoter, which: consists of molecules
whose length corresponds to or falls with-
in the limits specified one-of four charae-
teristic distances in the naphthalene ring
complex. - -

In the naphthalene ring complex, the
four charaeteristic atomic distances with
which this invention is concerned, are
illustrated in the figure of the drawing by
the dotted lines a, b, ¢ and d, which 90
extend between the opposite carbon atoms
of each molecule. These distances are as

70

85

follows:
a - - 73.83 angstrom units-
b - - 4.19 35 ” ' 95
¢ - - 484 ., Sy
d - = 513 23 2

The nitro derivative of naphthalene
used in this invention, may be mononitro-
naphthalene, dinitronaphthalene, trinitro- 100
naphthalene, or-tetranitronaphthalene, is
intimately mixed with the promoter, as
described below. - i .

In describing the promoter, the descrip-.
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tive term “ molecular length *’ means the
equilibrium distance between the atoms,
(exclusive of hydrogen atoms), whick are
tarthest apart from each other in a mole-
8 cule of either the aromatic or aliphatic
type. Thus the molecular length of

toluene is from its methyl-carbon atom to-

~the fourth carbon atom of the benzene
ring, or 4.33 angstrom units, while in
10 lactic acid the molecular length is
measured along the axis of the methyl-
garbon atom to the hydroxy-oxygen atom
of the carboxyl group and not from the
oxygen atom of the alcohol group to the
keto-oxygen atom of the carboxy] group.
My communicators have found that
compounds consisting of molecules having
a molecular length coming within +0.1
angstrom units of any one of the four
characteristic atomic distances of the
naphthalene ring complex, namely, a, b,
¢ d, or 3.83, 4.19, 4,84, 5.13 angstrom
units, act as effective promoters in break-
ing the ring structure and thus initiate
disruption of the nitronaphthalene com-
pound. Hence anv compound whose mole-
cules have a length falline between 8.73
to 3.93: 4.09 to 4.29; 4.74 to 4.94; or
5.08 to 5.23 angstrom units may be used
as a- promoter together with a .nitro-
derivative of naphthalene in an explosive
mixture comnrising a nitro-comround and
an oxidiser for accomnlishing the desired
results of this invention. - -
In further explanation, as has heen
established, glveine, propionic acid or its
alpha-derivatives such- as lactic acid,
alanine, propanol or its alpha-derivatives
or beta-derivatives, all -‘have a molecular
length that comes within 0.1 angstrom
units - of being equal to 3.83 angstrom
units, or length @ in -the figure of the
drawing, and when anv of these-com-
pounds are added: in small quantities to a
suitable exnlosive mixture containing
nitro-naphthalene or its di-, tri-, or tetra-
nitro-derivatives, it prodnuces a very good
brisance and great shattering power.
Similarly, my communicators - have
found that 1.2-dichloroethylene has a
molecular length that comes within 0.1
angstrom units of being equal to 4.19
angstrom units, or length b in the ficure
of the drawing, and therefore acts as a
good promoter in seting off mixtures con-
taining nitronaphthalene. ,
Compounds, such as butanol, alpha-
derivatives of butanol, beta-derivatives of
butanol, gamma-derivatives of butanol,
60 butyric aldehyde, alpha-derivatives of
butyric aldehyde, beta-derivatives of
butyric aldehyde, butyric acid, alpha-
derivatives of butyric acid. beta-deriva-
tives of butyric acid, ethyl acetate,
65 methyl propionate, provided that in the
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derivatives the side chain is never longer
than the main chain so that the longest
axis is always between 4.74 and 4.94
angstrom wunits, all have a molecular
length coming within 0.1 angstrom units
of being equal to 4.84 angstrom units or
length ¢ in the figure of the drawing, and
are good promoters. ,

Benzyl aleohol, benzaldehyde, benzoie
acid, salicylic acid, or benzylamine, all
have a molecular length coming within 0.1
angstrom units of being equal to 5.13
angstrom units, or length d in the figure
of the drawing, hence act as excellent
promoters in an explosive mixture con- 80
taining a nitro-derivative of naphthalene. -
Also any of the derivatives of any of the
above-named ingredients whose distance
between opposite end atoms (exclusive of
hydrogen) taken in the direction of the
longest axis of the molecule is between
5.03 to 5.23 angstrom wunits, are good
promoters, since their molecular length
falls within 0.1 angstrom units of being
equal to 5.13 angstrom units.

