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PROCESS FOR REGENERATING A CATALYST FOR THE CYCLIZING 

HYDROLYSIS OF AN AMINONITRILE INTO A LACTAM AND USE OF 

THE REGENERATED CATALYST FOR THE MANUFACTURE OF LACTAMS 

5 The present invention relates to a process 

for regenerating a catalyst for the cyclizing 

hydrolysis of an aminonitrile for the manufacture of 

lactams. 

It relates more particularly to the 

10 regeneration of solid catalysts used in processes for 

producing lactams by the cyclizing hydrolysis of 

aminonitriles. 

Now, lactams, such as e-caprolactam, are 

basic compounds in the manufacture of many products and 

15 more particularly in the production of polyamides, such 

as PA 6 and its copolymers. 

Among the various known processes for 

synthesizing lactams, one of the processes is the 

cyclizing hydrolysis of the corresponding aminonitrile, 

20 more particularly the corresponding unbranched 

aliphatic aminonitrile, in the presence of water and a 

catalyst. 

The catalysts used in these processes may be 

classified in several categories - bulk solid 

25 catalysts, such as the metal oxides described in Patent 

Application WO 98/0669, catalysts having a certain 

porosity, such as the silica described in Patent 
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US 4,628,085, or, more particularly, the activated 

aluminas described in Patent US 2,357,484 and the 

porous aluminas described in International Patent 

Application WO 96/22974, for example. 

In processes for the cyclizing hydrolysis of 

aminonitriles into lactams and more particularly of 

aminocapronitriles into e-caprolactam, Patent 

US 5,646,277 specifies that the reaction is difficult 

to carry out in the vapour phase, especially on an 

10 industrial scale, since the activity of these is 

unstable. 

To avoid these problems, this document 

recommends carrying out the cyclizing hydrolysis 

reaction in the liquid phase, possibly in the presence 

15 of a solvent. 

The abovementioned documents describe the use 

of heterogeneous catalysis by means of solid catalysts 

such as aluminas, silicas or metal oxides, for the 

cyclizing hydrolysis reaction in the vapour phase of an 

20 aminonitrile. The cycle time and the instability of 

these catalysts are not mentioned in these documents 

since the trials disclosed correspond only to reaction 

times of a few hours. 

The Applicant has no~iced in long-term 

25 trials, that is to say in trials lasting more than 200 

hours, that the abovementioned solid catalysts, and 

especially certain aluminas, exhibit a somewhat rapid 
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drop in catalytic activity. 

One possible solutiop for improving the 

economics of the lactam manufacturing process, and more 

generally the economics of processes using a catalyst, 

5 is to regenerate spent catalysts. 

However, there are many regeneration 

processes and, for the same type of catalyst, these 

regeneration processes often differ depending on the 

reaction catalysed. Furthermore, depending on the 

10 nature of the reaction catalysed, catalyst regeneration 

may or may not be possible. 

This is because the causes of catalyst 

deactivation are numerous and unpredictable. However, 

it is also unpredictable that a catalyst treatment for 

15 improving some of these properties also regenerates the 

catalytic activity of the catalyst, at least to an 

acceptable level. 

In the case of a reaction for the cyclizing 

hydrolysis of an aminonitrile, no document describes 

20 the possibility of regenerating the catalysts at the 

end of the cycle. 

One of the objects of the present invention 

is to remedy these drawbacks by proposing a process for 

regenerating a catalyst for the cyclizing hydrolysis of 

25 an aminonitrile into a lactam. 

For this purpose, the invention proposes a 

process for regenerating a catalyst for the cyclizing 
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hydrolysis of an aminonitrile into a lactam, the said 

catalyst being a solid, and more generally a simple or 

mixed oxide which may or may not be porous. This 

catalyst may also consist of a porous support onto 

5 which catalytically active elements are adsorbed or 

deposited. 

This regeneration process consists in 

treating the spent catalyst or the catalyst at the end 

of the cycle at a temperature of between 300°C and 600°C 

10 with an oxidizing atmosphere. 

