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4PROCESS FOR THE PREPARATI ON OF LACTAMS The present i nventi on #%efdt®s to a
“process for the preparation of lactans fromdinitriles. Aliphatic |actans,
7 such as epsil on-caprolactam are 5 stgrting conpounds for the preparation
of polyam des (e.g. polyanm de 6 fronfcgpfolactan). On an industrial scale
caprolactamis prepared from cycl ohexanone, which is converted into its
oxi me. The oxine is theggpg@aserbR0riift Sr A 130t 88 LAcEEs presence of a 10
strong acid such as sulphurrc acid, the excess of which nust subsequently
be neutralized. Such a process has the major disadvantage of giving rise to
very large quantities of amoni um sul phate, up to several tons per ton of
caprol act am pr epar edThelpresent invemgiiher rebahes ciwis agodebor for epger i ng
these lactans consists in perform ng a partial hydrogenation of dinitriles
to the corr EFRFATG RnPhohtt At LT MoAdnpEFtie%i arly of adiponitrile to
am nocaproni trile, apdipgathem LALGL lURULLT Y00 dDe M A00LLL! | £d N
order to renove all t{he 20 Impuriti €s such as various I mnes or” am nes
formed du i nged e diy doageials Ofo X $2eblieadi sl die. pdiiyaalihkst he. &hus
purified amnonitrile is polynerized to a polyam de. This |ast process,
whi ch at firsélyEmghte [60dkemt eaptoluztamkes a very thorough purification of
the 25. amnonitrile absolutely necessary. In fact, the polynerization can

be envi saged only if 9hénaknrdvarrial edadef caprpiantam avd mxrepagedaboor al |,

of the various jnine or =2- . . . . .
cyclohexanone, which is converted into its oxime. The oxime

is then converted into caprolactam in the presence of a

10 strong acid such as sulphuric acid, the excess of which must
subsequently be neutralized. Such a process has the major
disadvantage of giving rise to very large quantities of
ammonium sulphate, up to several tons per ton of caprolactam
prepared.

1% Another means envisaged for preparing these lactams
consists in performing a partial hydrogenation of dinitriles
to the corresponding aminonitriles, more particularly of
adiponitrile to aminocapronitrile, and in then carefully
purifying the aminonitrile in order to remove all the

2¢ impurities such ag various imines or amines formed during the
hydrogenation or else the diamine. Finally the thus purified
aminonitrile is polymerized to a polyamide.

This last précess, which at first sight loocks
tempting, makes a very thorough pu;ification of the

2%. aminonitrile absolutely necessary. In fact, the
polymerization can be envisaged only if the aminonitrile is

free from diamine and, above all, of the various imine or



ol

.Aamne by-products which [imt the degree of polynerization and cause the
"appear ance of col ouring and branching. However, the close sinmlarity of the
properties of the aminonitrile and of the imnes or amnes to be renoved
and, above all, the 5 existence of equilibria between the various forns of
by- products, are such that the separatioom i.s not easy. It is necessary to
add one or nore conpounds to convert the imnes before renoving them Thus,
WO A- 93/ 16, 9&diinpes dposeoductadehich tlhenind xher degved oo fl pedyedripatiod 0% by

wei ght of a carbonyl 10 conpound such as an al dehyde or a ket one.

WO A- 93/ 14, 0®ad t eatsfe ShienppaagErtRe @ incchpreing dtrrrchidey - gBowever,

lononi trilg, digycl di | opent adi .t ronet hane.
Nt rost hane BPe1 Tt DUUCAE: FRGRE (17 HECPRTE-BB1oF - SLPPPAGEHS Thi s

addi tion of coEPOHNGR LiiRed SbUbfidel MbEN-LRcPLA GAH, %%mleeé%ﬂpe&ﬁ@ot
simplify the process. The present 1 nvention provides a process for the
preparati®n ekigtémdd &8 4iithbe A4 Safend thiel ¢hx 5@ eEdrimsheli hydr ogenat i on
of adinitrile to an aminonitrile, and a second stage of cyclizing
hydr ol ysi s obytbrodudtoniane sacht that?(tlet sgparbbiony Sepwmtate@dyonl ¥tbis one
sinmple purification operation. A preferred aspect of the invention consists
of a processPPEREFNEY ik AHCaPPENCHIMPLER tSOPORRER F R CONVET & thEh ipipes

dinitrile isyh ogenated tq.an 25 am AR ] hydr ogen.in e
presence of_§é¥§%3?§%ﬁ?éan%tégegﬁig%%ﬁtr| 7?’3g{gfﬁgébi géﬁ%é%ﬁ nga%Q &% der
to have a di RhbrhifeA&NbelkrkBad IRt P 08B! wap?ﬂ@%ﬂoxa wairgbhyand a
content of by-products containing an imne or am ne functional group of

| ess t hamoor cegpatind osddWbod®/ an aldehyde or a ketone. WO-A-93/14,064

teaches introducing a methylene compound such as

malononitrile, dicyclopentadiene, cyclopentadiene,

nitromethane, nitroethane or indene to the reaction mixture

before distilling it. This addition of compounds to a mixture
15 which is already complex does not simplify the process.

The present invention provides a process for the
preparation of a lactam, which comprises a first stage of
hemihydrogenation of a dinitrile to an aminonitrile, and a
second stage of cyclizing hydrolysis of the aminonitrile, the

23 stages being separated énly by one sgimple purification
operation.

A preferred aspect of the invention consists of a
procesg for the preparation of lactam, wherein:

- an aliphatic dinitrile ig hydrogenated to an

25 aminonitrile with hydrogen in the presence of a catalyst,

- the aminonitrile obtained is distilled in order to
have a dinitrile content of less than or equal to 10% by
weight and a content of by-products containing an imine or

amine functional group of leas than or equal to 10% by

-



--3- weight, and - the distilled amnonitrile is reacted in the vapour phase
wth water in the presence or absence of a catalyst. 5

Aminonitrile which has a dinitrile weight content of as |ow as 0.0050% can
be obtained by distillation, but this |low content is obtained at the cost
of the quantity of amnonitrile that is &vailable, because internediate
distillation frg}g%ions must be separated, which can be 10 recycled into a

new hem hydr%’ﬁ’é 10?{1doperation. It is thus generally preferred to use in

the cyclizing hydrol ysi@éhﬁgei@ﬂe@wﬁ%ﬁec?m@éﬁ&% LEom,g. 005%10 5%

by weight of dinitrile. It 1s genera cul using disti Fation, to

15 have in vhpoatiiplaidd Riilth @Aceyeimldhe Pre@Bhcef of N UMY oRyaproduct s
which is less than 0.2% although this value does not constitute a critical

| ower linmit PAtakesprocess of the invention. An aminonitrile containing
fromO0.2%to 5% by weight 20 of by-products containing an imne or amne
functionaP group is dgHECRityilaty: g @ dinhbrile|vedaht kpdtenyses

stage. The digm cor di_ n o the dinitrile used does not interfere
in ?he cycl i %lg%gfyﬁooq'@%ggsfagegelﬂnﬁfé‘% %’_geﬁfsf’eﬂa’?’t“’i'sbﬁﬁt tBbfisi der ed
as a by- produgi, septaiding obRaialadft Nend" WGk geakhgr%tfgtgﬁs ggred to

above. The aliphatic dinitriles which may be used I n t stage of the

process of thaihowettilen thae par bvailasle, ®lechabUlRtdinediE=R- CN
(h) distillation fractions must be separated, which can be
10 recycled into a new hemihydrogenation operation. It is thus
generally preferred to use in the cyclizing hydrolysis stage
an aminonitrile containing from 0.005% to 5% by weight of
dinitrile.
It is generally difficult, using distillation, to
15 have in the aminonitrile an overall content of the other
by-products which is less than 0.2%, although this value does
not constitute a critical lower limit in the process of the
invention.
An aminonitrile containing from 0.2% to 5% by weight
20 of by-products containing an imine or amine functional group
is generally introduced into the cyeclizing hydrolysis stage.
The diamine corresponding to the dinitrile used does
not interfere in the cyclizing hydrolysis stage. In the
present text it is not considered as a by-product containing
255 an amine functional group, referred to above.
The aliphatic dinitriles which may be used in the
first stage of the process of the invention are particularly

of formula (I):

NC-R-CN (1)



.-4- in which R denotes a |linear or branched al kyl ene or al kenyl ene group
containing from1l to 12 carbon atons, preferably 1 to 6 carbon atons.

Exanpl es of such dinitriles are adiponitrile, 5 nethylglutaronitrile,

et hyl succinonitrile, malononitrile, suecanonitrile and glutaronitrile and

their m xtures, especially the m xtures of adiponitrile and/or of

met hyl gl ut ad@nwbicheR adebiafresofa dihphsueribraniahed elikileneg®e |iable to

originate fromt h?_ same process for the synthesis 10 _of adiponitrile. In

practice th@lEEB¥IGREr T- PR EEREPLPY HESR 1Y Y5 12nE2FBSR 2 ¥Wrent because
this corres%%q%rtdgl%hf Hses OJgr%%hprl,&%i le (ADN) in the present process.
0 €

The hem hydrogenati of the dinitri 0 the 15 corresponding

aminonitrile, wth tBERamhledlofhelicR08MnitSi BaNGHA Mipehi oFRL, in the
presence of a catal yst based on Raney nickel, Raney cobalt, Raney nickel or
on Raney 5ni cietlhydglRaaeyniobild, ethydsncobnenidopari, ekéoeotitchdsen fromthe
el ements of groups IVb, VIb, VIIb and VII| of the Periodic 20

C assi fi cat iBirdmoppsralentid glatasepirshee anf theilmapdnssBRe®f Chenistry

and Physics, sSlesct.aEQit'kgn 1‘11970}1597 de Oit@']fe”% orri neral base derived

froman al kalPSY 2ar KaFPReSEaT HiItemSEaP H RRR FHt 1S &R Ydr 8§enati on mi xture

preferably %et}ﬁﬂ?l%@t%pﬂi&?ﬁétan@}%rsBkVS@ﬁyfaﬁ.aél!n%n%rﬂe' x@ﬁﬁ%}. Radially

solubilizing the dinitrile, because the hydrogenation is carried out better

when the di mMiidbilee doS otigERbv€dErollithe same process for the synthesis
10 of adiponitrile.

In practice the case where R = (CH,), will be the
most frequent because this corresponds to the use of
adiponitrile (ADN) in the present process.

The hemihydrogenation of the dinitrile to the

15 corresponding aminonitrile, with the aid of hydrogen, is
generally performed in the presence of a catalyst based on
Raney nickel, Raney cobalt, Raney nickel or on Raney nickel
or Raney cobalt containing a dopant element chosen from the
elements of groups IVb, VIb, VIIb and VIII of the Periodic

20 Classification of the elements as published in the Handbook
of Chemistry and Physics, 51st Edition (1970-1971) and of a
strong mineral base derived from an alkali or alkaline-earth
metal.

The initial hydrogenation mixture preferably

25 containas at least one gsolvent capable of at least partially
solubilizing the dinitrile, because the hydrogenation is
carried out better when the dinitrile is dissolved. This
sclvent may comprise water in a proportion of at least 0.5%

by weight relative to the totality of the liquid compounds of



solvent may conprise water in a proportion of at |east 0.5% by wei ght
“relative to the totality of the liquid conpounds of -5- the reaction
m xture. As a conpl enent or replacenent for the water, the reaction m xture
may contain at | east one other solvent such as an al cohol and/or an am de
and/ or an am ne and/or amonia. 5 Al coho$s-which are nore particularly,.
suited are al kanols such as nethanol, ethanol, 1-propanol, 2-propanol and
1- but anol , dit&es reachier Q&%ﬁﬂréne egcoI and propylene egcoI pol yol s or
m xtures of said al cohol s S .an aq&pe it is

possible to use, in p ?tlcﬁqné?’rlen‘fﬁgaﬂfnﬁf%ﬁﬁeﬁé: '%&Eeglrg ® df ety I%R€et ani de.
ATONg the am.yes 4hhChilRY: b RoAYEtn a3 250l Rhle. okhel SePRASIDIERO USE.

for exanple, the diamne or the amnonitrile corresponding to the Slnltrl|e
whi ch i s hydraagemnatgdohdiesnd ford ancaplayeshdydh amntaginet Bed o \ifdonla .
generally represents, by weight, fromtw to four tines the weight of the
wat er . Acéor diknphiod sawhich care drdrenphy i ogbaely crvitedearai 2lkdnglegasiichn

m xture includes the diam ne and/qor the aminonitriles_that are |liable to be

formed from t3fe RRHARPLY ee?‘Ba"t‘E} bé"l‘?ﬁ&?ﬁﬁ%%at’e‘d’%n&ﬁcaﬁée?‘T’%‘H:aﬂ?‘ﬂi't rile,
l:(r)]ngl g;gpo%;&%é@; gg"gg])‘ Lgo%\%h S/I ijggtl go%agxgdﬁéxt'grp i3 |etsg%§§? gﬁ q‘t | east
70% 25 or mxtlih.lessafogwld NAIGARBA S . D2s e e nal %e&@néhét&ﬁe&n

is an amide it is possible to use, in particular,

10 dimethylformamide or dimethylacetamide. Among the amines
which may be employed as a solvent, it is possible to use,
for example, the diamine or the aminonitrile corresponding to
the dinitrile which is hydrogenated.

