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This invention relates to the manufacture of
nitrous oxide by the heating of ammonium ni-
trate to its temperature of decomposition and
more particularly to such a process in which im-

5 provement in yield, purity and uniformity of gas
development is obtained.

The commercial methods of the prior art for
the manufacture of nitrous oxide have generally
comprised the heating of ammonium nitrate to

10 its decomposition temperature; with the resulting
formation of gaseous nitrous oxide and water,
according to the equation:

NHyNO3=N20+-2H:20

15 While the chemistry of this process is simple, the
method of operation must be controlled: very
carefully for several reasons. Since the principal
demand for nitrous oxide gas is-as an anaes-
thetic, it is essential that a high purity product

20 be obtained. A highly important consideration is
that the reaction proceed smoothly. Since the
decomposition reaction involves the conversion
of a solid to gaseous products, a very great in-
crease in - volume occurs and an uncontrolled

25 reaction might therefore become explosive in its
effects. This control of the reaction velocity is
important not only from a safety point of view
but from the practical consideration of yield.
The purity of the product is likewise dependent

30 on the even course of the reaction, since, under
some conditions of decomposition, nitrogen gas
may occur as a product.

Nitrous oxide has been preduced according to
prior art practise by both batch and continuous

356 processes, though the former has been most gen-
erally followed. - One frequently practised meth-
od of operation has comprised the introduction
of a considerable amount of ammonium nitrate,
for example 600 pounds, into a retort vessel,

‘40 either in solid lump form or as molten material.
Heat has then been applied until the charge has
been raised to the decomposition temperature,
for example 240-260° C. Since the reaction is
exothermic, no further application of heat is

45 ordinarily necessary when once it has started. A
certain amount of cooling may be desirable from
this point on, in order to exercise the desired con-
trol over the decomposition velocity. Nitrous
oxide is thus obtained as a decomposition prod-

50 uct, together with water, which latter mafterial
may be largely removed by condensation.

Some of the processes of the prior art have
controlled the reaction to a certain extent by
dilution of the ammonium nitrate with inert ma-

55 terials, and the same effect has been obtained by

(Cl1, 23—158)

utilizing as starting materials a mixture of salts

in which ammonium nitrate is formed by double
decomposition, for example sodium or potassium
nitrate with ammonium sulfate. The most de-

sirable method of procedure, however, has been !

found to be the use of pure ammonium nitrate
by itself, the process being stopped when a pre-
determined amount of decomposition has oc-
curred, 60 to 80% for example. Following such
a procedure, a residue of 40 to 209 of the origi-
nal ammonium nitrate is left in the retort, and
sufficient fresh material can be added to bring
the amount to the original quantity. Upcn
heating, renewed conversion to nitrous oxide will
again occur. In this manner a - sticcession of
batch conversions can be carried out with the
necessity of compiete recharging of the appa-
ratus only after considerable periods of time.
In the production of nitrous oxide from am-~
monium nitrate by the methods outlined, par-
ticularly where the reactor holds several hun-
dred pounds of ammonium nitrate, the velocity
of the reaction occasionally increases suddenly,
and unexpected semi-explosive increases in gas
evolution may take place. Such occurrences are
due to an increase in reaction rate, and are gen-
erally accompanied by an increase in side re-
actions which give such undesirable products as
ammonia, nitric acid and higher oxides of nitro-
gen, or nitrogen itself."Aside from the effect of
local overheating, there is no general agreement
as to the reasons for the occurrence of violent
reactions. - It seems probable, however, that the
presence of certain impurities in small amounts

in the reaction material might exert an undesir-~ -

able catalytic eifect on the various side reactions.
If the operations are conducted in such a way
that fresh ammohium nitrate is periodically
added to the residual material from a previous
batch operation, it is apparent that any non-
volatile impurity that is deleterious to the smooth
decomposition to nitrous oxide will increase pro-
gressively in amount present as successive oper-
ations are carried out.

While safeguards are maintained against such
contingencies in the way of rapid cooling, pres-
sure vents -and releasable lids, so that there is
little danger to life or permanent equipment,
considerable loss in yield and reduction-in gas
purity result and the desired smooth operation
of the method is interrupted.

The object of our invention is an improved
process for the production of nitrous oxide by
the thermal decomposition of ammonium nitrate.
A further object is such a process wherein the
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combined advantages are obtained of increased
pwrity of product, improved yield, and a more
uniform velocity of gas development. A still fur-
ther object is a new composition of matter com-
prising ammonium nitrate particularly adapted
for the production of nitrous oxide. Additional
objects will be disclosed as our invention is here-

" inafter more fully described.
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‘We have discovered that the foregoing objects
are accomplished by maintaining in contact with
the ammonium nitrate during the decomposition
period a compound which not only increases the
rate of decomposition of ammonium nitrate to
N20, but also inhibits the side reactions which
produce nitrogen and other impurities. Com-
pounds of this type may be regarded as cata-
lysts for the main reaction and inhibitors of the
side reactions involved in the thermal decompo-
sition of ammeonium nitrate to N20.

