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and so make it possible to make the reactors smaller.

20
It is an object of the present invention to provide a process for
preparing cyclic lactams by reacting aminocarbonitriles with
water in the liquid phase in a fixed bed reactor in the presence
of catalysts having no soluble constituents under the reaction

25 conditions without the above-described disadvantages.

We have found that this object is achieved according to the
present invention when the catalyst consists of shaped articles
obtainable by shaping the oxide into shaped articles and, before

30 or after said shaping, treating the oxide with from 0.1 to 30% by
weight, based on the oxide, of an acid in which the oxide is
sparingly soluble.

Preferred embodiments of the process of the present invention are
35 revealed in the subclaims.

The starting materials used in the process of the present
invention are aminocarbonitriles, preferably those of the general

formula I
40
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40 TJ[err] 0050/48307 ' 2 where n and m are each

0o, 1, 2, 3, 4, 5, 6, 7, 8 or 9and n+ m totals at least 3, preferably at
| east 4. Rlerr] and Rlerr] can in principle be substituents of any type.
It is 5 nmerely necessary to ensure th the desired cyclization reaction

I's not affected by the substltu nt ] ,and er,r re
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Particularly preferred starting compounds. are aminocarbonitriles

10 of the general formula
HpN—(CHy ) p—C=N

where m is 3, 4, 5 or 6, especially 5. When m = 5, the starting
15 compound is 6-aminocapronitrile.

In the process of the present invention, the above-described
aminocarbonitriles are reacted with water in the ligquid phase
using heterogeneous catalysts to form cyclic lactams. Use of

20 aminocarbonitriles of the formula I results in the corresponding
cyclic lactams of the formula II

1
R\\\
25 C| —(CH2)nm
R n |
C=—20
~
|
30 H

where n, m, R! and R? are each as defined above. Particularly
preferred lactams are those where n is 0 and m is 4, 5 or 6,
35 especially 5 (caprolactam being obtained in the latter case).

The reaction is carried out in the liquid phase at generally from
140 to 320°C, preferably at from 160 to 280°C; the pressure is
generally within the range from 1 to 250 bar, preferably from 5
40 to 150 bar, it being necessary to ensure that the reaction
mixture is predominantly liquid under the conditions employed.
The residence times are generally within the range from 1 to 120,
preferably 1 to 90, and especially 1 to 60, min. In some cases,
residence times of from 1 to 10 min have proven to be completely
45 adequate.
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It is in principle equally possible to use the aminocarbonitriles
as solvent as well as reactant.
25
The catalytically active oxides used can be, for example, acidic,
amphoteric or basic oxides, preferably aluminum oxide, such as
alpha- or gamma-alumina, tin oxide, zinc oxide, cerium oxide,
especially titanium dioxide, amorphous, as anatase or rutile, and
30 also their mixtures and mixed phases.

The aforementioned compounds can be doped with, or comprise,
compounds of main groups 1 to 7, especially 2, 3 or 4, of the
periodic table, of transition groups 1 to 7 of the periodic

35 table, of the elements of the iron group or of the lanthanides or
actinides and also mixtures thereof.

If desired, these catalysts may comprise up to 50% by weight in
each case of copper, tin, zinc, manganese, iron, cobalt, nickel,
40 ruthenium, palladium, platinum, silver or rhodium.

These catalytically active oxides are preparable in a
conventional manner, for example by hydrolysis of the
corresponding organics, alkoxides, salts with organic or

45 inorganic acids and subsequent heating or calcining and also



It is in-primo50AL830MmI| |y possible to use the aminocarbonitriles as

solvent as well as reactant. 25 The catal ytically active oxides used can
be, for exanple, acidic, anphoteric or basic oxides, preferably al um num
oxi de, such as al pha- or gamm alum a, tin oxide, zinc oxide, cerium
oxi de, esp I a ph S a S gkutile, and
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4 advant awtyg,ms pE&PRCIagkily in the case of titanium dioxide,
pyrogeni cally and are generally commercially available. According to

