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The present invention relates to. an improved
process for the manufacture of guanidine nitrate
and has reference more particularly to its manu-
facture from ammonium thiocyanate.

It has been known that guanidine nitrate can
be prepared by the conversion of ammonium
thiocyanate at elevated temperatures to guani-
dine thiocyanate which is reacted in solution
with a compound bearing the nitrate anion to
form guanidine nitrate. This procedure is lim-
ited theoretically to at best a 50 per cent yield of

~guanidine nitrite based on the weight of am-
monium thiocyanate employed because two mols
of ammonium thiocyanate are required to pro-
duce one mol of guanidine thiocyanate. As @

further development it was attempted to react -

ammonium thiocyanate directly with a nitrate
salt in molten admixture therewith whereby a
theoretical yield of 100 per cent of guanidine
nitrate on the said basis of the weight of am-
monium thiocyanate employed might be expect-
ed. Such procedure was discovered to involve &
severe explosion hazard and therefore was not
further developed.

A primary object of the present invention is
the provision of an improved process for the
manufacture of guanidine nitrate in a single step
from ammonium thiocyanate. ‘

A further object of the invention is the pro-
vision of a process for the preparation of guani~
dine nitrate in improved yields and under condi-
tions whereby the hazard of explosion is avoided.

The invention has four further objects such
other improvements and such other operative
advantages or restlfs as may be found to ob-
tain in the processes or apparatus hereinafter
-described or claimed. o

Briefly stated, the present invention compre-
hends the reacting of ammonium thiocyanate
and ammonium nitrate in solution in ammonia
at temperatures at least ‘above 120° C. It is
preferable to employ in the reaction anhydrous
ammonia in order to avoid the possibility of any
decomposition of ammonium thiocyanate in the
presence of water at _temperatures' employed for
the reaction. The temperature range employable
in the reaction is from 120°.C. to about 210° C.
above which temperature an undesirable amount
of decomposition of the.product” occurs. The
process is believed to follow the following equa-
tion: _ )
NHSCN 4+ NENOs+NHz—. . 0. L

: ' CN:3H5.HNO;3-+-HzS+NHz
It has been found that the 'danger of -explosion

does not arise at the temperatures employed for °

“the reaction: This is pelieved to be made pos-
sible by the blanket of ammonia which remains
in the system during.the progress of the reaction
.as-is indicated by the ‘equation. As.can further
be seen from the above equation, the employment
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of ammonium thiocyanate and ammonium
nitrate together in a one-stage reaction pro-
vides & theoretical yield from the ammonium
thiocyanate employed of 100 per cent of guani-
dine nitrate. 'The hydrogen sulfide produced by
the reaction, however, is necessarily retained in
the reaction phase because, owing to the volatility
of the employed reactants, the reaction must be
carried out in a closed vessel and is subject to the
autogenic pressure developed by the said react-
ants. It may, therefore, be found preferable to
incorporate a further improvement which con-
stitutes the elimination of hydrogen sulfide from
the reaction mass. This may be done in several
ways within the scope of the present invention.
One method which can be employed comprises
halting the reaction after it has proceeded to a
predetermined degree, separating the hydrogen
sulfide and ammonia from the guanidine nitrate
by hereinafter described means, separating thc
ammonia from the hydrogen sulfide, and return-
ing the ammonia to the reaction mass for fur-
ther production of guianidine nitrate. Another
expedient within the scope of the invention con-
templates the employment of an excess of am-
monium nitrate whereby produced hydrogen sul-
fide is oxidized to elemental sulfur which, being
insoluble in the reaction melt, is thereby removed
from the environment of reaction.

The time of reaction may vary widely depend-
ing upon the ratio of reactants employed and es-
pecially the selected temperature, and optimum
reaction times for a particular set of conditions
may be anywhere from two to about twenty-four
At longer reaction times and higher tem-
peratures, decompositions occur which affect ad-
versely the residual ammonium thiocyanate and
also the yield of guanidine nitrate, as it appears
that at such higher temperatures some reaction
oceurs between guanidine pitrate and the hydro-
gen sulfide developed thus producing free guani-
dine which appears to be unstable at the higher
reaction temperatures. Although the described
excess of employed ammonium nitrate effects
the elimination of hydrogen sulfide as foresaid,
presence of the excess at elevated temperatures
does affect deleteriously the yield of guanidine
nitrate because at such elevated temperatures
guanidine nitrate also appears to be attacked by
the ammonium nitrate. Therefore, when this
latter exvedient is erployed for the removal of
hydrogen sulfide, it is desirable to carry out the
reaction at the lower temperatures within the
range employed in-the invention. ]