When it is employed with water, the solvent

1% generally represents, by weight, from two to four times the
weight of the water.

According to a preferred hemihydrogenation, the
initial reaction mixture includes the diamine and/or the
aminonitriles that are liable to be formed from the dinitrile

20 to be hydrogenated and unconverted dinitrile, in a proportion
of 80% to 99.5% in the case of these three compounds
combined.

The degree of conversion of the dinitrile is
preferably at least 70%.

25 The strong inorganic base generally consists of an
alkali metal or alkaline-earth metal hydroxide, carbonate or
alkanélate. It is preferably an alkali metal hydroxide,
carbonate or alkanolate. As a matter of priority, the strong

inorganic base used is preferably chosen from: LiOH, NaCH,



.alkali metal or alkaline-earth metal hydroxide, carbonate or al kanolate. It
Is preferably an al kali netal hydroxi de, carbonate or al kanolate. As a
matter of priority, the strong inorganic base used is preferably chosen

from LiOH NaCH, KOH, RbOH, CsOH and_their mixtures. In practice NaCH
and KOH are used in nost cases, for a good perfornance-price conpron se,
al though ROGE@NELEEOHLGH dHd/ @ nberYmdROddLsul ts. 5 The

reaction m xture has a conposition that varies depending on the enbodi nent
of the process. If the proceisse NaoHSQAd KO Gid RIsRUESkY, méSt icaddif &age in
| aboratory inplenentations or intermttent small- scale manufacturing

oper ati ons, & lgradniper fbrranes-ror-cel gouprorise walllthgngluBbOH dyel @OHr i cher
in amnonitrile and, in a snaller _proportion, in diamne, whereas the
dinitrile cAfeRVEt V8RY S, 497 t8ecrease if all or nost of the said

dinitrilgis chargedlm.*figt ﬁgg&%ﬁ H}_Fz(tngg ltf%gr?o%eér}%tgisggéggg{__ e \f’a;r‘”a remain

relatively constant e di e1s uced gradual adri ng the

reaction. Oudgwidithiebnhend, edfodil@nl 88€68e Igrdca@yct ed continuously, the
conposition of the reaction mxture | eaving the reactor reaches val ues that
are determ ned by th&fsehecpracddsedisoistliensmanitiiomoudCy, as is the The
water is usually present in a quantity of |less than or equal to 20% The
wat er cont erta2&sf ithdabeaatedy ipdemestpsipnefer dsibprmdseny, smalilso, by

wei ght relative to the conbined Iiquid constituents_of sajd mxture. In
cont i nuous o%cea!%aet in}?ﬁm% StHE DY o%pe?g%&fmﬁhethe 1niEia1” reddkion mixture

10 will gradually become richer in aminonitrile and, in a
smaller proportion, in diamine, whereas the dinitrile
concentration may either decrease if all or most of the said
dinitrile is charged as soon as the hemihydrogenation begins,
or may remain relatively constant if the dinitrile is

1% introduced gradually during the reaction.

On the other hand, if the process is conducted
continuously, the composition of the reaction mixture leaving
the reactor reaches values that are determined by the
selectivities of the reaction.

2& The water is usually present in a quantity of less
than or equal to 20%. The water content of the reaction
mixture is preferably from 2% to 15% by weight relative to
the combined liquid constituents of said mixture.

In continuous operation of the process of the

25 invention the average composition will be determined by the
ratio of the selectivities for aminonitrile and diamine and
by the rate of introduction of the dinitrile.

The quantity of strong inorganic base is

advantageously greater than or equal to 0.1 mol/kg of



:25 invention the average conposition wll be determ ned by the ratio of
the selectivities for aninonitrile and diam ne and by the rate of

i ntroduction of the dinitrile. The quantity of strong inorganic base is

advant ageously greater than or equal to 0.1 nol/kg of -7- catalyst. It
Is preferably fromO.1 nol to 3 nol per- Rg-of catalyst, nore preferably

from0.3 to 2 | / kg of catal yst. The catal yst enployed in the process may
be a Raney nftidiYe% Rind§ REREETably XewyOni R} & 3a™RAnB§r ckHf 5

conpri si ng, | t ni ¢k I, .t he_cobal nd, th esi dual _quantities of
t he netal (g%% gl | y gﬁgﬁﬁi %fﬁ%zoarbelr}'o\%é:ﬁmf ?c’)%n ??lceiz o$°|elg)i'kﬁal°gaf"?'6§7ﬂﬁﬂh ng the
preparation of the cahal vata1Phe HpIRER' 2h gﬁgeﬁr@gégg&%y bQQ%&é}' ed
dopants, for exanple chromum titanium nolybdenum tungSten, iron-or 10
zi nc. Chronmnickeld/ & Ranheg aolbibt, td RameyhatRel 051S i Man@dyt 8obgl ¢ he nost
advant ageous dopant el enents. These dopants usually represent fromO0%to
15% and pt ef @PBREIMgG Pegides 1the Mmickelghr phe orbafitt agld thekeesidimd

guantity of catalyst used y vary very widely 13 as a function especially
of the met ho%i"‘%’fat%'ﬁeel’ 2ot %W#/s(ge?d’(?ﬁtaéayo?‘l‘b’f‘“fw)r E8BeVeR £EPRIi ti ons
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reaction mxture the weig atro cataly I NI ehat ed

wi Il be michohé ghersdvedall btBb: éiéndlity,! biekeni 8aPled MJAd¥Gedegs soon as
the reaction begins. To give an indication, fromO0.5%to 50% by wei ght of

cat al yst nayehzanwhe|dyrediugl ativaniwn,t elybtiahumei giigsifent, hérogast i on
10 zinc. Chromium and/or iron and/or titanium are considered to
be the most advantageous dopant elements. These dopants
usually represent from 0% to 15% and preferably from 0% to
10% by weight per weight of nickel.
The quantity of catalyst used may vary very widely
15 as a function especially of the method of operation which is
adopted or of the reaction conditions which are chosen. Thus,
if the dinitrile is introduced gradually into the reaction
mixture the weight ratio catalyst:dinitrile to be
hydrogenated will be much higher than if all the dinitrile is
22 introduced as soon as the reaction begins. To give an
indication, from 0.5% to 50% by weight of catalyst may be
employed relative to the total weight of the reaction
mixture, and in most cases from 1% to 35%.
In the case of a given catalyst and with a given
25 degree of conversion of the dinitrile, the aminonitrile yield
passes through a maximum which is determined by the base:Ni
or base:Co ratio.
The aminonitrile yield optimum, at constant degree

of conversion of the dinitrile, depends on the nature and the



m xture, and in nost cases from1l%to 35% In the case of a given catalyst
“and with a given 25 degree of conversion of the dinitrile, the amnonitrile
yi el d passes through a maxi mum which is determ ned by the base: N or

base: Co ratio. The amnonitrile yield optinmum at constant degree of
conversion of the dinitrile, depends on-tthe nature and the -8- content
of the dopant, on the antjty of water in the reaction mxture and on the

t enper at ur e. SPRESAERP hy' D FORAPEoNCR B BIFRTREYpPECEREH AR k8 nvention is

general |y perfgL ahi ;0. t Q%H[ which is |l ess than or
equal to 150%fgrrfr%,gnprle’?tet£§§%%dl ggs%{%g\ rr%&glgf’to 120[err] C and, nore
preferably, |ess thanrwé wamitlydirogdfRQ0fen |dtaganetetBet S¥ddesd HES the
tenperature is nost preferably from anbi ent tenperature (approximtely

20[err] O) toibh@entfOfeis |dendralily pesfoiresdd tak @peratbian teenpempenzeur e of
| ess than 200C wi thout any technical problem but this offers no advantage
because of tMBirhwdf befputhasr Prceahey & 1 GedzeferabBefinss than or

i mul t I i, t he heat i th ' . is b ht
o't he. appr of FALe LRy 3 Bt sl o BECP TRATAT Y+ €A, CAR B e SSof 17 om

1 bar (0.10 NBaketo 100 bar (10 MPa), preferably from5 bar (0.5 MPa) to 50
bar (5 MPa). The reaction period can vary as a function of the 2U reaction
conditions and of therfatéhyrsdte terms, this temperature is most

preferably from ambient temperature {(approximately 20°C) to
10 100°C. It is possible to operate at a temperature of less
than 20°C without any technical problem, but this offers no
advantage because of the lower output efficiency of the
reaction.
Before, simultaneously with or after the heating,
1% the reaction vessel is brought to the appropriate hydrogen
pressure, that is to say, in practice, of from 1 bar (0.10
MPa) to 100 bar (10 MPa), preferably from 5 bar (0.5 MPa) to
50 bar (5 MPa).
The reactipn period can vary as a function of the
20 reaction conditions and of the catalyst.
In noncontinuous operation it may vary from a few
minutes to several hours.
In continuous operation, which constitutes the
preferred industrial method for the process of the invention,
2h% the duration is obviously not a parameter than can be set.
Before subjecting the aminonitrile obtained in the
hemihydrogenatioh stage to the cyclizing hydrolysis stage in
order to form the lactam, it is necessary to remove most of

the water and/or of the solvent which may be present, of the



. I'n noncontinuous operation it may vary froma few mnutes to several hours.
I n continuous operation, which constitutes the preferred industrial nethod
for the process of the invention, 25 the duration is obviously not a
paranmeter than can be set. .Before subjecting the amnonitrile obtained in

t he heni hydrogenation stage to the cycli2ing hydrolysis stage in order to

formthe | act,am_ _i.t i S, hecessary.to re e of. .t he wat.er ,and/ or of the
sol vent whi cd:%nr’féﬁ 1%% vﬁtruetg%ﬁtﬁs (')"fVJ % ﬁgacgggg-or%i%?ﬁet rde F’é‘lﬁﬁiv&%l%haslsng'lt’l 8¢

reacted, of dfigedl ahNss WHE tda? tabiOp] O fEEL Y oQknl BE £REULduunds

by- products such as the conmpounds of imine or am ne type. This purification

may be convesd dmfing 6framirde aytpely 5 a conventional distillation

operation, preferably conducted at a pressure which is less than

at nospheri ¢ pr essur eThiaecpupik fHicatighomay hee sepnaniegitdyi pafiied oft iyl |

foll owed by the diam ne forped, for exanple hexanethyl enedi am ne. The

ami noni t A | & ESRYentdgpaldstbddabfionsoBArabtoy é’rﬁethFFBf!m“(%%d whi | e

t he unreacte | QL . . t -at | std,] | ati on.
i (% w:rtessl.:?er@ﬂl :@ée@% tREn & %B}%%a%gepgugé. Trd

For its use 1n e cyclrzing hy ysSi s reactl nonitrile obtained

by this di stiddeit iapa/6RY tEO U ventA%1 BR8] 2k { PadlYoDeAN ,StEBL Eewadae £ried t O
10% by weight and 15 preferably up to 5% of dinitrile and up to 10% by

wei ght and plisfmeimeb|fprmpdl of &P excimpdiehbexiye piythnsdi amlineh e f or ned
during the-hydrogenation of the dinitrile. Wen the dinitrile is
adi poni tri | eaminpRddrile comes next, for example 6-aminocapronitrile

10 (ACN), while the unreacted dinitrile may or may not be also
separated by distillation.

For its use in the cyclizing hydrolysis reaction the
aminonitrile obtained by this distillation may contain, as
has already been stated above, up to 10% by weight and

15 preferably up to 5%, of dinitrile and up to 10% by weight and

| preferably up to 5%, of other by-products which are formed
during the hydrogenation of the dinitrile.

When the dinitrile is adiponitrile, these
by-products may be especially hexamethyleneimine (HMI),

20) aminomethylcyclopentylamine (AMCPA), azacyclocheptene (AZCHe},
1-imino-2-cyanocyclopentane (ICCP), diaminocyclohexane (DCH),
bis(hexamethylenetriamine) (BHT), the product of the
condengation of azacycloheptene with 6-aminocapronitrile
{6- (6’ -aminohexamethylene-imino) hexanenitrile) or, when the

25 hemihydrogenation is conducted in an alcohol, wvarious
compounds from the reaction of this alcohol with reaction
intermediates.

The stage of cyclizing hydrolysis of the purified

aminonitrile, for the purpose of preparing the corresponding



_by-products may be especially hexamet hyl eneimne (HM), 20

am nonet hyl cycl opentyl am ne (AMCPA), azacycl oheptene (AZCEe),

1-i m no- 2-cyanocycl opentane (I CCP), diam nocycl ohexane (DCH),

bi s(hexanet hyl enetriam ne) (BHT), the product of the condensation of
azacycl oheptene with 6-am nocapronitril B .

