RRCCESQ.FCR THE PREPARATI ON OF LACTAM The present
preparation of
~amnonitrile. 5

| actam by ring-closing hydrolysis of the correspondi ng

caprol actam are basi ¢ conpounds for the preparation of polyam des
(polyam de 6 from caprol actanm). One of the known means for preparing these
lactams consists in performng a ring- cﬂ05|ng 10 hydrolysis of the

correspondi ng ami noni t r PROCESSD FORD THE RREPARATION MR IACTAM al i phatic

amnonitriles,
catal yst.
phase preparation of

Thus,

by passing themin vapour phase with water over a solid

of ami noni tri |IRreRaratior9frbactamchy aring-gleaing hrdrodyedsapfinthe,

silica gel

i nvention relates to the

Al i phatic |actanms such as especially epsilon-

US Pat erlfhe pt¢sdsy tmventhes wepatesstolbhe for the vapour
| act am consisting in passing a m xture of water -and

and titani um oxi de or borophosphoric acid. US Patent 4 628 085

has proposed a??ﬁ%ﬂiESPQEP 4E#n?ﬁét %ﬁaratlon of lactans in vapour phase,
consisting_in
contact with
particles mhlch V. T_sur e gr ap_25 err]l._and,a 25 _nea
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art ena
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t#b£¥ﬁﬁéﬁﬁe|g§?f€%§id§té Eﬂaﬁoxggrbﬁagegmprocesses of the

One of the known means for preparing these

'lactams consists in performing a ring-clos;ng

10 -

hydrolysis of the corresponding aminonitriles, more
particularly of unbranched aliphatic aminonitriles, by

passing them in vapour phase with water over a solid

_catalyst;

15

Thus, US Patent 2 357 484-deseribes a process
for the vapour phase preparation of lactam, consisting
in passing a mixture of water and of aminonitrile over

a dehydration catalyst such as activated alumina,

-eilica'gel-and titaﬁium oxide or borophosphoric acid.

20

US Patent 4 628. 085 has proposed a process
for the preparation of -lactams in vapour phase,
consisting in bringing an aliéhatic or aromatic
aminonitrile and water into contact with a catalyst.

based7on gilica in the form of spherical particles

'_whlch have a BET surface greater than 250 m./g and a

25

mean pore diameter smaller than 20 nm, and generally in
the presence of hydrogen and apmonia.

| In genetal the-catalystseemployed in the
processes of.the prior art enable good selectivity for .

lactam to be obtained. On the other hand, it is often

i nto



l.actam to be obtained. On the other hand, it is often 2 found that they
are rapidly deactivated and this constitutes a very great handicap for an
i ndustrial application of the said processes. Mreover, the process
according to 5 US 4 628 085 enploys a very conpl ex reaction mxture
requiring, when the reaction has ended, separation and recycling operations
whi ch greatly conplicate the said process. The present invention proposes
new catal ysts 10 which, while resulting #n a good selectivity of the

reaction of conversjon of amnonitriles,to | act .. have | onger |ife and
t herefore requir}'Pémldeéaftr ﬁﬂnt‘%&@r"é‘r@ﬁ .aqﬁT‘g’tﬁ‘g&%‘gIW‘?he i nvention
consists of a 15 rogess faor the pr ratjon of |l actam by va - phase
feaction of an TASFHRITEA VA% SRt RARIAGAR 595 AR 4Ry TRR
(1) in which R\ﬁgﬁ}q‘t"%{%i‘% %Ié< h%n%ariaé“ o Cég'gsai ning from 20 3to 12
carbon atons, water, in the preserice of a solid catalyst,

