WO 96/ 22974 . N 1 PCT/ FR96/ 00102 PROCESS FOR
LACTAM PREPARATI ON The present invention relates to the preparation of a
| actam by cyclizing hydrolysis of the corresponding amnonitriles. 5
Aliphatic |actans, such as in particular epsilon-caprolactam are base :
conpounds for t hWOpPEF2RATAoN of pol yam des X pol yam de 6 f PERVERSEL08302) .
One of the known neans for preparing these 10 | actans consists in
carrying out a cyclizing hydrE8226ESS5oFORNMAGIAN, OhE IO nonitriles,
nore particularly of unbranched aliphatic am. nonitriles, by passing in the
vapour phase with water ovéReaP¥gseRt:ipyeptiontredates &4 the 2 357 484

descri bes a process 15 . .for ¥a oyr phase |actgm preparatiqn, .whic
sts | PREPATALAOH S0P SACEARPY VTGRS P dRFhY o i b
gg?i:;éf,lgugﬁSZs 6ctiv tggr IOnLn% iLh 3 gel or boron phosphaf§§ Pat;g?
SgFgorhanding, shilons¥r11es.

US 4, 628, 085 has or vapour phase | actam
ration ewhich Cetai Do i Ci i
preparation, ghi ch Consi s il&%hgﬁ:&@gﬂ%t%sa. A o (131 %‘l{ﬁy&ﬁaﬁ 1 the

aminonitrile and water into contact wth a <illca-basé

form of spher i cabpaanbhckgpriakotin? GEE BHded RufciRicy £IPREIRP0 M/ g and

a mean pore diane ess
preparation of polyamides (polyamide 6 f£rom

a-—Jofa_ Aot

' caprolactam) .
One of the known means for preparing these
10 lactams consists in carrying out a cyclizing hydrolysis
of the corresponding aminonitriles, more particularly
of unbranched aliphatic aminonitriles, by passing in
the vapour phase with water over a solid catalyst.
Thus, Patent US-2,357,484 describes ; process
E 15 for vapour phase lactam preparation, which cénsists in'
| passing a mixture of water and aﬁinonitrile over a
dehydration catalyst, such as activated alumina, silica
gel or boron phosphate.
Patent US 4,628,085 has provided a process
20 for wvapour phasellactam preparation, which consists in
bringing an aliphatic or aromatic aminonitrile and
water into contact with a.silica-based catalyst, in the
fo;m of spherical particles having a BET surface
greater than 2501&?/g and a mean pore diameter less
25" than 20 nm, and generally in the presence of hydrogen
and ammonia.
The catalysts used in the processes of the

“prior art can make it possible, if.éppropriate. to |



25 than 20 nm and generally in the presence of hydrogen and anmmoni a. The
catalysts used in the processes of the prior art can nake it possible, if
appropriate, to "2 obtain good selectivities towards |lactam On the other
hand, their deactivation can also be fast, which constitutes a very great
handicap in an industrial inplenmentation of 2he said processes. 5

In addition, the process according to US 4,628,085 uses a very conpl ex
reacti on m xt ur e ochtedum rgoryl ssleditiwitied tdwardsclacramscpmrthe optlend
recycling operations which greatly conplicate the said process. 10

The present invehansh pheindeantivatiomcamialsatke viagt, wikl¢R resul ting
in good selectivity in the reaction for conversion of amnonitriles to

| actams, have a |SSRPHiTHem> HRFY IEedhRandifap cdin AR Indygerial
regeneration. 15 Mor e precisehi t he invention consists of a

process for the prfsuantarinn ok the 331 RERFeF7BRe reaction of an

aliphatic am'gmni trile of g.[ennearféition, the process according to
US 4,628,085 uses a very complex reaction mixture,
requiring, at the end of the reaction, separation and
recycling operations which greatly complicate'the said
process.

§ 10 The present invention provides new alumina
catalysts which, while resulting in good_selectivity-in
the reaction for conversion of aminonitriles to
lactams, have a long lifetime énd therefore require
less frequent regeneration.

15 More precisely, the invention consists of a
process for the preparation of lactams by wvapour phasé
reaction of an aliphatic aminonitrile of general
formula (I):

N=C-R-NH, (1)

20 ih which R represents an alkylene radical having froﬁ 3
to 12 carbon atoms, with water in the presence of a
solid catalyst, characterized in that the catalyst is
an alumina having a specific surface, measﬁred by the
BET method, greater than or equal to 10 n?/g.

25 The alumina used in the process of the
invention preferably has a specific surface equal to or
less than 500 m?/g.

The ﬁost important among the aminonitriles of



formula (1): [err] 20 in which R represents an al kyl ene radi cal having
from3 to 12 carbon atons, with water in the presence of a solid catalyst,
characterized in that the catalyst is an alum na having a specific surface,
measured by the BET method, greater than or equal to 10 n2/g. 25

The alum na used in the process of the invengion preferably has a specific
surface equal to or less than 500 nferr]/g. The nost inportant anong the
amnonitriles of formtiliaor(n) axd thase twitisch wesdl t eisil Iac tranksa otaiesh whi ch
serve as starting material in the preparation of polyamdes 4, 5, 6 and 10,
that is to say tseswe as stanhing amajfendslchin he prmparation esents a
linear 5 al kylene radical having 3, 4, 5 or 9 carbon atons. The preferred
conpound of formPcdyemides d.afindc /ROy ithay g8 dsigain-thegenia rthe)
whi ch results in capraqlactam the polynerization of which provides

pol yani de 6. 10 formula of which;the symbgd & neprefenfti HineAr present

5 alkylene radical having 3, 4, 5 or 9 carbon atoms.