A great many compounds are available which
are suitable for the purpose of our invention. We
have found, however, that materials comprising
phosphorus and arsenic are especially effective.
Preferably, but not necessarily, the elements
should be a constituent of an acid radical and in
general, while water-insoluble compounds of the
elements mentioned give favorable results, we pre-
fer to employ water-soluble materials. Since it
is the object of the invention to produce pure
nitrous oxide, we prefer to employ phosphorus
or arsenic derivatives which are substantially
non-volatile under the conditions which obtain
in the reaction vessel. As examples of suitable
phosphorus compounds we wmay mention the
various ammonium phosphates, such as ammoni-
um dihydrogen ortho phosphate, ammonium
meta phosphate, diammonium pyrophosphate,
and the like; the various alkali and alkaline earth
phosphates, such as trisodium phosphate, disodi-
um acid phosphate, monopotassium acid phos-
phate, barium pyrophosphate, barium hypophos-
phate, calcium meta phosphate, caleium hypo-
phosphate, calcium pyrophosphate, magnesium
acid ortho phosphate, and related compounds:
and in general any of the other phosphorus
derivatives such as phosphorous pentoxide, phos-
phorous ftrioxide, iron phosphate, phospho-
molybdic acid, cobalt phosphate and similar
compounds. As examples of suitable arsenic
compounds we may mention arsenous oxide,
arsenic oxide, arsenic acid, arsenious acid and
the acid derivatives such as sodium arsenite,
sodium arsenate, potassium arsenate, ammonium
arsenite, calcium arsenate and the like. We have
also found that compounds derived from molyh-
denum, silver, and manganese exhibit a desir-
able effect, although to a lesser degree. As exam-
ples of suitable derivatives of these elements we
may mention ammonium molybdate, silver
nitrate, manganous nitrate and the like.

All these materials produce two effects in the
thermal decomposition of ammonium nitrate.
In the first place, the materials mentioned cata-
lyze the decomposition to nitrous oxide as evi-
denced by an increased rate of reaction. In the
second place, the materials according to our in-
vention inhibit the side reactions which attend
the decomposition of ammonium nitrate to ni-
trous oxide. As g result, the purity of the gas
preduced is significantly higher and the evolution
of the gas proceeds rapidly and smoothly.

As a specific example of one embodiment of
our improved process, we may operate as fol-
lows: 600 pounds of ammonium nitrate is intro-
duced into a suitably heated metal retort, adapt-
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ed for the production of nitrous oxide gas, to-
gether with 0.06 pound of ammonium dihydro-
gen phosphate. The retort is heated until the
contents reach the decomposition temperature,
when the external heating is discontinued. The
reaction is allowed to proceed with evolution and
subsequent collection of nitrous oxide until only
about 200 pounds of ammonium nitrate remains
in the retort, when the reaction is stopped. 400
pounds of fresh ammonium nitrate and 0.04
pound of ammeonium dihydrogen phosphate is
then introduced into the retort and the mixture
is heated again to decomposition temperature,
with further production of nitrous oxide. Only
after a large number of runs will it be neces-
sary to discard the residual heel of accumulated
impurities.

In carrying out our invention, we preferably
utilize ammonium nitrate of low content of our

catalyst. In the case of soluble phosphates, for -

xample, we find it desirable to have such ma-
terial present in an amount greater than 0.001%
by weight of ammonium nitrate present. Prefer-
ably we employ not more than 2% of the catalyst,
for example between 0.01% and 0.1% by weight
of the ammonium nitrate. The use of relatively
higher percentages of the phosphate will be un-
desirable for economic reasons and beyond a cer-
tain point, for example 2%, will bring no further
advantage. It will be understood, of course, that
with the successive decomposition of ammonium
nitrate charges and the addition of fresh phos-
phate-containing nitrate to the residual unde-
composed salt, the content of this or other bene-
ficial added material will build up progressively.
Such increased contents, however, are not dele-
terious to the successful operation of the process.
There is furthermore no tendency for the catalyst
to react to form gaseous products and pass over
with the nitrous oxide.

The advantages of our catalyst may be readily
appreciated from laboratory tests and to an even
greater degree from actual plant operations. Its
use assures greater safety in operation, increased
vields and a nitrous oxide of higher purity.