In general, the amount of promotet
added to the nitro-naphthalene is from
.005%- to 2% by weight of the entire
explosive mixture. However, we do not
wish to restriet the invention to these
exact limits. -

Tn making the improved explosive, the
organic substances are mixed together as
by melting together the nitronaphthalene
and the nitro-compound such as trinitro- 100
benzene or trinitrotoluene. To the molten
mass is added the promoter and the neces-
sary moisture which moisture is generally
in the form of a 50% calcium nitrate or
aluminium nitrate solution, and finally 105
the powdered and warmed nitrate is in-
corporated in the mixture so that the
particles of nitrate are coated with the
organic explosive mixture., To produce a
plastic powder, an additional quantity of 110
a suitable mixture containing generally
tetranitronaphthalene, dinitrotoluene and
the promoter is added to the mixed
explosive. This mixture, whether in
granular form or in plastie form, can now 115
be exploded by an ordinary detonating
cap. . -

The following are several examples of
satisfactory formulas, which are not
exclusive, but show the use of trinitro- 120
benzene or trinitrotoluene, it being
obvious from the description of the inven-
tion that the promoters specifically desig-
nated can be interchanged in the several
formulas, or any two or more of the named 125
promoters can be used in any one of the
formulas, the essential feature being that
the molecules of the promoter used have
the physical dimensional characteristic of
the molecular length or lengths coming 180
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within 0.1 angstrom units of the distances
@ b, o d, as set out specifically in
angstrom units in this deseription of the
invention.  Also in the following
formulas, a mixture of trinitrobenzene
and trinitrotoluene can be substituted for
either t{rinitrobenzene alone or trinitro-
toluene alome, and picric acid or other
nitro-compound explosive can be substi-
tuted for trinitrobenzene, or trinitro-
toluene.
Formura A (by weight)
0.006% to 2% water
0.006% to 2% organic promoter of mole-
cular length 3.83; 4.19;
4.84; or 5.13 angstrom
units or any combination
of promoters of said mole-
cular lengths.

4% to 15% mononitronaphthalene, or
the di-, tri- or tetranitro-
derivatives, or any com-
bination thereof.

5% to 55% nitrocompound, such as
trinitrobenzene or any
combination of nitrocom-
pounds.

40% to 95% oxidizer, such as the
alkali “nitrates, alkaline
earth nitrates or ammon-
ium nitrate.

Formura B
0.19% butanol
4.7% mono-nitronaphthalene
14.2% trinitrotoluene
80 9% dmmonium nitrate
1 % water °
" Formura C
1 9% benzoic acid
4 9 di-nitronaphthalene
22 9% trinitrobenzene
72 9% sodium. nitrate
1 % water

Foamura D
1 9% benzaldehyde
6 % trinitronaphthalene
30 9% trinitrotoluene
62 % sodium nitrate
1 9% water
Formurs E
0.1 % salicylic acid
6.75% tetranitronaphthalene
11.75% trinitrotoluene
79 9% ammonium nitrate

2.4 9% of 50% calcium nitrate H8

gsolution fo furnish 1.2%
water.
Formuza F
0.1% salicylic acid
4 9% tetranitronaphthalene
5.7% trinitrotoluene
88 9% ammonium nitrate
2.2% of a 50% aluminium
nitrate solution to furnish
1.1% water.

A simple method of calculating' mole-
cular length is as follows:—

1. Aliphatic compounds exist in their
crystalline state as molecules with one
main axis along which the atoms are
arranged in a zig-zag line.  For short
molecules a plane surface is reasonably
accurate for representing this zig-zag line,
for very long molecules (like stearic acid)

there is a shortening of the zig-zag line 75

due to a slight twisting of the plane in a
spiral form, so that the real distance of
C—C of 1.54 angstroms appears to become
1.51 angstroms. However as the problem

at hand deals only with the calculation of 80

short molecules, having from 4 to 6 atoms
in line, this shortening of the molecule
may be ignored. The following are the
atomic radii and bond angles employed in

calculating molecular length in accord- 85

ance with the invention:

Atomic radii (for single bonds) C- 0.77 angstroms

20 .

