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medium and that substantially all of the potassium chlo
ride formed precipitates, particularly when the reaction
is carried out at a somewhat reduced temperature. The
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precipitated potassium chloride is separated from the re
action mixture by ?ltration and the ammonium per

AMMONIUM PERCHLORATE MANUFACTURING
PROCESS

chlorate is then recove'red by evaporation of the am
monia solution to dryness or by cooling the solution to
cause ammonium perchlorate to crystallize therefrom.

Harold W. Ritchey, Huntsville, Ala., assignor to Thiokol
Chemical Corporation, Trenton, N.J., a corporation of

The reaction may be represented by the following equa

Delaware

No Drawing. Filed June 9, 1958, Ser. No. 740,532 _

10 tion:

KClO4+NH4Cl—>NH4ClO4+KCl

5 Claims. (CI. 23-85)

The reaction may be carried out satisfactorily over a

fairly wide temperature range, i.e. —35° to +50° C.
This invention relates to the manufacture of ammonium 15 However, optimum separation of the products appears
to occur in the neighborhood of 0° C. As indicated by
perchlorate and more particularly to a novel process for
the examples given hereafter the reaction may be carried
producing ammonium perchlorate having improved prop
erties for use in rocket propellants.

‘

There is at present a considerable demand for am
monium perchlorate of high purity for use as an oxidizer

in solid rocket propellants. It has been previously pro

posed that ammonium perchlorate be prepared by react
ing sodium perchlorate and ammonium chloride in aque

out at atmospheric pressure or at elevated pressures.

While the proportions of the reactants may be varied
if desired, there does not appear to be any advantage in

departing from the theoretical proportions indicated by
the equation given above. Accordingly approximately
equi-molar quantities of potassium perchlorate and am

monium chloride are preferably used.
ous solution to produce ammonium perchlorate and sodi
um chloride. Ammonium perchlorate has a temperature 25 ' In carrying out the reaction the potassium perchlorate
and ammonium chloride are dissolved in liquid am
gradient of solubility that is substantially greater than that
monia, and the solution is stirred until the reaction is
' of sodium chloride and this difference in solubility has
been utilized in a number of known processes for sepa

rating these two products’. However, the solubilities of

complete. A relatively concentrated solution is desirably
used so that the concentration of ammonium perchlorate

ammonium perchlorate and sodium chloride are suf 30 in the reaction mixture is close to the saturation value
at the operating temperature employed. Since the reac
?ciently similar so that multiple separation steps and in
tion proceeds rapidly, only a few minutes’ stirring is re
some cases fractional crystallization of the ammonium
quired to ensure precipitation of ‘the potassium chloride
perchlorate product are required in order to recover
from the aqueous solution of the mixed salts an am

monium perchlorate having the requisite purity.
In cases where the ammonium perchlorate is to be
incorporated in a rocket propellant the previous proc
esses are subject to the further disadvantage that the am

monium perchlorate crystals produced contain occluded
water.

that is formed.

'

I

The precipitated potassium chloride is separated by
?ltration and the ?ltrate is treated to recover ammonium

perchlorate therefrom. Recovery of the ammonium per
chlorate is usually eiiected by evaporating the ammonia
solution to dryness, although cooling ofthe ?ltrate to

This occluded water tends to cause caking of 40 a relatively low temperature, e.g. +30‘? C. to —-70° C. or

the product in storage and processing di?‘iculties in the
manufacture of propellants. For example, in orderto

produce propellants having predetermined burning rates,

partial evaporation of the ?ltrate or various combina
tions of partial evaporation and cooling may be used.
The purity of the product may be improved by one or

more fractional crystallization steps. For example, if the
accurate control of the particle size of the oxidizer is im
portant. The presence of water in the ammonium per 45 initial reaction is carried out at about 0° C. the ?ltrate
chlorate crystals tends to block the ori?ces in the pulver
izing and sizing equipment used to comminute the oxi

may be caused, by evaporation of ammoniav therefrom,

to come to equilibrium at atmospheric temperature,
whereupon a further precipitate is formed. The solution '
dizer to the desired particle size, thus impeding control 7
is then ?ltered to remove this second precipitate and the
of the particle size. Also solid propellant compositions
commonly contain polymerizable components and the 50 resulting ?ltrate is evaporated to dryness to recover am
water associated with the ammonium perchlorate may '

act detrimentally as a polymerization catalyst in the
propellant mixture. I

1

.

It is accordingly an object of the present invention to‘
provide an improved process for the manufacture of am
monium perchlorate. It is another object of the inven- '
tion to provide a process for producing relatively pure

monium perchlorate.

'

‘

In order to point, out more fully the nature of the

present invention the‘ following speci?c examples. are
given of an illustrative method of carrying out the present
process.

.

i

.

‘

'

'

Example 1

One-half mole (26.8 g.) of ammonium chloride and
ammonium perchlorate that comprises fewer steps than . one-half mole (69.3 g.) of potassium perchlorate-were
have previously been required to produce ammonium
added to 11.7 moles (200 g.)_of liquid anhydrous am
perchlorate of comparable purity. It is still another 60 monia and the resulting mixture was brought to a tem
object of the invention to provide a commercially feasible
perature of about 0° C. After stirring ‘for’ ?ve minutes,

process for producing ammonium perchlorate crystals
substantially free from occluded water.

Other objects

the‘ mixture was ?ltered.

The ?ltrate was allowed to

warm‘ to room temperature (26° (2.), with evaporation
of the invention will be in part obvious and in part
of ammonia,leaving a solution saturated with the solutes
65
pointed out hereafter.
" 1
v
and having a vapor pressure of one atmosphere at 26‘?