The preferred compound of formula (I) is
6-aminocapronitrile (or epsilon-capronitrile), which
results in caprolactam, the polymerization of which
provides polyamide 6. |

10 The aluminas which can be used in the present
process are first 6f all aluminas having a specific -
surface greater than or equal to 10 m?*/g and less than
or equal to 280 m?/g, as well as a volume for the pores
with a diameter greater than 500 angstroms which is

15 greater than or equal to 10 ml/100 g.

| The BET specific surface is a specific
surface determined by nitrogen adsorption in accordance
with ASTM standard D 3663-78 based on the Brunauer-
Emmett-Teller method described in the periodical "The

20 Journal of the American Society", 60, 309 (1938).

The volume for the pores with a diameter
greater than 500 A represents the cumulative volume
created by all the pores with-a size greatér than a

; o diameter of 500 A. This volume is meésured by the
25 mercury penetration tecﬁniqﬁe,_in which Kelvin’s law is
applied.
The aluminasiof this first family preferably

exhibit a volume for the pores with a diameter greater



process are first of all alumnas having a specific surface greater than or
equal to 10 nferr]/g and less than or equal to 280 nferr]/g, as well as a
vol-unme for the pores with a diameter greater than 500 angstrons which is 15
greater than or equal to 10 m /100 g. The BET specific surface is a
specific surface determ ned by nitrogen adsot¢ption in accordance with ASTM
standard D 3663-78 based on the Brunauer- Emett-Teller method described in
the periodical "TFhan2G00 Jowhixh dfs igreaten ithan Suciegual B9, 309 (1938).
The volunme for the pores with a dianeter greater than 500 [err] represents
t He cunul ative v@Oumd/di00aGe@ns mane mre iakly still greaker tham o
di aneter of 500 A This _vol une iS)neasured by the 25 mercury penetration
techni que, in whiodh @@} % I0GWL/d%hd4ed.  The al uninas of this first

4 Than 500 [err] which is Sheeiiminne 5F e wifen G0 afend more
preferenti al Isy SE:inelfeg‘ra%itlrerezghr}. 1t°7a es(i:ueacli 1% 35%: a/.cleo ng%ater than or
equal to 50 m?/g.

The aluminas which can be used in the present
process are also aluminas having a specific surface
greater than or equal to 50 m?/g and less than or equal

10 to 280 m?/g, as well as a volume for the pores with a
diameter greater than 70 angstroms which is greater -
than or equal to 30 ml/100 g.

The aluminas of this second family preferably

exhibit a volume for the pores with a diameter greater
15 than 70 A which is greater than or equal to
45 ml1/100 g.

The aluminas of this second family also
preferably exhibit a specific surface greater than or
equal to 80 m?/g.

20 . The aluminas which can bg used in the present
é process are also aluminas having a specific surface
| greater than or equal to 280 m?/g and a total pore
volume greater than or equal to 15 ml/100 Q.
The aluminas of this third family preferablf
25 exhibit a total pore volume greater than or equal to
22 ml1/100 g and more preferentially still greater than
o:.:' equal to 30 ml1/100 g.

The aluminas are alsO'charactérized'by their



The alum nas of this first famly also 5 preferably exhibit a specific
surface greater than or equal to 50 nferr]/g. The alum nas which can be
used in the present process are also alum nas having a specific surface
greater than or equal to 50 n2/g and |ess than or equal 10 to 280 ng/ g,
as well as a volune for the pores with a di dreter greater than 70 angstrons
which is greater than or equal to 30 mM /100 g. The alum nas of this second
famly preferablycéﬂﬁtwit a volune for the pores with a diameter greater 15
than 70 [err] which is greater than or equal to 45 nm /100 The al um nas
of this second fanily al soTbF-Gf G%#Yeﬂ%he Fepsned @Etghheaé‘@ﬂﬁébﬁ er

than or equal to 80 nferr]/g The al um nas which can be used

in the present piSomeriz %E%I%m%é\ﬂ r?glﬁ"tseﬁ’&:lflc surface greater
than or equal to 280 nR/g d a otal, re ater than or equal to
15 m /100 g. The al um' nas "Fhlt:?sttth ":J)?\afrﬁqo %ﬁfrﬂ rl: Bhibit a
total pore v Iune ater than ual 1

preferential ly sﬁe é‘%’gla g i an gl(rl g:qugl n}%'(%)‘t\?[}j %%1%6'@“5 ﬁ'{etea it nas are

al so characteri Z%@aﬁ%-rzh%'u tene at a temperature T (T = 400°C in the

present case).
Ihe isomerization reaction is a thermodynamic
equilibrium. Two constants may be defined:
1o - the theoretical equilibrium constant Kth(T)

determined by the calculation:

[cis-2-butenel eg +_[trans-2-butene]eq

Kth(T) = :
_[1-buteneleqg + [cis-z-butqne]eq + [trans-2-buteneleq

15 where [butene]leq represents the concentration of each
of the isomers in equilibrium at the temperature T;
- the true equilibrium constant K(T)

determined by the result of the ﬁeasurements:

[cis-2-butene] + [trans-2-butenel
20 R(T) =

[1-butene] + [cis-2-butene] + [trans-2-butene]

where [butene] represents the concentration of each of
the isomers at the outlet of the reactor at the
temperature T.

25 The iéomerizing power'A of the a;uming is

defined by the activity with respect to the

equilibrium:
A(T) = _K(T) x 100
Kth(T)
30 In practice, the test is carried out in a

vapour phase reactor, operating in pulsed mode, into



acidity. This acidity can be measured by the test of isonerization of
-butene to 2-butene. This test is based on the isonerization 5 reaction of
&-butene to a mxture of cis-2-butene and trans-2-butene at a tenperature T
(T =-.400[err]Cin the present case). The isonerization reaction is a

t hernodynam ¢ equilibrium Two constants nay be defined: 10 -
the theoretical equilibriumconstant Kth(T) determ ned by the cal cul ation:

[ ci s- 2- but ene] eqwhi¢h r50Q -1y bof cgrdund aluminy {particles of between
R e [ 1- butene]eq + '
[ ci s- 2- but ene] eﬁPQ-T%¢a§%°2ﬂ%bt%ﬁe]%atIQducﬁﬁerEhﬁbéiﬁngPetiepresents t he
concentration of each of the_isoners in equilibriumat the tenperature T, -

the true equiIitﬁ?%ﬁﬁtiﬁ%?%nf°k(%)hﬂ%F%rﬁanﬁoﬁg pRéer o2 helipm gEream
reasurements: (el DULPOS! tel'5273:4 PYLERThoRD. mmeopatblharsnotnen
[trans-2-butgnely, whghte [8' §Nelnb ERLERSL! 82! 86068"SEE" 12512010 23CH£Of
l-butene is injected into the helium flow upstream of
the alumina. Analysis of the output gases is carried
out by gas phase chromatography and makes it possible
to measure the amounts of l-butene and of cis- and
10 trans;z-butene recovered.