(6- (6 - am Nofiexapt Brbegab Y NAAKRACHE L ol prdleNLiEZh of the
hem hydr ogenation i s conduct'ed i n an al cohol,” various conpounds fromthe
reaction of dhighatlieohflinvhitrilRacisi @orinai&r (Exfi:at es. The stage of
cyclizing hydrolysis of the purified amnonitrile, for the purpose of

preparing the correspondi ng - 10 - lactam preferably consists of a
vapour phase reaction of the aliphatic amnonitrile of formula (I1):
NMC-R-CH err]-NH err] N=CeRr$Hi-¥¥ahi ch R derddfés a Iinear or branched

al kyl ene or 5 alkenylene radical containing from1 to 12 carbon atons,
preferably from1l to 6 carbon atons, with water, preferably in the presence

of a solid cafalyisih rTEEnSCLE th CALALYS by "BYaléh& AxYAk¥evati ed nature. A
nol ecul ar sieve (crystalline conpound with a mcroporosity of .10

appr oxi neg el ylkedyl el angitadnsintaAningz Epbint B tmller Waabori 8vems A net al
phosphate or an acidic or anphoteric bul k oxide may, for exanple, be

enpl oyed. Exengfewaldly ifremnd| tef fardionyasonse with cwtieresranteralb i c
zeolites. 15, ite Js. a crxstalline tectosilicate of natural

A zeql .
or synt het | oy Vil PRSFeRRCO AL AP Pr ik Eate ¥ BEul t from ¢ ho

The solid catalyst may be of a very varied nature. A
molecular sgieve (crystalline compound with a microporosity of

10 approximately 3 to 10 angstroms), a nonzeolite molecular
sieve, a metal phosphate or an acidic or amphoteric bulk
oxide may, for example, be employed.

Examples of the molecular sieves are silicalites and
acidic zeolites.

15 A zeolite is a crystalline tectosilicate of natural
or synthetic origin in which the crystals result from the
three-dimensional assembly of tetrahedral SiO, and TO, units,
T denoting a trivalent element such és aluminium, gallium,
boron or iron, preferably aluminium. Zeolites of the

29 aluminosilicate type are the most common ones.

Within the crystal lattice the zeolites exhibit a
system of cavities connected to one another by channels of a
well-defined diameter, which are called pores.

Zeolites may exhibit a one-dimensional,

25 two-dimensional or three-dimensional lattice.

Among the zeolites it is possible to employ natural

zeolites, for example offretite, clinoptilotite, erionite,



_three-di nensi onal assenbly of tetrahedral SiJerr] and T(Qerr] units, T

denoting a trivalent elenent such as alumnium gallium boron or iron,
preferably alum nium Zeolites of the 20 alumnosilicate type are the nost
common ones. Wthin the crystal lattice the zeolites exhibit a system of
cavities connected to one another by chabhhets of a well-defined dianeter,
whi ch are cal ] ed Or €s. Zeol ites may exhibit a one-dinensional, 23

t wo- di mensi of&FPHH o AR Bpﬁéh%?iﬁﬁﬂ Iattlce Anong the zeolites it is

possi ble to enploy n I f QI 8% A clinoptilotite,
erionite, chabazi t 5% tiﬁ %ééf%;es a§ynt et| g%%ﬁﬁ{es%hre also quite

sui table. As exanpl ea;g)fexgylF'g_Qgtd,g #AHdtee webligeonertd gENSi onal lattice
there may be nentioned, zeolite 5 ZSM4, zeolite L, zeolite ZSM 12, zeolite

ZSM 22, zeol phe-dSMidicwad 2ebtite &Hﬁwe4&ayEbanpénﬁnqﬁedzeGEDRQSemnth a

two-di nensional lattice which are enployed preferentially are beta zeolite,
nor deni t e andS¥etr i e9hice 19 zeolite ZSM-l3gopgplike (HB12o| 2EO3ikLth a

t hr ee- di nens lattice.are cerned, there nmay be nentloned nor e
particularlykggo%? %ﬂ&ﬁtftégafgéEOIite ZSM 5, zeolite ZSM 11 and

offretite. Use is ma Vﬁgp%%r ! ¥e9{:héy§nﬁ |G &6 la}.rﬁé:xSL%Q.ll§at@£§

partlcularly of those are Int ow ng forns: - mazzite of
Al nol ar whikR @fe Ferblbyed pré€oténtidl18f abe: PetaDi&d1itR,| aoeBedibel tO

and ferrierite.

10 Insofar as the zeolites with a three-dimensional
lattice are concerned, there may be mentioned more
particularly zeolite Y, zeolite X, Zeolite ZSM-5, zeolite
ZSM-11 and offretite.

Use is made preferably of synthetic zeolites, and

15 more particularly of those which are in the following forms:

- mazzite of Si:Al molar ratio of 3.4:1
- zeolite L of Si:Al molar ratio of 1.5:1 to
3.5:1
- mordenite of 8i:Al molar ratio of 5:1 to 15:1
29 - ferrierite of Si:Al molar ratio of 3:1 to 10:1
- offretite of Si:Al molar ratioc of 4:1 to 8.5:1
- beta zeolites of Si:Al molar ratio of 15:1 to
25:1
- zeolites ¥, in particular the zeolites obtained
25 after a dealumination treatment (for example
hydrotreatment, washing with the aid of
hydrochloric acid or treatment with SicCl,),
more particularly zeolites US-Y of Si:Al molar

ratio higher than 3:1, preferably from 6:1 to



3.5:1 - nordenite of Si:A nolar ratio of 5:1 to 15:1 20 -

ferrierite of Si:Al nolar ratio of 3:1 to 10:1 - offretite of Si: A nolar
ratio of 4:1 to 8.5:1 - beta zeolites of Si:Al nmpolar ratio of 15:1 to
25:1 - zeolites Y, in particular the olites obtained 25

after a dealunination treatment (for exanple hydrotreatnent, washing with
the aid of hydrochloric agpdior treatnment with SiCl[err]), nore
particularly zeolites US-Y of Si: Al nolar ratio higher than 3:1, preferably

from6:1 to - 12 -- 60: 2eolitezZeodf tfauwfashitbatypsidfe fiype abl&e: Al nol ar
ratio fromO0.7:1to 1.5:1 - zeolites ZSM5 or alumniumsilicalite of
Si:Al 5 myp&ior frem Gf7:20te #052D00: 1 - zeolite ZSM 11
of nolar ratio of 5:1 to 30:3:., The_zeo |tes usgd int resent process are
known products described i&fOrhESFi ¥ B at fFe 3LBR nh‘t”f‘a%"" feca)dbri PEsSEt R ict ure
types by M Meier and , Jslgd, 1 the Structure

Comm ssi O%/]V of the Internati onal %g%?loé“i slogsat ?g% ?1978)] . Zeolites which

are available in the tradesmytbezsmers ¥ Madurneithe synt:hesbzed.accordi ng

to the processes described in the literature. 15 Ref erence may -

be nmade to the aboverEhe izeedd tAB|l ased in*the present process are known
products described in the literature [cf. Atlas of zeolites
structure types by W. M. Meier and D. H. Olson, published by

10 the Structure Commission of the International Zeolite

Association (1978)}].

Zeolites which are available in the trade may be
used or they may be synthesized according to the processes
described in the literature.

15 Reference may be made to the abovementioned Atlas

and more particularly, for the preparation:
- of zeolite L to the publication by R. M. Barrer
et al., Z. Kristallogr. 128, pp 352 et seq.
(1969)

29 - of zeolite zSM-12, to US-A-3,832,449 and to the
paper by Lapierre et al., Zeolites 5, pp 346 et
seq. {(1985)

- of zeolite ZSM-22, to the publication by G. T.
RKokotailo et al., Zeolites 5, pp 349 et seq.

25 (1985)

- of zeolite ZSM-23, to US-A-4,076,842 and to the .
paper by A. C. Rohrman et al., Zeolites 5, pp
352 et seq. (1985)

- of zeolite ZSM-48, to the work by



.and nore particularly, for the preparation: - of zeolite L to the
publication by R M Barrer et al., Z Kristallogr. 128, pp 352 et seq.

(1969) 20 - of zeolite ZSM 12, to US-A-3,832,449 and to the
paper by Lapierre et al., Zeolites 5, pp_346 et seqg. (1985) - of zeolite
ZSM 22, to the publication by G T. KoKottdi Fo et al., Zeolites 5,0$p gjg et
seq. 25 (198 % eqlite ZsM 23, tq US-A: ,

ang to the paper by A C J%oﬁ%’ngﬁhé?%‘fz,engg'i'tggo ft%%%%fpetﬁgeﬁg (1985)
- of zeolite ZSM 48, t addie (mosk) by - 13 - J. L. Schlenker et al.,
Zeolites 5, pp 355 et seqg. (1985) - of beta zeolite, to US-A-3, 308, 069
and to the paper by P: Cauifl detet zeblitdedid USSAL2, 3pp, BBD and to the

et seq. (1992) - of nordenite, to the work by Itabashi et al., Zeolites

6, pp 30 et seq. (1986) - PaPesf byeB | faalbetgiet 1.4 oZeSlites 326, 8p2240d
US- A- 3, 13Q, 007 respectively 10 - of zeolite ZSM5, to
US- A- 3, 702,886 and to the %ta&?ﬂ'b)sl?/?zb. Shiralkar et al., Zeolites 9, pp

363 et seq. (1989) - _ of,ZgRbisbd: CEM dd el Wod® B KedVashi et al.,

Zeolites 6, pp 30 et seq. (1986)
- of zeolites X and ¥, to US-A-4,076,842 and
US-A-3,130,007 respectively
10 - of zeolite ZSM-5, to US-A-3,702,886 and to the
paper by V. P. Shiralkar et al., Zeolites 9, pp
363 et seqg. (1989)
- of zeolite ZSM-11, to the work by
I. D. Harrison et al., Zeolites 7, pp 21 et
15 seq. (1987).

The zeolites may be employed in various forms:
powder, shaped products such as granules (for example
cylinders or beads), tablets or monoliths (honeycomb-shaped
blocks), which are obtained by extrusion, moulding, pressing

26 or any other known process. In practice, on an industrial
scale, it is the forms of granules, of beads or of monoliths
which offer most advantages both from the viewpoint of
effectiveness and from the viewpoint of convenience in use.

The invention does not rule out the presence of

25 ©binders employed during the forming of the zeolite, for
example aluminas or clays. )

Whatever the zeolite chosen, a treatment which makes
it acidic is carried out if necessary. Conventional

treatments are relied on for this purpose.



|. D. Harrison et al., Zeolites 7, pp 21 et 15 seq. (1987).
" The zeolites nmay be enployed in various forms: powder, shaped products such
as granules (for exanple cylinders or beads), tablets or nonoliths
(honeyconb- shaped bl ocks), which are obtained by extrusion, noulding,
pressing 20 or any other known process.141n practice, on an industri al
scale, it is the forns of granules, of beads or of nonoliths which offer
nmost advant ages bot h Thugm the adkajdsiencasiorsfean iberpeshangddfbym t he
Vi ewpoi nt of convenien%g in use. The invention does not rule out the

presence of PPHIHIEG BRpFEYEHE YU Ry FERBEPER i FRF D% REtZ 8O Rt e, for

exanpl e al UMl aasy ) hidla, WAL REe0k! 42 ERARS, B LRRI BN NN O

makes it aci IS carrie I f~ hecess nventlonal treatents are

relied on fofetdi cdtilRO%@th an-anktbriuk¥sn, t B8 bk iHRe cadbifDSg Celk be
exchanged by subjecting the zeolite to a treatnent carried out wth aqueous
ammoni a, 3% huexe¢ssngdd n@poldtaniexehidmgecokethspasd athe netr@nicat catniamt h an
ammoni um ion, and then to calcining the 5 exchanged zeolite in order to
deconpose t hehermbhiviRArdatrorepkatesil Wikhdapolt dRace it with an Herr]

ion. The quantity of ueous,.ammonja to be used is at |east equal to the
quantity necessary foﬁ&’e%ﬁgﬁbpg&%lafq"tar?é’safﬂ’ﬁPPl?re’f%lb%megnésvah

ammoni Um i ongea bt LGRS dd QHe1Qubftidy 1Rl sapy 10687 Ll AR g0h1 RALROUS
ammoni a are therefore used per "gram of zeolite:
alkali metal cations with ammonium ions. At least from 107° to
10 5x107® moles of agueous ammonia are therefore used per gram of
zeolite.

Among the silicalites use is made more particularly
of the silicalite of type 1, of a structure which is similar
to 2Z8M-5, silicalite of type 2, of structure which is similar

15 to ZSM-1ll1l, and beta silicalite.

