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(57) Abstract: The invention relates to a method for separating ammonia from solutions (I) containing lactam and ammonia by
distillation. The method is characterized in that the separation takes place in a distillation device (a) at an absolute pressure of less

v than 10 bar.
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o (57) Zusammenfassung: Verfahren zur destillativen Abtrennung von Ammoniak aus Losungen (I), die ein Lactam und Ammoniak
a enthalten, dadurch gekennzeichnet, dass die Abtrennung bei einem Absolutdruck von weniger als 10 bar in einer Destillationsvor-
richtung (a) durchgefiihrt wird.
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METHOD FOR SEPARATING AMMONIA FROM SOLUTIONS
CONTAINING CAPROLACTAM AND AMMONIA

The present invention relates to a process for distillative removal of ammonia
from solutions which include a lactam and ammonia, which comprises effecting
said removal in a distillation apparatus at an absolute pressure of less than 10
bar.

Solutions including a lactam and ammonia are produced in numerous
chemical processes, for example in the production of cyclic
lactams by reaction of- omega-aminocarboxylic acid derivatives
with water. |

Workup of these solutions is problematic, since lactams,

especially caprolactam, customarily have to meet extremely high
purity requirements.

WO 95/14665 and WO 95/14664 describe reacting 6~aminocapronitrile
("ACN”) in the liquid phase with water in the presence of
heterogeneous catalysts and of a solvent to form a solution
including caprolactam and ammonia. Workup of this solution is not
described.

The distillative removal of ammonia from ammonia-containing
solutions is generally carried out at high pressure, customarily
more than 14 bar absolute, to obtain a suitable temperature for
the condensation of ammonia at the top of the distillation
apparatus.

It 1s an object of the present invention to provide a technically

simple and economical process for removing ammonia from solutions
including a lactam and ammonia.

It has been found that this object is achieved by a process as defined
hereinabove.
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More specifically, the invention as claimed is directed to a process for distillative
removal of ammonia from a solution which comprises a lactam and ammonia,
which process comprises:

effecting said removal in a distillation apparatus at an absolute pressure
of less than 10 bar, to obtain a vaporous stream comprising ammonia,

introducing said vaporous stream into a condenser in which components
having a boiling point higher than that of ammonia are partly or completely
condensed to form a condensate of components having a higher boiling point
than ammonia, and a vaporous stream consisting essentially of ammonia, and

recycling said condensate from said condenser into the distillation
apparatus.

The invention as claimed is also directed to a process for distillative removal of
ammonia from a solution comprising ammonia, which process comprises:

effecting said removal in a distillation apparatus to obtain a vaporous
stream which comprises ammonia,

Introducing said vaporous stream in a condenser to form a condensate of
compounds having a boiling point‘ which is higher than the boiling point of
ammonia and a vaporous stream consisting essentially of ammonia, and

subsequently absorbing the ammonia of said vaporous ammonia stream

obtained from said condenser in a liquid solvent.

According to the invention, the solution used as starting material, hereinafter

identified as solution (I), includes a lactam and ammonia.

In principle there are no known limitations with regard to the
lactam. Preference is given to lactams of C4-Cyp-cmega-carboxylic
acids, such as 4-aminobutanelactam, 5S5-aminopentanelactam,
6-aminohexanelactam (”“caprolactam”), 7-aminoheptanelactam or
8-aminooctanelactam, particularly preferably caprolactam. These

lactams may be substituted, for example by Cl-Cd-alkyl groups,
halogens, such as fluorine, chlorine or bromine, Cl-C4-alkoXxy

groups or Cl-C4-carboxyl groups, but preferably the lactams are
not substituted.
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Mixtures of such lactams may also be used.

Such lactams are known per se.

Such lactams may be prepared by reacting the corresponding
aminonitriles with water, for example in the case of caprolactam
by reaction with 6-aminocapronitrile, as described for example in
EP-A-0 659 741, WO 95/14664, WO 95/14665, WO 96/22874, WO
96/22974, WO 97/23454, WO 99/28296 or WO 99/47500.

The reactor exit stream of such a reaction contains at least one
mole of ammonia per mole of lactam. The reactor exit stream may
include further components, such as unconverted aminonitrile,
excess water, water used to quench the reactor exit stream in the

case of a reaction in the gas phase, or, if appropriate, organic
solvents.

Figs 1 to 4 Iillustrate various embodiments of the process as defined

hereinabove.

The process of the invention may utilize as solution (I) any mixture of a lactam
and ammonia, advantageously one of the reactor exit streams mentioned, or

mixtures of such systems.

According to the invention ammonia is distilled out of solution
(I) at a pressure of less than 10 bar absolute, preferably less
than 8 bar absolute. Advantageously the pressure used 1s above
the atmospheric, ambient pressure.

