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In support of an Application made by:
Chemie Linz Gesellschaft m.b.H., St.Peter-StraBe 25, A-4021 Linz

for a patent for an invention entitled: Process for the removal of 
isocyanic· acid from a mixture of isocyanic acid and ammonia

Ιςχ We, Andreas Kunsch and Harald Leitner

of St.Peter-StraBe 25, A-4021 Linz
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Claim

Process for the removal of isocyanic acid from a 
gaseous mixture of isocyanic acid and ammonia, 
comprising introducing a tertiary amine or an ether 
into a gaseous mixture of isocyanic acid and ammonia 
at a temperature of 250 to 600°C and introducing the 
resulting gaseous reaction mixture into a diluent 
which is inert under the reaction conditions and 
cooling whereby an adduct of isocyanic acid and 
tertiary amine or ether condenses.

10 Process for the preparation of asymmetrically 
substituted ureas, carbamates, thiocarbamates or 
substituted isocyanates, comprising reacting an 
adduct of isocyanic acid and a tertiary amine or an 
ether, prepared according to any one of claims 1 to 
9 in an inert diluent at temperatures of -20°C up to 
the boiling point of the diluent, with a primary or 
secondary amine, an alcohol, a thiol or a compound 
which contains one or two non-cumulated olefinic 
double bonds.
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Process for the removal of isocyanic acid from a mixture 
of isocyanic acid and ammonia

The invention relates to a process for the 

removal of isocyanic acid from a gaseous mixture of 

isocyanic acid and ammonia in the form of an adduct of 

isocyanic acid and tertiary amine or of isocyanic acid 

and ether.

Mixtures of isocyanic acid and ammonia are used, 

inter alia, as a starting material for the synthesis of 

melamine and are obtained by thermal decomposition of 

urea, for example according to EP-A-0,124,704.

Isocyanic acid itself would be a useful reactive 

C-l building block for the synthesis of a large number of 

organic compounds. However, its use for this purpose is 

limited since it is not very stable and easily polymer­

izes to give linear and cyclic polymers. In addition, it 

can only be prepared in a complicated manner. Thus, in 

Chemical Abstracts, Vol.81 (1974) 172444m and Vol. 82 

(1975), 173135u, the formation of isocyanic acid by 

thermal decomposition of urea with the removal of ammonia 

is described, in which case, however, a solid, namely 

cyanuric acid, is produced which must be decomposed at 

330 to 600°C to give isocyanic acid. It is known here 

that the decomposition of cyanuric acid only proceeds 

slowly and incompletely as cyanuric acid is very stable 

in comparison to isocyanic acid.

It has now been found that, in the separation of 

isocyanic acid from a gaseous mixture of isocyanic acid 

and ammonia, the roundabout route via the cyanuric acid 

can be avoided if a tertiary amine or an ether is added 

to the mixture of isocyanic acid and ammonia, and the 

gaseous reaction mixture formed is cooled and condensed. 

Unexpectedly, and in spite of the presence of ammonia in 

the reaction mixture, ammonium isocyanate is not formed 

here, but an adduct of isocyanic acid with the tertiary 

amine used in each case or the ether used in each case. 

The ammonia remains gaseous and can be removed. In this 

case, the adducts of isocyanic acid and tertiary amine
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and the adducts of isocyanic acid and ether are more 
stable than free isocyanic acid. The adducts can be used 
for further reaction with various substrates.

The invention therefore relates to a process for 

the removal of isocyanic acid from a gaseous mixture of 

isocyanic acid and ammonia, which is characterized in 

that a tertiary· amine or an ether is introduced into a 

gaseous mixture of isocyanic acid and ammonia at a 

temperature of 250 to 600°C and the resulting gaseous 

reaction mixture is introduced into a diluent which is 

inert under the reaction conditions and cooled, an adduct 

of isocyanic acid and tertiary amine or ether condensing.