the invention. th d ted with d. . 5 bef ft
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oxalic acid, propionic acid, butyric acid, mal ei ¢ acid or inorganic
aci ds suchl3sThesgpehymesitican be rmatmispobny*a@ioos,ins@nélm pr batchwise in one
hydrochl ori c @é¢inbrePatidesil ahbyindividuhhhdtageat aky Hes carei@bicaitnabtie the

treatment w tdamC@khE, a&ﬁerégtfﬁlrascoecmhnt&baiI&r%wf@ersw%x%hkas of
phosphoric acjgk éﬁr pol yphosphoric acid Is al so possible to use

m xtures of aci

20 Similarly, the oxides can be treated with an acid in the form
mentioned before and after shaping.

Preferably, the oxides are treated with an acid before shaping.

25 The amount of acid used according to the invention is from 0.1 to
30%, preferably from 0.1 to 10%, especially from 0.1 to 5%, by
weight, reckoned as pure acid, based on pyrogenic titanium
dioxide. The acid can be mixed with a liquid diluent, such as
water.

30
The catalysts can be prepared from the oxides without additives.
It is similarly possible to add additives such as binders, for
example titanium dioxide sols, salts of the oxides used, soluble
titanium salt compounds, hydrolyzable titanium compounds such as

35 titanium alkoxides or aluminum salts, such as pore-formers, for
example methylcellulose, carbon fibers, fibers of organic
polymers, melamine, starch powder, preferably before shaping.

The shaped articles can be present in various forms, for example
40 as ball, tablet, cylinder, hollow cylinder, pellet, chip or
strand. Such shaped articles are preparable in a conventional
manner using appropriate shaping machines such as tableting
machines, extruders, rotary granulators, pelletizers or
combinations thereof.
458



15 The treat 008048880k carried out continuously or batchw se in one or
nore stages. The individual stages can be carried out with the sane
acid, different acids or identical or different m xtures of acids. 20
Simlarly, the oxides can be treated witgh an acid in the form nentioned
before and afj.er shaping.. . Preferab t oxi des treated with an
acid before sha sggs&h i%tfﬁé gﬁo"[fﬁtdeﬁf"y‘%% %%ﬁgeﬁn aa&i%r gf?l RS ha&%i nventi on
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simlarly possi ble to add additives such as binders, for exanpl e
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al um num sal t%ea%aeﬁ ean fgke- PAGReAs, afepnventiongh manpet hyfeeexampke in
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pref er abl ylbe&frimgingathenFeaction itixthiaperhtdy cofit&s @dBhbehdrazalyst bed.
various forms, for exanple 40 as ball, tablet, cylinder, hollow cylinder,
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at mospher e Ore:éﬂ}ehgﬁyaicfw cabdijdencaghmptiesh.  especially at _
400-750[ err] C, preferably in an inert gas atnosphere or 5 in the air.
Example 1: Preparation of pyrogenic titanium dioxide extrudates
20 (formic acid)

8350 g of pyrogenic titanium dioxide powder having a
rutile/anatase ratio of 80/20 were kneaded for 3 hours with 47 g
of 85% strength formic acid and 3750 g of water and thereafter

25 molded into 4 mm extrudates under a molding pressure of 70 bar.
The extrudates were dried at 120°C for 16 hours and then calcined
at 500°C for 3 hours.

Analysis of extrudates:

30
Density 989 g/1
Water regain 0.31 ml/g
Cutting hardness 25 N
Surface area 37 m?/g
35

Example 2: Preparation of pyrogenic titanium dioxide extrudates
{phosphoric acid)

1950 g of precipitated titanium dioxide powder (anatase) were

40 kneaded for 3 hours with 60 g of concentrated phosphoric acid and
900 g of water and then molded into 1.5 mm extrudates under a
molding pressure of 70 bar. The extrudates were dried at 120°C for
6 hours and then calcined at 350°C for 5 hours.