The general characteristic of the reaction 

for the cyclizing hydrolysis of aminonitriles are 

described below. 

The term "aminonitrile compound" should be 

15 understood to mean compounds of the following general 

formula (I) : 

N=C-R-NH2 (I) 

in which: 

R represents a substituted or unsubstituted 

20 aliphatic, cycloaliphatic or arylaliphatic radical 

containing from 3 to 12 carbon atoms. 

By way of example, mention may be made of 

aliphatic aminonitriles, advantageously aliphatic 

w-nitriles such as w-aminovaleronitrile, w-amino-

25 capronitrile, w-aminooctanitrile, w-aminononanitrile, 

w-aminodecanitrile, w-aminodecanonitrile, w-amino­

dodecanonitrile and methylaminovaleronitrile. 
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The pref erred compound, and the most 

important, is aminocapronitrile which leads to 

e-caprolactam. The latter compound is the monomer for 

nylon-6 used for the manufacture of various articles, 

5 such as moulded parts, yarns, fibres, filaments, cables 

or films. 

Preferably, the invention applies to solid 

catalysts used especially in cyclizing hydrolysis 

reactions in the vapour phase. 

10 Thus, a cyclizing hydrolysis reaction 

requires the presence of water. The molar ratio of the 

water to the aminonitrile that are involved usually 

lies between 0.5 and 50 and preferably between 1 and 

20. The upper value of this ratio is not critical in 

15 the invention, but higher ratios are hardly of any 

interest for economic reasons. 

The cyclizing hydrolysis reaction can be 

carried out in the liquid or vapour phase. 

Thus, in one embodiment, the aminonitrile and 

20 water reactants are reacted in the liquid state under 

pressure, possibly in the presence of a solvent, as 

described in Patents US 5,646,277, WO 95/14665 and 

WO 96/00722. 

The aminonitrile and the water may be reacted 

25 in the form of their mixtures in the vapour state. 

In this case, the reactants are maintained in 

the vapour state in the reactor charged with a defined 
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amount of catalyst. 

The free volume of the reactor may be 

occupied by an inert solid such as, for example, 

quartz, so as to favour the vaporization and dispersion 

5 of the reactants. 

It is possible to use, without any 

inconvenience, as carrier, any inert gas such as 

nitrogen, helium or argon. 

The temperature at which the process of the 

10 invention is carried out must be high enough for the 

reactants to be well and truly in the vapour state. 

This temperature generally lies between 200°C and 450°C 

and preferably between 250°C and 400°C. 

The time during which the aminonitrile is in 

15 contact with the catalyst is not critical. In 

particular, it may vary depending on the apparatus 

used. This contact time preferably lies between 0.5 to 

200 seconds and even more preferably between 1 and 100 

seconds. 

20 The pressure is not a critical parameter of 

the process. Thus, it is possible to operate at 

pressures of 10-3 bar to 200 bar. Preferably, the 

process is carried out at a pressure of 0.1 to 20 bar. 

The process does not exclude the use of a 

25 solvent which is inert under the reaction conditions, 

such as, for example, an alcohol, an alkane, a 

cycloalkane, an aromatic hydrocarbon or one of these 
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above hydrocarbons in a halogenated form, and thus the 

presence of a liquid phase in the reaction stream. 

These conditions for carrying out the 

cyclizing hydrolysis reaction are given solely by way 

5 of indication. 

Specifically, the regeneration process of the 

invention also applies to the catalysts used in 

cyclizing hydrolysis reactions used under different 

conditions, especially to the case of those used when 

10 the reaction is carried out a liquid phase possibly in 

the presence of a solvent, or those used in vapour­

phase processes. 