While for purposes of illustration a batch proc-
ess has been described, it will be understood that
our improved method is equally applicable to oth-
er modes of cperation. Thus for example, we

may employ the process described and claimed in ‘:

our copending application, Serial No. 87,201 filed
June 25, 1936. According to this method, the de-
composition of ammonium nitrate is carried out
in such a manner that a substantially constant
ratic is maintained between the amount of am-
monium nitrate being decomposed and the
amount of catalyst present in the reaction mix-
ture. Thus we may introduce into the retort 60
pounds of ammonium dihydrogen phosphate, for
example, and 540 pounds of ammonium nitrate.
The contents are brought to the temperature of
decomposition of the ammonium nitrate, and the
evolved nitrous oxide is collected. Ammonium
nitrate in either solid or molten form, or as an
aqueous solution, with or without added catalyst,
is added to the retort in such a manner that a
substantially constant quantity of ammonium
nitrate is present in the retort at all times. The

particular advantages in this procedure arise

from the fact that a substantially constant ratio
is maintained between the amount of catalyst
and the amount of ammonium nitrate present in
the retort, with the result that the course of the
reaction is smoother, and N2O of higher purity is
produced. Since the catalyst is substantially
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non-volatile under these conditions, there will
be no loss of ammonium phosphate. This meth-
od of operation is disclosed and claimed in our
copending application, Serial No. 87,201 filed
June 25, 1936,

It should be apparent also that our improved
process and our ammonium nitrate adapted for
the efficient production of nitrous oxide make no
claims as to temperature limits during the de-
composition period but simply require heating
to the temperature where the decomposition of
the ammonium nitrate produces the desired gas
generating rate. Similarly other steps of our
process will be the same as those of the prior
art. Thus, for example, we may employ our im-
proved catalysts not only with ammonium nitrate
added to the retort as such, but also with a mix-
ture of salts such as sodium nitrate and am-
monium sulfate, which result in the formation
of ammonium nitrate in situ. In fact, many
variations in details and conditions of operation
may be made, without departing from the scope
of the invention. We intend therefore to be lim-
ited only by the following patent claims:

We claim:

1. The process of producing nitrous oxide by
heating ammonium nitrate to its decomposition
temperature, which process comprises maintain-
ing in contact with said ammonium nitrate during
the decomposition period a catalyst comprising =a
compound containing an element selected from
the group consisting of phosphorus and arsenic.

2. The process of producing nitrous oxide hy
heating ammonium nitrate to its decomposition
temperature, which process comprises contacting
said ammonium nitrate during the decomposition
period with an inorganic compound containing a
phosphoric acid radical.

3. The process of claim 2, in which said inor-

ganic compound is water-soluble.

4. The process of claim 2, in which said inor-
ganic compound comprises crtho-phosphoric acid.

5. The process of claim 2, in which said inor-
ganic compound comprises ammonium dihydro-
gen phosphate.

6. The process of claim 2, in which said inor-
ganic compound comprises normal sodium phos-
phate.

7. The process of claim 2, in which the com-~
pound containing a phosphoric acid radical is

3

present in an amount in excess of 0.001% of the
weight of ammonium nitrate.

8. A new composition of matter adapted for
the production of nitrous oxide by thermal de-
composition, said composition consisting essen-
tially of ammonium nitrate and not over 2% of
an inorganic compound containing an element
taken from the group consisting of phosphorus
and arsenic.

9. A new composition of matter adapted for the
production of nitrous oxide by thermal decom-
position, said composition consisting essentially
of ammonium nitrate and not over 2% of an
incrganic compound containing a phosphoric acid
radical.

10. The composition of claim 9, in which said
inorganic compound comprises ammonium dihy-
drogen phosphate.

11. The composition of claim 9, in which said
inorganic compound comprises ortho-phosphoric
acid.

i2. The composition of claim 9, in which said
inorganic compound comprises normal sodium
vhosphate.

13. The composition of claim 9, in which said
inorganic compound is present in an amount be-
tween 0.00% and 2% by weight of the ammonium
nitrate.

14. The process of producing nitrous oxide by

heating ammonium nitrate to its decomposition 3

temperature; which process comprises maintain-
ing in contact with said ammonium nitrate dur-
ing the deccmposition period not over 2% of a
catalyst comprising a compound containing an
element selected from the group consisting of
phosphorus and arsenic.

15, The process of producing nitrous oxide by
heating ammonium nitrate to its decomposition
temperature, which process comprises maintain-
ing in contact with said ammonium nitrate dur-
ing the decomposition period a catalyst compris-
ing a compound containing phosphorus.

168. The process of producing nitrous oxide by
heating ammonium nitrate to its decomposition
temperature, which process comprises maintain-
ing in contact with said ammonium nitrate dur-
ing the decomposition period not over 2% of a
catalyst comprising a compound containing phos-
phorus. .

JAMES B. CASTNER.
WILLIAM E. KIRST.
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