In accordance with the present invention. the-foregoing
objects are achieved by utilizing liquid anhydrous am~
monia as a reaction medium. Potassium perchlorate and
ammonium chloride are dissolved in liquid ammonia and
'

vC.,‘and the mixture was ?lteredagain to, remove salts
that had precipitated duringthe warming process. The
?ltrate was evaporated to ‘dryness and the residue-driedv
at 100° Cr‘for one hour.

. I

.

-

.

-

~

caused; to react therein to produce ammonium perchlorate. 70 g The chloride content of theproduct expressed as potas
and potassium chloride. ;.It has been found, that potas
siumchloride was 4.2%, and the ‘perchlorate contentex
sium-chloride has a very low ,solubilityrin this reaction _ ‘pressed as ammonium perchlorate was 95.7 %.
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Example 2

amples are intended to be illustrative only and that

The apparatus used comprised a closed stainless steel
pressure reactor which contained a stirrer and a ?lter

disc cemented to an exit conduit leading from the bot~
tom of the reactor. The exit conduit contained a shut

o? valve. 2 moles (107.0 g.) of ammonium chloride
and 2 moles (277.1 g.) of potassium perchlorate were
introduced into the reactor. 21.8 moles (371.0 g.) of
liquid anhydrous ammonia were charged into the reac

numerous changes can be made in the ingredients, pro

portions and conditions speci?cally mentioned without
departing from the spirit of the invention as set forth in
the appended claims.
I claim:

'

1. The method of making ammonium perchlorate su‘o~
stantially free of occluded water and of at least 90 per

cent purity which comprises reacting potassium perchlo

tor slowly to dissolve the salts therein. The reactor was 10 rate and ammonium chloride in solution in liquid an~
hydrous ammonia to form ammonium perchlorate and
then sealed and the reaction carried out under autogenous
to precipitate potassium chloride, separating the precipi
pressure. More particularly, the mixture in the reactor
tated chloride from the ammonia solution, and recover
was stirred until the pressure reached approximately 40
ing ammonium perchlorate from said solution.
p.s.i. water at room temperature (26° C.) being circulated
2. The method of making ammonium perchlorate sub
about the reactor during this time to maintain the tem
stantially
free of occluded water and of at least 90 per—
perature constant. The valve in the exit conduit was then
cent purity which comprises reacting potassium perchlo
opened to cause the solution to ?ow out of the reactor
rate and ammonium chloride in solution in liquid au
through the ?lter disc and the ?ltrate was collected in a
hydrous ammonia at about 0° C. to form ammonium
container located beneath the reactor. The ?ltrate was
evaporated to dryness and a sample dried in an oven at 20 perchlorate and to precipitate potassium chloride, sep

100° C.
Analysis of the sample showed that it had a perchlorate
content, expressed as ammonium perchlorate, of 93.1%.

Example 3
0.2 mole (10.6 g.) of ammonium chloride and 0.2

arating the precipitated chloride from the ammonia solu
tion, and recovering ammonium perchlorate from said

solution.
3. The method of making ammonium perchlorate sub~
25 stantially free of occluded water and of at least 90 per

cent purity which comprises reacting potassitun perchlo

mole (27.6 g.) of potassium perchlorate were added to a

rate with ammonium chloride in liquid anhydrous am

reaction vessel containing 11.7 moles (200 g.) of liquid

monia solution at a temperature within the range of —35 °

C. to 50° C., ?ltering, and recovering the resulting am
anhydrous ammonia. The temperature was controlled
at ——35° C. After thorough mixing the product was ?l 30 monium perchlorate by evaporating the ?ltrate to dryness.

tered through a funnel containing glass wool and packed
in Dry Ice.

The ammonia was removed from the ?l

trate by evaporation to dryness, and the residue was
heated in an oven for one hour at 110° C.

Analysis

4. The method of making ammonium perchlorate sub

stantially free of occluded water and of at least 90 per

cent purity which comprises introducing into a pressure
reactor approximately equimolar amounts of potassium

showed that the residue contained 90.0% perchlorate, 35 perchlorate and ammonium chloride and su?icient am
monia to dissolve the ammonium perchlorate produced,
expressed as ammonium perchlorate.
causing the reaction to proceed to completion under autog
Example 4
enous pressure, ?ltering the solution, and recovering the
ammonium perchlorate from the ?ltrate by evaporating
0.5 mole (26.7 g.) of ammonium chloride, 0.5 mole
(69.3 g.) of potassium perchlorate, and 11.7 moles (200 40 it to dryness.
5. The method or‘ making ammonium perchlorate sub
g.) of liquid anhydrous ammonia were placed in a re
stantially free‘ of occluded water and or‘ at least 90 per
action vess'el and maintained at —33° C. The mixture
cent purity which comprises introducing into a pressure
was. stirred and then ?ltered. The ammonia was removed
reactor approximately equimolar amounts of potassium
by evaporation of the ?ltrate to dryness. The residue
was dried at 110° C. for an hour.

The perchlorate con

45 perchlorate and ammonium chloride and suf?cient am

monia to dissolve the ammonium perchlorate produced,
causing the reaction to proceed to completion under
Example 5
autogenous pressure, ?ltering the solution and recover
ing the ammonium perchlorate from the ?ltrate by cool
0.2 mole (10.6 g.) of ammonium chloride, 0.2 mole
(27.6 g.) of potassium perchlorate, and 5.9 moles (100 50 iug to a temperature of —30° C. to —70° C.
g.) of liquid anhydrous ammonia were placed in a reac
References Cited in the ?le of this patent
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