The relationship of guanidine yield to reaction
time at various temperatures is set forth in the
drawing. o

14 is of particular importance to the feasibility
of the described procedure for the manufacture of
guanidine nitrate that both ammonium thiocy-
anate and ammonium nitrate are readily soluble
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in ammonia and form therewith the well known
Diver’s solutions, whereas guanidine nitrate is
much less soluble in ammonia at ordinary tem-
beratures and is therefore readily crystaliizable
from the reaction mass. The afiinity of the con-
stituents of the Diver’s solution furthermore in-
creases the critical temperature of the employed
ammonia and therefore makes possible the carry-
ing out of the reaction in equibment suitable only
for moderate pressures.

In carrying out the brocess according to the
present invention, ammonium thiocyanate and at
least an equimolar proportion of ammonijum ni-
trate are dissolved in ammonia of a weight equal
to-about one-half the total weight of the employed
salts. The salts dissolve completely. The solu-
tion is- thereafter placed in an autociave and
heated to a temperature ahove 120° . for g se-

At the completion of-the

lected. reaction time.

Teaction the charge is allowed to ceol; is removed
from the autoclave, and guanidine nitrate is
crystallized therefrom, The charge can be
poured out into a mixture of ice and water where-~
upon. guanidine nitrate crystaliizes as a thin
crystal mush that is readily separable by filtra-
tion from the solution. The solution is then
evaporated for the removal of hydrogen sulfide
and ammonia. The ammonia is Separated from
the hydrogen sulfide and.is returned to a further
admixture of salts in the autoclave, Residual
ammonium thiocyanate and aminonium nitrate
and unprecipitated guanidine nitrate are liber-~
ated by evaporation of the filtrate and are there-
after returned to the autoclave for further pro-
duction of guanidine nitrate.

Both batchwise and continuous process steps
can be employed, within the scope of the present
invention, for the elimination of hydrogen sulfide
from the reaction melt thereby to procure im-
broved yields of guanidine nitrate. In batchwise
operation, the employed reaction vessel is vented
after the reaction has progressed- until a sub-
stantial quantity of hydrogen sulfide has accum-
ulated, and ammonia. and hydrogen sulfide are
Dermitted to escape. Anhydrous ammonia is in-
Jected into the reaction melt 50 as {0 sweep
through the melt and carry. outof the vessel hydro-
gen sulfide while at the same time maintaining a
protective . blanket of ammonia in the- reaction
vessel. Advantageously the reaction mass . need
not be. cooled more. than the. cooling that would
he effected by the permitted expansion and the
introduction of the ynheated ammonia. The in-
troduction of ammonia into the reaction mass
is.continued until the efluent gases from the ves-
sel contain only a trace of hydrogen sulfide. The
reaction vessel is. then .closed and reaction is con-
tinued until the reactant salts have been con-
sumed. The.ammonia and hydrogen sulfide in
the effluent gases are separated and the ammonia
is: returned . for employment as hereinbefore de-
scribed. |

The reaction of the bresent invention can. also
be: perfermed in a.continuous manner with pro-
vision made for elimination of hydrogen sulfide.
Ammonium thiocyanate and ammonium. nitrate
are dissolved in anhydrous ammonia in the pre-
seribed proportions. and. the resultant solution is
thereafter pumped. under bressure through a pipe
Still or-heated coil that is maintained at the se-
lected reaction temperature. The coil is- made
sufficiently long that g definite proportion of the
complete reaction to guanidine nitrate occcurs
with.each pass therethr ugh. The resultant ad-
mixture is continuously discharged from the pipe

" the
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still into a flash chamber under a lower pressure
than that which is maintained in the pipe still.
Gaseous ammonia and hydrogen sulfide are per-
mitted to escape from the flash chamber and fur-
ther quantities of ammonia are injected through
reaction mass s0 as to maintain that pro-
tective blanket of ammonia which prevents ex-
plosions. Ammonia is passed through the re-
action mass until the effiuent gases contain little
or no hydrogen sulfide, Guanidine nitrate, un-

- reacted salts and ammonia from which the hy-
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‘the solution. All of the salts

drogen sulfide has been substantially removed
are continuously recycled to the pipe still and are
bumped therein in admixture with added fresh
reactants. The chamber may advantageously be
divided into two or more compartments so that
the reaction mixture in one of these can pe treat-
ed with ammonia gas for removal of hydrogen
sulfide. while the reaction mixture, in another
from which hydrogen sulfide has besn removed
is.being recycled to the pipe still. Guanidine ni-
trate is withdrawn from the chamber at an aver-
age rate equivalent to.the rate of its continuous
production, and is crystallized as hereinbefore
described,

The ammonia and hydrogen sulfide comprising
the efffluent gases from the chamber are contin.
uously separated. They can be separated by sev-
eral known methods, for example, by passing
them through an iron oxide box. The hydrogen
sulfide-free ammonia, if moisture-bearing, can
then be dried by passing the same through a des-
sicator. containing for example activated alumina,
and is then recycled to the reaction mixture for
solution of further quantities of the reactant salts.