The mixture of isocyanic acid and ammonia needed 

to carry out the process according to the invention i.s 

prepared, for example, by decomposition of urea and 

diluted, if desired, using a carrier gas such as nitro­

gen, argon or ammonia. A tertiary amine or an ether is 

then added to the mixture.

Suitable tertiary amines are, for example, 

tertiary cyclic amines such as N-alkylpyrrolidine, N- 

alkylpyrrole, N-alkylpiperidine, pyridine, N-alkyl- 

morpholine or amines of the general formula NRXR2R3, in 

which the radicals Rx, Rz and R3 independently of one 

another denote straight-chain or branched alkyl, aryl, 

alkylaryl or arylalkyl groups.

Suitable ethers are, for example, cyclic ethers, 

such as furan, pyran, tetrahydrofuran, dioxane or ethers 

of the general formula R3-0-(RZl-0)n-R2 in which the ra­

dicals Rx and R2 have the abovementioned meaning and R4 

denotes a straight-chain or branched alkylene, arylene, 

alkylarylene or arylalkylene group and n denotes an 

integer from 0 to 5.

Straight-chain or branched alkyl groups are, for 

example, alkyl groups having 1 to 10 C atoms, such as 

methyl, ethyl, propyl or butyl groups and their isomers, 

such as iso-propyl, iso-butyl or tert, butyl groups. 

Aryl, alkylaryl or arylalkyl groups are phenyl groups 

which can be connected to the nitrogen atom or the ether 

oxygen atom either via an aromatic or via an aliphatic

35
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carbon atom and are optionally monosubstituted or poly­

substituted by straight-chain or branched alkyl groups 

having 1 to 5 C atoms. Examples of such groups are, for 

example, phenyl, tolyl, dimethylphenyl, trimethylphenyl, 

ethylphenyl, isopropylphenyl, benzyl, methylbenzyl or 

ethylenephenyl groups. Alkylene groups are, for example, 

alkylene groups having 1 - 10 C atoms, such as methylene, 

ethylene, propylene or butylene groups and their isomers, 

such as iso-propylene, iso-butylene and tert.-butylene 

groups. Arylene, alkylarylene or arylalkylene groups are 

phenyl or phenylene groups which can be connected to the 

ether oxygen atom either via an aromatic or via an 

aliphatic carbon atom and which are optionally monosub­

stituted or polysubstituted by straight-chain or branched 

alkyl or alkylene groups having 1-5 C atoms. Examples of 

such groups are phenylene, methylphenylene, benzylene, 

dimethylphenylene, trimethylphenylene, ethylphenylene, 

iso-propylphenylene, methylbenzylene or ethylenephenyl 

groups .

Preferred tertiary amines are tertiary amines of 

the general formula NRjRzR3 in which Rx, R2 and R3 are 

identical and denote an alkyl group. Particularly pre­

ferred here are alkyl groups having 1 to 5 C atoms, for 

example trimethylamine, triethylamine, tripropylamine, 

tributylamine and triisopentylamine. Trimethylamine, 

triethylamine and triisopentylamine are very particularly 

preferred.

Preferred ethers are ethers of the general 

formula Rx-0-R2 in which Rx and R2 are identical and denote 

alkyl groups, or ethers of the formula Rx-O-RA-O-R2 in 

which Rx and R2 are identical and denote alkyl groups and
denotes an alkylene group.

The tertiary amine or the ether is introduced 

into the hot gas mixture of isocyanic acid and ammonia 

in gas form if necessary by heating and, if desired, with 

the aid of a carrier gas, or in liquid form, by spraying 

in or dripping in, the tertiary amine or the ether in 

this case first being converted into the gaseous state in 

the gas mixture by its high temperature.