This isomerizing power A is correcged for the
isomerizing power obtaihed under the same conditions
with the empty reactor. The corrected isomerizing power
‘A, represents the acidity of the said aluminés.

15 When the alkali metal or alkaline-earth metal
content present in the alumina is less than 60 mmol per
100 g of alumina, the higher the A, value, the greater
the acidity of the alumina.

Generally, the aluminas are obtained by

20 dehydration of gibbsite, of bayerite, of nordstrandite
or of their various mixtures. Reference may be made,
for example, to the Kirk-Othmer encyclopedia, volume 2,
pages 291-297. |
| The al@minas used in the present process can
25 be prepared by bringing a hydrated alumina, in finelf
divided form, into contact with 5 hot gas stream at a
temperature of between 400°C and 1000°C, then keepiﬁg

the hydrate and the gases in contact for a period



the isomers at the outlet of the reactor at the tenperature T. 25

The isonerizing power A of the alunmina is defined by the activity with
respect to the equilibrium [err] 30 : In practice, the test is
carriced out in a vapour phase reactor, operating in pul sed node, into 6 ..
whi ch 500 nmg of ground alum na (particles of7between 400 and 500 [err]m
are introduced. The alumna is conditioned for 2 hours at 250[err] C under a
hel i um stream w rangibgofnom @ dragtion tofe/sh@econthaalhmilth sexcandsh 5
brought to a tenperature of 400C and 1 mllilitre of 1-butene is injected
into the helium Aréwiipaldy, seprrating FhenParkialiy dehydnated @dumipaes
is carried out by gas_phase chromatography and nmakes it possible to neasure
the anpunts of 15‘5‘& &he Bk gpssss- Referemce maghdm paktdaulas Reemafe Thi s

i someri zing power A s corrected for .the i,soner.izi ower _obt ai ned under
the sane conditi &fs W RTORFES "lré%’ﬁ%r’:n 'H?éi'tﬁ#] tRP iFRRRY 2i ng power

5 UsS 2,915,365.

It is also possible to carry out the
autoclaving of agglomerates of the aluminas obtained
above, in aqueous medium, optionally in the presence of
acid, at a temperature greater than 100°C and

10 preferably of between 150°C and 250°C, for a period
preferably of between 1 and - 20 hours, then to dry them
and to calcine them.

The calcination temperature is adjusted so
that specific surfaces and pore volumes situated within

15 the ranges of values indicated above are obtéined.

Due to their main manufacturing processes,
the aluminas used in the present process most often
contain sqdium, the content of which is usually
expressed-as weight of Na,0 with respect to the weight

20 of the alumina.

The catalfst can be used in various forms,
such as powder, balls, crﬁshed material, extrudates or
pellets, it optionally being possible for the shaping
to be carried ou# using a biﬁder.

25" It can first of all be alumina balls
resulting from an oil-drop shaping (or coagulation as
drops) . This type of ball can, for example, be prep#red

'by a process acéording to the teaching of Patents



Alerr] represents the acidity of the said alumnas. 15 When t he
al kali metal or alkaline-earth nmetal content present in the alunina is |ess
than 60 nmol per 100 g of alum na, the higher the Alerr] value, the greater
the acidity of the alumina. Generally, the aluminas are obtained by 20
dehydration of gibbsite, of bayerite of nordstrandite or of their various

m xtures. Reference may be nade, for exanple, to the Kirk-Q hner

encycl opedi a, vOERnA-0,0p5g80120%- ER7A-0,093l, 83PnaSontwadli pft fthepr esent
process can 25 be prepared by bringing a hydrated alumna, in finely
di'vided form inPeresiticeani br gansiedasusyr danParticudager aceoarding

bet ween 400[err] C and 1000[err] C, then keeping the h¥drate and the gases in
contact for a peFPoire Prorgss; Agsrriked ARaPRLSRtEP5A50:09d /33% 0PY0

seconds and finally s ratin he partially dehydrated,al um na anq the hot
gases. Reference® 9u$§gﬁ8PthuhﬁPpge° %8“?9 spFéB@§§3d3§@PF8€&°Pn

United Stateg Papent; gperiTod 35 0203 sblutiof 32 B0Bak2cCal il OVt the
salt which is provided in the form of an emulsion
composed of an organic phase, of an aqueous phase and
of a surfactant or of an emulsifier. The said organic
phase can, in particular, be a hydrocarbon.

10 It can also be crushed alumina materials.
These crushed materials can ‘be the result of_the
crushing of any type of aluminﬁ-based material such as,
for example, balls obtained by all types of process
" (oil-drop, bowl granulator or rotating drum) or

15 extrudates. Control of the porosity of these crushed
materials is achieved by the choice of the alumina-
based material which is crushed in order to produce
them.

It can also be alumina extrudates. The latter

20 can be obtained by kneading and then extruding an
alumina-based material, it being possible for the said
material to fesuit from the rapid dehydration of
hydrargillite or from the precipitation of an alumina
gel. COﬁtrol of the porosity of these extrudates can be

25 achieved by the choice of the alumina used and by th;
preparation conditions for this élumina or by the
kneading conditions for this alumina before egtrusidn.

The alumina can thus be mixed during kneading with



aut ocl avi ng of aggl onerates of the al um nas obtained above, in aqueous

medi um optionally in the presence of acid, at a tenperature greater than
100{ err] C and 10 preferably of between 150[err]C and 250[err]C, for a
period preferably of between 1 and 20 hours, then to dry themand to

cal cine them The calcination tenperature is?adjusted so that specific
surfaces and pore volunes situated within 15 t he ranges of val ues

i ndi cat ed above RPEFecBezmiBg ageatsy The extrudarascad.ubyhyar &fesses,
the alum nas used in the present prqcess nost often contain sodiu t he
content of whi cheXampdga| E’f PESpared) bys the procsEangdescribed ééb«r?&tw t he
wei ght 20 of tGg Slgginq. The catal yst can be used in various fornms, such
as powder, ball s, "Pcrd 8a H&rerial, extrudates or pellets, it optionally

't Can'Tirst of all be al ubtn¥eu ie FRRGALm S4asty Bt PGSR W (or
CoSOuLE 00 85, SR Tonal"bAs B U Wod Waul U Tedbedk W Y 2
occupied by an inert solid, such as for example quartz,
in order to promote evaporation and dispersion of the

reactants.
The cyclizing hydrolysis reaction requires
10 the presence of water.'The molar ratio of water to
aminonitrile charged is usually between 0.5 and 50 and
preferably between 1 and 20. The upper value of this
ratio is not critical for the invention but higher
ratios are not really advantageous for econamiéal
I 15. reasons. |
I The aminonitrile and tﬁe water can be charged
in the form of their mixtures in the wvapour state or
can be ingroduced separately into the reactor. A pre-
evaporatién_of the reactants can be carried out, which
20 reactants then move into a mixing chamber.