95

100

(for double bonds) C 0.69
Atomie radii (for triple bonds)

(for resonating single-double bonds)

N 070
0 066 .
S 1.04
Cl1 0.99

oFQOoRZQoH
<
&

0.62

Bond angles for single bonds C~C—C is 110°
double bonds C=C0—C is 125°
triple bond C=C—C is 180°

For atoms other than carbon, the same

solid ethyl ether, the following dimensions

105 bond angles are used. - For instance in are calculated from atomic radii and bond

order to calculate the molecular length of

oo (e . <. -~

angles:

-

[
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< — 4,848~ >

The hypothenuse of each triangle is the
interatomic distance, obtained by adding
the atomic radii, thus for C—C 1.54 and

b for C—0 1.43 angstroms. The base of the
- C-C triangle becomes 1.257 and of the
C—=0 ftriangle 1.167 angstroms; adding
these four base lengths together gives
4.848 angstroms as the length of the mole-

10 cule. Naturally in even numbered atoms
per molecule the molecular length is not
obtained merely by adding the base
lengths, but must be obtained by a further

¢aleulation of the hypothenuse of the tri-
angle with determined base and height; as 15
for example in propanol:

//{\3\77;/? 0.820

C 35 ies

where the base is 3.678, the height 0.82,
hence the length of the first carbon atom

to the oxygen 3.77 angstrom units.

- 2. Aromatic compounds depend upon
the benzene ring whose dimensions can be
projected upon a plane surface as a hexa-
gon with angles of 120°, The following
are the atomic distances within this ring: 25

C-C . 1.39 angstroms (radius of hexagon) -

C-0-C. 241
0-C-0-C 278 . .

Molecular length of derivatives are calcu-

80 lated similar to those of aliphatic com-

~pounds. Thus for benzaldehyde, the
dimensions are: ’ '

C—C\ 5650
'c=/“"; _________ o 7 11045
278 154 0739

- Ne——C¢7

where the bond angle C—-C=0 is 125°

35 and the distance of the para-carbon atom

- to the oxygen is the hypothenuse (5.16

angstroms) of the base 2.784-1.54+0.739

=5.059 angstroms. ,

Having now particularly deseribed and

40. ascertained the nature of my said inven-

"~ tion and in what manner the same is to be

performed, I declare that what I claim
i8:— ;

1. An explosive mixture comprising a

45 nitro-compound and an oxidiser and hav-

ing in addition a nitro-derivative of

naphthalene and an organic promoter con-

sisting of one or more aliphatic or .

aromatic compounds in which the ‘° mole-
50 cular length’’ as hereinbefore defined cal-
culated from the values of atomic radii
and bond angles hereinbefore specified is
within 0.1 angstrom unit of being equal
to 3.83, 4.19, 4.84 or 5.13 angstrom units.
55 2. An explosive mixture comprising a
nitro-compound and an oxidiser and hav-
ing in addition a nitro-derivative of
naphthalene and an organic prometer con-
sisting of one or more of the compounds
60 ethyl acetate, methyl propionate, pro-
panol, butanol, propionic acid, lactic acid,
butyric acid, alanine, butyrie aldehvde,
benzyl alcohol, benzyl-amine, benzalde-
hyde, benzoic acid, salicylic acid, 1.2-

(width of hexagon)
(diameter of hexagon)

dichlorethylene, or glycine. 65

3. An explosive mixture as claimed in

Claim 1 or 2 wherein the nitro derivative
of naphthalene is mononitronaphthalene,
dinitro-naphthalene, trinitro-naphthalene
or tetranitro-naphthalene. 70
4. A nitro-compound explosive mixture
comprising, by weight:
5% to 55% trinitrobenzene or other
nitro-compound or any
combination of nitro- 75
~ compounds.

40% 1o 95% oxidizer in the form of an
alkali  nitrate, - alkali
nitrates, alkaline earth
nitrates, or ammonium 80

nitrate.
5% to 15% one of the members of the
group, mononitronaph-

thalene, dinitronaphtha-
lene,  trinitronaphtha- 85
lene, tetranitronaphtha-
lene or any combination
of said members.

0.005% to 2% organic promoter consist-
ing of one or more ali- 90
phatic or aromatic com-
pounds in which the
““ molecular length *’ as
hereinbefore defined cal-
culated from the values g5
of atomic radij and hond
angles hereinbefore speci-
fied 1s within 0.1
angstrom wunit of being
equal to one of the dis- 100

o tances 3.83; 4.19; 4.84:
5.13 angstrom units.
0.005% to 29% water.

, Dated the 7th_ day of J anuary_; 1937,
MARKS & CLERK.

Leamington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—~1939.
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[This Drawing s a full-size reproduction, of the Original ]
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