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The present invention relates to an Improved
method of producing lactams.

Lactams are usually produced by converting
cyclic ketones Into thelr oxlmes and subjecting
the oximes to the Beckmann rearrangement.
This last-named operation is difficult to perform
when carried out on a Iarge scale, since the re-
arrangement proceeds with vlolence and tends
to glve rise to overheating or even exploslons.

We have now found that lactams can be pro-
duced In a one-stage process by bassing vapor-
1zed dicarboxylic acids, the chain length of which
allows of the formation of lactams, i.e, which
contain at least 4, with preference 6 or more car-
bon atoms in the molecule together with am-
monia and hydrogen at an elevated temperature
over catalysts exerting a hydrogenating and de-
hydrating actlon. Catalysts of the said kind
are those containing the usual hydrogenation
catalysts, such as nickel, cobalt and copper as
the hydrogenating constituent and the ususal de-
hydration catalysts, such as phosphorie acld or
boric acld as the dehydrating constituent. Both
constituents are employed in sufficient quanti-
ties s0 that both the hydrogenatlon and the de-
hydration will proceed to the desired extent.
Generally the constituents, i.e. for example nickel
and phosphoric acid, are employed in approxi-
mately equivalent quantities, but it is usually of
advantage to employ the hydrogenating compo-
nent in a certaln excess over the dehydrating
component. Using the dehydrating component,
for example phosphoric acid, In excess, would
favor the formation of nitriles and amides. It
is not advisable to use catalysts exerting an
alkaline reaction. The catalysts may be used
on carriers, for example on pumice stone or silica
gel, or In admixture with inert substances.

Dicarboxylic acids suitable in the present re-
action are, for exammple, glutaric acid, pimelic
acld and especially adipic acid. The dicarhox-
vlic acids may also be employed in the form of
their anhydrides. The treatment may be carried
out, generally speaking, at temperatures between
100 and 350°C; it is, however, advisable to work
at the lowest possible temperature within said
range and not to heat over 300°C. Temperatures
ranging from 150 to 260°C have proved most suit-
able for the purpose.

The process can be carried out under ordinary
pressure, but under increased or reduced pres-
sure as well. The time of reaction is adjusted
in dependence on the catalyst, the temperature
and the acid employed, so that undesired side-
reactions which are liable to occur when too
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short or too long a stay In the catalyst chamher
is chosen are avolded as far as ever possible.

In the presence of hydrogen and smmonia di-
carboxylic acids are capable of undergoing most
different conversions and kinds of decomposi-
tlon. The number of reaction products imagin-
able is very large, depending on whether one or
both carboxylic groups are reduced or converted
into the nitrile group and then reduced, whether
carbon dioxide is split off ete. It is therefore
surprising that the reaction can be caused to
proceed preponderatingly in the desired direction
s0 that the Industrially important lactams can
be obtained from dicarboxylic acids in one opera-
tion.

The following examples serve to 1llustrate how
the present inventilon may be carried out in
practice but the Inventlon is not restricted to
these examples. The parts are by welght.

Example 1

100 parts per hour of adipic acid are quickly
evaporated and passed together with 155 parts
of ammonia and 9 parts of hydrogen at from
200 to 220°C over 375 parts of & nickel phosphate
catalyst obtained by mixing 4.5 kilograms of nickel
carbonate, 1.2 kilograms of phosphorle acid, 3
kilograms of water and 30 Hters of pea-sized
pumice stone, evaporating the mass to dryness
while stirring and reducing it with hydrogen at
350°C. The mixture leaving the reaction vessel
is cooled and washed with water. e-Caprolactam
is obtained besides some e-aminocapronitrile and
small quantities of diamines. The lactam can
be obtained in & pure state by distillation under
reduced pressure.

Instead of the above-mentioned ¢atalyst a cata-
lyst may be employed which has been prepared
in an analogous manner from 5 kilograms of
nickel carbonate, 5 kilograms of cobalt carbonate,
3 kilograms of phosphoric acld and 100 Jliters of
pumice stone, the catalyst having been reduced
for & hours. By passing at from 210 to 220°C
over each liter of the sald catalyst per hour a
mixture of 120 liters of hydrogen, 180 liters of
ammonia containing in each cubic meter 67 grams
of adipic acid vapor, caprolactam is likewise ob-
tained in a good yield besides adipic acid dinitrile,

Example 2

A mixture of 100 liters of ammonia, 50 liters
of hydrogen and 23 grams of vaporized adipic
acid is passed per hour over 1 llter of the nickel
phosphate catalyst referred to in Example 1 at
250°C. When the reaction mixture is cooled sol-
id e-caprolactam separates out first. On further
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cooling & liquid reaction product is condensed
which separates into olly constituents and water
formed In the reaction. The oil 1s distilled un-
der reduced pressure whereby the caprolactam
is separated from any by-products formed, such
as aminocapronitrile and hexamethylene imine.

Ezxample 3

80 liters of hydrogen heated to 180°C are hour-
1y passed through molten glutaric acid heated to
the same temperature. The current of hydregen
charged with glutarle acid vapor is united with
40 liters of ammonia per hour, heated to 300°C.
This combined gas-vapor current Is passed over
1 Iiter of a nickel phosphate catalyst precipi-
tated on pumice stone which has been heated to
285°C. The mixture leaving the chamber in
which the catalytic reaction goes on is cooled
and the condensed lemon-yellow oil is distilled In
vacuo. 3-Valerolactam is thus obtained in a yleld
of 55 per cent of the theory. It boils at 108°C
under a pressure of 5 milllmeters (mercury gauge)
and melts at 40°C,

The sald catalyst is prepared by dissolving 22.5
kilograms of secondary ammonium phosphate in
150 lters of hot distilled water and adding 66.7
kilograms of nickel carbonate while stirring.
After adding 1000 llters of granular pwmnice stone
(with grains of about 8 millimeters diameter)
the mass is dried on the water-bath while stir-
ring fntensely. The dried catalyst is reduced with
hydrogen at 350°C for 24 hours.

The catalyst thus obtained is also suitable for
use in converting succinic acid in a similar man-
ner as disclosed above into y-butyrolactam (melt-
ing at 25°C and boiling at 105°C under a pressure
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of 5 millimeters (mercury gauge)); in order to
obtain as complete as possible a conversion of the
suceinic acid care should be taken that the re-
action mixture remains for a sufficient time in the
reaction space.

Example ¢

A mixture of 20 liters of ammonlia and 100 lters
of hydrogen which is charged with 4 grams of the
vapors of adipic acid and which is heated to
290°C is passed per hour at 285°C over 1 liter of
a nickel-boric acid-phosphoric acld catalyst.

On cooling the reactlon mixture, & clear yel-
lowish oll is condensed which is subjected to dis-
tillation under reduced pressure. After remov-
ing therefrom slight amounts of water, a frac-
tion consisting of the azeotropic mixture of hex-
amethyleneimine and water is obtained first,
whereupon e-caprolactam of high purity is dis-
tilled over at 120°C under a pressure of 5 milli-
meters (mercury gauge); the lactam crystallizes
on further cooling and without being further puri-
fled has a melting point of 68°C. The yleld of
hexamethyleneimine amounts to 18 per gent,
while that of e-caprolactam amounts to 45 per
cent of the theory.

The sald catalyst Is prepared by pasting 102
grams of 100 per cent boric acid, 189 grams of
100 per cent phosphoric aclid and 665 grams of
nickel carbonate with water, mixing the paste
with 10 liters of granular puinice stone, drying
the mass and treating it with hydrogen at 350°C.
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