It is poséible withouﬁ disadvantage to use
any inert gas as ca;rier,.such as nitrogen, helium or
argon.

| The teﬁperature at which the processlof the

25  invention is implemented must be sufficient for the

reactants to be definitely in the vapour state. It is
generally between 200°C and 450°C and preferably.

‘between 250°C and 400°C.



EP- A-0, 015, 801 or EP-A-0,097,539. Control of the porosity can be carried
out, "in particular, according to the process described in Patent

EP--A-0, 097,539, by coagul ati on as drops of an aqueous al um na suspension 5
or di.spersion or of a solution of a basic alum niumsalt which is provided
in the formof an enul sion conposed of an oddgani ¢ phase, of an aqueous
phase and of a surfactant or of an enulsifier. The said organic phase can,
in particular, be a hydrocdhsoeontmet time betweaen tthe @mindni triksand
alum na materials. These crushed materials can be the result of the

crushing of any tthse catadivat de mefe Fuihicals Iu@rrkicylArodtmfan bal | s

obt ai ned by all types of process (0|I- ro bowl granul tor or rotatin
drunm) or 15 exAfdaf&E Iﬁgqiﬂqﬁﬁ GWtpRSL time

??LELLS" n irﬁé?féed%e%ivh&#&% %fcan %ﬁ?@@ %ﬁd" w4 3%%‘%%“‘“#&2 i d
material, it ol AFeReranpLatty, YL Koo & pe Lrﬁéu%%%m“{“h?r api d
dehydration of hydrargilli Hﬁ]o?zfers(ynz@q[éarn%g o] tc@:tnzt%.rhﬂc c‘ﬁﬂéveédg% ﬁgl

Control of the porosity of extrudates can be
choice of the al WHaPrbREA"dHAE,! 1& is possible to carry out the

process under pressures of 103 bar to 200 bar. The
process will preferably be implemented under a pressure
10 of 0.1 to 20 bar.
The use of a solvent which is inert undgr the
reaction conditions, such as for example an alkane, a
cycloalkane, an aromatic hydroéarbon or one of the
above hydrocarbons in the halogenated form, and thus
15 the presence of a liquid phase in the reaction flow, is
not excluded.
The examples which follow illustrate the
invention.
EXAMPLES 1 TO 4
- 20 10 ml1 of quartz, 1 ml of the catalyst in the
form of a 0.8 to 1.25 micrometre powder (nature of the
catalyst shown in Table 1 below) and a further 10 ml of
quartz are charged successively to a 20_m1.cylindrica1
reactor made of Pyiex glass which is arranged
25 vertically and which is eéuipped with heatin§ means,
with openings for the input and the output of the gas
flows and Qith a system for injection of the reactants.

The :éactor, thus charged, is heated at 400°C



preparation conditions for this alumna or by the kneading conditions for
his al um na before extrusion. The alum na can thus be m xed during
neadi ng with 9 pore-form ng agents. The extrudates can, by way of
exanpl e, be prepared by the process described in Patent US 3, 856,708. It
can, in certain cages, be advantageous for 81 at |east part of the free
vol ume of the reactor to be occupied by an inert solid, such as for exanple

quartz, in order undes gmedrephrean Hith® dlgemAth f the reactants.
The cyclizing hydral ysis reaction requires 10 the presence of water. The
nol ar ratio of wdtdr %-tid'—rsﬂﬁmﬁ)t rﬁqzé%cm’tj'é} IThe, SIRATEP D StPRD. IPARA 50
ond preferanly belaghel Phiun Toclle! Nabe ) Sl Tohaer
o1 poonom ool 15 AR s TR LA SN S S, 0F ohr 0o
separately igto the react on ﬂ&ﬂyﬂié of 6-aminocapronitrile (ACN) and of
water (ratio by weight 50/50, i.e. a water/ACN molar
ratio of 6.2) is tﬁen injected, using a pump. The rate
‘of injection of the mixture is 1.2 ml/h.
At the_outlet.of the reactor, the vapours are
10 condensed in a glass trap at room temperature, over a
period of 2 hours.
The final reaction mixture is quantitatively
determined by vapour phase chromatography.
The degree of conversion (DC) of the
15 aminocapronitrile, the yield (Y) of caprolactam (CPL)
- with réspect to the converted aminocapronitrilé and the
activity of the catalyst over 2 hours of reaction,
 measured as grams of caprolactam formed per millilitre
of catalytic bed and per hour, are determined.
20 The aluminas used as catalysts'exhibit the
following characteristics:_
- Alumina 7: - acidity A, (400°C) = 62 %
- specific surface (s8) =
| 81 m?/g
25 | ; - 0.0714 % of Na,0
- volumé for the pores with a
diameter greater than 500 A:

27 ml/100 g.



evaporation of the reactants can be carried out, which 20 reactants then
nmove into a mixing chanber. It is possible without disadvantage to use any
inert gas as carrier, such as nitrogen, heliumor argon. The tenperature at
whi ch the process of the 25 invention is inplenmented nust be sufficient
for the reactants to be definitely in the v&2ur state. It is generally
bet ween 200C and 450C and preferably between 250[err] C and 400C. 10 The
contact tine between th@lamimnai€yil e and adiddikyt Ay 0G0LQot= &S tical . In
particular, it can vary according to the %ggipnentné§ed. This contact tine
i s preferably between 0.5 and 200 seconds Sthe e ® /S eferential ly still
between 1 and 100 seconds. The pressure is nQt_a critical paranmeter of the
process. Thus, it is possible to carry omPTQ%?QN%xﬁgémhﬁher-pressures of
10[err] bar to 200 bar. The process will pr fera\%b‘%ﬁig"lemnte%under a
pressure 10 of 0.1 to 20 bar. The uUse of ¥t §R8 i Miet? fnder
the 5 diameter greater than 500 A:

12 m1/100 g.