The catalysts which may be regenerated by the 

process of the invention are more particularly mineral 

15 oxides having a high porosity, and more advantageously 

oxides having a macroporosity, that is to say those in 

which at least part of the pore volume corresponds to 

pores having a diameter of greater than 500 A. The pore 

volume corresponding to the rnacroporosity is 

20 advantageously greater than 5 ml/100 g. These pore­

volume and porosity characteristics relate to fresh 

catalysts and to catalysts regenerated by the process 

of the invention. This is because one of the important 

results of the process of the invention is the 

25 regeneration pf the specific surface area and of the 

distribution of the pore volume in order substantially 

to re-establish the characteristics of the fresh 
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catalyst. 

As suitable oxides, mention may be made of 

simple or mixed oxides of the following elements: 

silicon, titanium zirconium, vanadium, niobium, 

5 tantalum, tungsten, molybdenum, iron, rare earths and 

aluminium. 

Thus, the process of the invention applies 

especially to catalysts based on the aluminas described 

in Patent Application WO 96/22974 and to such aluminas 

10 comprising at least one other simple or mixed oxide of 

elements, which is adsorbed or supported by the 

alumina. 

Among aluminas suitable for the catalysis of 

the reaction for the cyclizing hydrolysis of 

15 aminonitriles, the regeneration process of the 

invention applies more particularly and advantageously 

to aluminas having either a specific surface area 

greater than 10 m2/g and a total pore volume greater 

than or equal to 10 ml/100 g, the pore volume 

20 corresponding to pores having a diameter greater than 

500 A being greater than or equal to 10 ml/100 g, or a 

surface area greater than 50 m2/g, a total pore volume 

greater than or equal to 20 ml/100 g and a pore volume 

corresponding to pores having a diameter greater than 

25 70 A greater than or equal to 20 ml/100 g, or a 

specific surface area greater than 50 m2/g, a total pore 

volume greater than or equal to 15 ml/100 g and a pore 
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volume corresponding to pores having a diameter greater 

than 200 A greater than or equ?l to 15 ml/100 g, 

preferably greater than or equal to 20 ml/100 g. 

Such aluminas are described in Patent 

5 Application WO 96/22974. 

As mentioned above, these aluminas may also 

comprise oxides of elements deposited on or adsorbed 

onto the surface of the pores in order to dope the 

catalytic activity. The metal oxides may especially be 

10 oxides of elements from the following list: silicon, 

titanium, zirconium, vanadium, niobium, tantalum, 

tungsten, molybdenum, phosphorus, boron, iron, alkali 

metals, alkaline-earth metals and rare earths. 

The regeneration process of the invention may 

15 also apply to catalysts based on simple or mixed metal 

oxides of the bulk-catalyst type, like those described 

in Patent Application WO 98/0669. 

The process for regenerating the catalysts 

for the cyclizing hydrolysis of aminonitriles consists, 

20 in a preferred characteristic of the invention, in 

using as oxidizing atmosphere a gas mixture containing 

at least 0.2% oxygen by volume. Advantageously, this 

mixture is either an air/inert gas or oxygen/inert gas 

mixture. 

25 The term "inert gas" should be understood to 

mean gases which do not have an oxidizing or reducing 

action, such as nitrogen, rare gases, carbon dioxide 
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and water vapour. 

The oxygen content in the treatment gas is 

advantageously low at the start of the catalyst 

regeneration process. This oxygen concentration may 

5 gradually be increased. 

10 

Thus, the oxygen concentration by volume in 

the treatment gas is preferably between 1% and 10% 

(limits inclusive) and varies during the process 

between these two limits. 

The catalyst treatment temperature is an 

important criterion of the process since a treatment at 

a high temperature results in a catalyst which is 

regenerated but has a low activity. Thus, the treatment 

temperature is, according to one preferred 

15 characteristic of the invention, between 370°C and 

500°C, and even more advantageously between 370°C and 

450°C. 

According to another embodiment of the 

invention, the oxidizing treatment of the catalysts is 

20 advantageously carried out after a pretreatment with 

water vapour at a temperature of between 200 and 500°C, 

preferably between 300 and 400°C. The water vapour may 

be used as a mixture with a carrier gas, such as an 

inert gas, like nitrogen, or air diluted in an inert 

25 gas. 

