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ABSTRACT

Described are methods for preparing salts of 5-nitrotetrazo
late by reacting 5-aminotetrazole, an acid, and Sodium nitrite
in water in a batch reaction at an elevated temperature. As
examples, the acid is nitric acid, Sulfuric acid, perchloric
acid, or hydrochloric acid, and the elevated temperature is at
or above 65° C.
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2
tities of CuH(5-NT) and NaNT, both of which are explo
sives. In considering this process, it is quite clear that a less
hazardous, alternate procedure is needed for large scale
laboratory production of NaNT.

FACLE METHOD FOR PREPARATION OF
S-NITROTETRAZOLATES USING A BATCH
SYSTEM

U.S. Pat. No. 7,253,288 to R. N. Renz, M. D. Williams,

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is related to and claims priority benefits
from U.S. Provisional Application Ser. No. 62/011,207 (“the
207 application'), filed on Jun. 12, 2014, entitled FACILE

and J. W. Fronabarger, also describes an alternate method for
producing NaNT utilizing microreactor technology, which
does not require the use of copper to stabilize the tetrazole
diazonium intermediate and involves direct reaction of
10

METHOD FOR PREPARATION OF 5-NITROTETRAZO

LATES. The 207 application is hereby incorporated in its
entirety by this reference.
FIELD OF THE INVENTION

15

This invention relates to explosives, and in particular to a
method for preparation of salts of 5-nitrotetrazolate, a reac
tant used in preparation of a variety of energetic materials.
BACKGROUND

Sodium 5-nitrotetrazolate (“NaNT. 6) has found appli
cation as both a stand-alone energetic material and as a
reactant or constituent in a variety of explosives and pro
pellants. Typically, NaNT is synthesized via a Sandmeyer
type reaction that involves displacement of a diazonium
group by a nucleophile, in this case nitrite ion resulting in a
nitro group, in the presence of cupric salts. C. Galli, “Sub
stituent Effects on the Sandmeyer reaction. Quantitative
Evidence for Rate-determining Electron Transfer J. Chem.
Soc. Perkin Trans. II, No. 5, 1984, pp. 897-902; U.S. Pat.
No. 4,093,623. Energetics chemists have been utilizing this
method for a number of years to produce NaNT in small
batches.

This procedure, outlined in FIG. 1, involves addition of a
solution of commercially available 5-aminotetrazole (“5AT 1) in aqueous nitric acid to a solution of copper(II)
Sulfate and Sodium nitrite to generate the diazonium ion (3),
which undergoes substitution to afford the acid copper salt
of 5-nitrotetrazole (“5-NT,” 5). During the addition of the
5-AT and nitric acid, the reaction temperature is normally
tightly controlled at or below 18° C. due to the thermal
instability of the diazonium intermediate. The second pro
cess step utilizes aqueous sodium hydroxide to convert the
acid copper salt of 5-NT into NaNT and generates copper
oxide as a byproduct.
This method is problematic, particularly during large
scale procedures, due to “micro-detonations” which occur if
the mixing of the 5-AT and sodium nitrite solutions is not
tightly controlled. These micro-detonations may be caused
by nitrogen oxide fumes from the reaction solution reacting
with droplets of 5-AT on surfaces in the reactor to form
5-diazotetrazole (4), which may spontaneously detonate in
solution when the concentration exceeds 1%.

25
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SUMMARY OF THE INVENTION

The terms “invention,” “the invention,” “this invention'
35
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and “the present invention' used in this patent are intended
to refer broadly to all of the subject matter of this patent and
the patent claims below. Statements containing these terms
should be understood not to limit the subject matter
described herein or to limit the meaning or scope of the
patent claims below. Embodiments of the invention covered
by this patent are defined by the claims below, not this
Summary. This Summary is a high-level overview of various
aspects of the invention and introduces some of the concepts
that are further described in the Detailed Description section
below. This summary is not intended to identify key or
essential features of the claimed Subject matter, nor is it
intended to be used in isolation to determine the scope of the
claimed subject matter. The subject matter should be under
stood by reference to appropriate portions of the entire
specification of this patent, any or all drawings and each
claim.