Distillation pressure and distillation temperature should
preferably be selected so that an essentially ammonia stream can
be taken off overhead in vaporous form.

The distillation apparatus (a) may be any customary single-stage
or multi-stage distillation apparatus, as described for example
in: Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd Ed.,

Vol. 7, John Wiley & Sons, New York, 1979, pages 870~-881, such as
evaporation chambers or rectification columns, for example sieve
plate columns, bubblecap plate columns, orderedly packed columns

or randomly packed columns.

Single stage distillation chambers, pure stripping column or
rectification columns with stripping and enriching sections can
be used here,
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In a preferred embodiment the vaporous essentially ammonia stream
obtained at the top of the distillation apparatus (a) may be
passed through a condenser (ak). In this condenser compounds
having a higher boiling point than ammonia may advantageously be

5 partly or completely condensed to obtain a condensate (III) and
an essentially ammonia gaseous phase.

Condensate (III) may advantageously be partly or completely
recycled into the distillation apparatus (a), especially when the

10 distillation apparatus (a) is a column, particularly preferably
when this column includes a rectifying section.

Ammonia may be partially or completely condensed out of the
essentially ammonia stream from apparatus (a) or condenser (ak)

15 by absorption in a liquid solvent (II). The stream may for this
purpose be compressed beforehand.

The absorber (b) may be any customary single-stage or multi-stage
distillation apparatus, as described for example in: Kirk-Othmer,

20 Encyclopedia of Chemical Technology, 3rd Ed., Vol. 7, John Wiley
& Sons, New York, 1979, pages 870-881, such as bubble columns or
absorption columns, for example sieve plate columns, bubblecap
plate columns, orderedly packed columns or randomly packed

columns.

25
It may be advantageous to carry out cooling between the
separating stages of the absorption column (b).

In a preferred embodiment column (a) may be equipped with a

30 rectifving section operated with a solvent (IV) as reflux.
Preferably the solvent (IV) should be essentially ammonia free.
Advantageously a portion of the solvent (II) loaded with ammonia
in the absorption stage may be used as reflux.

35 Advantageously solvent (II), solvent (IV) or both solvents are

water or, when the lactam i1s prepared from the corresponding
aminonitrile, the solvent used in this reaction.

In a preferred embodiment ammonia is removed from the column (b)
40 loaded solvent (II) by distillation or rectification in a
distillation apparatus (c).

The distillation apparatus (c¢) may be any customary single-stage
or multi-stage distillation apparatus, as described for example
45 in: Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd EA4.,
Vol. 7, John Wiley & Sons, New York, 1979, pages 870-881, such as
evaporation chambers or rectification columns, for example sieve




10

15

20

25

30

35

40

45

0050/51455 CA 02409344 2002-11-15

4

plate columns, bubblecap plate columns, orderedly packed columns
or randomly packed columns.

Single-stage distillation chambers, pure stripping colums or

rectification columns with stripping and enriching sections can
be used here.

Advantageously said removal of ammonia in said apparatus (c¢) is
effected under a higher pressure than the pressure in said column
(a), preferably more than 10 bar absolute.

A preferred embodiment contemplates the compression, especially
to a pressure of more than 12 bar absolute, and partial or
complete condensation of the vaporous essentially ammonia stream
from column (a) or condenser (ak).

A portion of the condensed stream may advantageously be recycled
to column (a) as reflux. Flash evaporation with corresponding
cooling of the reflux stream is contemplated.

Useful pressures for a compression stage are especially those
pressures under which ammonia is liquid at from 0 to 50°C. Such

temperatures may be provided in a technically simple manner by
cooling with river water or air for example.

Compression may be effected using conventional apparatuses, such
as turbo, piston, membrane or preferably liquid ring compressors.

In a preferred variant the compressing may be effected using a
liquid ring compressor, in which case this liquid ring compressor

may be charged with solvent (II), especially with ammonia-loaded
solvent (II) from the absorption stage.

The overflowing liquid from the liquid ring compressor may be
partially or completely recycled to column (a) as reflux.

The process of the invention has the advantage in relation to the
distillative removal of ammonia from solutions that include
lactam, especially caprolactam, and ammonia and that come from
the production of lactam by reaction of aminonitrile with water,
of preventing the formation of solids in the distillation column

which hinders continuous operation of the workup.