35
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It is possible to add the tertiary amine or the 

ether to the isocyanic acid here in approximately equi­

molar amounts, or to employ an excess of the tertiary

5

amine or the ether. Preferably, 1 to 7 moles, particu­

larly preferably 1.5 to 4 moles, of amine or ether are 

employed per mole of isocyanic acid. The temperature at 

which the tertiary amine or the ether is added to the

10

gaseous mixture of isocyanic acid and ammonia is about 

250 to 600°C, preferably 300 to 450°C, particularly 

preferably 320 to 380°C.

As a result of the addition of the tertiary amine 

or the ether to the gas mixture of isocyanic acid and 

ether, a hot gaseous reaction mixture is formed. The

15

contact time of the gaseous reactants in the reaction 

mixture is in this case dependent on the size of the

f 4 ί
It 3

* 4 < ί 
« « <

4 4 «

« 4 «S 4 ·

’*’ *20

apparatus and the flow rate of the gases, a contact time 

of a few seconds in general being sufficient.

The resulting hot gaseous reaction mixture is 

then passed into a liquid inert diluent which has been

introduced.
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Suitable inert diluents are, for example, alipha­

tic hydrocarbons, such as pentane, hexane, heptane, 

aromatic hydrocarbons, such as benzene, toluene, xylene, 

halogenated aliphatic hydrocarbons, such as methylene 

chloride, chloroform, carbon tetrachloride, ethyl chlor­

© 4 © «
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ide, ethylene chloride, halogenated aromatic hydro­

carbons, such as chlorobenzene, trichlorobenzene, carbox­
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amides, such as dimethylformamide, N-methylpyrrolidone or 

ethers, such as diethyl ether, diisopropyl ether, dibutyl 

ether, ethyl methyl ether, dioxane, diethoxyethane, 

tetrahydrofuran or mixtures of the abovementioned dilu­

35

ents. Aromatic hydrocarbons, halogenated aliphatic 

hydrocarbons and carboxamides or ethers are preferred, 

and toluene, chloroform or N-methylpyrrolidone or the

ether with which the formation of the adducts of iso­

cyanic acid and ether takes place are particularly 

preferred. The ether is used here both as a reactant and

as an inert diluent.

The hot gaseous reaction mixture is cooled on
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passing into the liquid 

inert diluent or the hot gaseous reaction mixture is 

p,recooled before passing it into the liquid inert dilu­

ent, for example with the aid of heat exchangers. The

5 gaseous reaction mixture is introduced into the liquid 

inert diluent for example by passing in, or via packed 

columns, scrubbers etc. The liquid inert diluent can be 

introduced in cooled form here, for example with the aid 

of heat exchangers .

10 The adduct of isocyanic acid and tertiary amine 

or of isocyanic acid and ether condenses in the diluent 

introduced, while the ammonia escapes in gaseous form. 

For the complete removal of the ammonia, an inert carrier

;·'χ5
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gas such as nitrogen or argon can be blown through the 

solution or suspension formed.
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In a preferred embodiment, gaseous trimethyl- 

amine, triethylamine, triisopentylamine or dioxane, 

diisopropyl ether, diphenyl ether or diethoxyethane is 

blown into the mixture of isocyanic acid and ammonia at 

temperatures of 320 to 380°C, after which the hot gas 

stream is brought into contact in a scrubber with cooled 

toluene, chloroform, N-methylpyrrolidone or dioxane,
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diisopropyl ether, diphenyl ether or diethoxyethane 

through which nitrogen is passed. The adduct condenses 

and the gaseous ammonia and any in dissolved form is
β « 
β 0β σ β ©

removed with the aid of the nitrogen stream.

The process can be carried out continuously or

batchwise, but is preferably carried out continuously.
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©a 30
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Depending on the nature of the diluents used or 

depending on the nature of the adduct, a solution or a 

suspension of an adduct of isocyanic acid with a tertiary- 

amine or of isocyanic acid with an ether is obtained in 

the manner described above, which can be used for further 

reaction with all sorts of substrates. It may be possible

35 that the adduct exists dissolved in a suspension and a 

solid which is not adduct is deposited. In such cases, 

the suspension is advantageously filtered before further 

use and removed from by-product formed. If an ether/ 

isocyanic acid adduct has been produced, purification by
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distillation can be carried out if desired.