According to certain embodiments, a method of preparing
salts of 5-nitrotetraZolate comprises reacting 5-aminotetra
Zole, an acid, and sodium nitrite in water in a batch reaction

55

Aside from being psychologically disturbing for opera
tors, these micro-detonations may be strong enough to break
glass and may result in release of the potentially explosive
reaction mixture. It was determined that inclusion of a small

amount of CuSO to the 5-AT solution prior to addition to
the CuSO-nitrite solution was effective in preventing the
micro-detonations by catalyzing conversion of 5-diazotet
razole, in the presence of nitrite, to 5-NT. Use of these cupric
salts however, add additional steps (and cost and/or time) to
the procedure, which result in lower overall reaction yields.
These additional operations include two manual filtration
steps in which operators are exposed to considerable quan

5-AT/nitric acid with sodium nitrite at ambient temperature
and in a continuous flow regime. Unlike a batch process, this
procedure generates only very Small amounts of the unstable
reaction intermediates in a dilute media and they are Sub
sequently consumed via Substitution as a part of the flow
process. This process provides a safe method for preparation
of 5-nitrotetraZolates as only minor amounts of the interme
diates are generated per unit time and accumulation is not
possible, but requires extensive time and an appropriate
microreactor system optimized for 5-NT production.
The methods for preparation of 5-nitrotetrazolate salts
outlined above may be prohibitive either in terms of time
and safety for the batch process or for possessing an appro
priate microreactor system optimized for 5-NT production
for the flow process.
There is a need to improve the efficiency and safety of the
chemical process by providing a method for preparation of
5-nitrotetrazolate salts, specifically NaNT, quickly from
5-AT and utilizing a method in which all of the unstable
intermediates are immediately and fully consumed.

60

at an elevated temperature.
The acid may be nitric acid, Sulfuric acid, perchloric acid,
or hydrochloric acid. The method may further comprise
reacting about 2.1 moles of Sodium nitrite and about 1.1
mole of nitric acid per mole of 5-aminotetrazole.
In Some embodiments, the method comprises reacting
about 2 moles to about 5 moles of sodium nitrite per mole
of 5-aminotetrazole. The method may further comprise
reacting at least 1 mole to about 1.2 moles of the acid per
mole of 5-aminotetrazole.

In certain embodiments, the elevated temperature is at or
65

above 65° C.

