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The present invention relates to a novel process for preparing
cyclic lactams by reacting amino carbonitriles with water in the
presence of catalysts.

US—A 4 628 085 discloses the reaction of 6—aminocapronitrile with
water in the gas phase on acidic silica gel at 300°C. The reaction
takes place quantitatively with an initial selectivity of 95% to
produce caprolactam, but the productivity and selectivity are
found to decline rapidly. A similar process is described in

US-A 4 625 023, in which a highly diluted gas stream composed of
6—aminocapronitrile, adiponitrile, ammonia, water and carrier gas
is passed over a silica gel catalyst bed and a copper/chromium/
barium/titanium oxide catalyst bed. Caprolactam is obtained with
a selectivity of 91% and a conversion of 85%. In this case too
there is rapid inactivation of the catalyst.

US—A 2 301 964 relates to the uncatalyzed conversion of 6—amino-
capronitrile to caprolactam in aqueous solution at 285°C. The
yields are below 80%.

FR—A 2 029 540 describes a process for cyclization of 6—amino-
capronitrile to caprolactam using homogeneous metal catalysts
from the zinc and copper group in aqueous solution, caprolactam
being cbtained in yields of up to 83%. However, there are
problems in complete removal of the catalyst from the required
caprolactam because the latter forms complexes with the metals
used.

It is an_object of the present invention to provide a process for
preparing cyclic lactams by reacting amino carbonitriles with
water which does not entail the disadvantages described above.

We have found that this object is achieved by carrying out the

reaction in liquid phase in the presence of heterogeneous cata-
lysts based on titanium dioxide, zirconium oxide, cerium oxide

and aluminum oxide.

Preferred embodiments of the process according to the invention
are evident from the dependent claims.

The starting materials employed in the process according to the
invention are amino carbonitriles, preferably those of the

general formula I o1 e e e e e
i i (‘L Tk Dt B
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in which a highly diluted gas stream conposed of 6-am nocapronitrile,
adiponitrile, amonia, water and carrier gas is passed over a silica gel
catal yst bed and a copper/chrom um bar2un titani um oxi de cat al yst bed.
Caprol actam i s obtai ned-w t Ivity of 91% and a co on of 85%
In this case too there |sRYap|dl]inact|fivation of the cataly : -~
964 relates to the uncat gl yze onverlsi on of 6-am no- capra |tr|mEqM@CD
caprol actam i n aqle¥us (fut &H22d5fefERN The (1)

5 R?

where n and m are each 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9, and n + m
10 total at least 3, preferably at least 4.

R! and R? can, in principle, be substituents of any type, it
merely being necessary to ensure that the required cyclization is
unaffected by the substituents. R! and R? are preferably, indepen-

15 dently of one another, each C;-Cg—alkyl, Cs-Cy-cycloalkyl or
Cs-clz-aI'YJ. .

Particularly preferred starting compounds are amino carbonitriles
of the general formula
20

HoN—(CHy )p—C=N

where m is 3, 4, 5 or 6, in particular 5. The starting compound
when m = 5 is 6é—aminocapronitrile.
25
In the process according to the invention, the amino carbo-
nitriles described above are reacted with water in liquid phase
using heterogeneous catalysts to give cyclic lactams. Use of
amino carbonitriles of the formula I results in the corresponding
30 cyclic lactams of the formula II

Rl
\\

CH
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where n, m, R! and R? have the abovementioned meanings. Particu-
larly preferred lactams are those where n is 0 and m is 4, 5 or
6, in particular 5 (in the latter case, caprolactam is obtained).

35 (II)

45 The reaction is carried out in liquid phase at, in general, from
140 to 320°C, preferably 160 to 280°C; the pressure is generally
in the range from 1 to 250 bar, preferably from 5 to 150 bar, it
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are generally in the range from 1 to 120, preferably 1 to 90
and, in particular, 1 to 60 min. In some cases, holdup times of
1 — 10 min have proved to be entirely sufficient.

