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To all whom it may Concern: |
- Be 1t known that I, Canr Boscs, doctor
of philosophy and chemist, subject of the

- King of Prussia, residing at Ludwigshafen-

on-the-Rhine, Germany, have invented new
and useful Improvements in Processes of
Producing Ammonia, of which the following
1s a specification. “

My invention irelates to the production of

ammonia from the so-called titaninm cyano-
nitrid, -which can easily be obtained for

~ 1nstance by heating a mixture of titanic acid

15

and carbon in the presence of nitrogen (De-
ville and Wahler, Annden der Chemie, vol.
103, p. 230 ¢t seq.).

It 1s stated in the literature on the subject

that titanium cyanonitrid is unattacked by

-~ boiling concentrated sulfuric acid and that

20

by melting it at a red heat with potassium.
‘isulfate (Annalen der Chemic, T3, p.

83 Y
r'?H )

-

the nitrogen is evolved a¢ such, and it is

Chemie,” 11, part 1, page 597) to be soluble
In a mixture of nitric acid and hydrofluoric
acid. In this case also nitrogen is set free.
On the other hand, by melting tituniuni

295

also stated (Dammer “Handbuch d. anorg.

cyanonitrid with caustic alkali, or by passing
steam over 1t at a red heat, ammonia is ob-
tained, but these reactions are not suitable
for carrying out on a large scale since the

- first reaction 1s too costly and the second re-

action does not vield sufficient ammonia.
I have now discovered that titanium cya-

~ nonitrid can be made to yield ammonia in

-39

40,

a manner which allows the reaction to he
carried out on a commercial scale by oxi-
dizing it -under such conditions that none,

or practically none, of the ammonia formed

becomes further oxidized to free nitrogen.
Provided that this condition be maintained,
many different oxidation agents and meth-
ods may be employed, for instance the reac-

tion can be carried out in alkaline, or neu-

45

tral, or acid solution, or suspension, ot even

‘in a melt. T all cases of course some body

~containing hydrogen such for instance as

U Bo

water, or steam, or sulfuric acid, must be
present. As examples of oxidizing agents
I mention chromic agid, manganese dioxid,

irbn oxid, copper oxid, cerium oxid, mer-

L

ox1ds. -The oxidation may also be caused to
talke place by treating the titanium cya-
nomtrid with steam in the presence of an
oxid or hydroxid or salt of an alkali or al-
kalme earth metal (sunch, for instance, as
sodium  carbonate, caustic soda, and cal-
cinmehlorid) which, by itself, under the
conditions used as to temperabnre and quan-
tity, has no oxidizing action, or practically
no oxidizing action, on the titanium coni-

pound but which in the presence of steam

favors the oxidation. Steam Ly itselt does
not react upon tullantam cyanonitrid until
such a temperature is reached that the am-
moma formed is decomposed again to a
oreater or lesser extent. Or the oxidation
may be carried out by heating the titaniwum
cyanomitrid with a bisulfate, provided the
temperature employed be not too high, and
by boiling it with concentrated salfuric acid.
If desired, the treatment with sulfuric acid
or with a bisulfate can be caused to take

place in ihe presence of water and under

pressnre.  Klectrolysis with or without the
emploved to effect the oxidation, and even
alr can be used in the presence of steam or
water (1 necessary under pressure, and
using an oxygen carvier) to bring about
oxidation. o _
When carrying out the processes of my in-
vention, the titanium is obtained in the form
of 1ts ox1d, or of a salt thercof, and can then

easily be reconverted into titanium cyanoni-

trid making use of atmosphere nitrogen.

If, when carrying out the oxidation in
the presence of air and steam as hercinbe-
fore deseribed, a contact body, such for in-
stance as finely divided platinum be present
the ammonia produced is wholly or partially
oxidized to oxids of nitrogen.

During the reaction which takes place ac-
cording to this invention, the titaninm

cyanonitrid 1s oxidized so that the nitrogen

1s converted into ammonia. the titanium is
converted ito titanic actd (Ti0,), and the
arhon either remnins as such, or it may be
oxidized according to the vigor with which

the oxidizing agent acts.  For instance if

| cury oxid, and salts corresponding to these

o
o
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use ol so-called oxygen carviers can also be
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- oxidizing agent, the carbon 13 converted

.m‘

> W

boiling sulfuric acid be employed as the

into carbon dioxid. Of course it the oxid1z-

ing agent is capable of cotibining with the

ammonia formed or with the titanic acid,
ihis will lead to the formation of aalts.

Thus. when - boiling selfuric acid 1s en-

10
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such and partly

and steam, ammonia 18

~ Example 2: Melt 1

ploved for oxidizing purposes A
this invention, the ammonia 1s
t'lu_a_‘_‘form of ammonium sulfate and the
titanium oxid will also combine with sul-

ccording to

furic acid to form titanium sulfate. In the

other hand if the titanium cyanonitrid be
treated with caustic soda solution and cop-
per oxid, the ammonia is produced in the
free form, while the copper oxid i1s reduced.
When titanium cyanonitrid is heated with

«odium carbonate in the presence of steam, |

anmonia is produced, generally partly as

carbonate while the titanium 1s obtained 1n
the form of titanium oxid or sodium, tivan-

ate, and some hydrogen and some carbon
‘monoxid are also formedl.
hand, when titanium

On the other
cyanonitrid is heated
with platinum chlorid in the presence of alr

presence of the platinum is partially oxi-
Jized into nitric oxid, while the titanium 1s
converted into titanium oxid and the carbon
is oxidized to carbon dioxid.

