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This invention relates to a new explosive and
method of making the same.

It has heretofore been proposed to employ lead
styphnate, the normal lead salt of trinitroresor-
cinol, as an initiator in priming mixtures for small
arms ammunition in place of mercury fulminate,
The adoption of this material has been retarded
because of its hazardous characteristics and its
tendency to detonate when detonation is not in-
tended. We have found that the physical form
of the material heretofore employed has been the
cause of its unsafe characteristics and we have
developed a new form, or crystalline structure,
whereby a product may be produced which is rela-
tively safe to use and is not subject to accidental
detonation. In the method heretofore employed
a suspension of trinitroresorcinol or styphnie
acid was added to a solution of sodium carbonate
or magnesium hydroxide and the lead styphnate
precipitated therefrom at a high temperature,
generally about 60° C. This resulted in the pro-
duction of prismatic crystals having a relatively
low ratio of surface area to volume. This ma-
terial, when submitted to the burning test fre-
quently employed to determine the safety of ini-
tiators, will burn indicating that it is unsafe for
use in the manufacture of primers.

The burning test consists of taking a quantity
of the material to be tested containing from 15
to 30 percent of water, placing black powder on
it and lighting the powder. If the material does
not burn, it is considered safe to use in the com-
pounding of priming mixtures by the wet process,
but if the material does burn under such condi-
tions, it is an indication that it is apt to deflagrate
or detonate in the wet state while being handled
and is therefore considered unsafe,

In carrying out the process of our invention,
we employ styphnic acid containing an impurity
or adulterant. For this purpose we use the ni-
trated product or products of one or more of the
compounds formed by reaction of nitrous and
nitric oxides wth resorcine. These include the
nitro derivatives of resorufin, the nitro derivatives
of indo-phenol and the nitro derivatives of res-
azurin. Salts of these compounds may also be
used, such as the lead salt of nitroresorufin.
Mixtures of the above materials may also be
used. Thus we have found that, under some
conditions better results are obtained when a
mxture of nitroresorufin and nitroindophenol or
nitroresazurin is used than when either of them
is used alone. In the commercial manufacture
of styphnic acid, resorcine is first sulphonated
with 90 percent sulphuric acid. After the sul-

as a gel.
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phonation is complete, nitric acid is added, the

material nitrated and the styphnic acid precipi-
tated. When the material is manufactured on a
commercial scale, it frequently happens that small
amounts of nitrous and nitric oxides are present
during the sulphonation. This produces a dark
brown material which contains some or all of the
above compounds as impurities. If pure sulphuric
acid is used in the sulphonation, a very light prod-
uct is obtained which is relatively pure styphnic
acid. In practicing the process of the present
invention, the dark brown material may be em-
ployed and the desired results obtained whereas
if the light product is employed, a requisite
amount of one or more of the nitrated products
of the above mentioned compounds must be added
to it.

In carrying out the process of the present in-
vention and producing the product of the present
invention, styphnic acid containing the requisite
amount of one of the adulterants referred to
above is suspended in water and then mixed with
a solution of sodium hydroxide. One feature of
the invention is the use of a suspension of styphnic
acid and a solution of sodium hydroxide which
will produce a relatively concentrated solution
of sodium styphnate. In the preferred practice
of the process as set forth herein, we employ so-
dium styphnate solutions of abput twice the
strength of those employed in the old process.
The sodium styphnate solution which we employ
is at slightly less than the saturation point at
room temperature. As the process is carried out
at an elevated temperature, no difficulty is ex~
perienced in keeping the sodium styphnate in
solution. The temperature of the material is
maintained at about 55° C. A solution of lead
nitrate containing glacial acetic acid is then added
to the first solution. The lead nitrate solution
is first added slowly at a temperature between
54 gnd 56° C. and the temperature is then raised
to 60° C. During the latter part of the precipi-
tation the lead nitrate addition is speeded up.
When this method of precipitating lead styphnate
is followed, the material first begins to precipitate
With continuous stirring this gel, dur-
ing the further addition of the lead nitrate so-
lution, begins to break up and form a thick slurry
which eventually changes from a yellow to a
brown color and at the same time dissolves. The
lead styphnate finally precipitates in the form
of substantially hexagonal plate-like crystals.
These crystals are thin and have a large ratio of
surface area to volume. When subjected to the
burning test, they do not burn when they contain
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15 percent or more of water. Because of the safe
condition of this product in the wet state in which
it is normally used during the compounding of
priming mixtures, it possesses a marked advan-
tage over the old form of lead styphnate here-
tofore employed in priming mixtures.