In general, at least 0.0l mol, preferably 0.1-20 mol and, in
particular, 1-5 mol of water are employed per mol of amino
carbonitrile.

The amino carbonitrile is advantageously employed in the form of
a 1-50% by weight, in particular 5-50% by weight, particularly
preferably 5~30% by weight, solution in water (in which case the
solvent is also reactant) or in water/solvent mixtures. Examples
of solvents which may be mentioned are alkanols such as methanol,
ethanol, n— and i-propanol, n—, i— and t—butanol and polyols such
as diethylene glycol and tetraethylene glycol, hydrocarbons such
as petroleum ether, benzene, toluene, xylene, lactams such as
pyrrolidone or caprolactam, or alkyl-substituted lactams such as
N-methylpyrrolidone, N-methylcaprolactam or N—ethylcaprolactam,
as well as esters of carboxylic acids with, preferably, 1-8
carbon atoms. Ammonia can alsc be present in the reaction. Mix-
tures of organic solvents can, of course, also be used. Mixtures .
of water and alkanocls in the water/alkanol ratio by weight of

1 - 75/25 — 99, preferably 1 -~ 50/50 — 99, have emerged in some
cases as particularly advantageous.

It is, in principle, equally possible to employ the amino carbo-
nitriles simultaneously as reactant and as solvent.

Catalysts which, under the reaction conditions described above,
have very high conversions, yields, selectivities and useful
lives are heterogeneous catalysts based on titanium oxide, zir-
conium oxide, cerium oxide and aluminum oxide. These can be used
in the form of powders, granules, chips, pellets or tablets. The
form required for the oxides generally depends on the require-
ments of the particular reaction procedure, using powder or gran-
ules in suspension. In a fixed bed procedure, tablets or pellets
with diameters of from 1 mm to 10 mm are normally used.

Aluminum oxide is suitable in all modifications which can be
cbtained by heating the precursor aluminum hydroxide or aluminum
oxide hydroxide (gibbsite, boehmite, pseudcboehmite, bayerite and
diaspore) at various temperatures. These include in particular
gamma— and alpha-aluminum oxide and mixtures thereof.
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n 1ch case otal of the abovementloned oxides should be
more than 80% by weight, or as supported catalyst, in which case
the abovementioned oxides can be applied to a mechanically and
chemically stable support, usually with a large surface area.

The pure oxides can have been prepared by precipitation from
agueous solutions, eg. titanium dioxide by the sulfate process,
or by other processes, eg. the pyrogenic production of fine
aluminum oxide, titanium dioxide or zirconium dioxide powders,
which are commercially available.

Several methods are available for preparing mixtures of the var-
ious oxides. The oxides, or their precursors which can be con-
verted into the oxides by calcination, can be prepared, for ex-~
ample, by coprecipitation from solution. This generally results
in very good dispersion of the two oxides used. The oxide or pre-
cursor mixtures can also be prepared by precipitating one oxide
or precursor onto a second oxide or precursor in a suspension of
finely dispersed particles thereof.  Another method comprises mechanically
mixing the oxide or precursor powders, and this mixture can be
used as starting material for preparing pellets or tablets.

Various methods are available for preparing supported catalysts.
Thus, for example, the oxides can be applied in the form of their
sols to the support by simple impregnation. Drying and calcina-
tion are normally carried ocut to remove the volatile constituents
of the sol from the catalyst. Sols of titanium dioxide, aluminum
oxide and zirconium dioxide are commercially available.

Another possibility for applying layers of active oxides
comprises hydrolysis or pyrolysis of organic or inorganic com~
pounds. Thus, a ceramic support can be coated with titanium
dioxide in a thin layer by hydrolyzing titanium isopropylate or
other titanium alkoxides. Other suitable compounds include TiCl,,
zirconyl chloride, aluminum nitrate and cerium nitrate. Suitable
supports are powders, extrudates or tablets of the said oxides
themselves or other stable oxides such as silicon dioxide. The
supports can be made macroporous to improve transport of matter.