- Alumina 16: - acidity A, (400°C) = 65 %
- 88= 314 m?/g
- 0.3640 % of Na,0
10 ' - toﬁal pore volume: 40 m1/100 g
- Alumina 10: - écidity A, (400°C) = 99 %
- 88 = 217 m?/g
- 0.0030.% of Na,0
- volume for the pores with a
| 15 . diameter greater than 70 A:
_ _ ' 45 ml1/100 g.

The results obtained are collated in Table 1

below.
Examples | Catalyst | DC % ACN | ¥ % CPL | Activity
20 Example 1 | alumina 7 84.2 88.3 0.49
Example 2 | alumina 6 96.0 . 90.0 0.53
| Example alumina 16 96.0 88.0 0.66
Example alumina 10 92.6 95.8 0.68

Table 1




reaction conditions, such as for exanple an al kane, a cycl oal kane, an
aromati ¢ hydrocarbon or one of the above hydrocarbons in the hal ogenated
form and thus 15 the presence of a liquid phase in the reaction flow, is
not excluded. The exanples which follow illustrate the invention. EXAMPLES

1 TO 4 20 10 m of quartz, 1 mM X&¥ the catalyst in the form of
a 0.8 to 1.25 micronetre powder (nature of the catalyst shown in Table 1
bel ow) and a fur (EXEAMPEES{S dFOdliartz are charged successively to a 20 ni

cylindrical reactor made of Pyrex glass which is arranged 25 vertically
and which is equipped with Examplep rkate 3 are hrepeateds the ehangepim and
t he output of the gas flows and with a systemfor_injection of the
reactants. The rcRe ACtYREY 9fithe Vasions eatalyaeydeing menitored,

stream(with a flowrate of .1.5 |i re/hour%é%%r 2 hours. The reactor is
then cool ed to 32 BTIWR FAPIIRE (¥RE HWEFe) and pl aced under a

nitrogen stream (flowrate Qf 1 Ijtre/hpur). 5 ., A m xture o
6-aninocapro§?trile (ACN) E#hp(ﬁaiues ofniﬂe activity for eacﬂpcakhf}sé
- and for increasing reaction periods are collated in
Table 2 below. _
It may be observed that the aluminas used do

not lose their catalytic activity over a period of at

10 least 32 hours.

Examples Alumina Activity c;£ the
Catalyst catalyst for periods of

4 h 6 h 8h |20h}25 h] 30 h 32 h

Example 5 |{Alumina 7 0.45 '0.49 0.47 | 0.45 | 0.52 | 0.48 0.47

Example 6§ |[Alumina 6 0.47 | 0.54 | 0.58 | 0.59 | 0.73 | 0.73 0.72

Example 'l‘Alumina 16 | 0.75 } 0.77 | 0.77 | 0.78 | 0.75 ] 0.75 0.75

15 Table 2

EXAMPLES 8 TO 21 AND COMPARATIVE TEST 1
2 ml of quartz, 5 ml of the catalyst with a

particle size varying from 1 mm to 5 mm and a further
5 ml of quartz are successively charged to'a 20 ml

20 cylindrical reactor made of Pyrex glass which is
arranged verticaily and which is equipped with heating
means, with openings for the input and the output of
the gas flows and wigh a system for injection of the

reactants.



water (ratio by weight 50/50, i.e. a water/ACN nolar ratio of 6.2) is then
i njected, using a punp. The rate of injection of the mxture is 1.2 m/h.
At the outlet of the reactor, the vapours are 10 condensed in a gl ass
trap-at roomtenperature, over a period of 2 hours. The final reaction

m xture is quantitatively determ ned by vapdér phase chromat ography. The
degree of conversion (DC) of the 15 am nocapronitrile, the yield (Y) of
caprol actam (CPL) with respbet regctior.c&husr rgednod@phested at 35D tthe
activity of the catalyst over 2 hours of reaction, neasured as grans of
capr ol act am f or nEBBABEr anPALrPEeRe s§ream IWithe apfdowhaate afour, are
determ ned. 20 . The SL%ninas used as_catal ysts exhibit the

fol | owi ng char acBei 4itres/bopr) fRx 2. hours. The XeaftRr.i8 thefo[err|C) =
62 % - speci fic _surface 5};:31 %err /Q.25 S -
0.0714 % of Na eFPf%ego ﬁ‘nﬁgﬁo {FBOBEP-FERCTHOR LIRSS AR2 ( han 500
A 27 n1/10059. placed under a nitrogen stream (flow rate of

5.2 litres/hour).

A mixture of 6-aminocapronitrile (ACN) and of
water (water/ACN molar ratio of 2.9) is then injected,
using a pump. The rate of injection of the liquid
10 mixture is 14 g/h.

At the outlet of the reactor, the vapours are
condensed in a glass trap at room temperature over a
period of 2 hours.

The final reaction mixture is quantitatively

15 determined by vapour phase chromatography.

The degree of conversion (DC) of the
aminocapronitrile, the yield (Y) of caprolactam (CPL)
with respect to the converted aminocapronitrile and the
activity of the catalyst over 2 hours of reaction,

20 ~measured as grams of caprolactam formed per gram of
catalyst and per hour (activity a) and as grams of
caprolactam formed per millilitre of catalytic bed and

per hour (activity bf, are determined.

The dégree of conversion of the ACN varies

25 from 25 % to 40 % in the various tests and the yield Y
of CPL is greater than 90 % for Examples 8 to 20 and is
15 % for Comparative Test 1.

The characteristics of the aluminas used as



12 .'-_Alum'na 6: - acidity A (400[err] QO :'65 % - SS = 244 nerr]lg

- "0.0730 % of Na20-- volune for the pores with a 5

di aneter greater than 500 [err]: 12 ml /100 g. - Alumina 16: - acidity
Alerk] (400[err]C = 65 % - SS= 314 nferr]/g - 0.3640 % of Na[err]O .
10 - total pore vabune: 40 m /100 g - Alum na 10:
- acidity Alerr] (400[err]C = 99 % - SS = 217 nerr]/g - 0. 0030%
of Na[err]O -  cabhlystsor(spe¢ifdcesunifaces =185, total pore volume =

di aneter greater than 70 [eESE] 45 m /100 g. The results obtained are
col l ated in Tabl EPY,b¥Padume aprprtég P°€&Faﬂ'9-§th séa%eken srea%eepwhan

Activity 20 Exanpl,e 1 _al uni 2
Exanpl e 2 al uni AQ06A = 509630 V°1“m°9§°6 the PQ§QE3“E%§hﬁléi§mQQQHn na 16

0 68 88.0 reated 2BaR 3P4 tvidl 4T Bd tne varldsof tne 958

5 activities a and b of these various aluminas are showh

in Table 3 beélow.