“While we do not wish to limit ourselves to the-

exact size of the plate-like crystals which we have
produced, the following data is given as illus-
trative of the product obtained by the process
of the present invention. The largest crystals
measure .022 cm. along the longest axis, .020 cm.
in width and approximately .003 cm. in thickness.
The average size of the crystals in the batch from
which the above measurements were obtained
was .008 cm. x .006 cm. x .001. ¢cm. The ratio
of surface to volume in such crystals is more
than twice that of the prismatic crystal of com-
parable size and this is a possible explanation of
the difference in the burning properties of the
two crystals. In the hexagonal plate-like crystal
this ratio remains substantially constant because
the smallest dimension, the thickness does not
change greatly with increase in size, whereas in
the prismatic crystal the ratio is an inverse func-
tion of the size, the shape of the crystal being
the same for all sizes. )

‘We have found several features of the process
which are of importance in obtaining the de-
sired product. One is that the gel form. quickly
and completely and that it break up soon after
forming. This gel is probably a hydrated salt
and if it forms only partially and does not thicken
entirely, the final product does not have the de-
sired properties found when the reaction goes
smoothly. If the gel persists too long in the
“solid” form the final product is not as uniform
as otherwise,

The factors which control the precipitation of
the lead styphnate as a hydrated gel are appar-
ently the control of temperature and regulation
of the addition of the lead nitrate-acetic acid
solution together with the correct ratio of sodium
hydroxide to acetic acid. " After the complete
precipitation of the lead salt as a hydrated gel,
a rapid transformation to the crystalline state
is necessary. 'This may be controlled by either
an increase in the concentration of acetic acid
or an increase in temperature or both.

Another factor is the strength of the sodium
styphnate solution. As stated, we preferably em-
ploy a solution slightly less than the saturation
point at room temperature. This may be varied,
however. A concentration one-half as strong as
that set forth herein is unsuitable and- a con-
centration 50 percent higher, while workable,
tends to become too stiff during the gel stage
and is therefore not as convenient to handle.
The principal controlling factors are, therefore,
concentration of the sodium styphnate solution,
time of addition of solutions, temperatures, and
ratio of acetic acid to sodium hydroxide. If one
of these factors is changed, the other three may
be varied to compensate for this change. It is
necessary in all cases, however, to employ a
strength of sodium styphnate solution and a
ratio of acetic acid to sodium hydroxide which
will cause the precipitation to form first as a gel
and then as the plate-like crystals as additional
lead nitrate, acetic acid solution is added. The
acetic acid increases the solubility and therefore
permits the formation of the separate plate-like
crystals without further growth mto the prls-
matic crystals,

In carrying out a typical example of the-in-
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vention a siispénsion of styphnic acid in water
is first prepared. If the styphnic acid is the
relatively impure material characterized by dark
brown color, the desired results can be cobtained
without any additional material being added to

it. If it is relatively pure styphnic acid charac-

terized by a light color, 8 grams of nitroresorufin
are added to each 450 grams of styphnic acid.