The process according to the invention results in cyclic lactams,

in particular caprolactam, in high yield with good selectivities
and good maintenance of catalyst activity.
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I 2 [err] where n and mare each 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9, and n +

'mtotal at |east 3, preferably at |east 4.
5

EXAMPLES THIS SHEET HAS BEEN |
REPLACED

EXAMPLES 1 TO 6
5 A solution of 6—aminocapronitrile (ACN) in water and ethanol in
the ratios by weight stated in the table was passed under 100 bar
into a heated tubular reactor with a capacity of 25 ml (diameter
6 mm, length 800 mm) which was packed with titanium dioxide (ana-
tase) in the form of 1.5 mm pellets. The product stream leaving
10 the reactor was analyzed by gas chromatography and high-pressure

liquid chromatography (HPLC). The results are likewise to be
found in the table.
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I nvention, the amno carbo- nitriles described above are reacted wth water
in liquid phase using heterogeneous catalysts to give cyclic |actans. Use
of amino carbonitriles of the formula I7results in the correspondl ng cycl iC
lactams of the fornula Il [err] where n, m Rerr] and

abovenent i or&%glgggg,giggstes@art icu- larly preferred | actang "'fgré Si ltfd' %"%\ﬁé‘r% n
, or

is O and mis LACED

A solution of 10% aminocapronitrile, 6.4% water and 83.6% ethanol

5 was reacted as in the tests described in Example 1 without a
hetercgeneous catalyst at 250°C with a holdup time of 30 min in an
empty tubular reactor. The conversion was 28% and the selectivity
for caprolactam was 74%.
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EXAMPLES 17 TO 22

Examples 17 to 22 were carried out as in Examples 1 to 6 using the same tubular reactor and emplo
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preferably 5-30% by weight, solution in water (in which case the solvent is
al so react ant \BASF Aktiangesallachafit xt ur §30584danp| esOek .sODSOAES38AI ch may
be mentioned are al kanol s such as nethanol, ethanol, n- and i-propanol, n-,
i - and t-butanol and polyols such as diethylene glycol and tetraethyl ene
gl ycol , hydrocarbons such as petrol eum eti®er, benzene, tolue
| act ans such as pyrrol edone or caprol actam or al kyl -substituyte
such as N net hyl pyrrol.fdone, N nethylcaprolactamor N-ethylc
wel | as esters of carbgxylic acids with, preferably, 1-8
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organi ¢ solvents can, of course, also be used. M xtures of water and

«al kanols in the water/al kanol ratio by weight of 1 - r5/$5 -d99, preferab:¥
1 - 50/50 - 99, have energed | articularly a vant ageous

I's, in principle, equally possl lmmmmﬁﬂﬂujﬁme am no car bof -[%I[stg HEESHAS BEEN
sinultaneougJ cigikgact ant and as Solvefit. sC‘a’talysts whi ch, un %EQCED ’
reaction conditions descri bed above, have very high conver si ofis—y-erds;

selectivities and useful ) . )
1. A process for preparing cyclic lactams by reacting amino car-

5 bonitriles with water in the presence of catalysts, wherein
the reaction is carried out in liguid phase in the presence
of heterogeneous catalysts based on titanium dioxide, zir-
conium oxide, cerium oxide and aluminum oxide.

10 2. A process as claimed in claim 1, wherein the reaction is
carried out at from 140 to 320°C.

3. A process as claimed in either of claims 1 and 2, wherein
amino carbonitriles of the formula
1s
HoN—(CHj ) yg—C=N
where

20 mis 3, 4, 5 or 6 are employed.