According to certain embodiments of the present inven
tion, a reaction product of (a) 5-aminotetrazole, (b) a nitrite
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elements or steps, and may be used in conjunction with other
existing or future technologies. This description should not
In some embodiments, about 2 moles to about 5 moles of be interpreted as implying any particular order or arrange
the nitrite salt are supplied to the batch reaction per mole of ment among or between various steps or elements except
5-aminotetrazole. In further embodiments, at least 1 mole to 5 when the order of individual steps or arrangement of ele
about 1.2 moles of the acid are supplied to the batch reaction ments is explicitly described.
per mole of 5-aminotetrazole.
According to certain embodiments, a procedure has been
In some embodiments, the nitrite salt is sodium nitrite or
developed which provides facile access to high purity NaNT
potassium nitrite. In these embodiments, the acid is nitric by combining the reactants at an elevated temperature.
acid, sulfuric acid, perchloric acid, or hydrochloric acid. In 10 Under appropriate conditions, the diazonium formation and
these embodiments, about 2.1 moles of sodium nitrite and
Substitution occur at Such a rapid rate that there is no
about 1.1 mole of nitric acid may be supplied to the batch opportunity for buildup of hazardous intermediates.
reaction per mole of 5-aminotetrazole.
An advantage of the present method is that copper(II) is
In certain embodiments, the elevated temperature is at or not required for intermediate stabilization and so there is no
15
above 65° C.
need for isolation or separation of byproducts. In addition,
According to certain embodiments of the present inven the
process provides a high purity, concentrated aqueous
tion, a method for preparing a salt of 5-nitrotetraZolate solution
of NaNT which may be directly utilized in subse
comprises the steps of (a) providing an aqueous solution of
quent
reactions
or cooled to induce crystallization and
5-aminotetrazole and an acid (solution A), (b) providing an
aqueous Solution of a nitrite salt (solution B), (c) heating isolated as an end product.
This invention provides a simple, single reactor process
both solutions to an elevated temperature, (d) adding solu
tion A to solution B dropwise with rapid stirring and a slow for the synthesis of 5-nitrotetrazolates starting from 5-ami
notetrazole and which converts it, via a Sandmeyer reaction,
addition rate, and (e) cooling the mixture.
In some embodiments, the method comprises reacting to a salt of 5-nitrotetrazolate.
about 2 moles to about 5 moles of the nitrite salt per mole 25 According to certain embodiments of the present inven
of 5-aminotetrazole. The method may further comprise tion, NaNT may be prepared by reacting 5-AT, a suitable
reacting at least 1 mole to about 1.2 moles of the acid per acid such as nitric, Sulfuric or perchloric acid, and sodium
nitrite in water in a batch reaction at temperatures at or
mole of 5-aminotetrazole.
above 65° C. The components may be reacted under con
In some embodiments, the nitrite salt is sodium nitrite or
potassium nitrite. In these embodiments, the acid is nitric 30 ditions suitable to synthesize NaNT.
In certain embodiments, the components may be reacted
acid, Sulfuric acid, perchloric acid, or hydrochloric acid. The
method may further comprise reacting about 2.1 moles of by mixing 5-AT and an appropriate acid in water, heating the
sodium nitrite and about 1.1 mole of nitric acid per mole of mixture, and then adding the warm mixture dropwise to a
heated solution of sodium nitrite in water. The mixture may
5-aminotetrazole.
In certain embodiments, the elevated temperature is at or 35 be maintained in an elevated temperature range of about 50°
C. to about 90° C., further in an elevated temperature range
above 65° C.
at or above 65°C., and still further at an elevated tempera
In some embodiments, the slow addition rate is a duration
ture of about 65° C.
that is greater than about 5 minutes.
As an example, 5-AT and nitric acid may be combined in
According to certain embodiments of the present inven
tion, a method for preparing Sodium 5-nitrotetraZolate com 40 minimum water. In certain embodiments, the mixture is
prises the steps of (a) providing an aqueous solution of heated to an elevated temperature at or above 65° C. to
5-aminotetrazole and nitric acid (Solution A), (b) providing afford a clear solution which may be added dropwise to a
an aqueous Solution of Sodium nitrite (solution B), (c) solution of sodium nitrite, also held at or above 65° C. In
heating both solutions to an elevated temperature; (d) adding Some cases, the mixture displays extreme effervescence
solution A to solution B dropwise with rapid stirring and a 45 during the slow dropwise addition. After the addition is
complete, the resulting light yellow solution may be cooled
slow addition rate; and (e) cooling the mixture.
In some embodiments, the method comprises providing to room temperature. The resulting NaNT may be isolated or
used as is. The process provides a 90-95% yield of NaNT.
about 2.1 moles of sodium nitrite and about 1.1 mole of
The duration of the addition step may be a duration that
nitric acid per mole of 5-aminotetrazole.
In certain embodiments, the elevated temperature is at or 50 is greater than about 5 minutes, alternatively greater than
about 40 minutes, alternatively, about 30 minutes. Slow
above 65° C.
addition is preferred to prevent the formation of undesirable
In some embodiments, the slow addition rate is a duration
by-products.
that is greater than about 5 minutes.
It will be understood that a salt of 5-nitrotetrazolate may
BRIEF DESCRIPTION OF THE DRAWINGS
55 be prepared by reacting any suitable nitrite salt. Suitable
nitrite salts may include, but are not limited to, Sodium or
FIG. 1 is a depiction of a method used for preparation of potassium. Likewise any Suitable acid may be employed.
NaNT, according to certain embodiments of the present Suitable acids include, but are not limited to, perchloric acid,
invention.
Sulfuric acid, nitric acid or hydrochloric acid. Likewise, any
60 suitable solvent or combination of solvents may be used.