The. following specific eXamples are presented
to llustrate Specific instances in the practice of
the invention and are not intended to limip itg
scope:

Example 1

Eight parts by weight- of ammonium nitrate
and 7.6 parts by weight of ammonium thiocy-
anate. were together placed in an open vessel
and cooled to below room temperature. Gaseous
ammonia was passed through the mixture of
salts and was condensed thereby forming g
Diver’s solution of the salts. Between 8 to 9
barts. by weight of ammonia was condensed in
were dissolved in
the formed liquid ammonia. The resultant so-
lution was then placed in an autoclave which
was immediately sealed. The mixture in the
autoclave was raised to.g reaction temperature

.of 120° C. The reaction Was continued at the

said temperature. for two hours and a maximum
bressure of- 130 pounds per square inch was ex-
hibited. Upon analysis of the reaction product
No guanidine nitrate wag produced thus prov-

.Ing that the temperature of 120° C. is {00 low to

effect. reaction
and ammonium
tion in ammonia,

between the ammonium nitrate
thiocyanate, when it is in solu-

Ezample 2

A solution of ammonium thiocyanate and am-
monium nitrate in ammonia prepared in a man-
ner identical to that described in Example 1
and heated for a period of 2.7 hours at a re-
action temperature of 175° C, exhibited a max-
imum pressure of 198 bounds per square inch. A
19 per cent yield. of guanidine nitrate was ob-
tained. 67.6 per cent of the charge of ammo-

‘nium thiccyanate was recovered as residual am-
75;, : 7

monium thiocyanate.
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Example 3

A solution of ammonium thiocyanate and am-
monium nitrate in ammonia prepared in a'man-
ner identical to that described in Example 1 was$
heated for a period of 21.5 hours at a tempera-
ture of 175° C. and developed a pressure of 245
pounds per square inch. A yield of 57.6 per
cent of theory of guanidine nitrate was obtained.
24.2 per cent of the weight of the charged am-
momum thiocyanate was recovered. L

Example 4

- A solution of ammonium thiocyanate ahd am-
monium nitrate in ammonia prépared in a man-
ner identical that that described in Example 1
was heated in said autoclave for a period of b
hours at a temperature of 185° C. and devel-

oped a maximum pressure of 238 pounds per
square inch. A yield of 27.3 per cent of the the-
oretical yield of guanidine nitrate was obtained.

Example 5

A solution of ammonium thiocyanate and am-
monium nitrate in ammonia prepared in a man-
ner identical to that described in Example 1
was heated for a period of 12 hours at a temper-
ature of 175° C. and exhibited a pressure of 208
pounds per square inch. A yield of 42. 7 per
cent of theory of guanidineé nitrate was obtained.
43.2 per cent of the charged weight of ammo-
nium thiocyanate was recovered for reprocessing.

Example 6

A solution of ammonium thiocyanate and am-
monium nitrate in ammonia prepared in a man-
ner identical to that described in Example 1
was charged to an autoclave and heated for a
period of 12 hours at a temperature of 185° C. ex-
hibited 2 maximum pressure of 250 pounds per
square inch. A yield of 52.9 per cent of theoret-
ical of guanidine nitrate was obtained. 30.8
per cent of the weight of charged ammonium
thlocyanate was recovered.

Example 7

A solution of ammonium thiocyanate and am-
monium nitrate in ammonia prepared in a man-
ner identical to that described in Example 1
was charged to an autoclave and heated for a
period of 24 hours at a temperature of 185° C.
A maximum pressure of 268 pounds per square
inch was exhibited. A yield of 49.2 per cent of
guanidine nitrate was obtained. 22.4 per cent
of the charged weight of ammonium thiocyanate
was recovered.

Ezxample 8

A solution of ammonium thiocyanate and am-
monium nitrate in ammonia prepared in a man-
ner identical to that described in Example 1
was charged to an autoclave and heated therein
for a period of 2 hours at 2 temperature of 200°
C. and to a maximum temperature of 202° C. A
maximum pressure of 275 pounds per square inch
was exhibited. A 50.2 per cent yield of guanidine

-nitrate was obtained. 26.1 per cent of the Welght
of ammonium was recovered.