4. A process as claimed in claim 3, wherein 6—aminocapronitrile
is employed as aminoc carbonitrile.

25 5. A process as claimed in any of claims 1 to 4, wherein a 1-50%
by weight solution of the amino carbonitrile in water or in
water/org. solvent mixtures is employed.
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Abstract

A process for preparing cyclic lactams by reacting amino carbo-
nitriles with water in liquid phase in the presence of hetero-
geneous catalysts based on titanium dioxide, zirconium oxide,
cerium oxide and aluminum oxide.
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oxi de hydroxi de (gibbsite, boehnite, pseudoboehni-t-e;-bayerit-e
at various tenperatures. These include in partlcular ‘gdmra: - and
al pha-al um num oxi de and mi xtures thereof. 4 E?e oxidés ¢an béd used. rn“.
pure form (> 80% by wei ght content of the partlc ar- OXIde) ' as M. xt ur.e:of
t he abovenenti oned oxi des, SRR EF B PR

The preparation of caprolactam E . e el

The present invention relates to a novel process for preparing
cyclic lactams by reacting amino carbonitriles with water in the
presence of catalysts.

US—A 4 628 085 discloses the reaction of 6—aminocapronitrile with
water in the gas phase on acidic silica gel at 300°C. The reaction
takes place quantitatively with an initial selectivity of 95% to
produce caprolactam, but the productivity and selectivity are
found to decline rapidly. A similar process is described in

US-A 4 625 023, in which a highly diluted gas stream composed of
é—aminocapronitrile, adiponitrile, ammonia, water and carrier gas
is passed over a silica gel catalyst bed and a copper/chromium/
barium/titanium oxide catalyst bed. Caprolactam is obtained with
a selectivity of 91% and a conversion of 85%. In this case too
there is rapid inactivation of the catalyst. '

US—A 2 301 964 relates to the uncatalyzed conversion of 6é—amino-
capronitrile to caprolactam in aqueous solution at 285°C. The
yields are below B80%.

FR—A 2 029 540 describes a process for cyclization of 6—amino-
capronitrile to caprolactam using homogeneous metal catalysts
from the zinc and copper group in aqueous solution, caprolactam
being obtained in yields of up to 83%. However, there are
problems in complete removal of the catalyst from the required
caprolactam because the latter forms complexes with the metals
used.

It is an.object of the present invention to provide a process for
preparing cyclic lactams by reacting amino carbonitriles with
water which does not entail the disadvantages described above.

We have found that this object is achieved by carrying out the
reaction in liquid phase in the presence of heterogeneous cata-
lysts based on titanium dioxide, zirconium oxide, cerium oxide
and aluminum oxide.

Preferred embodiments of the process according to the invention
are evident from the dependent claims.

The starting materials employed in the process according to the
invention are amino carbonitriles, preferably those of the

‘general formula I REPLACEMENT SHEET
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in which case the total of the abovenentioned oxi des should be nore than
80% by wei ght, or as supported catal yst, in which case the abovenenti oned
oxi des can be applied to a nechanically and chem cally stable support,
usually with a |l arge surface area. The pure oxides can have been prepared
by precipitation from aqueous_sol utions, eg. titanium dioxide by the

sul fate process, or by of hgr progcesses$, eg. the pyrogenic production of
fine alum num oxide, tit qiun1di xi dejor zirconium di oxi de powders, which
are comrerci al ly aviyN-ab] & CH; |—cCc==N (1)

R2

where n and m are each 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9, and n + m
total at least 3, preferably at least 4.

R! and R? can, in principle, be substituents of any type, it
merely being necessary to ensure that the required cyclization is
unaffected by the substituents. R! and R? are preferably, indepen-
dently of one another, each C;-Cg—alkyl, Cs-Cy-cycloalkyl or
Cg=C12-aryl.

Particularly preferred starting compounds are amino carbonitriles
of the general formula

HaN—(CH ) p—C= N

where m is 3, 4, 5 or 6, in particular 5. The starting compound
when m = 5 is 6é—aminocapronitrile.

In the process according to the invention, the amino carbo-
nitriles described above are reacted with water in ligquid phase
using heterogeneous catalysts to give cyclic lactams. Use of
amino carbonitriles of the formula I results in the corresponding
cyclic lactams of the formula II

Rl
C) — (CHp)
LAV (1I)
/ =
!
H

where n, m, R! and R2 have the abovementioned meanings. Particu-
larly preferred lactams are those where n is 0 and m is 4, 5 or
6, in particular 5 (in the latter case, caprolactam is obtained).