45 Analysis of extrudates:



The het er ogen@@50/483067 ysts are arranged in a fixed bed. The reaction

can take place in a conventional manner, for exanple in a downfl ow or
pref erably upfl ow node, especially continuously, by 10 bringing the
reaction mxture into contact with the gatal yst bed. The advant age of

t he process t present inventj.gn_i,s the possibility to operate the
cyclization gé)erﬁsl% ousl% in a si hﬁeg/f manner with very high throughputs
and hi gh yi el feinge98 el ecti vi t9°48 BWF short residence times. Since the
cat al ysts use¥prfacpag®ed | ong |i f29¢i m&/d rom observations to date, the

result is an extrenely |ow catal yst consunption. Exampl e 1: _
Prepar at i ons oéxaip1e98NiFrepatatioiNod B¥ééifpivatbddainidh dioxide (formc
aci d) 8350 G vabtRy T 0geni ¢ titani um di oxi de powder having a

rutil e/ anatase ratio of %%/’20 V\B%ﬁ kneaded for 3 hours with 47 g of 85%
strength formc acid an®3¥38 3 water and thereafter 25 nolded into 4 mm
extrudat es under a nol ding pressure of 70 bar. The extrudates were dried
at 120[ err] C ¥bi0006ghefipregiditatad ¢dkenhuy dioxide J8Gderr | @dtmsel wene s.
Anal ysi s 010 exiaadeédt for Bhours Beitdi BP0 g of concentrat@@Ingttic acYdt &idregain
0.31 m/g 1380t igngs K€ 88d then 4818bd inPe BoaRk St@@dates under3d
nferr]/g 35 mol@iﬂgpﬁfegéu rSPa'L@tHaQ'rJ Qﬁe Mt?ggé% RJ&Q”&HE&’!&?‘}E‘@% for
or | % 0 at ed

C1 L ant um di o] BBV PERAPALEIIEPE. 401 %n 25 cl TRUAS Kb e J4P1ch 66 § of

concent r at ed PHEPBRo? i ROUME-d and 900 g of water and then nolded into 1.5

mm ext rudal®s under a nol ding pressure of 70 bar. The extrudates were
dried at 120[mallyeié o6f ext@ubates: and then cal cined at 350[err]C for 5
hours. 45 Anal ysis of extrudates: 0050/ 48307
Density 919 g/1
Water regain 0.32 ml/g
20 Cutting hardness 25 N
Surface area 105 m2/g
Examples 4 to 16: Conversion of 6-aminocapronitrile into
caprolactam
25

A solution of 6-aminocapronitrile (ACN) in water and ethanol in
the weight ratios reported in the table was passed into a 25 ml
capacity heated tubular reactor (diameter 6 mm; length 800 mm)
packed with catalysts 1 to 4 recited in the table, in the form of

30 granules. The product stream leaving the reactor was analyzed by
gas chromatography. The results are recited in the table as
examples.

As well as caprolactam, the product stream comprises essentially
35 ethyl e-aminocaproate and g-aminocaproamide. Both can likewise be
cyclized to form caprolactam. In addition, the stream includes
from 5 to 8% of caprolactam oligomer which can be cracked to form

caprolactam monomer.

40
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8 Catalysts 1 to 4 were prepared simlarly to catal yst exanples 1 to

3: 5 Catal yst 1: Precipitated titani um di oxi de extruded with 3%

of phosphoric acid as 3 nmm extrudates aréd t hen ground to

granules 1.0-1.5 mmin size Cat al yst™ 2: Precipitated titanium

di oxi de extruded with 3% 10 of phosphoric acid as 3 mMm

extrudates Catedygt§st o 4 werg preparedtsimidiaghy dio dagelext raxpeelesth 3%

of to 3: phosphoric acid as 4 mm extrudates and then

ground to granules 1.6-2.0 nmin size 15 Cat al yst 4: Pyrogeni c

titani um di gx¢He15%kr yded W Qi&i@f‘é’eﬁf titanium dioxide extré@é&nvﬁtﬂcgg as 4

mm ext r28dat es and“then groy phosphoric acid as 3 mnq eq:rt?:rd aggs 1ain%_ %henrTm In
ground to granules 1.0-1.5 mm in size

si ze

Catalyst 2: Precipitated titanium dioxide extruded with 3%
io of phosphoric acid as 3 mm extrudates
Catalyst 3: Pyrogenic titanium dioxide extruded with 3% of

phosphoric acid as 4 mm extrudates and then
ground to granules 1.6-2.0 mm in size