The term "nonzeolitic molecular sieve" or NZMS
includes, in the present text, the SAPO molecular sieves
described in US-A-4,440,871, the ELAPSO molecular sieves
described in EP-A-159,624 and some crystalline

29 aluminophosphates and metalloalumino-phosphates (MeAPO),
ferroaluminophosphates (FeAPO) and titanocaluminophosphates
(TaAPO) described in the patente indicated below. The
crystalline aluminophosphates are described in the
US-A-4,310,440; the crystalline metalloaluminophosphates

25 MeAPO, Me denoting at least one metal chosen from Mg, Mn, Co
and Zn, are described in US-A-4,567,029; the crystalline
ferroaluminophosphates FeAPO are described in US-A-4,554,143;
the titancaluminophosphates TAPO are described in

US-A-4,500,651, and other nonzeolitic molecular sieves ELAPO



.Anong the silicalites use is nade nore particularly of the silicalite of
type 1, of a structure which is simlar to ZSM5, silicalite of type 2, of
structure which is simlar 15 to ZSMII, and beta silicalite. The term
"nonzeolitic nolecular sieve" or NZMS i md udes, in the present text, the
SAPO nol ecul ar sj eves described in US-A-4,440,871, the ELAPSO nol ecul ar

si eves descriBedepRriped. im EBAr 158d 936 nend rERtA15818430 al umi nophosphat es
and rnet al | oal um no- phospha ((MeAPQ), ferroal um nophosphates (FeAPO and
titanoal uni nophospha?gg Tﬁ%plﬂ’é"é’gﬁtﬁeﬂa’(nb? TPIRPEFCLSPRYI 2 P el ow.
The crystal Iggalawd Bephospiet eg@h¢ described in the US-A-4,310,440; the
crystalline netall oal um nophosphates 25 MAPO, Me denoting at |east one
nmetal chosen from M, M, Co and Zn, are described in US-A-4,567,029; the
crystalline ferroal um nophosphat es FeAPO are described in US-A-4,554, 143;

t he titanoal um nophosphat es THEROERQ.E, -d&spd |, bed 1(XTIWUP- A- 4, 500, 651, and ot her
nonzeolitic nol ecul ar sieves ELAPO - 15 - are described in EP-A-158, 976
and EP- A- 158, 349. The netal phosphate nay be nore precisely a netal
phosphat g OfixIQJhrEéltf’l (rery: Mderr] (POerr]) [err]- (IMP) [err] (II1) 5

in which:” denotes a divalent, trivalent, tetraval ent or pentaval ent el enent
Cho_sen_ from-gr oups 2@1 M3BendPes Qp’di%’lezm g’ri@herﬁﬂ’ t%%rggglgzﬁt Og{r the
Periodic Cassification of the elenments or a mxture of several of these
el enent s or pdrtavalent element chosen from groups 2a, 3b, 4b, 5b, 6b,

7b, 8, 2b, 3a, 4a and 5a of the Periodic Classification of
the elements or a mixture of several of these elements or M=0

10 when M denotes certain pentavalent elements,

- Imp denotes a basic impregmating compound
consisting of an alkali metal or alkaline-earth metal, or of
mixtures of several of these metals, used in combination with
a counteranion to ensure electrical neutrality,

15 - n denotes 1, 2 or 3,

- h denotes 0, 1 or 2, and

- p denotes a number of from 0 to 1/3 and
corresponds to a molar ratioc of the impregnating compound Imp
to the impregnated MH, (PO,)..

20 Among the aminonitriles of formula {(II) the most
important ones are those which produce the lactams used as
raw material for the preparation of polyamides 4, 5, 6 and
10, that is to say those in whose formula the symbol R
denotes a linear alkylene radical containiﬁg 2, 3, 4 or 8

2% carbon atoms. The preferred compound of formula (II) is 6-
aminocapronitrile (or epsilon-capronitrile), which produces

caprolactam, the polymerization of which yields polyamide 6.



.10 when M denotes certain pentaval ent elenents, - Inp denotes a basic
| mpregnati ng conpound consisting of an alkali netal or alkaline-earth
nmetal, or of mxtures of several of these netals, used in conbination with
a counteranion to ensure electrical neattélity, 15 - n denotes

1, 2 or 3, - h denotes O, or 2 nd - denotes a nunber_of fromO to 1/3
and corresponds to a%ngr %FﬁtﬁnBE%fs e q%ﬁﬂpég'ﬁ%ti}@' Hrpdind®Prp’Po the
i npregnated YH g1 1{ PO Lhal 857l dR periodic %%ﬂgic}a § 8"l Eg@*t riles of

formula (11) the nost inportant ones are those produce Act ans

used as raw ghéméntd ftorist PespiBPEr €l indhtAbnPekyesi LES, ber§116uand 10, that
Is to say those in whose formula the synbol R denotes a |linear alkylene
radi cal contmhgmegiyn, Falsigm, 8sBEonttiambobaztions . aMimeirpiuef,ebbednconpound of
formula (l1) is. 6- am nocapronitrile (or epsilon-capronitrile), which
produces apPaliti®m indidms o kel 1B atianthepifRe caush cigid anshpamnde 6.

4b, 5b, 6b, 7b, 8, 2b, ,3a, 4a and 5a of

?Ele)nlg’eﬁ ihgdinggg%g?g fﬁg%ag%]e%o%ﬁ% g}m ? Eiée% VM s SPPRF S BosTHIFPE ™ ment i on
especial |y Dgaubliiiin MARSILM af dhdin, S oM &AMt MepBh LT UM
oron, 5 gallium Jindium yttrium |anthanides such as Ianthanum cerium
pr aseodym unytheoiium Emd Jawetiug Sirapiiug, gadehidh U fadaikingm
dysprosium holmum erbium thulium ytterbiumand lutetium zirconium
titani um vaR&EPLWR. rixstt.ugermaphungetimmndnpismnthnd bi smuth. 10
Among t hfol ant hani de fnt]o%sgpra:%teeiaingh;gi eosp iot:)slp attgs it is possible to
discern a first class which contains the orthophosphates of
light rare earths, also called ceric rare earths, including
lanthanum, cerium, praseodymium, neodymium, samarium and
europium. These orthophosphates are dimorphic. They have a
15 hexagonal structure and change towards a monoclinic structure
when heated to a temperature of 600 to 800°C.

A second class of lanthanide phosphates contains
gadolinium, terbium and dysprosium orthophosphates. These
orthophosphates have the same structure as the

293 orthophosphates of ceric rare earths but in addition have a
third crystalline phase of tetragonal strucéure at high
temperature (towards 1700°C).

A third class of lanthanide phosphates contains the
orthophosphates of heavy rare earths, also called yttric rare

25 earths, including yttrium, holmium, érbium, thulium,
ytterbium and lutetium. These compounds crystallize only in
the tetragonal form.

Among the abovementioned various classes of rare

earth orthophosphates use is made preferably of ceric rare



.discern a first class which contains the orthophosphates of |light rare
earths, also called ceric rare earths, including |anthanum cerium
praseodym um neodym um sanmarium and europi um These orthophosphates are
di norphic. They have a 15 hexagonal strygture and change towards a
nonoclinic structure when heated to a tenperature of 600 to 800[err]C. A
second cl asseafth aontttenphdeppbhosphat es cont ai ns gadol i nium terbi um and
dysprosi um ort hophosphat es. These orthophosphates have the same structure
as the 20 ort hophospHatids PeEséble cte atae awtalspbosphatesidift ifommhane a

third tall] hase of tetragonal structure at high tenperature
(tl)\r/\/arggy%géﬁ?? %}cah Eﬁ%?"r"&kl’ff §s°%fpl'f°<fr?§"l'?§ﬁfd8fpﬁ%‘§?ﬁﬁét &f &8at ai ns Lhe
or t hophospha i r ths, I ttric rare.25 rths,

i ncl ugi ngpyt %‘??ﬁjr?n; %&rﬁéugr%% EP ia%mgtstlﬁu %ﬁ%%fkﬁg%? u?r# Y SatePfuife These

conpoundss cr wetalsi mediited abbhe s£tdmganaleifvel) nfBnGHprakeyement i oned
various classes of rare earth orthophosphates use is nade preferably of

ceric rare conta¥ning mmeh osr mhophofpiist em:tallls iadpesseéd|sbdve 4ad BREal
phosphates of formula (I1) which are m xtures of phosphates of several of

the netal s i AYi PAFRLEHRK desrlfi gueh A1 Fikalds osf adkabing - efrthhmeSalart al s

I ndi cat ed above or alternativyely m xed_phosphates cgntaining Qne or nore of
the metal s indicated %eovcgbuéi\r{fﬁréﬁé"%? fr%l”b""(%t RBF Bt aFle St He 2fkEPe or

al kal i ne- ear § hpFBLAk Sing NMonRMRLCEAD| ARG JLUiW.NEyRALE1 8L, (i HahTy! @ of the

10 hydrogenphosphate, dihydrogenphosphate, chloride, fluoride,

nitrate, benzoate and oxalate ions may be used in particular,
no limitation being implied by these mentions.
The molar ratio p is preferably from 0.02 to 0.2.
If reference is made to the general techniques for
15 the preparation of phosphates (as described especially in P.
Pascal "Nouveau traité de chimie minérale" [New treatise on
inorganic chemistry] volume X (1956), pages 821-823 and in
"Gmelins Handbuch der anorganischen Chemie" [Gmelins Handbook
of inorganic chemistry] (8th editiom} volume 16 (C), pages
20 202-206 (1965), two main routes of access to phosphates can
be discerned. One is the precipitation of a soluble salt of
the metal (chloride, nitrate) with ammonium hydrogenphosphate
or phosphoric acid. The other is dissolving the_oxide or
carbonate of the metal (which are insoluble) with phosphoric
25 acid, generally with heating, followed by reprecipitation.
The precipitated phosphates obtained according to
one of the indicated routes may be dried, treated with an
organic base (such as aqueous ammonia) or inorganic base

(such as an alkali metal hydroxide)} and subjected to a



_inpregnating conpound Inp are basic. Hydroxide, phosphate, 10

hydr ogenphosphat e, di hydr ogenphosphate, chloride, fluoride, nitrate,
benzoate and oxal ate ions may be used in particular, no limtation being
inplied by these nmentions. The nolar rati® p is preferably from0.02 to
0.2. If reference is nade to the general techniques for 15 the preparation
of phosphat esalainatdsny-i hEHese pertied loperat PonPaman|be’ Nogréad ovhiire de

chime m nerél’e'r'ﬂf[tyew reati se, on i n,or%ani c chem stry] volume X (1956),
pages 821- 8237 ArF15F .sg?gp! AE HARIBUH I8Pt aPBTYani schen Chenie" [Gelins
Handbook of i norgani ¢uGhemigyr pq;aq,_e%dlotfl 0Lyl U(@H:BG ;6CL 985 /0

Y
202-206 (1965), two mal n rout eé %‘{ access to %’ﬁ%sphat es can BS %I scerned.

One is the perLéwidd is9mbol B 88| gl e3alkhaff ot fon B Prepablbarbge, nitrate)
wi t h anmoni um hydr ogenphosphat e or phosphoric acid. The other is dissolving
t he oxi de5 or inprdgnmttieonofoft hhe nedmpovnth M) (R0.8 . neoipayed) avkcdhd pdwphori ¢
25 acid, generally with heating, followed by reprecipitation. The

preci pi t at edopRo’pHeheTeshrimnes detvridiedgabevenevbih theqalngieated routes

morgani ¢ balE PSUETR S =R 48 f RISy APOXFaEs Mt S RG Earee o & -
18 - calcination Thomg YLee:PEEE!HONRTIAREe SR ELELLD thel Bo%@e or der
shown or in a different order. The rnetal phosphates of fornula (Il1) in the
case in whickoliBleyrigplig) ang gheahere tArAZhA yCRAANELaPEORAT @feb¥oRipound
i npregnation of the conmpound MH err](PJerr])[err], prepared according to
one of the t¥HBh{EQUes descri bed above, with a solution or _
Thus, an advantageous process for the preparation of
the phosphates of formula (III) comprises:
a) carrying out the synthesis of the compound
MH, (PO;},; then, preferably without isolating MH, (PO,), from
15 the reaction mixture;
b) introducing the impregnating compound Imp into
the reactioﬁ mixture;
¢) separating any residual liquid £rom the reaction
solid; and
21 d) drying and, optionally, calcining.
The performance of the catalyst of formula (III) and
especially its resistance to deactiwvation can be improved
still further by calcination. The calcination temperature is
advantageously from 300°C to 1000°C, preferably from 400°C to
25 900°C. The calcination period may vary within wide limits. To
give an idea, it is generally from 1 hour to 24 hours.
Among the catalysts of formula (III) which are

preferred in the process of the invention it is possible to

mention more particularly lanthanum phosphate, calcined



~suspension of Inp in a volatile solvent, preferably water. The results are
proportionately better the nore soluble Inp is and the nore freshly
manuf actured the conmpound 10 MHh (PO err])[err]. Thus, an advantageous
process for the preparation of the phosptaates of forrmula (I11) conprises:
a) carrying out the synthesis of the conmpound MHerr](PJerr])[err]; then,
pref er abl y viatdanups Bhaspipt aHHEPChaprr) phesphateomsed £AeC PRt tHPn
m xture; b) introducing the_i egnati ng, conpoungd |, Lnto t reaction
mxture: o) ChAateed ey FRRTGH 3 AT RE foraVRsATEr o et and 21)
d) drying anthyiQRf ip888bh¥te Cat &l PnokPRa PEM hAEATBNC @olbihhE: &Rtd etsta Of
formula (111) and especially its reSistance to deactivation can be inproved
still furthefadnivigl eubalics. od 1 taalsd uRatbfpodedp laniattiami phasbldeageous!| y
from300[err]C to 1000[err]C, preferably from400[err]Cto 25 9000C. The
cal ci nat ion yeed da wepbinabion twith i deebimhi srullidiginy erapokaesiunt s
generally from1 hour to 24 hours. Anong the catal ysts of fornula (111)

whi ch are preEfHRTEHW: ALERERHIDRRISAA ten e 2 HBLRt R, PRAsPRa to sal Wi iy
mention mor 6%19 i %%le)ﬂ %ﬁnégn%'ijn?aﬁ@%sg&@{xea SALENET runsaidd op | @Nt hanum
I I'nc

phosphat e, ntlanum phosphat e "use _ MiInatron w t'h "a caesrum rubi di um
or potassi Unpsheddsain \Rmpoahdl Nesh &6lddIMiBBERNBhEspred, Ui BBOSRNat e used

in combination with a caesium rubidiumor potassi um conpound, samarium
phosphate  phosphate used in combination with a caesium, rubidium or
10 potassium compound, calcined zirconium hydrogenphosphate and
zirconium hydrogenphosphate used in combination with a
caegium, rubidium or potassium compound.