The reaction is carried out in liquid phase at, in general, from
140 to 320°C, preferably 160 to 280°C; the pressure is generally

in the range from 1 to 250 bar, preferably from 5 tgo 150 bar, it
: v GHER
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Several nethods are available for preparing m xtures of the var- ious

oxi des. The oxi des, or their precursors which can be con- verted into the
oxi des by cal cination, can be prepared, for ex- anple, by coprecipitation
fromsolution. This generally results in very good dispersion of the two
oxi des used. The oxi de or pre- cursor @ixtures can al so be prepared by
preci pitating, one oxide or precursor onto a second oxide or precursor, in a

suspensi on BRLRY MASESFREFeFSctP $EY itdads HReF 8RF 19t AIENERe LA OB S ses
mechani cal | gantky fg-quid oride the mranditdonspenpbeyed afthe hioddup xtimes can be
are generally in the range from 1 to 120, preferably 1 to 90
and, in particular, 1 to 60 min. In some cases, holdup times of
1 — 10 min have proved to be entirely sufficient.

In general, at least 0.01 mol, preferably 0.1-20 mol and, in
particular, 1-5 mol of water are employed per mol of amino
carbonitrile.

The amino carbonitrile is advantageously employed in the form of
a 1-50% by weight, in particular 5-50% by weight, particularly
preferably 5-30% by weight, solution in water (in which case the
solvent is also reactant) or in water/solvent mixtures. Examples
of solvents which may be mentioned are alkanols such as methanol,
ethanecl, n— and i-propanocl, n—, i— and t~butanol and polyols such
as diethylene glycol and tetraethylene glycol, hydrocarbons such
as petroleum ether, benzene, toluene, xylene, lactams such as
pyrrolidone or caprolactam, or alkyl-substituted lactams such as
N-methylpyrrolidone, N-methylcaprolactam or N—ethylcaprolactam,
as well as esters of carboxylic acids with, preferably, 1-8
carbon atoms. Ammonia can also be present in the reaction. Mix-
tures of organic solvents can, of course, also be used. Mixtures
of water and alkanols in the water/alkanol ratio by weight of

1 — 75/25 — 99, preferably 1 — 50/50 — 99, have emerged in some
cases as particularly advantageous.

It is, in principle, equally possible to employ the amino carbo-
nitriles simultaneously as reactant and as solvent.

Catalysts which, under the reaction conditions described above,
have very high conversions, yields, selectivities and useful
lives are heterogeneous catalysts based on titanium oxide, zir-
conium oxide, cerium oxide and aluminum oxide. These can be used
in the form of powders, granules, chips, pellets or tablets. The
form required for the oxides generally depends on the require-
ments of the particular reaction procedure, using powder or gran-
ules in suspension. In a fixed bed procedure, tablets or pellets
with diameters of from 1 mm to 10 mm are normally used.

Aluminum oxide is suitable in all modifications which can be
obtained by heating the precursor aluminum hydroxide or aluminum
oxide hydroxide (gibbsite, boehmite, pseudoboehmite, bayerite and
diaspore) at various temperatures. These include in particular
gamma— and alpha-aluminum oxide and mixtures thereof.i ..ai «:
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used as starting material for preparing pellets or tablets. Various nethods

are avail able for preparing supported catal ysts. Thus, for exanple, the

oxi des can be applied in the formof their sols to the support by sinple

i mpregnation. Drying and calcina- tion are normally carried out to renove

the volatile constituents of the sol frgnthe catalyst. Sols of titanib:Jm

di oxi de, al ugi nuny.0xi d ngd_zj | | 0%l e Is y | :

Anot her possﬂ‘)%ﬂg%l ,so(réagjpgf’ #%ég{lay?r??eoéogg ?%/ee o&rgég?%égk&lﬁrfgpégéfl‘ta of

hydr ol ysi s oFRByRHSATRL 251 SBL RN A MINTHF Gant cLRBADoVeRentitned oxides,
in which case the total of the abovementioned oxides should be
more than 80% by weight, or as supported catalyst, in which case
the abovementioned oxides can be applied to a mechanically and

chemically stable support, usually with a large surface area.

