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decreases as the water content increases and that between

3,31997

a 5-10% water content the material is relatively insensitive
PREPARATION OF iif AZINE PERCHLORATE
and that this insensitivity increases as one approaches a
HEMHYDRATE
complete
solution. If one, therefore, removes the hemi
David R. Stern, Fullerton, Calif., assignor to American
hydrate
as
a filter cake containing 5-10% water, one will
Potash & Chemical Corporation, a corporation of
be
handling
the material in the safest form.
Delaware
The point of maximum insensitivity corresponds
Filed Feb. 13, 1961, Ser. No. 88,899
roughly to that of the existence of the monohydrate,
1 Claim. (C. 23-85)
N2H5CIO'H2O. While this compound has been dis
The invention relates to the manufacture of hydrazine 10 cussed in literature, so far as I am aware, no one has
perchlorate.
isolated the material. Nor is it apparent how one would
achieve the monohydrate by crystallization from an aque
Hydrazine perchlorate is a highly useful material be
ous medium. It could form as a secondary process in
cause it contains a high percentage of oxygen and be
cause its high density of 1.939 provides a material of the filter cake as follows:
high oxidizing power per unit volume. In addition, its 5
N2H5ClO4. A. HO -- 4. HO-> NHClO4 HO
heat of formation is low compared to other perchlorates.
The
hemihydrate
may be dehydrated directly by vac
When used as an oxidizer, the nitrogen and hydrogen
uum drying in conventional equipment or by using an
contribute to a lower average molecular weight of exhaust
organic solvent such as an alcohol or a water azeotroping
products. All these factors contribute to a high specific
impulse in rocketry and hence hydrazine perchlorate is 20 agent which is compatible with the perchlorate.
The use of ammonium perchlorate involves another
a desirable ingredient as an oxidizer in solid rocket mo
advantage, making it unnecessary to remove a second
tors. One of its disadvantages, however, is that it is
component from the system as a solid salt by evaporation
a very sensitive material and in the anhydrous state any
and crystallization. The use of any other metallic per
impurities present can make it even more sensitive.
would require the removal of the second com
In accordance with the present invention I provide a 25 chlorate
ponent.
process for the manufacture of hydrazine perchlorate
The following example is set forth as illustrative of
which is very simple. In addition, the resulting product
the present preferred practice of the invention. It is
can be readily recovered. Further, and in accordance
not, however, to be taken as the only possible embodi
with the present invention, I utilize ammonium perchlorate
30 ment inasmuch as those skilled in the art can readily
as the perchlorate, thus providing other advantages.
practice the process utilizing other means.
The conventional process for manufacture of hydrazine
perchlorate is by the reaction of perchloric acid and
Example I
hydrazine. Perchloric acid is extremely corrosive and
0.17 mole of commercial anhydrous hydrazine was
sensitive. In addition, since the hydrazine perchlorate
added to an agitated solution consisting of 0.17
forms a hydrate, water can be removed from the system, 35 slowly
moles of ammonium perchlorate and 4.44 moles of water
thus giving rise to the possibility of the formation of maintained
at a temperature of 27° C. The resulting
anhydrous perchloric acid. This last material decom
mixture was gradually heated to a temperature of
poses spontaneously with explosive force.
100-2 C. and maintained within this range for ap
- The process of the present invention can be represented 40 proximately
5 hours. Gases evolved from the reactor
as involving the following reaction:
vessel were passed through a water cooled reflux con
denser, and subsequently through two columns contain
ing standard acid solution. Essentially all of the hy
This reaction is carried out in aqueous solution and
was found to have remained in the reactor solu
the ammonia formed is removed by heating, leaving a 45 drazine
tion,
whereas
63.5% of the ammonia added in the form
solution of hydrazine perchlorate. If a little excess hy
of ammonium perchlorate was recovered in the absorber
drazine is added, almost all of the ammonia can be re
solutions. The reaction mixture was again heated and
moved at ambient temperatures. The purity of the prod
approximately 3.33 moles of water vaporized and the
uct is a direct function of the purity of the raw ma
remainder of the ammonia removed. The resulting so
terials introduced and, since these can be made as pure
as desired, the final product is of high purity. Upon 50 lution was cooled to about 5 C. and the white crystal
solid filtered off and allowed to air dry for about
cooling the aqueous solution to a temperature below the line
16 hours. Analysis of the salt showed 22.3% NH
transition temperature (60-65 C.) of hydrazine per
and 71.1% perchlorate as HClO4, corresponding to com
chlorate to hydrazine perchlorate hemihydrate, the latter position
of hydrazinium perchlorate hemihydrate,

will crystallize from the solution. This is a relatively

stable material which can be handled with safety.
We have discovered that the sensitivity of the hemihy

drate is related to the quantity of water present. Thus,
referring to the accompany drawing, I have illustrated
graphically the relation between the percentage of water
present in the hydrazine perchlorate and the height re
quired to effect detonation of a 20 milligram sample of
hydrazine perchlorate containing the indicated amount
of water in at least 50% of the trials upon dropping a 2
kilogram weight the distance indicated in centimeters. It
will be noted from this that anhydrous hydrazine per

chlorate is relatively sensitive to detonation but that this

55

This was dehydrated directly in isopropyl alcohol to the

anhydrous material, N2HgClO4.

60
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Example II
The procedure of Example I was followed but the heat
ing was continued to effect removal of additional water
until the solution was so concentrated that, upon cooling
to 70° C., anhydrous hydrazine perchlorate crystallized
and was recovered.
I claim:

A process for the manufacture of hydrazine perchlorate
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3
hemihydrate comprising adding hydrazine to an aqueous
solution of ammonium perchlorate to form hydrazine

4.
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