By reaction of the adduct in a diluent which is

. inert under the reaction conditions and at temperatures 

of -20°C up to the boiling point, of the diluent used, an

5 asymmetrically substituted urea is obtained using a

primary or secondary amine, a carbamate is obtained using 

an alcohol, a thiocarbamate is obtained using a thiol·, 

and a substituted isocyanate is obtained using a compound 

which contains one or two non-cumulated olefinic double

10 bonds.

Example 1

100 g of urea per hour were introduced continu­

ously into a decomposer. The pyrolysis gases were caused 

to react in a heatable tube at 320°C with 255 g of

15 triethylamine per hour which was introduced in gaseous 

form. Altogether 213 g of urea (3.5 mol) and 544 g of

: triethylamine (5.4 mol) were introduced. The reaction

: ’ gases were rapidly cooled to room temperature in a

/, scrubber which was operated with chloroform which was

20 cooled to -10°C. The organic phase was filtered.

66% of theory of an adduct of isocyanic acid and

triethylamine, dissolved in chloroform, were obtained in 

this way.
! «t I

IR: 2160 cm"1 (Ν=Ο=ΟΊ, sharp band
' 25 The adduct content of the solution was determined

*. by acid hydrolysis and determination of the escaping C02« « »
with the aid of barium hydroxide solution.

Example 2
60 g of urea per hour were continuously intro-• « 4

30 duced into a decomposer. The pyrolysis gases were caused
‘*l to react in a heatable tube at 320 °C with 285 g of

triethylamine per hour which was introduced in gaseous 

form. Altogether 71 g of urea (1.2 mol) and 388 g of

triethylamine (3.3 mol) were introduced.

35 The reaction gases were rapidly cooled to room

temperature in a scrubber which was operated with tolu­

ene .

55% of theory of an addut of isocyanic acid and

triethylamine, suspended in toluene, were obtained in
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this way. The yield was determined as described in 
Example 1.
IR: 2160 cm1 (N=C=0), sharp band

Example 3
As described in Example 1, but using 100 g of 

urea (1.7 mol), 200 g of triethylamine (1.98 mol) and N- 

methylpyrrolidone which was cooled to -10 °C as the 

diluent, 62% of theory of an adduct of isocyanic acid and 

triethylamine was obtained.

IR: 2160 cm"1 (N=C=O) , sharp band

Example 4
As described in Example 1, but using 80 g of urea 

(1.3 mol), 160 g of triethylamine (1.58 mol) and n-hexane 

which was cooled to -20 °C as the diluent, 52% of theory of 

an adduct of isocyanic acid and triethylamine was 
obtained. IR: 2160 cm-1 (N=C=O), sharp band

Example 5
As described in Example 1, but using 252.2 g of 

urea (4.2 mol) and 796 g of triisopenylamine (3.5 mol), 

50% of theory of an adduct of isocyanic acid and triiso- 

pentylamine was obtained after filtering the resulting 

suspension.

IR: 2160 cm’1 (N=C=O) , sharp band

Example 6
As described in Example 2, but using 305 g of 

Ν,Ν-dimethylcyclohexylamine (2.4 mol) and chloroform at 

a temperature of -10°C as the diluent.-,. 62% of theory of 

an adduct of isocyanic acid and Ν,Ν-dimethylcyclohexyl­

amine, dissolved in chloroform, was obtained after 

filtering the resulting suspension.

IR: 2160 cm"1, (N=C=O) , sharp band

Example 7
As described in Example 1, but using 71 g of urea 

(1.2 mol) and 238 g of N-methylpiperidine (2.4 mol) and 

chloroform which was cooled to -10°C as the diluent, 51% 

of theory of an adduct of isocyanic acid and N-methyl­

piperidine, dissolved in chloroform, was obtained.