((:lhia; fac'E :;ir]ze_d i n that th%&zg&}&s’t the :i,:rggé'gs Q&%ﬁhﬁg Ao gene_ral formul a
“ 5 US 4 628 085 employs a very éamplei reactién mixture
requiring, when the reaction has ended, separation and
recycling.operations'which greatiy comblicaté the said
process. o
| . The present invention proposes.new-;agglysts
10 which, while resulting in a.good-se;ebtivity of Ehe
reaction of céﬁversio# of aminonitriles to lactams,
have a longer life and therefore require less frequent
regenération. | . |
More precisely, the invention consi;ts of a
15 process for the preparation of lactam by vapour phase
reaction of an aliphatic aminonitrile of general
formula (I): |
N=C-R-NH, (@
in which R denotes an alkylene radical coﬁtaining from
20 3 to 12.carbon atoms, ﬁith waﬁer, in the presence of a
solid catalysﬁ, characterized in tﬁat the catalyst is a
metal phosphate of general formula (II):
o MH, (PO4),* (Imp), (I1)
in which: '
25 . - M denotes a diva;ent, trivalent,
tétravalent,or pentavalent element chosen from groups
2a, 3b, 4b, Sb; 6b, 7b, 8, 2b, 3a, 4a and 5a of the

Periodic c1assifica£iop of the elements or a mixture of



g

ikn whi ch: 25 - Mdenotes a divalent, trivalent, tetravalent . or
pent aval ent el enent chosen from groups 2a, 3b, 4b, 5b, 6b, 7b, 8, 2b, 3a,
4a and 5a of the Periodic Classification of the elenents or a nm xture of
several of these elenents, or M= 0, - Inp denotes a basic inpregnating
conmpound consisting of an alkali metal or alkaline-earth netal or of

m xtures of several of these netals, used n 5 conbination with a
counteranion-to ensure eIectricaI neutrall - n denotes 1, 2 or 3, - h

denotes 0, 1 or es a unb r_ bet n O,and 1/3 and 10
. corresponds to ‘*ﬁo‘i’e@r ‘%‘2 £ET % ?‘f&)aregn’é ng %orrpound | mp and the

' ted d t
oo (1) are”those wnr b A W nd e LN GI N [LSSed,  ,
for the prepar %dﬂ?ﬁe S Cﬁ@rﬂxfi%ﬂaﬁ; nfeta'it @r ind &4 éﬁ hfegpy those

I n whose formula R denotes a |i near yl ene. ra I cal containing
3, 4, 5 or 9 CPOYE HiGurel o AlvvirFLr wm_ﬂtiﬁm%cﬂin' S

6- am nocapronitrile.(or epsilon capronitrile), which produces caprol actam
the 20 p@ yMyonbkdirnayicy wiltlcla \dainmtsemidonr ti# énsure electrical

neutrality,
| - n denotes 1, 2 or 3,-
—_h denotes 0, 1 or 2,
-p denotes a number between 0 and i/;_and
10 cérrespends to a molar ratio of the impregnating'
| compound Imp and the-imbregnated compound ﬁni(po4)n.
| '~ Among the most important aminonitriles of
formula (I) are those which prcduce lactams éhatnare
used as raw material for the preparation of pelyaﬁides_
15 4, 5, 6 and 10, that is to say those in whose formula
the symbol R denotes a linear alkylene radical
containlng '3, 4, 5 or 9 carbon atoms. The preferred
compound of formula (I) is 6- am;nocapronxtrlle (or
eps;lon gapronitrlle), which produces caprolactam, the
20 polymerization of which yields polyamide 6. |
| Among- the metals of groups 2a, 3b, 4b, 55,
6b, 7b, 8, 2b, 3a, 4a and 5a of the Periodic
ciassification'of the elements there may be mentioned
eSpecially beryllium, magnesium, calcium, strontium,
25 | barium, aluminium, boron, gallium, indium, yttrium,
lanthanides sugh_as.lanthenﬂm, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium,

dysprosium, holmium, _erbim; thulium, ytterbium and



Anong the netals of groups 2a, 3b, 4b, 5b, 6b, 7b, 8, 2b, 3a, 4a and 5a of
the Periodic Cassification of the elenents there nay be nenti oned
especially beryllium magnesium calcium strontium 25 bari um

al um nium boron, gallium indium yttrium |anthanides such as | anthanum
cerium praseodym um neodym um sanarium europium gadolinium terbium
dysprosium hol mum erbium thulium ytt rblun1and 4 |utetium _
zirconium titanium vanadi um niobium germanium tin and bi smuth.