Example 9

Sixteen parts by weight of ammonium nifrate
and 7.6 parts by weight of ammonium thiocy-
anate were dissolved in 8 to 9 parts by weight
of ammonia in the manner described in EX-
ample 1 except, as noted, the ammonium nitrate
is considerably in excess of equimolar propor-

tion. - The solution was charged inlo an' auto~-
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mnore than =+2° from 130°.

:clave: and:heatedfor a:period of 12 hours at-a

temperature of 175° C. 28-per ‘cent by weight
of - the. sulfur::introduced :in- combined -form
into. the -reaction. mass .-was . found as ele-
mental sulfur in the reaction product. A yield
of 45.1 per . cent of -guanidine nitrate was ob-
tained. .19.5.per cent.of the weight of the am-

’momum thiocyanate charged was recovered

Ea:ample 10

C A solution of ammonium thiocyanate and am-
monium nitrate in ammonia prepared in a man-
ner. identical to that described in Example 1
was . charged to’an-autoclave and heated there-
in for a period of 2 hours at a temperature of
180° C: wherein the temperature did not:vary
The maximum pres-
sure .was 245 Ibs. per square inch. ‘A yield of
0.07 per cent by weight of theoretical of guan-
idine nitrate was obtained.

E:mmple 11

A solutlon of ammomum thlocyanate and am-
monium nitrate in ammonia prepared in a man-
ner identical to that described in Example 1 was
charged to an autoclave and heated for a period
of 12 hours at a. temperature of 130°. C. - The
maximum pressure was 230 lbs. per square inch.
A yield.of 9.0 per cent of theoretlcal of guanidlne
nitrate was obtained.

Ezxample 12

A solution of ammonium thiocyanate and am-
monlum nitrate in ammonia prepared in a man-

. ner identical to that described in Example 1 was
charged to an autoclave and heated therein for

a period of 2 hours at a temperature of 150° C
A maximum pressure of 245 lbs. per square inch
was exhibited. A yield of 7.6 per cent of theo-
retical of guanidine nitrate was obtained.

Ezample 13

A solution of ammonium thiocyanate and am-
monium nitrate in ammonia prepared in a2 man-
ner identical to that described in Example 1 was
charged to an autoclave and heated therein for
a period of 12 hours at a temperature of 150° C
with a maximum temperature of 152° C. The
maximum pressure was 230 Ibs. per square inch.
A yield of 32.7 per cent by weight of theoretical
of guanidine nitrate was obtained.

Ezxample 14

A solution of ammonium thiocyanate and am-
monium nitrate in. ammonia prepared in a man-
ner identical to that described in Example 1 was
charged to an autoclave and heated therein for a
period of 12 hours at a temperature of 200° C.
and a maximum temperature of 202° C. The

maximum pressure reached was 450 1bs. per

square inch. - A yield of 39.6 per cent of theoretx-
cal of guanidine nitrate was obtained.
The production of guanidine nitrate in accord-

-ance with the present invention is shown graph-

ically in the accompanying drawing which shows

‘five curves at the temperatures of 130° C., 150° C,,

175° C., 185° C. and 200° C. As mentioned above
a test was made at 210° C. but it was found that
at the high temperature there was an undesirable
amount of decomposition of guanidine nitrate
taking place. The curve for 185° C. shows that
after the reaction has continued for more than 12
hours decomposition or secondary reactions take
place to cut down the production of guanidine
nitrate. .‘The curve for 200° C. shows that the

-production of guanidine nitrate is. falling off be-
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fore the reaction products have been held in the
autoclave for 2 hours.

A temperature of 200° C. is particularly well
adapted for continuous operation because the
time of holding the reaction products in the re-
action zone can be varied by the rate of circula-
tion of the reaction products through a heating
coil. Thereby the capacity of the apparatus may
be increased while securing only the primary re-

action products. The curves, however, show that ::

at temperatures above 120° C., and particularly at
temperatures above 150° C., a substantial amount
of guanidine nitrate is produced if the reaction
products are held at the various temperatures for
a sufficient time.

All of the above examples were carried out in
a batch process in a heavy metal autoclave. - This
autoclave had a comparatively large heat radiat-
ing surface so that it was difficult to get the tem-

perature stabilized for periods shorter than 2 .,

hours. This difficulty could be readily overcome
if the process is carried out in a continuous heat-
ing coil.

The present application is a continuation-in-
part of my application Serial No. 642,133 filed
January 18, 1946, now abandoned.