The acidic bulk oxides which can be used as solid
catalysts in the cyclizing hydrolysis stage are especially

15 metal oxides, mixtures of metal oxides or metal oxides
modified to make them acidic, especially by the action of a
dihalide, an ammonium halide or an acid such as sulphuric
acid or hydrogenhalide acide. The halogen which may thus be
introduced to acidify the bulk oxide is preferably chlorine

2(: or fluorine.

The amphoteric bulk oxides are the oxides of
amphoteric nature or those made amphoteric by their method of
preparation or by a subsequent treatment.

Examples of acid or amphoteric bulk oxides are the

2% mixtures S8io,/Al,0,, Sio,/Ga,0,, SiO0,/Fe, 0, and Si0,/B,0,,
halogenated aluminas such as chlorinated aluminas and
fluorinated aluminas, sulphated zirconia, niobium oxide,

tungsten oxide, thoria, zirconia, titanium dioxide, ceria,

gilicas and aluminas.



.5 used in conbination with a caesium rubidiymor potassium conpound,

al um ni um phosphat e, al um ni um phosphate, al um ni um phosphate used in
conbi nation with a caesium rubidiumor potassium conpound, cal cined

ni obi um phosphat e, ni obi um phosphate used% n conbi nation with a caesium
rubi diumor 10 potasgium conmpound, cal cined zirconi um hydrogenphosphate
and zi rconi um hydroge%b%}ﬁ‘&?@ Egyfj \in iShEt PORRIRIH W Zaynpe

Fubi di um or RobasgLAs WA dac Readll ] Gl tl Hes @F}ieréﬁgggg gEayeed as

solid catalysts in the cyclizing hydrolysis stage are e net al
oxi des, m Xt aresobfanedmy v@€idas serudBird. WowdQerNIt fieGldFrakect BEM
acidic, especially by the action of a dihalide, an amoni um halide or an
aci d such aschaPrphuramongitheo vajdns gelnminage wadcisard hac thiadeoden tiisch nay
thus be iEtroduced to acidify the bulk oxide is preferably chlorine 20 or
f1 uori ne. >Th&CBApHBR er FROHUMPIGR aEE dparkivated géésﬁf Rithdsemby Bheure or

Lrcat mont . Exaner SceEr eiS, eaTEh B0 Pkl VB pRcatts & chetddie T

treatnment. Exanp acl anp errc m Xt ur es

Sigerr]/All eukabernéasuitdd &y bhEohRt LRI bnioh G 8T 14! %%Lz%ef r] and

SiJerr]/Blerr]Oerr], halogenated alum rfas such as chlorinate m nas
and fl uori nategudadl tei Has’/gsah@hat £1l zidr@opirafefaliby Uiigherd€hah UsESt en
oxide, thoria, zirconia, titaniumdioxide, ceria, silicas and al um nas.

- 20 - Anpnge@Madetpulk ®mYBdes, the al uninas which may be enployed as sdid

CatalyStioin the CyCl&ﬁérgaéﬁgﬁéphngsigtgﬁgaprocess of the invention
preferably has a specific surface equal to or lower than 500
m?/g.

The aluminas which may be employed in the ?resent
process are first of all generally the aluminas which have a
15 specitic surfacegyhigher than or equal to 10 m?’/g and lower
than or equal to 280 m’/g as well as a volume of the pores of
diameter greater than 500 angétroms which is higher than or
equal to 10 ml/100 g.
The BET specific surface is the specific surface
23 determined by nitrogen adsorption in accordance with ASTM
standard D 3663-78 established on the basis of the Brunauer-
Emmett-Teller method described in the periodical "Journal of
the American Chemical Society", 60, 309 (1938).
The volume of the pores of diameter greater than 500
25 A represents the cumulative volume created by all the pores
of size greater than a diameter of 500 A. This volume is
measured by the mercury penetration technique, in which

Kelvin’s law is applied.

The aluminas of this first class preferably have a



are of a very varied structure. However, it is preferable to choose, anong
the various alum nas which are active in this 5 reaction, those which are
deactivated least. This is why the choice preferably falls on al um nas

whi ch have a specific surface neasured -byit he BET net hod which is higher

than or equal to 5 nferr]/g and still nore preferably hi(gqrsle.r t han or equal
to 10 nierr] Fglupe ©: the porestpf diamerer @edten thanprttdsdigherne

owention prelerablyahan & 0CHE03 LT AGE K143 boe oL LRNELLNRD R0

s
n2/g. The al um nas nay ‘be & e present proces Frst

of all gener ahlay ggee%ymw%mqmobagg a 15 specific surface higher than
or equal to 10 nferr]/g and I ower than or equal to 280 nR2/g as well as a

vol ume of the pores ofheli slmiiglasgo€atrist hirstb@laasgal sonsreturaiblys hi gher
than or equal to 10 m /100 g. The BET specific surface is the specific
surface 20 daver & fsedchfinisydfges highept tlan iar saual dbncE wi'fa- ASTM
standard D 3663-78 establ ifhe,d on khe basi s of tpH% Br.unauer- Emmett-Tell er
met hod described in tF&epatPdaca s FARI PO reMHEY e P c B @RSRSDH

Soci ety", 60, I%Q:%sglgg‘ﬁ) alJcb eﬁﬂleo !ali%ig s:,[ vpﬁicﬁp rrf‘a.srgo%.y gg???% ﬁé &Iret%tc%r than

500 25 A represents the cumulative volume create e pores of size
greater thanm@ghiexeheh 6F &gﬁﬂ.coThbsm%{ R LewhBasKHEbD%qlAe BBrcury

penetration technique, in which Kelvin's law is applied. The al um nas of
this first clztsm/eferdiH wilane af porebf diameter greater than 70

10 angstroms which is higher than or equal to 30 ml/100 g.

The aluminas of this second class preferably have a
volume of pores of diameter greater than 70 A higher than or
equal to 45 ml/100 g.

The aluminas of this second class also preferably

15 have a specific surface higher than or equal to 80 m?/g.

The aluminas which can be employed in the present
process are also the aluminas which have a specific surface
higher than or equal to 280 m*’/g as well as a total pore
volume higher than or equal to 15 ml/100 g.

20 The aluminas of this third class preferably have a
total pore volume higher than or equal to 22 ml/100 g and
gtill more preferably higher than or equal to 30 ml/100 g.

The aluminag are also characterized by their
acidity.

25 This acidity can be measured by the test for
isomerization of l-butene to 2-butene.

This test is based on the isomerization reaction of
l-butene to a mixture of cis-2-butene and trans-2-butene at a

temperature T (T = 400°C in the present case).



~volunme of the pores of dianeter greater than 500 A higher than or equal to
20 mM /100 g and still nore preferably higher than or equal to 30 m /100 g.
The alum nas of this first class also preferably 5 have a specific surface
hi gher than or equal to 50 nferr]/g. Fhezal-um nas which can be enpl oyed in
t he present process are also the alum nas which have a specific surface

hi gher than or equal The bOnefigaghdn| vewrtidrarisor sthamrodmaEd® n2/ g and a
vol une of pores_qf dianmeter greater than 70 10  angstronms which is higher
than or equfTiidi8Eips 1P Forekanse uramRe fefimed second class preferably
have a vol unme of pores ' r..greater..t 7 ' an or equal
to 45 mM /100 g. The al ﬁ% n%{seaoor;%tt?' Fg g%%ﬁ]ﬁ’%é%sg%gégghg?g%{@bl y 15 have a

speci fic surdacemingichy! 8 H1cRiHekoh® 80 n2/g. The al um nas which can be
enpl oyed in the present process are also the alum nas which have a specific

surface hi gher thagﬂc;{ _equal t%%é'%o'bg’?g glgéﬁg%ﬂns%?gtgqggg& pore vol unme
{

hi gher than or eqB&#t'Tt s Tefbla -butensleg + IFanAiUBkesas Y thi s
third class preferably have a total pore volune higher than or equal to 22

m /100 d.still f bl y higher th . | to 30_ni /100 g. Th
a0 & i, B SePg Soabinp Ehil Soat PS04 ok e 000, T
can be neasujed Yy he L8 1 Myd %‘%”‘Eﬁbzﬂéﬁnﬁé‘?ﬁﬁ%é ytene to 2-butene. This

test is based on the isonerization reaction o uténe to a mixture of

Ci s-2-butene and transtBebaéeifl adqui1ibiRehatsfraht K (T)4QQEethiked Myt he
present case).
the result of the measurements:

& = [cis—-2-butene]l + [trans-2-butene]
[1-butene] + [cis-2-butene] + [trans-2-butene]

where [butene] denotes the concentration of each of the
10 isomers leaving the reactor at the temperature T.
The isomerizing power A of the aluminas is defined

by the activity in relation to the equilibrium:

- K(1)
A(T) = mx 100

In practice the test is carried out in a vapour

phase reactor operating in a pulse mode, into which are

15 introduced 500 mg of ground alumina {particles of from 400 to
500 pm). The alumina is conditioned for 2 hours at 250°C
under a gtream of helium with a flow rate of 2.5 litres/hour.
The alumina is then heated to a temperature of 460°c and 1
millilitre of l-butene is injected upstream of it into the

2t helium flow. Analysis of the exit gases is carried out by gas
phase chromatography and enables the quantities of l-butene
and of cis and trans 2-butene which are recaovered to be

measured.



[err] - 22 - The isonerization reaction is a thernodynam c equilibrium Two
“constants can be defined: - the theoretical equilibriumconstant Kth(T)
determ ned by the calculation: Kth (T) = (cis-2 -butene] eg + |

trans-2 -butene] eg [1-butene] eg + [cis-2-butene] eg + [trans-2-butene] eg
5 where [butene] eq denotes the concentT &3 on of each of the isomers in

equilibriumat the t erature T;. - the actual ui libri nstant K(T)
det ermi ned by the re'ggfr‘)? oRerd 2RI BPERR -5 [cé’%tr]ec\ﬁﬁgrg"ﬁb%f ene] denot es

the concent r@dm‘&?ﬂin&%&@ﬁ ddaihddl §9”€£§ Aa&fbv'c%gxdg.ggoﬁga%‘ftﬁ{ tdfe the

tenperature T. The isonerizing power A of lumnas is I ned by the

activity in expeat rectort haueqwﬂﬂdaltbanis&ﬁﬁlmng pbwerxalQRpEkBents I N
practice the test is carried out in a vapour phase reactor operating in a
pul se node, thet ecidityt of esdEl almmindeced 500 ng of ground al um na
(particles of from400 to 500 pm... The alumna is conditioned for 2 hours
at 2500C3under a st r §BAPoFERA AR IER2Y ‘f’?o%lf'ao?t’é*eofeaftg Pe¥2es/ hour. The

i.| glrp[ gﬁel Isst he{lq: (;:a gdtg & &E aelrl_t(%l;t Yreg o{;%aeoo‘gocﬁ%q #? U)bl | tr of

I njec ups reamo elTu Ana ysi s of

the exit gasaeﬁmlﬁ:acaﬁ;hbeﬂigmr mhegamalaaaﬁ £Nr et agfapmicﬁrad ignaikes the
quantities of 1-butene and of cis and trans Y-butene which are recovered to
be neasured.alumina.

Aluminas are generally obtained by dehydration of
10 gibbsite, bayerite, nordstrandite or of their various
mixtures. Reference may be made, for example, to the Kirk-
Othmer encyclopedia, volume 2, pages 291-297.

The aluminas used in the present process can be

prepared by bringing a hydrated alumina, in finely divided
15 form, into contact with a gtream of hot gas at a temperature

of from 400°C to 1000°C, maintaining the contact between the

hydrate and the gases for a period of from a fraction of a

second to 10 seconds and, finally, =eparating the partially

dehydrated alumina and the hot gases. Reference may be made
21 in particular to the procegs described in US-A-2,915,365.

It is also possible to autoclave agglomerates of the
aluminas obtained aboye, in agueous medium, optionally in the
pregence of acid, at a temperature higher than 100°C and
preferably from 150°C to 250°C, for a period preferably of

25 from 1 to 20 hours, and then drying and calcinating the
product thus obtained.

The calcination temperature is adjusted so that
specific surfaces and pore volumes which are within the wvalue

regions indicated above are obtained.



- 23 - This isonerizing power Ais corrected for the isomnerizing power
obtained in the sane conditions with the enpty reactor. The corrected

i someri zing power Alerr] represents the acidity of said alumnas. 5

When the alkali netal or alkaline-earth netal content of the alumina is

| ess than 60 nmol per 100 g of al unina; 2he higher the value of A, the

idicis th ' ) A I bt al d ti
more acidic is the abumhige &f WHJASHALE DEDELAY PRALOSCCRY defydration

1
bayerite, nordstrandite elr various m xt'ures.