“'Instead of nitroresorufin any of the other ma-~

terials mentioned above may be used. A typical
example may consist of the addition of 450 grams
of styphnic acid to 5 liters of water. This is
placed in a pail or container and preferably lo-
cated in a water bath to control the temperature.
A solution of 1500 cc. of water containing 500
grams of sodium hydroxide is then prepared.
This solution is stirred until the sodium hydrox-
ide is completely dissolved and 520 grams of it
is added to the styphnic acid suspension. The
sodium hydroxide solution is added slowly to
the styphnic acid suspension with a temperature
of the latter at about 50° C. - The sodium hydrox-
ide solution is at a temperature of about 60° C.
and upon its addition to the suspension the
temperature of the pail or container rises. If
should be maintained at about 55° C.

A solution of lead nitrate is prepared by add-
ing 13,800 grams of lead nitrate to 36 liters of
water. This solution is prepared without agi-
tation and is preferably placed in the tank con-
taining the water in a leaching box and allowed
to stand over night. When the lead nitrate solu-
tion is complete, 2280 cc. of glacial acetic acid
are added for a period of one minute with stir-
ring. - The solution is then stirred for about five
minutes and quantities of 2500 cc. each are run
into calibrated delivery flasks.

‘With the lead nitrate solution prepared as de-
scribed and with the sodium styphnate solution
at a temperature of about 55° C., precipitation
of lead styphnate is begun. The lead nitrate so-
lution is allowed to drip into the sodium, styph-
nate. solution slowly. The first 600 cc. of lead
nitrate solution is added in approximately twelve
minutes-and the remainder in about thirty-five
minutes. - The temperature is maintained be-
tween 54° C. and 56° C. for the first twelve min-
utes and is then raised to 60° C. for the remain-
der of the addition. When from 400 to 500 cc.
of the lead nifrate solution has been added to
the sodium, styphnate solution, a gel begins to
form which changes quickly in color from black
to brown and to-a bright yellow until a point
is reached at which all surface motion ceases.
At that time the containers apparently contain
only masses of thick yellow flocs, non-crystalline
in appearance. At this time the addition of lead
nitrate is speeded up and the temperature of the
water bath must be raised to about 70° C. to keep
the container at a temperature of 60° C.

In from two to ten minutes, depending upon
the efficiency of stirring, the gel begins to break
up and form a thick slurry which eventually
changes from a yellow to- a brown color and at
the same time dissolves. Solution of the gel is
apparently - complete when approximately 2000
cc. of the lead nitrate solution has been added

“and no visible change occurs from this pomt to

the end of the addition. - -

When nitroresorufin is added to the hght col-
ored styphnic acid, the procedure -is slightly
varied. The quantity of sodium hydroxide is
increased slightly and. 25 cc. of glacial acetic acid
is added to the sodium styphnate solution.  The

starting temperature is about 56° C. and during
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the gel stage the temperature drops to about 51
to 52° C. but as stirring becomes more efficient,
the temperature rises to approximately 55° C.
The time of addition is ten minutes for the first
500 cc. of lead nitrate-acetic acid solution. This
rate is continued until about 750 cc. has been
added. At this point the gel begins to break up
and the addition is speeded up so that the entire
solution is added in 30 to 35 minutes.

As stated above, the process heretofore out-
lined produces a new product in that the lead
styphnate is in the form. of plate-like erystals
having a large ratio of surface area to volume, as
distinguished from the prismatic crystals here-
tofore produced. By following the process and
obtaining complete precipitation of the lead
styphnate as a hydrated gel followed by a rapid
transformation to the crystalline state, this de-
sirable product is obtained. Among its many
advantages over previous methods the following
may be noted:

1. The product is more uniform. The crystals
are either uniformly large or unifcrmly small
within a given batch, the extreme variation is
quite small,

2. The product passes the burning test regard-
less of crystal size.

3. The method allows the precipitation of
larger quantities in each working batch.

4, An increase in the percentage yield is ob-
tained.

5, Control of the method is much easier than
in previous methods, a greater leeway in the
time, temperature and concentration factors is
possible without seriously affecting the product.