Table 1 13 EXAMPLES 5 TO 7 Exanples 1 to 3 are repeated, the change in
the activity of the various catal ysts being-nonitored over periods ranging
up to 32 hours. 5 : The val ues of the activity for each catal yst
and for increasing reaction periods are collated in Table 2 below. It may
be observed that the alum nas used do not |osé their catalytic activity
over a period of at 10 | east 32 hours. Exanples Al uni na Activity of

the Catal yst CRLALNST [ ardaina | sd P' #2971 PI5e0d § oo & 8 abes NediRidd
30 h 32 h Exanple 5 Al umina /- |et/aba0raa0s | @udth ©) 4tvitn 52 ¥ 0. 46 0|47 b
Example 6 Al um N Guasid? 7 | Quumtha [Qa9P 01259 P. 73 0] 73500. {23 xR €7 0.79
Alum na 16 0.75 7780 7 017810 . 76 0. 78] 0O.75 15
Tabl e 2 EXAMPLES| 8 gk@pral AMAnLQYRARATI V& TFSTgﬂ. 21 m sof qualt za.éd M O.flstWe
cat al yst witl® a rtiScle &jz@ v ryibhg froml nmitg 5 nom la further
Example alumina | 190 72 65 31 92 1.32 0.66 -
10 3
Example alumina | 171 86 80 40 92 1.47 0.73
11 4 '
10 Example alumina { 333 1] 31 20 56 0.97 0.59
12 5
Bxajgple alumina6| 244 56 23 12 65 0.89 0.63
Example alumina | 81 68 - 66 27 62 0.86 0.44
15 14 7 _
Exa;}’ple al\u:ina 170 108 105 45 93 1.12 0.50
Examsple alumina | 115 72 69 29 70 1.08 0.45
1 9
20 Example alumina | 217 585 a5 2 99 1.10 . 0.65
17 10 _ :
Example alumina | 191 60 58 1.5 98 0.98 0.59
18 11 -
Example alumina | 352 43 17 8 84 0.91 0.59
25 19 12
Example alumina | 408 37 14 7 100 0.84 0.68
20 13
Example alumina | 350 43 15 6 28 0.87 0.65
21 14
30 Comparative | alumina | 7.5 52 52 52 8 0.19 - 0.13
test 15

Table 3



5 m of quartz are successively charged to a 20 ml 20 cylindrical reactor -
made of Pyrex glass which is arranged vertically and which is equi pped with
heati ng means, with openings for the input and the output of the gas flows
and with a systemfor injection of the reactants. 14 The reactor, thus
charged, is heated at 350[err]C under a nitaagen stream(with a flowrate
of 5.2 litres/hour) for 2 hours The reactor is then cooled to 250[err]C
(chosen reacti on EXAMPIES 2 1[@8 5 pl aced under a nitrogen stream (fl ow
rate of 5.2 litres/hour). A m xture of 6-am nocapronitrile (ACN) and of

wat er (water/ACN nol ar rat Bomdf of Quartz,héhmilnjafcithe aatiadyst yith @he
rate of injection of the liquid 10 mxture is 14 g/h. At the outlet of
the reactor, thePpEtdcle SlEe yrgine fnem 1gme £q %a@mata%m funkhamt ur e
over a perlod of 2 hours. The final reactign mixtyre is_quantitatively 15
det ernined by vapoft ﬁlfa%aa%%@“&ﬁ%?“"ely charged to the reactor

5 described for the preceding examples.

é | ' The reactor, thus charged, is heated at 350°C
under a nitrogen stream (with a flow rate of
5.2 litres/hour) for 2 hours. The reactor is then held
at 350°C (chosen reaction teﬁperature) and placed under

10 a nitrogen stream (flow rate of 5.2 litres/hour);

A mixture of 6 -aminocapronitrile (ACN) and:of
water (water/AQN molar ratio of 1.1) is then injected,
using a pump. The rate of injection of the liquid
mixture is 11 g/h.

15 At the outlet of the reactor, the vapours are
condensed in a glass trap at room temperature over a
period shown in Table 4 below.

= The final reaction mixture is Quantitatively

| determined by'vapour ﬁhasé chromatography.

20 The degree of conversion (DC) of the
amichapronitrile, the yield (Y) of caprolactam (CPL)
with respect to the converted aminocapronitrile and the
activity of the catalyst ovér the reaction'period,
measured as grams of caprolactam fofmed per gram of

25 catalygt and per hour (éctivity a) and as grams of
caprolactam formed per millilitre of catalytic bed and
per hour (activity b); are determined. |

The degree of conversion of the ACN is shown



The degree of conversion (DC) of the aminocapronitrile, the yield (Y) of
caprolactam (CPL) with respect to the converted am nocapronitrile and the
acti vity of the catalyst over 2 hours of reaction, 20 nmeasured as grans
of caprol actam formed per gram of catalyst and per hour (activity a) and as
grans of caprolactamfornmed per mllilitre a8 catal ytic bed and per - hour
(activity b), are determ ned. The degree of conversion of the ACN varies 25
from25 %to 40 4ni Fable damndithecytieldn¥ woifc CHlelics grefat@Rt thamrSdhitter
than 90 % for Exanples 8 to 20 and is 15 % for Conparative Test 1. The
characteristics &prt Bxampdesn22 Foe@8as catal ysts (specific surface =
SS, total pore voI une TPV voI une for the pores with a diapeter_qgreater

than 500 [err] V500 [erth Qf tthe petdyifies 2 Andndt &Ff &r
t han 70 [err]— ber%%t he v%‘ues qQf t're%l actlvities a and b of
these various al Uﬁ‘ﬁ’r& O3 4 |
5 Examples Alumina Activity | Activity | DC % ACN | Period of
a b the test
Example 22| Alumina 1 8.1 3.0 66 . 52 h
Example 23| Alumina 2 7.0 2.9 §5 52 h
Example 24| Alumina 4 5.4 2.7 59 45 h
Example 25| Alumina 6 4.5 2.6 56 48 h
10 Example 26| Alumina 7 3.3 2.0 44 69 h
Example 27 [Alumina 10 4.7 2.7 59 48 h.
Example 28|Alumina 12 3.6 2.6 54 48 h