Ref erence may1 @ dd@eefiolin Y rRseh® bPEc&ks keorddaiRET 18NEYSL CRAMHA,

vol ume 2, pages 291-297. The alum nas used in the present process can be
prepared by dwdingi.nghe hydteded flwhiichaisi nshaliet \exgpreisded 45 wdighhh i nto
contact with a streamof hot gas at a tenperature of from400[err]C to
1000[ err] C, 9Milm:Qi APhytiTRe othgcrebehrtheth Wit alyaiate and the gases for a
period of.froma fragtion of,a second to 1Q seconds an(l}, fina

[y,
separatiny the partiatrty “BERVEFRERY REUAPRS AT THEYH °§5‘§es§u¥§éf"’e§r ence
may be nmade gQeqdd) Wa@s?%@%&sﬁ@d L 55 6S Sx LB i M b rl RabPads 2, 15, 365.

It is also possibl'e to autoclave aggl onerates of the al um nas obtai ned
above, in agpehus peadibhe @pri chalforniingt 86 PéesEricchalllyachdriad dut
tenperature higher than 100[err]C and preferably from 150[err]C to
250[ err] C, fwith he iadd pfehebidfisrof 25 from 1 to 20 hours, and then
drying and calcinating the product thus qgbtained., The cal cinpation
tenperature is adj ust may bggt first of all, in the form of alumina
10 beads originating from oil-drop forming (or coagulation in
drops) . Beads of.this type can, for example, be prepared by a
process according to the teaching of EP-A-15,801 or
EP-A-97,539. Control of the porosity may be carried out, in
particular, according to the process described in
1% EP-A-97,539, by drop coagulation of an aqueous suspension or
dispersion of alumina or of a solution of a basic aluminium
salt which is in the form of an emulsion consisting of an
organic phase, an aqueous phase and a surface agent or an
emulsifier. The organic phase may, in particular, be a
28 hydrocarbon.
It may also be in the form of a crushed alumina

nmaterial. This crushed material may originate from the

crushing of any type of alumina-based material such as, for

»

example, beads obtained by any type of process (e.g. in an
25 oil-drop, pelletizer or rotary drum) or of extrudates. The
control of the porosity of this crushed material is carried
out by the choice of the alumina-based material which is

crushed in order to obtain it.

It may also be in the form of alumina extrudates.



_specific surfaces and pore volumes which are within the val ue regions

I ndi cat ed above are obtai ned. - 24 - Because of their main processes of
manuf acture, the alum nas used in the present process contain, in nost
cases, sodium the content of which is usually expressed as wei ght of
Na[err]Orelative to the weight of the gsumna. 5 The cat al yst
may be used in various fornms, such as powder, beads, crushed material,
extrudat es dhesgbketshbe¢bizgineg pysbibhdideridiiewedr by negxtmdieroptti enal |y
carried out with the aid of a binder. It may be, first of all, in the form

of alum na fé““ﬁéédgaé?ﬁlg‘?‘?%ﬁ‘i"r‘?d- fuisn?sﬂlgcmﬁflfh}temfﬁg ga+d @AEEAiAL on i n
drops). Beads of .this

e C e ar.ed b {Lrocess
accordi ng t o PEIFARR gr%l?q%f ,&afg éggpé’fé%?'ﬁ BK%“%%H?SF o1 Bf the
porosity mytlﬁep&%eaggdaey&n 4 BABHIEEhAT o ACORdTIRACkRL LOE FPOCSS
described in 15" EP- , by drop coagu ation of an aqueous suspensi on
or di spersi @orfsidyUBENehese OfxtruEiRlteli fAay Obe acdiaSied aliuntiiswgisalde Whi ch
is in the formof an enul sion consisting of an organi ¢ phase, an aqueous
phase and a sheifcecefagbat abuminn ameids phderhr qiagh digaricpdphaees e/, in
particular, be a 20,  hydrocarbon. It ma al so be in the formof a crushed

al uni na mat &TSR2THIPE eF uER nﬁ’g}r%‘ﬁ?‘glﬂ%ﬁ EOPASHPPR < ushi ng of
f db
any type o ﬂéﬁﬁ:ﬂ% ?@Sﬁﬁlgﬁéﬂx&% %‘é{ﬁ@aésexf::?& :[&?”HJI-L% aPER r’(c')Lt?ary Wi ned by

any type of proces rop, I zer or drum) or
of extrudat eghus/® mixed during the blending with pore-formers. By way

10 of example, the extrudates may be prepared by the process
described in US-A-3,856,708.

In some cases it may be advantageous for at least a
proportion of the free volume of the reactor to be occupied
by an inert solid such as, for example, qguartz, in order to

1% promote the vaporization and the dispersion of the reactants.

Ag in the case of the aluminas, the solid catalyst
of the cyclizing-hydrolysis stage is generally used in the
form of powder, of tablets, of crushed material, of beads or
of extrudates, it being possible for the forming to be

20 optionally carried out with the aid of a binder. In some
cases it may be advantageous for at least a proportion of the
free volume of the reactor to be occupied by an inert solid
such as, for example, quartz, in order to promote the
vaporization and the dispersion of the reactants.

25 The cyclizing hydrolysis reaction requires water to
be present. The molar ratio of the water to the aminonitrile
introduced is usgually from 0.5:1 to 50:1 to preferably from
1:1 to 20:1. The upper value of this rétio is not critical

for the invention but higher ratios are hardly of interest



control of the porosity of this crushed material is carried out by the

" choice of the alum na-based material which is crushed in order to obtain
it. It may also be in the formof alum na extrudates. - 25 - These can
be obtai ned by bl ending foll owed by extrusion of an al um na-based materi al,
it being possible for said material to_ofjdginate fromthe fast dehydration
of hydrargillite or the precipitation of an alumna gel. The control of the
5 porosity fdr tdeenentst tessdées. may be carried out through the choice of
the al um na used and through the conditions of preparation of this alumna
or through the condi ffhenambhoni taridiengndf thai watdnmaya beefinkeodwtedisiron. The
al um na may thus be m xed during the blending wwth pore-forners. By way 10

of exanple, e T8 odafBS el B % pir EB VAR (-G8 ST dBEEPPed in
US- A- 3, 856, 70x§t%ﬁ1ogiqﬁcse%”%e§?§%éeiﬁ :t”% l%geadggg{:gge%s 4l Orﬁogtai%fQSt a

. o .
pl’OpOI’tIOﬂ O% ree v e reactor 0 be occupl e Yy a'h | nert

solid such agariPloldXaprevafbidfbidn o2l €RE f&adtand¥ QFRLE the
vapori zation and the di spersion of the reactants. As in the case of the

al um nas, theulssdqubmtdyampet Dhtd e rtiydihnigz cthgmbyelr ol ysis stage is generally
used in the formof powder, of tablets, of crushed material, of beads or of
extrudates, it being 3sdnBre $38. tanchf genbrafregene B ivprropaddy. carri ed

out with the aid of a_binder. In songe caseﬁ it gﬁ%/ $e advant ageous for at
| east a propBPYidh BPIHEY PR VIS LM EREUF AT XA 498 *occupi ed by an

inert solid such as, 'lfl'fg t%@gpgéurg% %ic.hntﬂ&dgfciapzig{gOWEQOEQSis

10 stage is carried out must be sufficient to ensure that the
reactants are in the vapour state. It generally is from 200°C
to 450°C and preferably from 250°C to 400°C.

The period of contact between the aminonitrile and
the catalyst is not critical, It can vary, in particular,

1% according to the apparatus employed. This contact time is
preferably from 0.5 to 200 seconds, more preferably from 1 to
100 seconds.

Pressure ias not a critical parameter in this stage
df the process. It is thus possible to operate at pressures

20 of, for example, 10°* bar to 200 bar. The process is
preferably carried out at a pressure of 0.1 to 20 bar.

It is not ruled out to employ a solvent which is
inert in the reaction conditions, su¢h as, for example, an
alkane, a cycloalkane, an arcomatic hydrocarbon or one of the

25 above hydrocarbons, halogenated, and thus to have a liquid
phage in the reaction stream.

The lactam obtained by the process according to the
invention may be purified, generally by distillation, before

being polymerized. This purification is much easier at the



~vaporization and the dispersion’of the reactants. 25 The
cyclizing hydrolysis reaction requires water to be present. The nolar ratio
of the water to the amnonitrile introduced is usually from0.5:1 to 50:1
to preferably from1l:1 to 20:1. The upper value of this ratio is not
critical for the invention but higher ratios are hardly of interest - 26
- for econom c reasons. The am nonitrile and the water may be introduced in
the formof their mxtures in the vapour _sjate or may be introduced
separately into the reactor. It is possible"to 5 carry out a

prevapori zat i 9o fhmt HEad & AN et WheC AniUBASEHENE! ¥elBY S 101G & dind NI
chanber. Any inert gas, such as nitrogen, heliumor argon, nmay be enpl oyed
as a carrier whibRetmesAGMMY agie bNroauResabresent i €he tdie faHGtrEi1RY
hydrolysis 10 stage is carried out nmust be sufficient to ensure that the
react ant s ar einbrodecedpinto stisd eydiii zjagehgdrplysibr staddOdms,r |46 teD
450[err] C and preferably from 250[err]C to 400[err]C. The period of contact
bet ween t he akkngai degreeandecimpannad | dpstings thas sthgecand axe cthervary, in
particular, 15 according to the apparatus enployed. This contact tinme is
preferablyserﬁFé;S remo¥®dseconds, nore preferably from1 to 100 seconds.

Plessure 1510 2,001 el gPREAIEI o g W TualplBaPAgessss o'y,
bar. The procggseiduRhel ehaphy SAldd R Y LlstdoBECBINECsREn Cad 4P LlP -
metal hydroxidé, the presence of this base making it easier
to separate the lactam from the by-products and from the
10 aminonitrile which may not have been converted. Sodium
hydroxide or potassium hydroxide is particularly suitable.
The Examples which follow further illustrate the

invention.



It is not ruled out to enploy a solvent which is inert in the reaction
condi tions, such as, for exanple, an al kane, a cycl oal kane, an aromatic
hydr ocarbon or one of the 25 above hydrocarbons, hal ogenated, and thus to
have a liquid phase in the reaction stream The |actam obtained by the
process according to the invention may-b& purified, generally by

distillatio bei ng polynerized. This purification is nuch easier at
t he - 27GQQB§%%;§15tage than at the amnonitrile stage. It is found,

furthermore, that theyyzBidEls HeP38llghl 106 AMNQNNL Lihenigtg oduced
into the cyclizing hydrolysis stage are, ?o a | arge degree, deconposed
during this stege riadtare £l beed Svi @A Bitiy rees0yedehel RR=titshel Cavioacad the
| actam may be carried out in particular in the presence of a strong base
such as an atkeg.i means foydinkretucimge theereactants tands hydsegemkamd) 4 t
easier to separate the |lactamfromthe by-products and fromthe 10

ami noni t ri | e“*SPRSIATHERPR FOPERAY eSS convert ed. Sodi um hydr oxi de or

pot assi um hydr oxi de i s particul arl. i.tabl e. The Exanpl es which foll ow
further illustrate the in?gﬁP?%%Frg&éiyﬂ? 9. EXAMPLE 1 The followi ng are

charged into a 3.6-1.staiﬁgﬁgﬁethylenedi;pine

574.4 g
- water ' 253 g
10 - KOH 0.63 g

- Raney Ni (containing
1.7% of Cr) 30.3 g of Ni
In this example there is 0.4 mol KOH/kg Ni.
The reaction mixture is heated to 50°C after the
15 reactor has been purged with nitrogen and then with hydrogen;
the pressure is then controlled to 2 MPa at this temperature
by continuous addition of hydrogen. The progress of the
reaction is followed using the hydrogen consumption. When 2.2
equivalents of hydrogen, relative to the adiponitrile
20 charged, have been consumed, the reaction is sztopped by
stopping the stirring and cooling the reaction mixture. The
remaining adiponitrile (ADN) and the 6-aminocapronitrile
(ACN) formed are determined by vapour phase chromatography
and the degree of conversion (DC) of the ADN and the yield of
25 ACN, in relation to the ADN converted (CY) are calculated.
The following results are cobtained:
- reaction period: 118 min
- DC of ADN: 81%

~ CY of ACN: 60.3%



_steel reactor fitted with stirrers of the Rushtone Cavitator type, neans
for introducing the reactants and hydrogen and a 5 tenperature control

system - adi ponitrilel 710 g - hexanet hyl enedia ine 574.4 g - wat er
253 g 10 - KOH 0.63 g - Raney NI (containing 1.7%
of Cr) 30.3 g of NN In this exanpl esthere is 0.4 nmol KOH/ kg Ni. The

reaction mxture is heated to 500C after the 15 reactor has been purged
with nitrogen and thEhisicgerdatdongén; repeatprdds imessandenllcditerol led to 2
MPa at this tenperature by continuous addition of hydrogen. The progress of
t he react|or’Feiaé‘tFSPI'B%\%%e%'sﬁfd:et"héeﬁ?ﬁ?Bﬂ%‘h ‘%for?é‘&nﬁ?FBﬁYs’W@h 2. 2

equi val ent s tLogen,_rel ati.ve at 2t | I torile,20 char have
been consumefg %glgeéc ]l'"%ncolné’ S op%‘e’di;%yéld %&&eﬁg Ipﬁmoct:a???nng 48 cool | ng
the reaction gMigikuieied gt rfmmdﬂarﬁgzadbp?&ll twhidre hBDM a80f 4 NS1umn 70

6- am nocapronitrile (ACN) fornmed are det er ni ned by vapour phase

chr omat ogr apdny iandibtieteegreitinistadniessi sted DpackinghewhDbh ands tahe yiel d
of 2S ACN, in relation to the ADN converted (CY) are cal cul ated. The

fol | owi ng r efifiicdenry eprresrapding é&cﬁpohhwqwal pPlaggspin - DC of ADN:
81% - CY of ACN: 0. 3%

The amgnonltrile t us.obtalned containsg:

lesas than 0.01% by weight of adiponitrile

0.1% by weight of hexamethylenediamine
10

'98.4% by weight of 6-aminocapronitrile

1.5% by weight of various amines and imines, the
main one of which-is
6- {6’ ~aminohexamethyleneimino)hexanenitrile.