IR: 2160 cm"1 (N=C=O) sharp band
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Example 8

90 g of urea per hour were continuously intro­

duced into a decomposer. The pyrolysis gases were caused 

to react in a heatable tube at 360°C with 372 g of N,N-

5 dimethylaniline per hour which was introduced in gaseous 

form with the aid of a stream of nitrogen. Altogether 

135 g of urea (2.3 mol) and 557 g of Ν,Ν-dimethylaniline 

(4.6 mol) were introduced. The reaction gases were 

rapidly cooled in a scrubber which was operated with

10 chloroform and cooled to -15°C. The resulting suspension 

was filtered. 58% of theory of an adduct of isocyanic 

acid and Ν,Ν-dimethylaniline, dissolved in chloroform, 

was obtained in this way. The yield was determined as

- 15
ί 5 }. ι;
« r

described in Example 1.

IR: 2160 cm-1 (N=C=O), sharp band

Example 9
» <1 »« « <« « β
a β β « 

ft 0 ft«β 0

0 © 0
Oft ft

°20

80 g of urea per hour were continuously intro­

duced into a decomposer. The pyrolysis gases were caused 

to react in a heatable tube at 340°C with 217 g of N- 

benzyIdimethyIamine per hour which was introduced in 

gaseous form with the aid of nitrogen.

Altogether 96.1 g of urea (1.6 mol) and 242 g of

t> ft 4» ft
0 0

0 ft <1 ft

0 <9 ft <q 
© ft ο

- 25

N-benzyldimethylamine (2.0 mol) were introduced.

The reaction gases were cooled in a scrubber

which was operated with chloroform which was cooled to

ft ft
0 Q
ft 00 0

-15°C. The resulting suspension was filtered. 61% of 

theory of an adduct of isocyanic acid and N-benzyl- 

dimethylamine, dissolved in chloroform, was obtained in

0 ft ft ft
<& ft ft 4» Λ,
_ 30

ft 0 0
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this way. The yield was determined as described in 

Example 1.

IR: 2160 cm’1 (N=C=O) , sharp band

Example 10

80 g of urea per hour were continuously intro­

duced into a decomposer. The pyrolysis gases were caused

35 to react in a heated tube at 360 °C with 120 g of gaseous 

dioxane per hour. Altogether 400 g of urea (6.66 mol) and 

600 g of dioxane (6.81 mol) were employed. The reaction 

gases were cooled in a scrubber operated with dioxane at 

10°C. The resulting dissolved adduct was filtered off
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from a precipitated solid.

17 00 g of a solution was obtained in this way 

which was 24% strength in isocyanic acid/dioxane adduct, 

which corresponds to a yield of 47% of theory. The yield 

was determined as described in Example 1.

IR: 2160 cm'1 (N=C=O), sharp band

Example 11

80 g of urea per hour were continuously intro­

duced into a decomposer. The pyrolysis gases were caused 

to react in a heated tube at 350°C with 306 g of gaseous 

diisopropyl ether per hour. Altogether 160 g of urea 

(2.66 mol) and 612 g of diisopropyl ether (5.99 mol) were 

employed. The reaction gases were cooled in a scrubber at 

10 °C operated with diisopropyl ether. The resulting 

dissolved adduct was filtered off from a precipitated 

solid. 17 00 g of a solution were obtained in this way 

which was 15% strength in isocyanic acid/diisopropyl 

ether adduct, which corresponds to a yield of 70% of 

theory. The yield was determined as described in Example 

1.

IR: 2160 cm'1 (N=C=:O) , sharp band

Example 12

40 g of urea per hour were continuously intro­

duced into a decomposer. The pyrolysis gases were caused 

to react in a heated tube at 370°C with 113 g of gaseous 

diphenyl ether per hour. Altogether 160 g of urea 

(2.66 mol) and 452 g of diphenyl ether (3.51 mol) were 

employed. The reaction gases were cooled in a scrubber at 

10°C operated with chloroform. The resulting suspension 

was filtered off from a precipitated solid.