Comparative example
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5
100 kg/h of ACN were converted to caprolactam in 1 000 kg/h of
ethanol over an oxidic catalyst in the liquid phase. The reactor
exit stream contained 12% by weight of ammonia and was directed
for distillation into a sieve plate column containing 20 sieve
plates. The top of the column was fitted with a condenser. The
column was operated at a pressure of 15 bar absolute. The liquid
ammonia obtained as condensate from the condenser was partially
recycled as reflux to the top of the column at a rate of
200 kg/h. The ammonia content of the stream taken off at the base
of the column was less than 1 000 ppm. 30 h after the column had
been started up the sieve plates became clogged up, which was
discernible from the fact that the pressure difference between
base and top increased dramatically for the same space velocity
through the column. The column had to be switched off and purged
with water.

Inventive example

The liquid reactor exit stream from the comparative example was
directed into the same column, but this column was operated at a
pressure of 5 bar absolute. The vapor stream from the top of the
column was passed through the condenser without, however,
condensing out all the ammonia. The remaining vaporous ammonia
was taken off and the liquid condensate recycled to the column as

25 reflux. Column operation was stable for several weeks.
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WHAT IS CLAIMED IS:

1. A process for distillative removal of ammonia from a solution (1) which
comprises a lactam and ammonia, which process comprises:
effecting said removal in a distillation apparatus (a) at an absolute
pressure of less than 10 bar, to obtain a vaporous stream comprising ammonia,
introducing said vaporous stream into a condenser (ak) in which
components having a boiling point higher than that of ammonia are partly or
completely condensed to form a condensate (lll) of components having a higher

“boiling point than ammonia, and a vaporous stream consisting essentially of

ammonia, and
recycling said condensate (lll) from said condenser (ak) into the
distillation apparatus (a).

2. A process as claimed in clam 1, wherein said removal is effected at an
absolute pressure of less than 8 bar.

3. A process as claimed in claim 1, wherein an essentially ammonia stream
Is taken off overhead in vaporous form.

4. A process as claimed in claim 1, wherein said vaporous ammonia stream
obtained from said condenser (ak) is subsequently condensed by absorbing
ammonia in a liquid solvent (l1).

5. A process as claimed in claim 4, wherein said liquid solvent (i) is water.

6. A process as claimed in claim 4, wherein ammonia is removed from the
solvent (ll) containing absorbed ammonia by distillation or rectification in another
distillation apparatus (c).

7. A process as claimed in claim 4, wherein ammonia is removed from the
solvent (ll) containing absorbed ammonia in a single evaporation stage.
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8. A process as claimed in claim 4, wherein said solution (1) is a solution
obtained in the production of a lactam from an aminonitrile.

9. A process as claimed in claim 8, wherein said solvent (ll) is the same
solvent as used in the production of the lactam from the corresponding

aminonitrile.

10. A process as claimed in claim 4, wherein said absorption takes place in

an absorber (b).

11. A process as claimed Iin claim 10, wherein said vaporous ammonia

stream and the liquid solvent (1l) are cooled in said absorber (b).

12. A process as claimed in claim 10, wherein said distillation apparatus (a)
includes a rectifying section which is operated with a reflux medium, said reflux
medium being a portion of the solvent (ll) containing absorbed ammonia which
is formed in said absorber (b).

13. A process as claimed in claim 1, wherein said distillation apparatus
includes a rectifying section which is operated with another solvent (V) as a

reflux medium.

14. A process as claimed in claim 13, wherein said other solvent (IV) is
essentially ammonia free.

15. A process as claimed in claim 13, wherein said other solvent (V) is water.

16. A process as claimed in claim 13, wherein said solution (1) is a solution

obtained in the production of a lactam from an aminonitrile.

17. A process as claimed in claim 16, wherein said other solvent (1V) is the

same solvent as used in the production of the lactam from the aminonitrile.
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18. A process as claimed in claim 1, wherein said vaporous stream obtained
from said condenser is compressed in a compressor and is partly or completely

condensed.

19. A process as claimed in claim 18, wherein said distillation apparatus (a)
includes a rectifying section which is operated with a reflux medium, said reflux
medium being a portion of said condensed stream which is recycled into said
distillation apparatus (a) for a flash evaporation with corresponding cooling of

the reflux medium.

20. A process as claimed in claim 18, wherein said compressor is a liquid ring

COMPressor.

21. A process as claimed in claim 20, wherein said liquid ring compressor IS

charged with a solvent ().

22. A process as claimed in any one of claims 1 to 21, wherein said lactam is

caprolactam.

23. A process for distillative removal of ammonia from a solution comprising
ammonia, which process comprises:

effecting said removal in a distillation apparatus (a) at an absolute
pressure of less than 10 bar, to obtain a vaporous stream which comprises
ammonia,

introducing said vaporous stream in a condenser (ak) to form a
condensate of compounds having a boiling point which is higher than the boiling
point of ammonia and a vaporous stream consisting essentially of ammonia, and

subsequently absorbing the ammonia of said vaporous ammonia stream

obtained from said condenser (ak) in a liquid solvent.
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