
The preparation of caprolactam The present invention relates to a novel
process for preparing 5 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[err]C. The reaction 10 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 15 are
[sic] 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. 20 US-A 2 301 964 relates to the uncatalyzed
conversion of 6-amino- capronitrile to caprolactam in aqueous solution at
285[err]C. The yields are below 80%. FR-A 2 029 540 describes a process for
cyclization of 6-amino- 25 capronitrile to caprolactam with the aid of
catalysts, wherein the catalysts, wherein the catalysts [sic] used are
metallic Zn or Cu powder or oxides, hydroxides, halides, cyanides of
rubidi- um, lead, mercury or of elements with an atomic number of from 21
to 30 or 39 to 48. The described catalysts are used as suspended 



30 catalysts in stirred autoclaves which are operated batchwise.
Caprolactam is in this case obtained in yields of up to 83%. How- ever,
there are problems in complete removal of the catalysts from the required
caprolactam because caprolactam may form com- pounds with the soluble
components of the metals used, or very 35 fine particles may be produced by
mechanical agitation. It is an object of the present invention to provide a
process for preparing cyclic lactams by reacting amino carbonitriles with
water in the presence of catalysts which does not entail the 40
disadvantages described above, provides high yields and selecti- vities and
allows continuous operation. The intention furthermore was to minimize the
consumption of cat- alyst. It was further intended to avoid the separation
problems 45 arising in a suspension procedure, whether due to complexation
of the soluble components of the catalyst with components of the    2
reaction mixture or due to very fine particles produced by the high
mechanical stress in the agitation process. We have found that this object
is achieved by carrying out the 5 reaction in liquid phase in a fixed bed
reactor in the presence of heterogeneous catalysts which do not have
soluble components 



under the reaction conditions. The heterogeneous catalysts are located in a
fixed bed through which the reaction mixture contin- uously flows in an
upward or downward direction. 10 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 15 invention
are amino carbonitriles, preferably those of the general formula I [err] 25
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. [err] and [err] can, in principle, be
substituents of any type, it 30 merely being necessary to ensure that the
required cyclization is unaffected by the substituents. [err] and [err] are
preferably, indepen- dently of one another, each [err], [err] or [err]. 35
Particularly preferred starting compounds are amino carbonitriles of the
general formula [err] 40 where m is 3, 4, 5 or 6, in particular 5. The
starting compound when m = 5 is 6-aminocapronitrile. In the process
according to the invention, the amino carbo- 



nitriles described above are reacted with water in liquid phase 45 using
heterogeneous catalysts to give cyclic lactams. Use of    3 amino
carbonitriles of the formula I results in the corresponding cyclic lactams
of the formula II [err] 10 where n, m, [err] and [err] have the
abovementioned meanings. Particu- larly preferred lactams are those where n
is 0 and m is 4, 5 or 15 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 [err]C, preferably 160 to 280[err]C; the
pressure is generally in the range from 1 to 250 bar, preferably from 5 to
150 bar, it 20 being necessary to ensure that the reaction mixture is
predomi- nantly liquid under the conditions employed. The holdup times 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 from 1 to 10 min
have proven to be completely adequate. 25 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. 30 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, 35 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, 40 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 a water/alkanol weight ratio of 1-75/25-99,
preferably 1-50/50-99, have been found to be particu- 45 larly advantageous
in some cases.    4 It is, in principle, equally possible to employ the
amino carbo- nitriles simultaneously as reactant and as solvent. Examples
of heterogeneous catalysts which can be used are: 



5 acidic, basic or amphoteric oxides of the elements of main group two,
three or four of the periodic table, such as calcium oxide, magnesium
oxide, boron oxide, aluminum oxide, tin oxide or sili- con dioxide as
pyrogenic silicon dioxide, as silica gel, kiesel- guhr, quartz or mixtures
thereof, furthermore oxides of metals of 10 subgroup two to six of the
periodic table, such as titanium diox- ide, amorphous, as anatase or
rutile, zircon [sic] oxide, zinc oxide, manganese oxide or mixtures
thereof. It is likewise pos- sible to use oxides of the lanthanides and
actinides such as ce- rium oxide, thorium oxide, praseodymium oxide,
sumarium oxide, 15 rare earth mixed oxide or mixtures thereof with
previously men- tioned oxides. Examples of other possible catalysts are:
vanadi- nium [sic] oxide, niobium oxide, iron oxide, chromium oxide, mo-
lybdenum oxide, tungsten oxide or mixtures thereof. Mixtures of the stated
oxides with one another are likewise possible. It is 20 also possible to
use a number of sulfides, selenides and tellu- rides such as zinc
telluride, tin selenide, molybdenum sulfide, tungsten sulfide and sulfides
of nickel, zinc and chromium. The abovementioned compounds can be doped
with, or contain, com- 25 pounds of main group one and seven of the
periodic table. Further suitable catalysts are zeolites, phosphates and
hetero- polyacids, as well as acidic and alkaline ion exchangers such as
Naphion (sic]. 30 



These catalysts may contain up to 50% by weight in each case of copper,
tin, zinc, manganese, iron, cobalt, nickel, ruthenium, palladium, platinum,
silver or rhodium. 35 The catalysts may be used, depending on the
composition of the catalyst, as unsupported or supported catalyst. Thus,
for exam- ple, titanium dioxide can be used as titanium dioxide extrudate
or as titanium dioxide applied in a thin layer to a support. [err] can be
applied to a support such as silicon dioxide, aluminum 40 oxide or zircon
[sic] dioxide using all methods described in the literature. Thus, a thin
[err] layer can be applied by hydrolyzing organic compounds of Ti, such as
Ti isopropoxide or Ti butoxide, or by hydrolyzing [err] or other inorganic
Ti-containing com- pounds. Titanium oxide-containing sols can also be used.
45    5 The advantage of the fixed-bed procedure according to the inven-
tion is, on the one hand, the possibility of simple continuous operation of
the cyclization. On the other hand, surprisingly the yields and
selectivities achieved in the fixed bed are very high 5 and thus allow
short holdup times and very high throughputs. Since, according to
observations to date, the catalysts have a 



long useful life, the catalyst consumption is extremely low. The separation
problems occurring in a suspension procedure, whether due to complexation
of the soluble components of the catalyst 10 with components of the
reaction mixture or due to very fine par- ticles produced by the high
mechanical stress in the agitation process, are entirely dispensed with by
the continuously operated fixed-bed procedure. 15 Examples 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 20 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 chromatograpny (HPLC). The results are likewise to be
found in the table. 25 35 40 45    0 



7 Comparative test 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 heterogeneous catalyst at 250[err]C with a holdup time of 30 min in an
empty tubular reactor. The conversion was 28% and the selectivity for
caprolactam was 74%. 10 20 25 30 35 40 45    8 4-4 0  



10 ol            .5o    H    X    sr   o         I 0    11 We claim: 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 liquid phase in a fixed bed reactor in the presence of
heterogeneous catalysts which have no soluble components under the reaction
conditions. 10 2.  A process as claimed in claim 1, wherein the reaction is
carried out at from 140 to 320[err]C. 3.  A process as claimed in either of
claims 1 and 2, wherein amino carbonitriles of the formula 15 [err] 



where 20     m is 3, 4, 5 or 6 are employed. 4.  A process as claimed in
claim 3, wherein 6-aminocapronitrile is employed as amino 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. 30 35 40 45    