A he- | i d h h t t be di hed, which

el ddes i he S ‘F’?‘Hg'pﬁ% AeR b L%#%ﬂ%&?gf‘zaﬁﬁﬁfﬁ‘g' aibbi) § iFoner | ¢

rare earths, i !Hg! h %Qa£§&1b§§&ﬁgg] praseodym um neodym um sanarium
opnos '

and eur opi um ese or ates are dlnDrphlc They have-a hexagona

structure and change to Oﬁﬁé”iﬁné £54 &?ﬁ?a@ te
tenperature of 600 to 800 Q A secaﬁéﬂ ? an angde pﬁosphates
i ncl udes gad0|éiﬁé&nméﬂrlbé Laaaeﬂngluﬁaneal unhﬂéﬁhs?ﬁ.hﬂaaaat ghe These
ort hophosphat es have the sane structure as the orthophosphates of ceric
rare earths 1orthephosphetestbHnlidhyerare heagtBsysadboi aalmaaseeeic
tetragonal structure at high tenperature (at about

_ rare earths, including lanthanum, cerium, praseodymium,

neodymium, samarium and europium.'fhese orthophosphates
are dimorphic; They have a hexagonal structure and
: change-tp a monoclinic structure.ﬁhen heated te a
10 temperature of_600 to 800°C.
| A second class of lanthanide phosphates
1nc1udes gadolinium, terbium and dysprosium
' orthophosphates. These orthophosphates have the same
structure as the orthophosphates of ceric rare earths
15 but, in addition, have a third crystalline phase of
tetragonal structure at high temperature (at about
1700°C) . |
A third class of.lanthanide phosphates
includes the orthoéhosphates qf'heavy rare earths, also
20 called yttric rare earths, including yttrium, holmium,
erbium, thulium, ytterbium and lutetium. These
compounds c'rystallize only in the tetragonal form.
| Among the different abovementioned classes_ef
rare-earth erthophosphates, those preferably used are
. 25 'the ceric'rete-earth orthopﬂosphetes.
| It is possible to use ﬁetal phosphates of
formula (II) which are mixtures of phosphates of |

several of the metals indicated above or mixed
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1700[err]). A third class of |anthanide phosphates includes the
ort.hophosphates of heavy rare earths, also 20 called yttric rare earths, _
including yttrium holmum_ erbium thulium ytterbiumand lutetium These
conmpounds crystallize only in the tetragonal form Anong the different
abovenentioned classes of rare-earth orthophosphates, those preferably used
are 25 the ceric rare-earth orthophosphates: It is possible to use netal
phosphates of formula (11) which are m xtuges of phosphates of several of
the netal s indicated above or m xed phosphat es of several of the netals
i ndi cat ed abovphesphhtesnofedeyieralhaife theomedialisndndicatedsabaval caf t he
metal s i ndi cated above and one or several other netals such as the al kal
or al kal i ne- eapilbenmiixied pbosphates contpiaianguene o¥ Geyvexrgdniofythat of
the formula of the irrp;};anating onpound Inp are basic. In_particular, the
Fagerp

hydr oxi de, phomgkais, i gad ene, G FeVSTadpRiher antdlige,
fluoride, nitrate, benzoate_and  oxal ate i.qQqns may ‘be 1 used, w thout any
limtation bei ﬁb}"?‘r’rﬂPi &hepprliadde ofe Al neFI‘F@&H:& e i*o p is preferably

betmeeh 0'g2 and 0.2. The counteranions forming part of the formula.

of the impregnating compound Imp are basic. In
particular, the hydroxide, phogphéte,
hydrogenphosphate, dihydrogenphosphate,:chloride,
‘fluoride, nitrate, benzoate and oxalate ions Aayﬁbe

- 10 uged, without any limitation being,imp;ied by'thése

| mentions. |
. The molar ratio p is preferably between 0.02
and_O.z. | | -
If reference is made to thé_generél-

15 ° techniques for preparing éhosphates (as described
especially in P. Pascal "Nouveau traité de chimie
minérale", vol. X (1956), pages 821-823 and in "Gmelins
Handbuch der anorganischen-cﬁemie“ (8th edition) wolume
16 (C), pages 202-206 (1965), two main routes of acceés

20  to phosphates can be diécerned..On the one hand, the

| precipitation of a soluble salt of the metal (chloride,
nitrate) using ammonium'hydrogeﬁphosphﬁte or'phosphoric.
acid. On thé~other hﬁnd, dissolving the méfal oxide or
carbonate (which are insoluble) using pho#phorig acid,

25 = generally with heating, foilowed by a feprecipitation.