The invention as hereinabove set forth is em-
bodied in particular form and manner but may
be variously embodied within the scope of the
claims hereinafter made.

Iclaim:

1. A process for the manufacture of guanidine
nitrate comprising: dissolving ammonium thio-
cyanate and at least an equimolar weight of
ammoniwn nitrate in ammonia; heating the so-
formed solution in an enclosed vessel at a re-
active temperature between 130° C. and 210° C.
for a period between 20 hours and several
minutes to effect reaction therebetween; and re-
covering guanidine nitrate from the reaction
product. :

2. A process for the manufacture of guanidine
nitrate comprising: dissolving ammonium thio-
.cyanate and at least an. eguimolar weight of
.ammonium nitrate in sufficient ammonia to form
2 protective blanket in the reaction vessel to
avoid explosions during heating; heating the so-
formed solution in an enclosed vessel at a re-
active temperature hetween 130° C. and 210° C.
for a period between 20 hours and. several
minutes to effect reaction therebetween; and re-
covering guanidine nitrate' from the reaction
product.

3. A process for the manufacture of guanidine
nitrate comprising: dissolving ammonium thio-
cyanate and at least an equimolar weight of
ammonium nitrate in  anhydrous ammonia;
heating the so-formed solution in an enclosed
vessel at a temperature of about 175° to 185° C.
.and effecting reaction therebetween; and re-
covering guanidine nitrate from the reaction
product.

4. A process for the manufacture of guanidine
-nitrate comprising: dissolving- ammonium thio-
cyanate and at least an equimolar weight of
ammonium nitrate in anhydrous ammonia;
heating the so-formed solution in an' enclosed
vessel at a temperature of about 175° to 185° C.
for a period between two to twenty-four hours
and thereby effecting reaction therebetween; and
recovering guanidine nitrate from the reaction
product.

5. A process for the manufacture of guanidine
nitrate comprising:. dissolving ammonium thio-
cyanate and ammonium- nitrate in molar excess
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of the former in anhydrous ammonia; heating
the so-formed solution in an enclosed vessel at
a temperature of about 175° to 185° C. for about
eight to twelve hours and effecting reaction
therebeiween whereby guanidine nitrate is
formed and adventitiously formed hydrogen
sulfide is oxidized by the said excess of am-
monium nitrate; and recovering guanidine
nitrate from the reaction product.

6. A process for the manufacture of guanidine
nitrate comprising: dissolving ammonium thio-
cyanate and at least an equimolar weight of
ammonium nitrate in anhydrous ammonia;
heating the so-formed solution in an enclosed
vessel at a reactive temperature between 130°
C. and 210° C. for a period between twenty-four
hours and several minutes to effect reaction
therebetween; upon completion of the reaction

eriod, cooling the reaction mass in the said
vessel;  discharging the reaction mass and
crystallizing out guanidine nitrate; filtering, and
liberating from the filtrate aminonia and hydro-
gen suliide; separating the hydrogen sulfide from
the ammonia; and recycling the ammonia to the
reaction zone for further production of guanidine
nitrate.

7. A process as claimed in claim 6 in which
the reaction mass is discharged directly into a
cooling bath of ice and water.

8. A process as claimed in claim 1 in which
the heating is interrupted at intervals, the vessel
is vented and ammonia is swept through the
solution to reduce the content of hydrogen sulfide
while maintaining the anti-explosive blanket of
aminonia about the solution.

9. A continuous process for the production of
guanidine nitrate comprising: dissolving am-
monium thiocyanate and at least an equimolar
weight of ammonium nitrate in anhydrous am-
monia; continuously flowing so-prepared solu-
tion through a heated reaction zone under a
pressure between about 260 and 300 pounds per
square inch and at a temperature of at least
about 170° C.; releasing. the reaction mixture
to a zone of lesser pressure; continuously passing
gaseous ammonia through the hot reaction mix-
ture in the reduced pressurée zone while venting
hydrogen sulfide and ammonia therefrom; con-
tinuously separating hydrogen sulfide from the
ammonia in the vented gases; recycling the
sulfide-freed ammonisa to the reaction zone; con-
tinuously recycling incompletely reacted reaction
mass from the reduced pressure zone to the re-
action zone and introducing it thereinto in ad-
mixture with fresh reactants and predominantly
recycled ammonia; withdrawing reaction product
from the reduced pressure zone at an average
rate substantially equal to the rate of formation
of guanidine nitrate; and cooling the withdrawn
reaction product and separating guanidine
nitrate therefrom.

WILLIAM H. HILL.
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