The pure oxides can have been prepared by precipitation from
agqueous solutions, eg. titanium dioxide by the sulfate process,
or by other processes, eg. the pyrogenic production of fine
aluminum oxide, titanium dioxide or zirconium dioxide powders,
which are commercially available.

Several methods are available for preparing mixtures of the wvar-
ious oxides. The oxides, or their precursors which can be con-
verted into the oxides by calcination, can be prepared, for ex-
ample, by coprecipitation from solution. This generally results
in very good dispersion of the two oxides used. The oxide or pre-
cursor mixtures can also be prepared by precipitating one oxide
or precursor onto a second oxide or precursor in a suspension of
finely dispersed particles thereof.  Another method comprises mechanically
mixing the oxide or precursor powders, and this mixture can be
used as starting material for preparing pellets or tablets.

Various methods are available for preparing supported catalysts.
Thus, for example, the oxides can be applied in the form of their
sols to the support by simple impregnation. Drying and calcina-
tion are normally carried out to remove the volatile constituents
of the sol from the catalyst. Sols of titanium dioxide, aluminum
oxide and zirconium dioxide are commercially available.

Another possibility for applying layers of active oxides
comprises hydrolysis or pyrolysis of organic or inorganic com-
pounds. Thus, a ceramic support can be coated with titanium
dioxide in a thin layer by hydrolyzing titanium isopropylate or
other titanium alkoxides. Other suitable compounds include TiCl,,
zirconyl chloride, aluminum nitrate and cerium nitrate. Suitable
supports are powders, extrudates or tablets of the said oxides
themselves or other stable oxides such as silicon dioxide. The
supports can be made macroporous to improve transport of matter.

The process according to the invention results in cyclic lactams,
in particular caprolactam, in high yield with good selectivities
and good maintenance of catalyst activity.
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pounds. Thus, a ceram c support can be coated with titaniumdioxide in a
thin layer by hydrolyzing titaniumisopropylate or other titanium

al koxi des. Qther suitable conpounds include TiC[err], zirconyl chloride,
alumnumnitrate and ceriumnitrate. Suitable supports are powders,
extrudates or tablets of the said oxides thensel ves or other stable oxides
such as silicon dioxide. The supportsscan be made macroporous to inprove
transport of matter. The process acc%égg%lEgo the invention results in
cyclic lactans, in particular caprol n high yield with good

sel ectivities
EXAMPLES 1 TO 6

A solution of 6—aminocapronitrile (ACN) in water and ethanol in
the ratios by weight stated in the table was passed under 100 bar
into a heated tubular reactor with a capacity of 25 ml (diameter
6 mm, length 800 mm) which was packed with titanium dioxide (ana-
tase) in the form of 1.5 mm pellets. The product stream leaving
the reactor was analyzed by gas chromatography and high-pressure
liquid chromatography (HPLC). The results are likewise to be
found in the table. '
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and good nei ntenance of catal yst activity. 5 EXAMPLES EXAMPLES 1 TO 6 A
solution of 6-ami nocapronitrile (ACN) in water and ethanol in the ratios by
wei ght stated in the table was passed under 100 bar
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into a heated tubular reactor with a capacity of 25 m (dianeter 6 nmm
length 800 mm) which was packed with titani umdi oxide (ana- tase) in the
formof 1.5 mmpellets. The product stream | eaving the reactor was anal yzed
by gas chromat ography and hi gh-pressure |iquid chromatography (HPLC). The
results are |ikewise to be found in the table.