The precipitated phosphates_obtained
according to one of the routes indicated may be dried,

treated with an organic base (such as agqueous ammonia)



”

I.f reference is made to the general 15 t echni ques for preparing
phosphates (as described especially in P. Pascal Nouveau traite de ch|n1e
m neral e", vol. X (1956), pages 821-823 and in "Grelins Handbuch der
anorganlschen Chem e" (8th edition) volunme 16 (C), pages 202-206 (1965),
two main routes of access 20 to phosphates can be discerned. On the one
hand, the precipitation of a soluble salt of the nmetal (chloride, nitrate)
“usi ng ammoni um hydr ogenphosphat e or phosph®ric. acid. On the other hand,

di ssolving the netal oxide or carbonate (which are insol uble) using
phosphoric aci or 2% ingegendid pns tlsuckamEsn@n fadikadiesrehply hydroxide)
reprecipitation. The preC|p|tated‘fhosphates obt ai ned according to one of

the routes i ndengd: vayrie saby t%é{aé&mltqg'aﬁ‘b%%mk%ch as
aqueous anmmoni a 6 or an inorganic one (s ch as | kal i
hydr oxi de) and ﬁy%%ﬂi@ﬁ%@%ﬁ%% ‘?tcatfé‘l"'r?dia |i5$é‘ "br t hese

three operatlons to be carrleq out he rder shown or in a different
or der. ' °rder5‘h%mrrélra eé'"se”g:f Ia(II),inthe case of

\(l:\glrrggutnge[gﬁ?o' plroe:o:tr gtrj o }*Lﬁ”q%o%?hg g%do %Daf{oc ni qu gg_ggﬁl,g%dt he.
above, with a goliu io@w@{id"ii TP ¥ 'éf%_:léaébr than 0 may be .
prepared by impregnating the compound MH, (PO,) .
prepared according:to one of the techniques described
above,.with a solution or a suspension of Imp in.a
10 . volatile solvent, such as preferably water;
The results are correspondingly better the
more,soluble Imp is and the more freshly manufactured
is the compound MH, (PO4),. .
Thus, an advantageous proceses for preparing
15 the phosphates of formula (II) consists:
| . a) in carrying out the eynthesis of the
compound MH#(PO4) and.then,'preferably without
.isolating MH, (PO,),. from the reaction mixture,
"b) in introducing the impregnating compound
20 Imp into the reaction mixture; '
c). in separating any residual liguid from
the reaction solid; |
d) in drying and optionally in calcining.
The performance of the catalyst of formula
.25 (II) and especially its resistance to deactivation can
be improved further by a calcination. :he calcination
~ temperature will be advantageously between 300°C and
1000°C and preferabiy between 400°C and 900°Q. The



10 vol atile solvent, such as preferably water. The results are
correspondlngly better the nore soluble Inmp is and the nore freshly

manuf actured is the conpound [err] Thus, an advant ageous process for
preparing 15 t he phosphates of formula (11) consists: a) in carrying out
the synthesis of the conpound [err] and then, preferably w thout isolating
[err] fromthe reaction mxture; b) in introducing the inpregnating
conmpound 20 Imp into the reaction mxtur®@ c) in separating any residual
liquid fromthe reaction solid; d) in drying and-optionally in calcining.
The perfor rranceiufatimoafatlyetc%iciMMQ nay vary)whbhinswédeally its
resi stance to deactivation can be inproved further by a calcination. The
cal ci nation terisanitsir BY Way of saM oustyigcgoperalby[ keEyegndl

1000[ err] and preferably between 400[err] and 900[err]. The 7 duration’
of the cal ci nath¥F rﬁ‘}dv%‘?‘yh‘m’?ﬁ? nwide linits. By way of gui dance, it is