The regeneration process is carried out, for 

example, in the reactor containing the catalyst by 
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passing through it an oxidizing gas, such as air 

diluted in an inert gas such as nitrogen. This reactor 

may be any kind of reactor and may advantageously 

consist of the catalyst-filled tubes used for the 

5 hydrolysis reaction. The process is advantageously 

carried out at atmospheric pressure. 

According to a preferred method of operation, 

the oxygen concentration is gradually increased, this 

increase being controlled and slaved to the heat given 

10 off by the oxidation of the compounds to be removed. 

Another way of carrying out the process using a 

treatment gas containing a higher oxygen concentration 

consists in removing the heat produced by cooling means 

in order to prevent the porous catalyst from being 

15 sintered. 

The invention also relates to a process for 

manufacturing lactams by the cyclizing hydrolysis of an 

aminonitrile in the presence of a catalyst. The 

catalyst is either a mixture of fresh catalyst and of 

20 catalyst regenerated according to the process of the 

invention, or a catalyst regenerated according to the 

process of the invention. 

Further details and advantages of the 

invention will become more cle~rly apparent in the 

25 light of the examples given below solely by way of 

indication. 
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Example 1 

An alumina having a specific surface area of 

139 m2/g has a total pore volume of 117 ml/100 g, with 

pore volumes, represented by pores having a diameter 

5 greater than 70 A and 500 A respectively, of 

10 

116 ml/100 g and of 50 ml/100 g. 

This alumina is used in a reaction for the 

cyclizing hydrolysis of an aminocapronitrile under 

operating conditions described below: 

Into a cylindrical reactor, 40 mm in diameter 

and 1 m in height, are loaded 166.5 g of catalyst, this 

catalyst being distributed in the reactor in the 

following manner: 

- 66.7 g of catalyst are mixed with 845 g of 

15 glass beads in a first reactor portion; 

20 

25 

- 100 g of pure catalyst in a second portion 

of the reactor. 

Water and aminocapronitrile are injected at 

mass flow rates of 129 g/h and 200 g/h, respectively. 

The reactor is maintained at a temperature of 

300°C. 

The initial degree of conversion of the 

aminocapronitrile is 99.5%, the initial caprolactam 

selectivity being greater than 99%. 

The trial is stopped after operating for 800 

hours. 

The degree of conversion of the 
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aminocapronitrile is then 96.5%, the caprolactam 

selectivity being greater than 99%. 

The recovered alumina has a reduced specific 

surface area (80 m2/g) and a reduced pore volume 

5 (88.5 ml/100 g}. 

This alumina is subjected to a regeneration 

treatment according to the invention. To do this, the 

alumina is subjected to a nitrogen gas stream 

containing 2% oxygen by volume at a flow rate of 

10 1.5 l/min. and a contact time of 20 s. The temperature 

is increased by 100°C per hour up to 300°C and then by 

10°C per hour up to the final treatment temperature. 

The amount of oxygen contained in the nitrogen is 

gradually increased from 2 to 7%. The catalyst under 

15 the gas stream is maintained for 16 hours at the final 

temperature of 460°C. 

20 

The regenerated alumina has a specific 

surface area of 134 m2/g and a total pore volume of 

109 ml/100 g. 

Example 2 

This regenerated alumina is used in a 

reaction for the cyclizing hydrolysis of amino­

caproni trile under conditions identical to those 

25 described in Example 1. 

The initial degree of conversion of the 

aminocapronitrile during the 2nd cycle is 99.4%, the 
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caprolactam selectivity being greater than 99%. 

After 500 hours of operation, the degree of 

conversion of the aminocapronitrile is 96.3%, the 

caprolactam selectivity still being greater than 99%. 