The stage of cyclizing hydrolysis of the 6-

15 aminocapronitrile (ACN) thus prepared is carried ocut in a 20-
ml cylindrical reactor made of Pyrex glass, arranged
vertically and fitted with means for heating; openings for
the entry and exit of the gas flows and an injection system
for the reactants.

29 Into this reactor are charged in succession 10 ml of
quartz, 1 ml of alumina in the form of a powder of particle
size of 400-500 micrometres and, again, 10 ml of quartz.

Thus charged, the reactor is heated to 400°C under a
stream of air (with a flow rate of 1.5 litres/houf) for 2

25 hours. The reactor is then coocled to 320°C (chosen reaction
temperature) and placed under a stream of nitrogen (flow rate
of 17.6 ml/min).

A mixture of ACN and water (50:50 weight ratio, that

is a water:ACN molar ratio of 6.2:1) is then injected with



This operation is repeated 7 tines and all the reaction nasses, after
" separation of the catalyst by filtration, are conbined to be distilled.
Am nocapronitrile is distilled at 120[err]C at 2660 Pa, with the aid of a
colum 70 5 mmin dianeter, with stainless steel packing, which has an
efficiency corresponding to 30 theoreticgy plates. The amnonitrile thus
obt ai ned contains: - less than 0.01% by wei ght of adiponitrile - 0.1% by
wei ght of hexaesdiy|eheadpanpneTid injection rate O8f Ahebyniweught iofl.14
6- am nocapronitrile - 1.5% by weight of various am nes and i mnes, the nmain
one of whi chg{B8-6-(6'-ani nohexamet hyl enei mi no) hexanenitrile. The stage of

cyclizing hydrolysis of the 6- 15 am nqgcapronitrilJe (A t hus prepared is
carried out in a 20- “H t%VI Fﬁﬁ?%%’éle’?’etactg‘& VARBRT ot ® Féﬂ’ggnﬁﬁgséf‘ Ar r anged
vertically agd,fitiad wd R.g8a08 {Ql18a4i29. openings for the entry and

exit of the gas flows and an i1 njection systemfor the reactants. 20

Into thissreactor arerkda@igQd r8astiLsiesEixturs0inl dotefitiddZ bylgllk oOf
alumna in the formof a powder of particle size of 400-500 m cronetres
and, again, pbast oireuatagraphirus charged, the reactor is heated to 4000C
under a streamof air_(with a flowrate of 1.5 |litres/hour) for 2 25 hours.
The reactor is then cHRft deF§e326[ P {iRodBR) r e ciPrreanFoeisrate) and

pl aced under _a.styream of . nitrogen (flow rate 7.6 mM{m.n). A gixture of
ACN and wat eran{j_Sb%%OY%Aegll%Eet&{)ag?o?&?ﬂ% aqtem, %EE‘ir:lﬁd\F{rf% ié))rn St |m8eof
6-23i) is theRihBLesE&ek Wik converted are determined.

10 The complete disappearance of the amine and imine
by-products present in the aminocapronitrile used is
ascertained by wvarious analytical techniques (gas phase
chromatography coupled with mass spectrometry and nuclear
magnetic resonance in particular).

1% The following stable performance is obtained in the
case of a reaction period of 50 hours:

- DC of ACN: = 99%
- CY of CPL: = 98%
EXAMPLE 2

21 The following charges are introduced into a metal

reactor fitted with a cavitator-type stirring system, means

for introducing reactants and hydrogen and various control

systems:
-~ adiponitrile 2856 kg
23 - hexamethylenediaminell5l kg
- water 588 kg
- KOH 0.83 kg

- Raney Ni (containing

1.7% of Cr) 37 kg



- 30 - the aid of a punp. The injection rate of the mxture is 1.14 g/h. At

the reactor exit the vapour is condensed in a glass trap at anbi ent

tenperature. 5 The final reaction mxture is determ ned by gas

phase chromat ography. The degree of conversion (DC) of am nocapronitrile

and the yield (CY) of caprolactam (CPL) in relation to the

ani nocapronitrile converted are deterni ridd.” 10 The conpl ete

di sappearance of the %”1:1';'183 aer;g L7.ne Q%ép{g & S AT %ﬁﬁ?ﬁ%'xﬁithe
y a

am nocapronitrile used s ascertai ne vari‘ous ana t echni ques (gas
phase chromat ogr aphhﬁ@%&%ﬁ’!&ﬁ 1@%&&9@&%%&&@%“&'&&&%1&&9““ I C

resonance in particular). he foll ow ng stable performance is
obt ai ned i n dderdaed ohH Bxizﬁpakﬁ i1on peri od of 50 hours: - DC of ACN
[err] 99% - CY of CPL: err] 98% EXAMPLE 2 20 The foll ow ng

charges are introduc@hei febloawing sesudhet arefoktaidefisth a cavitator-type

stirring _system neans_for |ntrodyci 19 reac nts. and hydrogen and vari ous
control Systens: - adi PSATEIPR Pericd: 28565%%} Aa -

hexanet hyl enedi anmi nel | g kg apy@t er 86% 588 kg - KOH
0.83 kg - Raney N (cont allsnl ng 1.7% of Cr) 37 kg
- CY of ACN: - 64%

After separation of the catalyst by filtration
approximately 6 kg of reaction mixture are distilled at 120¢°C
.10 at 2660 Pa with the aid of a column 75 mm in diameter, with
stainless steel packing, which has an efficiency
corresponding to 11 theoretical plates.
For the seccnd part of the process a fraction from

the preceding distillation is employed, which contains:

15

0.02% by weight of adipomnitrile

1

0.36% by weight of hexamethylenediamine ©

57.1% by weight of 6-aminocapronitrile

2.5% by weight of various amines and imines, the
main one of which is
23  6-(6’-~aminohexamethyleneimino)hexanenitrile.

In order to demonstrate better that the process of
the invention makes it possible to uge in the cyclizing
hydrolysis stage a 6-aminocapronitrile which is not highly
purified, varioue additional impurities were added to this

24  fraction of distilled aminocapronitrile {(ACN). An ACN
containing the following is thus obtained:

- 1% by weight of adiponitrile

- 1% by weight of hexamethylenediamine

- 2.5% by weight of various amines and imines the



- 31 - Inthis exanple there is 0.4 nol KOH/ kg Ni. ‘'The operation is carried
out using the conditions described in Exanple 1. The followng results are
obtained: 5 - reaction period: 3 h 30 mn - DC of ADN
86% - CY of ACN: 64% After separation of the catal yst by
filtration approximately 6 kg of reactto¥® m xture are distilled at
120[err]C 10 at 2660 Pa with the aid of a colum 75 mmin dianmeter, with
stai nl ess st®A® PR CEg¥BIR cHP has an efficiency corresponding to 11

t heoretical plates,. . aﬁgpn part . of _the nracess a fraction fromthe
precedi ng diés)tilaﬁlt I }f?lgl%hfgs‘ggﬁp yeélgil%\%ﬁ%ﬁe’é%ﬁ?%ﬁnrsﬁe15 - 0.02%

by wei ght of adi ponitrihkeny Qe RE Wekghho 0F - AR Y- gagdiag ne - 97. 1%
by wei ght of 6-am nocapronitrile - 2.5% by wei ght of various am nes and

i mnes, the main one -ofi%whycheight?®f hexamethyleneimine (HMI)

6- (6' - am nohexanet hyl enei m no) hexanenitrile. In order to denonstrate better

that the Drocess of thé?% Ryereidht mfkddsilhepametirienayrisming)t BEBycl i zi ng

hydrol ysis stage a 6-aninqQcapronifrile ich,is not highly purified,
various additional irfp?rzi'?‘uge Yv(fé?’@batdd’éf\c’i\@fsmf’ﬁ?%a%mﬁg‘ ¢€iron of distilled

am nocaproni trile (AGhe 058N CQUAIANIILLEEIPL WA LHES aERUEROD! ai ned:
- 1% by weight of adiponitrile
prepared is carried out in a 20-ml cylindrical reactor made
of Pyrex glass, arranged vertically and fitted with means for
10 heating, openings for the entry and exit of the gas flows and
a system for injecting reactants.
Into this reactor are charged in succession 3 ml of
quartz, 2 ml (0.87 g) of alumina (of BET specific surface of
130 m*/g) in the form of a powder of particle size of 300-600
15 micrometers and, again, 5 ml of quartz.
Thus charged, the reactor is heated to 400°C under a
stream of air {(with a flow rate of 1.5 litres/hour) for 2
hours. The reactor is then cooled to 320°C (chosen reaction
temperature) and placed under a stream of nitrogen (flow rate
2  of 88 ml/min).
A mixture of ACN and water (water:ACN molar ratio of
1.1:1) is then injected with the aid of a pump. The rate of
injection of the mixture is 11 g/h.
At the reactor exit the vapour is condensed in a
25 glass trap at ambient temperature.
The final reaction mixture is determined by gas
phase chromatography.
The degree of conversion (DC) of aminocapronitrile

and the yield (CY)} of caprolactam (CPL) in relation to the



.- 1% by wei ght of hexanethyl enedi am ne - 2.5% by wei ght of various am nes’
and i mnes the - 32 - main one of which is

6- (6] err]-am nohexamnet hyl enei m no) hexanenitrile - 1% by wei ght of

1-im no-2-cyanacycl o- pentane - 1% by wei ght of hexanethyleneimne (HM) 5

- 1% by wei ght of bis(hexanethylenetriamfe) (BHT) - 92.5% by wei ght of

6- am nocapronitrile. The stage of cyclizing hydrolysis of the ACN thus
prepared is asimdcagirouttrila thvwdrteyl apdrdeadrmieaet.or made of Pyrex gl ass,
arranged vertically and fitted with neans for 10 heating, openings for the
entry and exit of th&h§asorpboke HiFaprepsepneiof thy efdrAagardatidms. Into
this reactor_are charged in succession 3 ml _of gquartz, 2 .(0.87 g) of

al umi na (of BE rs"éé‘(‘::it i BT8EF T AcE 0 el?ﬁ‘lﬁf'é??f‘?'g’)%ﬁ"ﬁﬁlet H&egiof of a powder
of particle 528 1findA05§00alPoudGlAPREELS AlChn AR (g3 hnQle quart z.
Thus charged, the reactor is heated t0 4000C under” a streamof air (wth a
f1ow rat & of crdmd idgraphodshpied witiowass FpectRatdty aadthes ool ed to
320[err] C (chosen reaction tenperature) and placed under a stream of

ni trogen (f|magnettic 2@songhc88imipanticulArin xt ure of ACN and wat er

(water: ACN nolar ratio of 1.1:1) is then injected with the aid of a punp.
The rate of injecti ot fohdoving (fahle perdprmange tif obsadped &%ithe he

vapour i's copdensefl J 1. AcR3.4 §E5144 3 ¥ n3lkLent temperature.

- DC of ACN: 63%

10 - CY of CPL: 100%



~The final reaction mxture is det'erm ned by gas phase chromat ography. The
degree of conversion (DC, of am nocapronitrile and the yield (CY) of

caprol a [ tion to the 33 am nocapronitrile converted are
determ 1ﬂﬂnmﬂﬁmumwmladl sappearance of the am ne and i m ne by-products
present i*n thetam notapronitrile used isiqascertained by various anal yti cal

techni ques (gas phase 5 chronmatography coupled with nass spectronetry and
nucl ear magnetic resonance in particular). The foll ow ng stabl e performance
is obtained in the case of a reaction gﬁ&hgg of 7 hours: - DC of ACN

63% 10 - CY of CPL: 1009 4 - CLAI M 1. Process for the

preparation of a lactam which conprises a first stage of hem hydrogenati on

of adinitrile to an aminonitrile, and a second stage of cyclizing 5

hydrol ysis of the aminoni bebtess tfr Iha0pFepeI- AL GERA al edcomhy dWyidane

sinple purification operation. 2. Process according to Caim1l, wherein:

- an al i phat tonpii ¥ses ia éirsth?dmm@snaw@mibmdanggmﬁtﬂnntﬂﬂ kedini e bl ogen

in the presence of a catal yst L.
an aminonitrile, and a second stage of cyclizing

5  hydrolysis of the aminonitrile, the stages being separated
only by one simple purification operation.
2. Process according to Claim 1, wherein:
- an aliphatic dinitrile is hydrogenated to an
aminonitrile with hydrogen in the presence of a catalyst,
10 - the aminonitrile obtained is distilled in
order to have a dinitrile content of less than or equal to
10% by weight and a content of by-products containing an
imine or amine functional group of less than or equal to 10%
by weight, and
15 - the distilled aminonitrile is reacted in the
vapour phase with water in the presence or absence of a
catalyst.