SR L BT N A R et RRE RSSO wheRLe
5 preferred 1n the process of the invention there may be
mentioned_more particularly lanthanum phosphate,
calcined lanthanum phosphate, 1anthanum phosphate used.
in combination with a caesium, rubidium or potasszum
derivative, calcined cerium phosphate,'cerium phosphate
10 used in combination with a caesium, ‘rubidium or
potassium compound, samarium phosphate used in
_combination with a caesium, rubidium or potassium
compound,_aluminium phosphate, aluminium phosphate used
in combination with a caesium, rubidium or potassium
15 compound, calcined niobium phosphate, niobium phosphate
| used in combination with a caesium, rubidium or
: potassiumucompound,_caicined zirconium |
hfdrogenphosphate,land.zirconium hydrogenphosphate used
in combination with a caesium, rubidium or potassium
20 | compound. | _
The catalyst’is.generally used in the form of
powder, tablets, heads or extrudates, it being .
'optionally possibie for the said forming to beicarried
out with the aid of a binder. In some cases it may be
25 advantageous for at least a part 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.



menti.oned nore particularly | anthanum phosphate, cal cined |anthanum _
phosphat e, | ant hanum phosphate used in conbination with a caesium rubidium
or potassiumderivative, calcined cerium phosphate, cerium phosphate 10
used in conbination with a caesium rubidiumor potassium conpound,

samari um phosphate used in conbination with a caesium rubidium or

pot assi um conpound, al um ni um phosphate, al um ni um phosphate used in

conbi nation with a caesium rubidiumor p8tassium 15 conpound, cal ci ned

ni obi um phosphat e, ni obi um phosphate used in conbination wth a caesium
rubi di um or potassium cERpoERE-ehPeing hydrelysim rerebienpregphtaes, and

[ [ hyd h hat d i ination with a_caesium rupidi um or
ot acsi um 20 R IERRRRCS ek R UETs TRS BONRFaFFbLas88 VREPRoEPoERPOf
wder, tablets,. bead t rudat e it being,optiognall i bl e.for the
ggi de; or manget%mb%s g%a%ﬁ%le%ﬁ 3 't‘?lés?-h’les a\"ﬁ‘l%?l}ép%%ﬁ‘ﬂﬁ?’.’y? ggig"ﬁa ggses It
be 25 t t riaof the free volune of the
fenctor to bo L8 PREERERE LY Blewdas 1 %ha 20!

reactor to be occC such as, for exanple, quartz, in

order to pgondte the vappué ZahiMon HOF: i 8Catld SPRE SkQPeP mbPepLeact ants. 8
The ring-closing hydrolysis reaction requires _ -
introduced in the form of their mixtures in vapour
state or may be introduced separ#ﬁely into the reactor.
A prevapofization of the reactants may bg carried out,
and thésé subsequently pass through a mixing égamper.
10 | Any inert gas such aslnitrogén, helium ;r
argon may be employed aé carrier, withouf any
disadvantage. _
| The temperatﬁre at which the procesé of the
invéntion is carried out must be sufficient for the
15 . reactanté to be entirely in ;he vapour state. It
generally lies between 200°C and 450°C and preferably.
between ZSO;C and 400°C.
The coﬁtact time between the aminonitrile and
the catalyst is not critiéal. It may vary, especialiy
20 dependiné on the gquipment emplojed. Contact times of
' '.1 to 200 seconds are preférrgd, and, still more
preferably, of 50 to 100 seconds.
"Pressure is.not a critical parameter of.the
procéss. It ié thus possible to operéte_at pressures of
25 10°3 bar to 200 bars. The process will-be_preferably
carriea out at a pressure of 0.1 to 20 bars.
There is mothing to prevent the use of a

solvent which is inert in the reaction conditions; such



the presence of water. The nolar ratio of water to the amnonitrile
i ntroduced is usually between 0.5 and 50 and preferably between 1 and 20.- 5
The aminonitrile and the water may be introduced in the formof their

m Xtures in vapour state or may be introduced separately into the reactor.
A pr.evaporization of the reactants nmay be carried out, and these
subsequent|ly pass through a m xi ng chanber. 10 . Any inert gas
such as nitrogen, heliumor argon may be ®nployed as carrier, wthout any

di sadvant age. The [t enperatyre at i.ch the progess.of the invention is
Carriod out B 567 BRRRRLSy: A ALiERen & HIEGAARS o A AR 1 the

tate. |t 1y |i t : d 4 '
prereranly betvEsReassen by peiiERed Rt S atdhens.
itri - | i VET VA
dependi ng on ?%%c%%?%an%%tﬁﬁ%éﬁ' %ir# a?ccbtqist iérées%{%%/e fat%l?ﬁg%%én%g are
preferred, and,, $hd hri¥i N &fesladldl.y. of 50 to 100 seconds. Pressure is

not a critical parameter. of the process. It is thus possi.ble to operate-at

pressuressof 25  10-3 htve lekati) ditvhicH EdIIRESII Middrdise Ritd erabl y -
carried out at a pressure of 0.1-to 20 bars. There is nothing to prevent.