2000 g of a solution were obtained in this way 

which was 17% strength in isocyanic acld/diphenyl ether 

adduct, which corresponds to a yield of 60% of theory. 

The yield was determined as described in Example 1.

IR: 2160 cm'1 (N=C=0), sharp band

Example 13

120 g of urea per hour were continuously intro­

duced into a decomposer. The pyrolysis gases were caused

to react in a heated tube at 380°C with 350 g of gaseous

35
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diethoxyethane per hour. Altogether 120 g (2 mol) of urea 

and 350 g (3 mol) of diethoxyethane were employed. The 

reaction gases were cooled rapidly in a scrubber at 10°C 

operated with diethoxyethane.

5 The solution of the isocyanic acid/diethoxyethane

adduct in diethoxyethane was then distilled. 270 ml of a 

fraction were obtained in the distillation under normal 

pressure between 70 and 110°C which was 74% strength in 

isocyanic acid/diethoxyethane adduct, which corresponds

10 to 62% of theory. The yield was determined as described

in Example 1.

IR: 2160 cm"1 (N=C-~O), sharp band 

Example 14

14.1 g of dodecylamine (0.076 mol) dissolved in 

15 20 ml of chloroform were added dropwise at room tempera­

ture with stirring to 100 ml of a solution of 10 g of 

triethylammonium isocyanate (0.069 mol) in chloroform,

‘ ‘ ί prepared according to Example 1. After completion of the
ί < ;

addition the mixture was subsequently stirred at room 
*20 temperature for 24 hours and heated to reflux for 1 hour.

The solvent was evaporated and the residue was recrystal­

lized from chloroform. 9.45 g, i.e. 60% of theory, of

“··, dodecylurea were obtained in this way.
i 4 J ί

C-H-N analysis:
ι ς

’ 25 theoretical: C 68.4%, H 12,.3%, N 12.3%

found: C 68.2%, H 12.3%, N 12.3%

Example 15

6.7 g (0.146 mol) of ethanol were added dropwise 

s at room temperature with stirring to 100 ml of a solution
t I t

,, 30 of 10.5 g (0.073 mol) of triethylammonium isocyanate in
2 i

4 chloroform, prepared according to Example 1, after which

the mixture was subsequently stirred at room temperature 

for 24 hours and then heated to reflux for 1 hour.

The solvent was evaporated and the residue was 

35 recrystallized from ethanol, 4.6 g, i.e. 71% of theory,

of ethyl carbamate having a melting point of 46 - 50°C

being obtained.

Example 16

18.5 g (0.3 mol) of ethylmercaptan, dissolved in
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30 ml of chloroform, was added dropwise at 0°C with 

stirring to 120 ml of a solution of 28 g (0.2 mol) of 

triethylammonium isocyanate in chloroform, prepared 

according to Example 1, after which the mixture was

5 subsequently stirred at this temperature for a further

hour and then at room temperature for 15 hours. After 

this, the reaction mixture was heated under reflux ior 2 

hours. The solvent was then distilled off. The oily 

residue remaining crystallized on cooling and was recrys-

10 tallized from water.

16 g (0.15 mol), i.e. 75% of theory, of S-ethyl

thiocarbamate having a melting point of 99 - 102°C were 

obtained in this way.

s ,, Example 17
* * a
““15 3 g (0.025 mol) of alpha-methylstyrene were added

6 * 4 t

» ’ <’ dropwise with stirring to 100 ml of a suspension of 11.3

g (0.078 mol) of triethylammonium isocyanate in toluene, 

after which the mixture was subsequently stirred at room
»9 ·· ·

a temperature for 3 hours and then heated to reflux for

°20 about 4 hours.

A solution of alpha,alpha-dimethylbenzyl isocyan­

ate in toluene was obtained in this way.