7

Comparative test

A solution of 10% aminocapronitrile, 6.4% water and 83.6% ethanol
was reacted as in the tasts described in Example 1 without a
heterogeneous catalyst at 250°C with a holdup time of 30 min in an
empty tubular reactor. The conversion was 28% and the selectivity
for caprolactam was 74%.
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was reacted as in the tests described in Exanple 1

wi t hout a heterogeneous catalyst at 250 Cwith a holdup tine of 30 min in
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7 Conparative test A solution of 10% am nocapronitrile,
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The conversion was 28% and the selectivity for

reactor.

enpty tubul ar

[err]

caprol actam was 74%
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-11- W claim 1. A process for preparing cyclic |lactans by reacting am no
car- bonitriles with water in the presence of catalysts, wherein the

reaction is carried out in qui d phase in the presence of heterogeneous
catal ysts based‘ﬂ“lﬁ“l‘l?“‘““ﬂliuﬂ zir- conium oxi de, cerium oxi de,

al um ni um oxi de hese oxides. 2. A process as clainmed in
claim1, wherein*thé react ion is 11 -

We claim:

1. A process for preparing cyclic lactams by reacting amino car-
bonitriles with water in the presence of catalysts, wherein
the reaction is carried out in liquid phase in the presence
of heterogeneous catalysts based on titanium dioxide, zir-
conium oxide, cerium oxide and aluminum oxide.

2. A process as claimed in claim 1, wherein the reaction is
carried out at from 140 to 320°C.

3. A process as claimed in either of claims 1 and 2, wherein
amino carbonitriles of the formula

HoN— (CHz ) m—C=N
where
m is 3, 4, 5 or 6 are employed.

4. A process as claimed in claim 3, wherein 6é—aminocapronitrile
is employed as amino carbonitrile.

5. A process as claimed in any of claims 1 to 4, wherein a 1-50%

by weight solution of the amino carbonitrile in water or in
water/org. solvent mixtures is employed.
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carried out at from 140 to 320[err]C. 3. A process as clainmed in either of

clains 1 and 2, wherein am no carbonitriles of the forrmula Herr] N (
CH err] )[err]-CJerr]Nwhere mis 3, 4, 5 or 6 are enployed. 4.

A process

as clainmed in claim3, wherein 6-am nocapronitrile is enployed as am no

carbonitrile. 5.

1-50%

A process as clained in any of clains 1 to 4, wherein a
12

The preparation of caprolactam

Abstract

A process for preparing cyclic lactams by reacting amino carbo-
nitriles with water in liquid phase in the presence of hetero-
geneous catalysts based on titanium dioxide, zirconium oxide,

cerium oxide and aluminum oxide.
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by@€i ght sol ution of the anmino carbonitrile in water or in water/org.
sadlvent m xtures is enployed.

'STRALIAN PATENT OFFICE Application No.
ARCH REPORT SG 9608752-3

¢ TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet)

A process for preparing cyclic lactams by reacting amino carbonitriles with water in the presence of catalysts,
wherein the reaction is carried out in liquid phase in the presence of heterogeneous catalysts based on any one or
more of the following compounds titanium dioxide, zirconium oxide, cerium oxide and aluminum oxide.
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We claim:

1.

A process for preparing cyclic lactams by reacting amino car-
bonitriles with water in the presence of catalysts, wherein
the reaction is carried out in liquid phase in the presence
of heterogeneous catalysts based on titanium dioxide, zir-
conium oxide, cerium oxide, aluminium oxide or a mixture of these

oxides.

A process as claimed in claim 1, wherein the reaction is
carried out at from 140 to 320°C.

A process as claimed in either of claims 1 and 2, wherein
amino carbonitriles of the formula

HoN—(CH2 ) p—C=N
where
m is 3, 4, 5 or 6 are employed.

A process as claimed in claim 3, wherein 6—aminocapronitrile
is employed as amino carbonitrile.

A process as claimed in any of claims 1 to 4, wherein a 1-50%
by weight solution of the amino carbonitrile in water or in
water/org. solvent mixtures is employed.
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