the use of a dekemiionhich is inert in the reaction conditions, such

EXAMPLES 1 TO 6
‘ Into a 20-ml cylindrical reactor mad; 9?.
Pyrex-glass,.arranged-vértically and fitted with means
,16 for heating, openings for the entry and the exit of the
gas streams and with a éystaﬁ for injecting the
reactaﬁts, are'chargéd,'in succession: 10 ml éf quartz,
1 ml of the catalyst in tﬁe form of powdér_frﬁﬁ 0.8 to
1.25 miérametres (nature of the catalyst shown in
15 Table 1 below) and, agaiq, 10 ml of quartz.
Thus charged, the reactor ie heated to 400°C
under a étream of aif_(at a fiow rate of
1.5 litres/hour) for 2 hours. The reactor is then
cooled to 320°C (chosen reaction temperature) and
20 placed under a stream éf nitrogen (flow rate.of
1 litre/hour); : | | |
A mixture of G-aminocapronitrile'(ACN) ﬁnd
 water (weight ratio 50/50, that is a water/ACN molar
ratio of'6.2);is tﬁen injected with tﬁe aid of a pump..
- 25 The rate of injection of the mixture is 1.2 ml/h.
| Oon léaving the reactoi the vapour is

_ condensed iﬁ a glass trap atﬁambient temperature, for a



9 as, for exanple, an al kane, a cycl oal kane, an aromatic hydrocarbon or a
hal ogenat ed derivative of one of these precedi ng hydrocarbons, and thus to
have a liquid phase in the reaction stream 5 : The exanpl es
which followillustrate the invention. EXAMPLES 1 TO 6 Into a 20-mi
cylindrical reactor nmade of Pyrex glass, arranged vertically and fitted
wth nmeans 10 for heating, openings for the entry and the exit of the gas
streans and with a systemfor injecting tR® reactants, are charged, in
succession: 10 m ,of quartz, 1 m of the catalyst in the formof powder
fromo0.8 to 1.PSTAPEr Bfefr BOUFRat ure of the catal yst shown in 15 Table 1
bel ow) and, again, 10 m _of Suarhf. Thus char.ged, tq% reactor- is heated to
400[ err] under a stream oPSafrBfat TEA tyre 18 poalyeedour) for 2
hours. The rea ' n,conled to 320[err chosen reaction tenperature)
and 20 placegﬁgﬁaggagggF}ga o?aRPPFbSbﬁs f °P5$895PP Yi‘itre/hour). A

m xture of 6-am nocapr onig,Li a gt ratio 50/50, that is

a water/ACN nolar ratio o EG&%?E?Eﬂtﬁe%gP&%g%?g%Margﬁ Pﬁg.aid of a pump. 25

The rate of inaRehbeBpLbniRLiTe)t the yield? (R¥)Nof caprolactam (cprL)
‘based on the aminocépronitrile converted, and the

activity of the catalyst,. measure& in grams of

caprolactam_forﬁed/millilitre‘of catalyst x hour are

detefminéﬁ.
0 The_fesults_qbtained.are céllected in Table 1
below. | . |
Examples ' Catalyst - DC.ACN % |'RY CPL % Activity
Example 1 ~ LaPO4 | 63 91 . ' 0.49 g -
Example 2 | LaPO4 calcined 4 h %0 . .. 02 6.47 g
at 700°C
15 Example 3 . napo4/Cs* 69 " 97 0;63 g
Example 4 - 31964.- ' ‘88 93 " 0.70 g
Example 5 | . Zr (HPO4) 2 ' 45 77 0.32 g
Example 6 | NbOPO4 39 100 0.33 g

* La phospha;e doped with Cs hydrogenphosphate
20 (Cs/LaPO, molar ratio = 0.053)