Table 4



L S M 55 5

b Exanpl e al umina ! 50 ,913“"5 SHEEJGHAS BEEN
0. 79.Exanpl e al umi na 192 81 52 | 92REPLACHS

0. 73 Exanpl e a0 rg6y22980 72 1%65 31 PCT/FRE5/001082
0. 66 Exanpl e alumna 171 86 80 40 92 1.47
0.73 10 Exanpl e alumna 333 - CLAIMS 31 20

56 0. 97 0. 59 Exanpl e al um na6 244 56 23 12

65 0. 89 0. 63 13 BExanpl @roc%ﬁmrﬁm tlas. preparasaon of a Lmctam

27 62 0. 86 0.44 15 al um na
170 108 by vappur phasqu;eactiq‘;g o:E an 1&211phat:.q) a\;@i.q_gntrile 8
Exanpl e - alumn 115 29 70 1.09

0.45 16 °€+’ eral f°%?p|(s” aI umina 217 55 45

2 99 1.1 0.65 17 10 Exanpl e alumna 191 60

58 1.5 98 0.98 0.59 18 11 25 Exanpl e

alum na 352 43 17 84 0.91 0.59

12 Exanpl e > alumina 408 37 ﬁ;clﬁ ~NH; 7 . 100 0.@@

(2)868 20087 J.'I%. Eﬁﬁmﬂ R repidiidis é?c!alkylen@-radical Having from ¥

to 12 carbon atoms, with water in the presence of a

solid catalyst, characterized in that the catalyst is

an alumina having a specific surface, measured by the
10 BET method, greater than or equal to 10 m2?/g.

2. Process according to Claim 1,
characterized in that the alumina used is chosen from
aluminas having a specific surface greater than or
equal to 10 m?/g and less than or equal to 280 m?/g, as

15 well as a volume for the pores with a diameter greater
than SOOIangstroms which is greater than or equal to
10 m1/100 g.

3. Process according to either of Claims 1

and 2, characterized in that the alumina used is chosen

20 from aluminas exhibiting a volume for the pores with a
diameter greater than 500 A which is greater than or
equal to 20 ml1/100 g and more preferentialiy greater
than or equal to 30 ml/100 g. |

4. Process according to one of Claims 1 to

25 3, chafacterized in that the alumina used is chosen

from aluminas exhibiting a specific surface greater

than or equal to 50 m%/g. .
Sheet Has Been Reﬂlaced .

i




21r 14 30 . aratlve Iun1na 7.5 52 52

52 * 8 0.
28«3 m of quart

mmto 5 mmand a f

reactor 5 descri

1'9 ‘m m 15 Table 3 17 BAMPEES—22-10
Zi- a‘L“\ ‘ 8 yst with a particle size Eik SIEET AS BEEN
5 m* of quartz are successively charlged t ®EPb&CED :

bed for the precedi ng exanpges. The reactor, ThusS charged;

is heated at 350[err]C under a nitrogen stream (with a flom/rate of 5.2

litres/hour) for

reaction tenperature) and placed under 10 a nitrogen stream (flow rate of

5.2 litres/ hour)
(wat er/ ACN nol ar

5

10

2 hours. She rProtessi actbedihgl doaclakifi| 2;r] C (chosen

charackenizedf is- thahother ahminhcugedNisantiogennérom

ratio of 1.1) is then injected, using a punp. The rate of
i nj ection of thealwpings having ?sSEQGQfﬁc gurface greaterpthapeosyt| et of
the reactor, the vapours are gondensed in glass trap at roomtgnperature
over a period sheRRAtntaHP om

g ARd, less than or equal to 280 m‘/g, as
well as a volume for the pores with a diameter greater
than 70 angstroms which is greater than or equal to

30 m1/100 g.

6. Process according to either of Claims 1
and 5, characterized in that the alumina used is chosen
from aluminas exhibiting a volume for the pores with a
diameter greater than 70 A which is greater ghan or -

equal to 45 ml/100 g.

7. Process according to one of Claims 1, 5

‘and 6, characterized in that the alumina used is chosen

15

20

from aluminas exhibiting a specific surface greater
than or equal to 80 mF/g.

8. Process according to Claim 1,
characterized in that the alumina used is chosen frdm
aluminas having a specific surface greater than or

equal to 280 m?/g and a total pore volume greater than

or equal to 15 ml/100 g.

25

9. Process according to either of Claims 1
and 8, characterized in that the alumina used is chosen
from alﬁminaa exhibiting a total pore volume greater
than or equal to 22 ml/100 g and preferentially greaéer
than or equal to 30 ml/100 g. |

10. Process according to one of Clgims'l-to

9, characterized in that the aminonitrile of formula

This Sheet Has Been Rerlaced

ARG




The final reactlon mxture 7s quantttati vely determ ned by vapour phase

chr omat ogr aph degree of conversion (DC) gf—the
ar nocapr oni t¥| I (““llll mI"J"H"IgT‘E' caprol-actam (CPL) with re$gBlS SHBET WAS BEEN
converted am noc proni¢t ritl eman activity of the catal yst pver tRE@LACED _
reaction period, neasured as grans of caprdkctam fornmed per gramof—25
catal yst and per hour (activity a) and as granms of caprol actam fornmed per
millilitre of cal®l yis c6 taninocapeenibutléactivity b), are determined. The
degree of conversion of the ACN is shown 18 in Table 4 and the yield Y
of CPL is greater than 90 32 { orPERERRS cacoordingstoTareaf ygtaimst heto
activities a and b of these various alum nas are_shown |n Table 4. 5
Exanpl es Al unit0s oRITICE ?”'MHHHVBBG%CRP PE; FRbigrof water toy

the tent Exanple 22 Alu 8. 3.0 52 h
Exanpl e 23 Al umaﬁﬁuf txd chargeé §5 between Q.5 and ggzaﬁdExarrpl e 24

Alum na 4 49 h Exanple 25 Alumna 6
45 26 %refera%‘é( between ;1 hand 20.