15
Catalyst 4: Pyrogenic titanium dioxide extruded with 0.5% of

formic acid as 4 mm extrudates and then ground
to granules 1.6-2.0 mm in size

20

25
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9 W claim 1. The process for preparing cycli cmacti ng

5° am nocarbonitriles with water in the liquid phase | mely“ﬂ“né“mul‘“ IbIeS

reactor in the presence of a catalyst wdich conprises alrm
active oxide, which has no soluble constituents u fe the meattion
condi tions ang WRhgh. consists of shaped

1. The process for preparing cyclic lactams by reacting

5 aminocarbonitriles with water in the liquid phase in a fixed
bed reactor in the presence of a catalyst which comprises a
catalytically active oxide, which has no soluble constituents
under the reaction conditions and which consists of shaped
articles obtainable by shaping the oxide into shaped articles

10 and, before or after said shaping, treating the oxide with
from 0.1 to 30% by weight, based on the oxide, of an acid in
which the oxide is sparingly soluble.

2. The process of claim 1, wherein the reaction is carried out
15 at a temperature within the range from 140 to 320°C.

3. The process of either of claims 1 and 2, wherein the
aminocarbonitriles used have the formula

20 HyN—(CHz ) m—C=N
where

m is 3, 4, 5 or 6.
25
4. The process of claim 3, wherein the aminocarbonitrile used is
6-aminocapronitrile.

5. The process of any of claims 1 to 4, wherein the aminocarbo-
30 nitrile is used in the form of a from 1 to 50% strength by
weight solution in water or in water/org. solvent mixtures.

6. The process of any of claims 1 to 5, wherein the
catalytically active oxide is titanium dioxide, aluminum
35 oxide, tin oxide, zinc oxide, cerium oxide or a mixture
thereof.

7. The process of any of claims 1 to 6, wherein the acid used is
phosphoric acid or polyphosphoric acid.
40
8. The process of any of claims 1 to 7, wherein the acid used is
nitric acid, acetic acid or formic acid.

45



articl es- obt 2005048397 shapi ng the oxide into shaped articles 10 and,

before or after said shaping, treating the oxide wth from0.1 to 30%
by wei ght, based on the oxide, of an acid in which the oxide is
sparingly sol uble. 2. The process of claiml, wherein the reaction is
carried out 15 at a tenperature within the range from 140 to 320[err]C.
3. The procemfpabagislele Qapthfldint and 2, wherein the

am nocarbonitriles used have 't he formul a [err] wher e m is
3, 4, 5 or 6._25 . The process of claim3, wherein the
anlnocarbonltﬁqqpéaﬁged is 6- ami nocapronitrile. 5. The process of
any of clai®s 1 to 4, wherein the ami nocarbo- 30 nitrile is used in the

formof a fro@yclitolasdlenst meagplrepited by reueitghy aminsica®Boritrddesrwith in
water/org. soamei iffi ¥he/N8%mid pkase Thea PFOEASBed@f réidiopf J.&liﬁ'lerrﬁrésé&es
wherein the ¢ 5 cgi‘% Q@ 'vfﬁil:kyc%%tﬂl\égs Oﬁ('c%%ahgtiééﬂa) %Q)c:‘;'& O)qu.ge, {fphum

35 oxi de, t|n OXl zi nc
t her eof . fﬁ? s§°8? FREnSE E?é%ﬁn? b f????lqﬁhﬁ?%é%FﬁPﬂé %E?d used
is ph® ‘ﬁ‘ﬁ&hl E%%’rsd‘-sonp%\‘%Qﬁ?o%ﬁbﬂ%s gbtainakle bg. shapimopthe eaxidsf

any of cl ai neinto gh@pedirntdches hndacbdfommedr sfter saidi shapingi tireaiciotg
acid or formtheaoixdlde withb from 0.1 to 30% by weight, based on the oxide, of
an acid in which the oxide is sparingly soluble.
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