Perhaps the greatest advantage, however, of
the plate-like crystals over the prismatic crys-
tals is the greater safety of the product and the
consequent lesser possibility of injury to work-
men in the handling of it. This is probably due
to the fact that the larger surface area allows
a more effective wetting of the crystals. This
permits a much wider range of crystal size and
still be within the limitation of satisfactory func-
tioning when subjected to the burning test.

The data given above with respect to the size
of crystals relates to crystals from e single batch,
Typical average size crystals cbtained from many
batches is .007 cm. along the longest axis, .005 cm.
in width and approximately .0015 cm in thick-
ness. In a crystal of such size the ratio of square
centimeters of area to cubic centimeters of vol-
ume is approximately 24 to 1. This is more than
twice that in the prismatic crystal. In a pris-
matic crystal of comparable size, the ratio of
square centimeters of area to cubic centimeters
of volume is approximately 10 to 1. The ratio
for the prismatic decreases as the size of the
crystals increases but remains substantially the
same for all size of crystals of the hexagonal
type.

In the claims the term ‘“‘sodium styphnate” is
intended to include the commercial product
which is a dark brown material containing as
impurities or adulterants one or more of the
nitro derivatives of resorufin, indophenol and
resazurin.

3

We claim:

1. As a new product, normal lead styphnate
in the form of plate-like crystals.

2. As a new product, normal lead styphnate
in the form of plate-like crystals of approximate-
ly .003 cm. thickness.

3. As a new product, normal lead styphnate
in the form of plate-like crystals of an average
thickness of .001 cm.

4. As a new product, normal lead styphnate
in the form of plate-like crystals of an average
size of approximately .007 cm. x .005 cm. x .0015
cm.

5. As a new product, normal lead styphnate in
the form of plate-like crystals wherein the ratio
of square centimeters of surface to cubic centi-
meters of volume is approximately 24 to 1.

6. The herein described method which com-
prises forming a solution of sodium styphnate,
adding a solution of lead nitrate and acetic acid,
concentrated with regard to lead nitrate and di-
lute with regard to acetic acid, thereto at such
temperature that a gel is precipitated, and con-
tinuing the addition of the lead nitrate-acetic
acid solution until lead styphnate is precipitated
in crystalline form.

7. The process of claim 6 wherein the sodium
styphnate solution is prepared from styphnic acid
containing an adulterant from the group con-
sisting of the nitro derivatives of resorufin, in-
dophenol and resazurin,

8. The herein described process which com-
prises adding sodium hydroxide to styphnate acid
at a temperature of substantially 55° C., then
adding a solution of lead nitrate and acetic acid,
concentrated with regard to lead nitrate and di-
lute with regard to acetic acid, thereto at such
temperature that a gel is precipitated and then
continuing the addition of the lead nitrate-acetic
acid solution until lead styphnate is precipitated
in crystalline form.

9. The herein described process which com-
prises preparing a solution of sodium styphnate,
adding a solutions of lead nitrate and acetic acid,
concentrated with regard to lead nitrate and
dilute with regard to acetic acid, thereto at
a temperature of substantially 55° C. until a
gel is precipitated, and adding -additional lead
nitrate-acetic acid solution thereto at a tem-
perature substantially 60° C. until lead styph-
nate is precipitated in the form of crystals.

10. In the process of manufacturing lead
styphnate, the steps comprising precipitating a
gel from a solution of sodium styphnate, and
then adding a concentrated lead nitrate-dilute
acetic acid solution thereto at a temperature of
substantially 60° C. to precipitate the lead styph-~
nate in crystalline form.

11. In the process of manufacturing Iead
styphnate, the steps comprising precipitating a
gel from a solution of sodium styphnate and
then adding a concenfrated lead nitrate-dilute
acetic acid solution thereto to precipitate the
lead styphnate in crystalline form.
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