12. Process according to one of Claims 1 to

|

11, characterized in that the temperature at which it
is implemented is between 200°C and 450°C and

preferably between 250°C and 400°C.

‘This Sheet Has Been Repl

(A Illl




r

Exanpl e 26 Al umina—y T 3.3 2.0 44 69 h Exanpl e
27 Alun1 3y 2.7 - 59 48 h Exanple 28 Alum na 12
3. 6° m;\/ﬁqﬁﬂﬁﬂ 48 h Table 4 CLAVMS 1. Process for
the preparjati on of a ac m by vapour phase reactlonL
ami noni ty i} e 2 FgBraP roula (1): [err] ifgwhich OHMILIMrlnﬁﬂII H“l
al kyl enej rdi cal havinu rom3 to 12 carbon atons, with*weter i the *
presence}or a solid catal yst, characterlzedhanushat the catalyst is an
al um na bhaving.a-speet+fttc— urface, nmeasured by the 10 BET net hod, greater
than or equal to 10 nferr]/g.whi Phocesshfieentheopreparakionnes halargam
specific surface less than or equal to 280 nferr]/g, as well as a volune
for the pores withyavdpeuet phageeczeactibanof0anaadivhakicvaninonitrile
greater than or equal to 10 m /100 g; b) alum nas having a specific surface
greater than or eqfiagenerad fpzmulag(Zhd | ess than or equal to 280
nerr]/g, as well as a volune for the pores with a

—h —~
O Q)

5 N=C-R-NH, (1)
in which R represents an alkylene radical having from 3
to 12 carbon atoms, with water in the presence of a
solid catalyst, characterized in that the catalyst is
an alumina having a specific surface, measufed by the
10 BET method, greater than or equal to 10 m*/g which is
chosen from:

a) aluminas having a specific surface less
than or equal to 280 m?/g, as well as a volume for the
pores with a diameter greater than 500 gngstrdms which

i 15 is greater than or equal to 10 ml/100 g;

: b) aluminas having a épecific surface greater
than or equal to 50 m?/g and less than or equal to
280 m*’/g, as well as a volume for the pores with a
diameter greater than 70 angstroms which is greater

20 than or equal to 30 ml1/100 g.
2. Process according to Claim 1,
characterized in that the alumina used is chosen from
aluminas a) ekhibiting a volume for the pores with a
diameter greater than 500 A which is greater than or
. 25 . equal to 20 ml/100 g and more preferentially greater

than or equal to 30 ml/100 g.

AMENDED SHEET



di anmeter greater than 70 angstroms which is greater 20 t “to
30_m /100 g. 2. Process according to Claiml, characterized._i t he
al 8 na used is chosen from aluninas a) exhibiti ngka‘\mwm\ﬂ!\} ﬂgmores
with a dianeter greater than 500 A which is greatern 3 L hsequal to
20 M /100 g and nore preferentially greater gtan oﬁ'eduaf to 30 m /100 g.

20 3. Process according to either of Clainms 1 and* 2, characterized in
that the alum na used is chBsen Ptégeabnasasrdingxhobeithgraogpetaime 1
surface greater than or equal to 5nferr]/g 5 4. Process

according to C ai and, 2¢chehactetertdedniththaththel akiminasvdedsishobosehr om
alum nas b) exhibiting a volune for the pores with a dianeter greater than
70 [err] which i sfgemaatumihas a) ewhibitingsanbpecdfic surface greater 5,
Process according to either of Clains 1 and 4, characterized in that the

al unina used is chbaBnoFregualuhPnB8 BJ/Exhibiting a specific surface

greater than or equal to 80 n[err]/g. . .
5 4, Process according to Claim 1,

characterized in that the alumina used is chosen from
aluminas b) exhibiting a volume for the pores wiﬁh a
diameter greater.than 70 & which is greater than or
equal to 45 ml1/100 g.

10 5. Process according to either of Claims 1
and 4, characterized in that the alumina used is chosen
from.alﬁminas b) exhibiting a specific surface greater
than or equal to 80 m%/g.
| 6. Process according to one of Claims 1 to

15 5, characterized in that the aminonitrile of formula
(I) is 6-aminocapronitrile.

7. Process according to one of Claims 1 to
6, characterized in that the molar ratio of water to
aminonitrile charged is Setween 0.5 and 50 and

20 preferably between 1 and 20.

| 8. Process according to one of Claims 1 to
7, characterized in that the temperature at which it is
implemented is between 200°C and 450°C and preferably

l ‘between 250°C and 400°C.
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6. Process according to one of ains 1 to 15 5, characterized in that
the aninonitrile of formula (I') is 6-am nocapronitrile. 7. Process
according to one of Clainms 1 to 6, characterized in that the nolar ratio of

wat er

bet ween 1 and 20. 8, Pr ocess accordmta&tﬂcma

characterized in thww EEATIPN AUR-ISy

200[ er
(1) ifd
10, cH
in bet
accor g
at whi|c
betweq

L.

to amnonitrile chargqgr ierb SlaNeARoP FoR Iﬁrﬁlﬁsc"i& mﬁhﬁo pref erably
WFFJ’F'F PAIE"T ?“PEFPBW%WW%CT? S bet ween

TWW T 2o0[ BTTTC and Z00TBTT] T
Da S Eetr ot et FA2gsifigetion ipor geds g, a¢ B dMAY tt’%mo’f'f@“@f‘°'tl‘“3$eﬁs 1 t 0 %6/2207

aractomi2oizad i n that the nolar rdti o pf(43dttemattianalopvbiicatiion daté:e C hsxrAgmst 1996

haeal ﬂ = onnl l;n Qnd l; nrofor ~Ahl \1 haotlunan 1 _~nd D_f\ ’l’) Dr 6e5S 01.08.96)

P oot o T oTT e e

|n% to one of Clains 1 to 11 charac1 erized in that the terrperaturgP
S. FR

i {[nterrational WRGAEIGR nymtery ot HREERPCA) 6‘6{ eréy @Sﬁ?ﬁe&m@&ﬁg %r‘é& & &% e

n 250[err] C and 400[err]C. . IE, IT, LW, . SE).
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