3
salt, (c) an acid, and (d) water, is prepared via a batch
reaction at an elevated temperature.

DETAILED DESCRIPTION

Suitable solvents include, but are not limited to, water.

The nitrite salt may be supplied in a molar ratio of at least
The subject matter of embodiments of the present inven 2 moles to about 5 moles per mole of 5-AT. A suitable acid
tion is described here with specificity to meet statutory may be Supplied in a molar ratio of at least 1 mole to about
requirements, but this description is not necessarily intended 65 1.2 moles per mole of 5-AT (the second proton required for
to limit the scope of the claims. The claimed subject matter diazotization presumably comes from the 5-AT). For
may be embodied in other ways, may include different example, sodium nitrite may be supplied in a molar ratio of
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about 2.1 moles per mole of 5-AT, while nitric acid may be
supplied in a molar ratio of about 1.1 mole per mole of 5-AT.
A solvent may be Supplied in an amount that is Suitable to
effectuate the reaction between 5-AT, a nitrite salt, and a

Suitable acid. As a more specific example, water (or other
Solvent) may be Supplied in an amount that is suitable to

5

The rate of addition was such that the addition of the entire

effectuate the reaction between 5-AT, a nitrite salt, and a
suitable acid.

The product contemplated and made by the methods of
the present application (in at least some aspects of the
present subject matter, NaNT) may be found suitable for use
as explosives and, in particular, as an intermediate for
primary explosives. Thus, the present application also con
templates methods for preparing compounds Suitable for use
as primary explosives, and devices employing such com
pounds as additives. Benefits include quick, simple and safe
preparation with very low toxicity waste streams for both
military and commercial applications.

10

15

EXAMPLES

The following examples demonstrate the preparation and
characterization of a material as taught herein.
Example 1
5-AT (1.0 g, 11.76 mmol) and nitric acid (0.72 mL of 16.4
mmol/mL, 1.1 eq.) were combined in a small beaker with 5
mL water (solution A). A 20 mL beaker was charged with
sodium nitrite (1.78 g, 2.2 eq.) and 10 mL of water (solution
B). Both solutions were heated to 65° C. Solution A was
added dropwise to solution B while solution B was rapidly

25

described for illustrative and not restrictive purposes, and
alternative embodiments will become apparent to readers of
this patent. Accordingly, the present invention is not limited
to the embodiments described above or depicted in the
drawings, and various embodiments and modifications may
be made without departing from the scope of the claims
below.

30

That which is claimed is:

1. A method of preparing sodium salts of 5-nitrotetrazo
late comprising reacting 5-aminotetrazole, an acid, and
Sodium nitrite in water in a batch reaction at an elevated
35

temperature at or above 65° C.
2. The method of claim 1, wherein the acid is nitric acid,

addition was such that the addition of the entire solution A

to solution B occurred in 30 minutes. During the addition,
the solution went from clear to light yellow in color and was
free of solids. After the addition was complete, the mixture
was allowed to cool to ambient temperature. Analysis
(HPLC or FTIR) of the reaction mixture indicated sodium
5-nitrotetrazolate with >90% yield.
Example 2

solution A to solution B occurred in 30 minutes. During the
addition the solution went from clear to light yellow in color
and was free of solids. After the addition was complete, the
mixture was allowed to cool to ambient temperature. Analy
sis (HPLC or FTIR) of the reaction mixture indicated
sodium 5-nitrotetrazolate with >90% yield. Note: Utilizing
Sulfuric acid, additional nitrite salt is required during the
reaction due to generation of nitrosylsulfuric acid, part of
which may be lost as NOX.
Different arrangements of the components depicted in the
drawings or described above, as well as components and
steps not shown or described are possible. Similarly, some
features and Sub-combinations are useful and may be
employed without reference to other features and sub
combinations. Embodiments of the invention have been

stirred at 65° C. Extensive effervescence occurred on addi

tion of each drop of Solution A and addition was suspended
temporarily while the effervescence subsided. The rate of

6
with sodium nitrite (2.84 g, 3.5 eq.) and 10 mL of water
(solution B). Both solutions were heated to 65° C. Solution
A was added dropwise to solution B while solution B was
rapidly stirred at 65° C. Extensive effervescence occurred on
addition of each drop of solution A and addition was
suspended temporarily while the effervescence subsided.