5 These results, comparable to those obtained 

using the fresh catalyst during the 1st cycle, 

demonstrate the effectiveness of the regeneration 

process of the invention. 
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1. Process for regenerating a catalyst for 

the cyclizing hydrolysis of an aminonitrile into a 

5 lactam, the said catalyst being a solid oxide, 

characterized in that the catalyst is treated at a 

temperature of between 300°C and 600°C in an oxidizing 

atmosphere. 

2. Process according to Claim 1, 

10 characterized in that the oxidizing atmosphere contains 

at least 0.2% oxygen by volume. 

3. Process according to Claim 1 or 2, 

characterized in that the oxidizing atmosphere is an 

air/inert gas or oxygen/inert gas mixture. 

15 4. Process according to Claim 2 or 3, 

characterized in that the inert gas is chosen from the 

group comprising nitrogen, rare gases, carbon dioxide 

and water vapour. 

5. Process according to one of Claims 1 to 

20 4, characterized in that the oxygen concentration in 

the oxidizing atmosphere is gradually increased during 

the treatment of the catalyst. 

6. Process according to one of Claims 2 to 

5, characterized in that the oxygen concentration in 

25 the oxidizing atmosphere is between 1% and 10% by 

volume. 

7. Process according to one of the -------
Thi Sh s ... eet 1:tas Been Replaced 
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preceding claims, characterized in that the treatment 

temperature is between 370°C and 500°C, advantageously 

between 370°C and 450°C. 

8. Process according to one of the 

5 preceding claims, characterized in that the catalyst is 

a simple or mixed oxide of elements in bulk form. 

9. Process according to one of Claims 1 to 

7, characterized in that the catalyst comprises a 

simple or mixed mineral oxide of at least one element 

10 having at least a pore volume corresponding to pores 

having a diameter greater than 500 A. 
10. Process according to Claim 9, 

characterized in that the element or elements are 

chosen from the list comprising silicon, titanium, 

15 zirconium, vanadium, niobium, tantalum, tungsten, 

20 

molybdenum, iron, rare earths and aluminium. 

11. Process according to either of Claims 9 

and 10, characterized in that the mineral oxide is 

alumina. 

12. Process according to one of Claims 9 to 

11, characterized in that the fresh catalyst has either 

a specific surface area greater than 10 m2 /g and a total 

pore volume greater than or equal to 10 ml/100 g, the 

pore volume corresponding to p_?res having a diameter 

25 greater than 500 A being greater than or equal to 

10 ml/100 g, or a surface area greater than 50 m2/g, a 

total pore volume greater than or equal to 20 ml/100 g 

iliiiil 
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and a pore volume corresponding to pores having a 

diameter greater than 70 A greater than or equal to 

20 ml/100 g, or a specific surface area greater than 

50 m2/g, a total pore volume greater than or equal to 

5 15 ml/100 g and a pore volume corresponding to pores 

having a diameter greater than 200 A greater than or 

equal to 15 ml/100 g. 

13. Process according to one of Claims 9 to 

12, characterized in that the porous mineral oxide 

10 comprises at least one simple or mixed oxide of 

elements adsorbed onto or deposited on the surface of 

the pores, the elements being chosen from the group 

comprising silicon, titanium, zirconium, vanadium, 

niobium, tantalum, tungsten, molybdenum, phosphorus, 

15 boron, iron, alkali metals, alkaline-earth metals and 

rare earths. 

14. Process according to one of the 

preceding claims, characterized in that, prior to the 

treatment with an oxidizing atmosphere, the catalyst to 

20 be regenerated is subjected to a treatment with water 

vapour, possibly as a mixture with a carrier gas chosen 

from the group comprising inert gases or air diluted 

with an inert gas, at a temperature of between 200°C 

and 500°C. 

25 15. Process for the manufacture of lactams 

by the cyclizing hydroly~is of an aminonitrile in the 

presence of a catalyst, characterized in that the 

This Sheet Has Been Replaced 
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catalyst is a catalyst regenerated according to the 

process according to one of Claims 1 to 14, or a 

mixture of regenerated catalyst and fresh catalyst. 
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