«■.·»* After distillation at 40 to 45°C, 1 Torr,

LL alpha,alpha-dimethylbenzyl isocyanate having an nD25 of
0 0 V

25 1.5048 was obtained in a yield of 55% of theory.

«to
0 0
0 0 4 4

4 «9 >» 0Ο Oit

9 u 4
β 

ft a



- 12 -

10
« < *« β <

I < 9 ♦

( C < ( f 9 ,

I 4 < <
< 4 A♦ « «
« ( ί
« « <
< a « <

15

«8 9> a e ο o e
« β 9 9 

( < 5
« 4 «

20

25

30

35

4 « 4
( 4 4

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. Process for the removal of isocyanic acid from a 

gaseous mixture of isocyanic acid and ammonia, 
comprising introducing a tertiary amine or an ether 
into a gaseous mixture of isocyanic acid and ammonia 
at a temperature of 250 to 600°C and introducing the 
resulting gaseous reaction mixture into a diluent 
which is inert under the reaction conditions and 
cooling whereby an adduct of isocyanic acid and 
tertiary amine or ether condenses.

2. Process according to claim 1, comprising employing a 
tertiary cyclic amine or an amine of the general 
formula NR2R2R3 in which the radicals Rj, R2 and R3 
independently of one another denote straight-chain 
or branched alkyl, aryl, alkylaryl or arylalkyl 
groups .

3. Process according to claim 2, comprising employing a 
trialkylamine.

4. Process according to claim 1, comprising employing a 
cyclic ether or an ether of the general formula Rj-O- 
(R4-O)n-R2 in which the radicals R| and R2 
independently of one another denote a straight-chain 
or branched alkyl, aryl, alkylaryl or arylalkyl 
group, R4 denotes a straight-chain
alkylene, arylene, alkylarylene or
group and n denotes an integer from 0 to 5.

5. Process according to claim 4, comprising employing 
an ether of the formula Rj-O-R2, in which Rj and R2 
are identical and denote alkyl groups, or an ether 
of the formula RJ-O-R4-O-R2 in which R^ and R2 are 
identical and denote alkyl groups and R4 denotes an 
alkylene group.

6. Process according to any one of claims 1 to 4, 
comprising introducing 1 to 7 moles of tertiary 
amine or ether per mole of isocyanic acid.

7. Process according to any one of claims 1 to 5, 
comprising carrying out the addition of the tertiary

or branched 
arylalkylene
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amine or the ether at a temperature of 320 to 380°C.
8. Process according to any one of claims 1 to 4, 

comprising employing an optionally halogenated 
aliphatic or aromatic hydrocarbon, an ether, a 
carboxamide or a mixture of the abovementioned 
diluents as the diluent.

9. Process according to one of claims 4 or 5, 
comprising employing the ether which forms the 
adduct of isocyanic acid and ether also as the 
diluent.

10. Process for the preparation of asymmetrically 
substituted ureas, carbamates, thiocarbamates or 
substituted isocyanates, comprising reacting an 
adduct of isocyanic acid and a tertiary amine or an 
ether, prepared according to any one of claims 1 to 
9 in an inert diluent at temperatures of -20°C up to 
the boiling point of the diluent, with a primary or 
secondary amine, an alcohol, a thiol or a compound 
which contains one or two non-cumulated olefinic 
double bonds .

11. A process for the removal of isocyanic acid from a 
gaseous mixture of isocyanic acid and ammonia 
substantially as herein described with reference to 
any one of Examples 1 to 13.

12. A process for the preparation of asymmetrically 
substituted ureas, carbamates, thiocarbamates or 
substituted isocyanates substantially as herein 
described with reference to any one of Examples 14 
to 17.

Dated this 12th day of March 1992

CHEMIE LINZ GESELLSCHAFT MBH 
By their Patent Attorneys 

GRIFFITH HACK & CO.