40

Sulfuric acid, perchloric acid, or hydrochloric acid.
3. The method of claim 2, wherein the method comprises
reacting about 2.1 moles of Sodium nitrite and about 1.1
mole of nitric acid per mole of 5-aminotetrazole.
4. The method of claim 1, wherein the method comprises
reacting about 2 moles to about 5 moles of sodium nitrite per
mole of 5-aminotetrazole.

45

5. The method of claim 4, wherein the method comprises
reacting at least 1 mole to about 1.2 moles of the acid per
mole of 5-aminotetrazole.

5-AT (1.0 g, 11.76 mmol) and perchloric acid (1.11 mL of
11.70 mmol/mL, 1.1 eq.) were combined in a small beaker
with 5 mL water (solution A). A 20 mL beaker was charged
with sodium nitrite (1.78 g, 2.2 eq.) and 10 mL of water
(solution B). Both solutions were heated to 65° C. Solution
A was added dropwise to solution B while solution B was
rapidly stirred at 65° C. Extensive effervescence occurred on
addition of each drop of solution A and addition was
suspended temporarily while the effervescence subsided.

50

The rate of addition was such that the addition of the entire

55

(d) adding solution A to solution B dropwise with rapid
stirring and a slow addition rate; and
(e) cooling the mixture.
7. The method of claim 6, wherein the method comprises
reacting about 2 moles to about 5 moles of the nitrite salt per

60

mole of 5-aminotetrazole.

solution A to solution B occurred in 30 minutes. During the
addition the solution went from clear to light yellow in color
and was free of solids. After the addition was complete, the
mixture was allowed to cool to ambient temperature. Analy
sis (HPLC or FTIR) of the reaction mixture indicated
sodium 5-nitrotetrazolate with >90% yield.
Example 3

6. A method for preparing a sodium salt of 5-nitrotetra
Zolate, comprising the steps of
(a) providing an aqueous Solution of 5-aminotetrazole and
an acid (Solution A);
(b) providing an aqueous solution of a nitrite salt (Solution
B);
(c) heating both solutions to an elevated temperature at or
above 65° C.;

8. The method of claim 7, wherein the method comprises
reacting at least 1 mole to about 1.2 moles of the acid per
mole of 5-aminotetrazole.

9. The method of claim 6, wherein the nitrite salt is

5-AT (1.0 g, 11.76 mmol) and sulfuric acid (0.65 mL of
17.60 mmol/mL, 1.0 eq.) were combined in a small beaker
with 5 mL water (solution A). A 20 mL beaker was charged

65

Sodium nitrite or potassium nitrite.
10. The method of claim 9, wherein the acid is nitric acid,

Sulfuric acid, perchloric acid, or hydrochloric acid.

US 9,598,380 B2
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11. The method of claim 10, wherein the method com

prises reacting about 2.1 moles of sodium nitrite and about
1.1 mole of nitric acid per mole of 5-aminotetrazole.
12. The method of claim 6, wherein the slow addition rate
is a duration that is greater than about 5 minutes.
13. A method for preparing sodium 5-nitrotetrazolate,
comprising the steps of
(a) providing an aqueous Solution of 5-aminotetrazole and
nitric acid (Solution A);
(b) providing an aqueous solution of Sodium nitrite (solution B);
(c) heating both solutions to an elevated temperature at or
above 65° C.;
(d) adding solution A to solution B dropwise with rapid
stirring and a slow addition rate; and
(e) cooling the mixture.
14. The method of claim 13, wherein the method com
prises providing about 2.1 moles of sodium nitrite and about
1.1 mole of nitric acid per mole of 5-aminotetrazole.
15. The method of claim 13, wherein the slow addition
rate is a duration that is greater than about 5 minutes.
k

k

k

k

k
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