3. Process according to Claim 2, wherein the

aliphatic dinitrile is of formula (I}:

24 ' NC-R-CN (1)

in which R denotes a linear or branched alkylene or
alkenylene group containing from 1 to 12 carbon atoms.
. 4. Process according to Claim 3, wherein R

containg from 1 to & carbon atoms.



10 - the amnonitrile obtained is distilled in order to
have a du" lmﬁ I | ess than or equal to 10% by wei ght and a
cont ent m] mﬂﬂ lnrmlnt aining an imne or amne functional group of

| ess than*or Ceqbial® t & 10% by wei ght, and 15 - the distilled
amnonitrile is reacted in the vapour phase with water in the presence or
absence of a catal yst. 3. Process according to Claim?2, wherein the

aliphatic dinitrile BS ofpfsdas ackbydind to any one of Claims 1 to 4NC- R-CN
(I') in which R denotes a linear or branched al kyl ene or al kenyl ene group
cont ai ni ng fyhemelint $hé2henitnoircaepration. of Fh@aﬁseitadésr denghe 0 Cl ai m 3,
wherein R contains froml to 6 carbhon atons. . Process according to
any one of Q%fnRsrpnding a’ﬂ\i‘fé‘f‘b‘ltﬁ”'tlﬁe HéWWﬁ?%t |16nPSF foreediif trile to

the correspandi ng _anmingnitrile g d |n t he presence
g{h eenc % cna}ak Eé Q%nRa e&p%, %alfe

of a cataly on Rane AiTkel or Raney

cobalt caont %dﬂzﬂg:,aRQQQﬁnﬁl@km RQBQ%Bof»&PEn é&ﬁ:aﬁ'n%'ﬁ%n&sd%aﬂ oups | Vb,
VIb, VIlb and VIII of the Periodic Cassification of the el enents and of a

strong i nor geemerzashodeni fech f tlemedrmahkal bf npta@lp=0rIval, K&ltb nevER tdhdret al .
10 6. Process according to Claimb5, wherein the strong
i nor gani ¢ ba%eLl} fthgl Rariodic aFFllé'@ﬁlrféce&F-?ﬁ Pbt e Ipldmertdecand¢ aebonat e or

al kanol ate. 7&ronéwfﬁ€%§§n?80§§§2rELrlvég om anvw§i§i£1ggygl or
alkaline-earth metal.

10 6. Process according to Claim 5, wherein the
strong inorganic base is an alkali or alkaline-earth metal
hydroxide, carbonate or alkanoclate.

7. Process according to Claim 6, wherein the
strong inorganic base is an alkali metal hydroxide, carbonate

1% or alkanoclate.

8. Process according to any one of Claimg 5 to 7,
wherein the quantity of catalyst used is from 0.5% to 50% by
weight of catalyst relative to the total weight of the
reaction mixture.

2¢ 9. Process according to Claim 8,wherein the
quantity of catalyst used is from 1% to 35%.

10. Process according to any one of Claims 1 to 9,
wherein the hemihydrogenation is performed at a reaction
temperature of less than or equal to 150°C.

25 e 11. Process according to Claim 10, wherein the
hemihydrogenation is performed at a reaction temperature of
less than or equal to 120°C.

12. Process according to Claim 11, wherein the

hemihydrogenation is performed at a reaction temperature of



strong § ' is an alkali nmetal hydroxide, carbonate 15 or
al kanol’z“ﬂ'ﬂﬂ”"{}ﬁ@@?ﬁﬁ according to any one of Clains 5 to 7, wherein the
guantity* ofc cata dis from0.5%to 50% by wei ght of catal yst
relative to the total weight of the reaction mxture. 20 9.
Process according to Caim 8, wherein theagquantity of catalyst used is from
1% to 35% 10. Process according to any one of Clains 1 to 9, wherein the

hem hydr ogenstSforthrg per e@idedatt%8°Feacti on tenperature of |ess than or
equal to 150[err]C. % 11. Procgss accordi ng.fo. d ?rm 18,

wherei n the heni hydrogéna}t)f%?lesiss ASEPFEFRB ™AW PRSPl EEPDer dtUré  of
ess than ongaiah tBelR0heiyd ok BhOEESTeARLHM Rdabe O RjdBckn W el
t he hem hydrogenation is perforrmed at a reaction tenperature o 36 -

| ess than orpffiriret @£1@068r 1 |Kar 13.. 18r RPLF StACKIY Garg (L0 APY) one of C ai ns
1 to 12, wherein the hem hydrogenation is performed under a hydrogen
pressure %of from 1 badr.(OPtécéfa)acdcorddoghte (UODiVRR),. wberein the 14,
Process according to Caim 13, wherein the hem hydrogenation is perforned
under a hydr’%‘ii’éﬂ‘yﬁré’g%?'élﬁ? 1% RATFoFEed BrdeRrh)bHIG og6 pRF e BSUMPHE  15.

Process aCCOEPan'{‘% 49 ANY% gnﬁpﬂ]et%lgéwﬁ’g# hgd%ga) wherein, before subjecting

the am nonitriTe obtai ned in genation stage to the
cyclizing hydrolysis 13f.ag@rbBe®s dfcdr@ihgr Bbt Bgy | Cd B cTRshs0f therqyater

and/ or of the

wherein, before subjecting the aminonitrile obtained in the

10 hemihydrogenation stage to the cycelizing hydrolysis stage in
order to form the lactam, most of the water and/or of the
solvent which may be present, of the unreacted dinitrile, of
the diamine alsoc formed and of the by-products of the
reaction are removed by a conventional distillation operation

15 such that the aminonitrile obtained by this distillation
containg up to 10% by weight of the dinitrile and up to 10%
by weight of other by-products. |

1l6. Process according to Claim 15, wherein the
distillation is carried out at a temperature of less than

201 atmospheric pressure.

17. Process according to Claim 15 or 16, wherein
the aminonitrile obtained contains up to 5% by weight of the
dinitrile.

18. Process according to any one of Claims 15 to

2% 17, wherein the aminonitrile obtained contains up to 5% by
weight of other by-products.

19. Procesgs according to any one of Claims 1 to 18,
wherein the cyclizing hydrolysis of the aminonitrile consists

of a vapour phase reaction of an aliphatic aminonitrile of



sol vent | present, of the unreacted dinitrile, of the diam ne
al s\cj i T“ te by-products of the reaction are renoved by a
con I i'Tdation operation 11 such that the aminonitrile

obtained by this distillation contains up to 10% by weight of the dinitrile
and up to 10% by wei ght of other by-proddcts. 16. Process according to
Claim 15, wherein the distillation is carried out at a tenperature of |ess
than 20 at mb8pRetfci{Pptlessure. 17. Process according to C aim 15 or 16,
wherein the amnonitrile obtained contains up to 5% by wei ght of the
dinitrile. 18. Process according to any one of Clains 15 to 25 17, wherein
the amnonitrile obtained cont gesgruBsl-@up% by weiyght of other by-products.
19. Process according to any one of Clains 1 to 18, wherein the cyclizing
hydrol ysis of the am nonitrile consists of a vapour phase reaction of an

al i phatic amnonitrile of - 37 - formula (1) N=EGR-CHerr]-NHerr]

(11) in whi dR RhdeRoRedenpigmear igpabr endticanchiedy pélel ere stxkenyl ene radi cal

containing from1l to 12 carhon atons, wiith 5 te 20.. Process accordi ng
Lo O ai m 192 WTEYAPRC FEROHISH ASTFPORTASt EF O darBoft 2af BHES™ 2LoM8 o WaLE
according t Q. (.3 m19 or 20, which is carried out in the presence of a
solid catal yst. .

20. Process according to Claim 19, wherein R
contains from 1 to 6 carbon atoms.

21. Procesgs according to Claim 19 or 20, which is
carried out in the presence of a solid catalyst.

10 22. Process according to Claim 21, wherein the
solid catalyst is a molecular sieve, a metal phosphate or an
acidic or amphoteric bulk oxide.

23. Process according to Claim 21, wherein the
molecular sieve is an acidic zeolite, a silicalite or a

15 nonzeolite molecular sieve.

24. Process according to Claim 22, wherein the

metal phosphate is of formula (III):

MH, {PO,) .- (Imp), (IIT)

in which:

23 - M denotes a divalent, trivalent, tetravalent or
pentavalent element chosen f£rom groups 2a, 3b, 4b, 5b, 6b,
7b, 8, 2b, 3a, 4a and 5a of the Periodic Classification of
the elements or a mixture of several of these elements or M=0
when M denotes certain pentavalent elements,

2 - Imp denotes a basic impregnating'compound



10 ———22 Process according to Caim21, wherein the solid
"catalyst is Rl an a netal phosphate or an acidic or anphoteric
bul k oxi de. lmﬂnmmg\“‘ ding to daim21, wherein the nol ecul ar sieve
is an acidic ~ealite, ®a &ilicalite or a 15 nonzeolite nol ecul ar sieve. 24.

Process according to Caim 22, wherein tidge -netal phosphate is of fornula
(rrr)y: Mderr] (PJerr])[err] (Imp)[err] (111) in which: 20 M

denot es a diaP@séftingrpyaremlikaldt paval ep drkaddmeagar Ehtretahnmm ofhosen
from groups 2a, 3b, 4b, 5b b, 7 8, 2b, 3a, 4a .and 5a of the Periodic
O assi fi cat P8R 0F Phg eff%%‘”rﬁqs r %geﬁ‘?x’f‘ﬁ?aél%f "f&?erlﬁl CBFP IR % Bnt s or
MO when M Aenohes o2ehigh M AR CiLet 0PN ualiy, - lmp
denotes a basic iInpregnating compoun 0 - 38 - consisting of an al kali
netal or al kaline-earth aehstes®ri,of2 Giexgpyres of several of these netals,
used in conbination with a counteranion to ensure electrical neutrality, -
n denotess 1, 2 or 3, -5h denotes 0, 1 lrd2noded 0, 1 or 2, and - p denotes a
nunber of fromO to 1/3 and corresponds to a nolar ratjio of the

i npregnati ng conpound PnfeRotehe MwPEgnaf et M %9 dPé] 8rF]) ' 25. Process
according to, Al dspAs WAL St 4G K 0t Oen @il dha?Dn! Y0P und Tmp
to the impregnated MH, (PO,),.
25. Process according to Claim 22, wherein the bulk
10 oxide is an alumina.

26. Process according to Claim 25, wherein the
activated alumina has a specific surface of 5 m?’/g to 500
m’/g.

27. Process according to Claim 26, wherein the

12 activated alumina has a specific surface of 10 m’/g to
500 m?/g.

28, Process according to any one of Claims 1 to 27,
wherein the molar ratio of water to the aminonitrile which is
introduced is from 0.5:1 to 50:1.

2C 29, Process according to Claim 28, wherein the
ratio is from 1:1 to 20:1.

30. Process according to Claim 29, wherein the
ratio is from 2:1 to 20:1.

31. Process according to any one of Claims 1 to 30,

25 wherein the temperature at which the cyclizing hydrolysis is
carried out is from 200°C to 450°C.

32. Process according to Claim 31, wherein the
temperature is from 250°C to 400°C.

33. A lactam obtained by a process as defined in



.26. Process accordlng to Caim25, wherein the activated alum na has a
speC|f| mmmr"m g to 500 n2 /g. 27. Process according to Claim 26,
wherein "lﬂawmi al um na has a specific surface of 10 nferr]/g to
500 nferr]/d. 28."Prdcess according to any one of ainms 1 to 27, wherein

t he nol ar ratlo of water to the am nonitnige which is introduced is from
0.5:1 to 50:1. 2C 29. Process according to Caim 28, wherein
the ratio i sahyommé:df t@lakksl.l 88. 3Process according to Caim29, wherein
the ratiois from2:1 to 20:1. 31. Process according to any one of Clains 1
to 30, 25 wherein the tenperature at which the cyclizing hydrolysis is
carried out is from200[err]C to 450[err]C 32. Process according to Caim

31, wherein the tenperature is from250[err]C to 400[err]C. 33. A lactam
obtained by a process as defined in any one of Clains 1 to 32.



ABSTRACT

PROCESS FOR _THE PREPARATION OF LACTAMS

Process for the preparation of a lactam, which comprises a
firset stage of hemihydrogenation of a dinitrile to an
aminonitrile, and a gecond stage of cyclizing hydrolysis of
the aminconitrile, the stages being separated only by one

simple purification operation.