The following examples will serve to 1llus-
trate further the nature of my invention,
which, however, is not confined to these ex-
amples. The parts ave by weight and the
{emperatures 1 degreces cenfigrade. _

Example 1: Boil 1 part of titaniunt ¢yvano-
nitrid with 10 parts of concentrated sulfurie

acid.  Sulfur dioxid is evolved and 1n from
15 to 80 minutes the oxidation is complete.

The nitrogen of the titanium cyunonitrid
has been converted inte ammonium sulfate,
which can be worked up 1n any desired
manner. | - |
part of finely divided
titanium cyanonitrid with 5 parts of potas-
sium bisulfate at from 300 to 400 degrees.

“After from 30 to 60 minuntes, dissolve the

zl;télt in water, digest for a considerable tune
al 100 degrees, until the titamc acrd has sep-
arated out. filter, add excess of hme 1o (he

iltrate, and Jrive off the mmmnsonin by means

of heat.

Aixample 3: Heat together im an autoclave,

for from 2-to 8 hours, at a temperature of
from 550 (o 400 degrees, 1 part of finely di-
vided titaninnt cvanonitrid, 3 parts of. so-
diom b

forevoing Kxample 2.

Foxaniple 41 Jleat together; m an auto-

clave, at about 180 degrees, finely divided

(itaniiim eyanonitrid, 30 per cent. caustic.

soda solution and sullictent copper oxid to

_-.-—-._'I——-I.l—_.

obtained in ! nitrid and forrie sulfate solution.

in the form of ammonium

formed and in the.

iqulfate, and 8 parts of water, ana
work up the product as deseribed 1n the

890,191

!

effect oxidation.  On opening the valve of
{he atloclave ammonia escapes.

Example b: Heat together, for from 2 to
3 hours, on the water bath, titanium cyano-

sultate is forined and the solution also coll-

tains annonia. D |
-~ Tixample 6: ITeat together at from 100 to

140 degrees, in an autoclave, titaniuim ¢yano-
nitrid, dilute sulfuric acld
rous sulfate solution, and pump in alr, while
stirring well, until the oxidation 18 coni-
plete. If the ferrous sultate be omitted, the
reaction proceeds more slowly. N

Kxample 7: Suspend titanlum Cyanoni-

trid in dilute sulturic acid, add some chro-
Cmium sulfate, or ferrous sulfate, to the sus-
pension and oxidize 1t clectrolytically at 100

and a little ter- .

65

In this ex- -
ample instead of copper oxid, an equivalent
(uantity of iron oxid or mangauese peroxid
or chromic acid can be employed. -
70

- errous

75

30

89

degrees, in a  cell provided with & dia-

phragm.,

Example §: MHeat _
titaninm cyanonitrid with 3 parts of s0-
Jdium carbonate i a current of steam at a
temperature of from 400 to 500 degrees.
Ammonia passes
otute or in the form of its carbonate. -

Lxample 9: ITeat a-mixture of 2 parts of
titanium cyanonitrid with 1 part of caustic
soda in a current of steam at a temperature
of from 300 to 400 degrecs. In a short time
ihe evolution of ammonia is complete.

Example 10: Soak ticanitum cyanonitrid
in platinum chlorid solution untal 1t con-
iains from 2 to 3 parts per 1,000 of platinum
and then heat it at from 300 to 400 degrees
‘4 a current of mixed air and steam. By
the calalytic action of the platinum 1n -the
presence of an éxcess of oxygen more oI
lcss of the ammonia is converted into oxids
of nitrogen. | -

Now what I claim 1s: -

1. The proeess of producing ammonia by
oxidizing titaninm eyanonitrid in the pres-

enee of a body containing hydrogen while.

maintaining the temperature so low that
the produnetion of free nitrogen 1s practl-
cally avouded. | - B

9. The process of producing ammonia by

heating titanium cyanonitrid “with an oxi-

dizine agent in the preser ¢ of a body con-

taining hydrogen while maintaining the
temperature so low that the production of
free nitrogen 1s practically avoided.

. r

3. The process of producing ammon
healing titanium cyanonitrid with an oxi-
dizing agent m the presence of an oxid or
hydroxid

cnith metal and in the. presence of a body

comlaining hydrogen.

a mixture of 1 part of

in by

90

over either in the free

05
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or salt of an alkali or alkalme
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4T he prcra;ebs of producing ammonia by In testlmony whereof T have hercunto set
heating titanium cyanonitrid with air and | my hand in the presence of two subscrib-
stea 1n the presence of an oxid or hydroxid | ing witnesses.

or salt of an alkali or alkaline earth metal. | CARL BOSCH.
6~ 5. The process of producing amwonia by |- Witnesses: _
heatmn titanium cyanonitrid with air in the - J. Arxc. Lioxp,

pmheut:t, of ferric sulfate and water. | Jos. H. LEuTE.
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