Table 1

EXAMPLES 7 TO 9

Exampleé 1 to 3 are repeated, the change in



On | eaving the reactor the vapour is condensed in a glass trap at anbi ent
tenperature, for a 10 period of 2 hours. The.-final reaction mxture is
anal ysed quantitatively by vapour phase chromatography. The degree of
conversion (DC) of 5 am nocapronitrile, the yield (RY) of caprolactam
(CPL) based on the ami nocapronitrile converted,- and the activity of the

catal yst, neasured in grans of caprolactamformed/ mllilitre of catalyst x
hour are determ ned. 10 The r&dul ts obt ai ned are collected in
Tabl e 1 bel ow. a % RY CPLL % Activity
Exanple 1 tEX g.ggi.v;ty of tga%ga¥1°us §f‘ta Y8 ng %F(Qr}:}%’e? LaPO4
calcined 4 h a err] 15 Exanple 3

Copou o | Ve geridls pf ub th 957 rhoz‘%ganpl e 4 Al P04

88. 93

032 g Exanpl e 6 0.70g E*g%ggﬁlﬁes of thi Q@%ﬁ%ﬁt%’gre dg%QQ?qur#§

phggg?atT eb?gpiéambhzcsehw %%n%ai.p@@ﬁ:&l%c and (¥ E%%%a@ilx@' ratio =
. a

5 reaction periods (ND = value ‘not determined) .
Examples Catalyst Ac.:_t:ivity of the. catalyst lfor p_eriod of
.4n | 6n | en|10n|ask|30n|35n
Example 7 | LaPO4 0.45 | 0.40 | 0.35 | » | w |"w | m
Example 8 { LaPO4/Cs o;sq 0.55 | 0.60 | 0.68 | 0.60 .o.r;s 0.63
Example 9 | Calcined | 0.62 0.70 | 0.63 0.56 0.35 ] 0.37 0.45
LaP0O4 .
0 . | ._-;a_mL.z_
| EXAMPLES 10 AND 11
Example 1 is repeated in the same conditions,
buf with the'ring-closing_hydrolysis-reaction Seing
carried out at different temperétures. |
15 _ The results obtained are assembled in Table 3
below, and_thé results of Example 1 are also repgated
by way of comparison.
Examples Temperature pc ACN % RY CPL % Activity
Example 10 ' 280°C 44 % S0 % 0.4
- 20 Example 11 300°¢_ 46 % 100 % 0.5
Example 1 320°C 63 % 91 % 0.5

Table 3




EXAMPLES 7 TO 9 Exanples 1 to 3 are repeated, the change in the activity
of the various catal ysts being foll owed over periods of up to 35 hours: The
val ues of the activity are assenbled in Table 2 bel ow for each catal yst and
for increasing 5 reacti on periods (ND = val ue not determ ned). Exanples
Cat al yst Activity of the catalyst for periods of 4 h 6 h 8 h 10 h
25 h .30 h 35 h Exanple 7 LaPO4 0.45 0.40 0.35 ND ND
ND Exanple 8 LaPO4/Cs 0:60 0.55 0.60 ¥68 0.60 055 0.63 Exanpl e 9
‘Calcined- 0.6 : 0.35 0.37 0.42 LaP&4 10

Tabl e 2 EXAMPL +€-1 is repeated in the sane conditions,

but with the ring- cI05| olys car ut _at
di fferent tenperat ures. W 4 ié :'ng%‘:g&‘ésuﬂ é?ﬁ%dgﬁ:f"égassenbl ed

comari on. DA EER EL 34 e CniiRRE )Méﬁﬁké epfRaaag, ¥ 0

Exanpl e 10 é3¥3§11 200) é&hc@ned for fﬁ)h@at 600°&; 4 20 Exanple 11
300[ err] .5 Exanple 1 . 320[ err]
63 % 5 : : fhé5operating condltions are. the same as in

- Example 1 (temperature of 320°C; water/ACN molar ratio
of 6.2; duration of 2 h). . | |
| The féllawing results were obtained:
_ - DC of ACN: 17.6 % "
10 " - RY of CPL: 53 % |
- Catalyst activity: 0.04 g CPL/mi catalyst x h
Silica produces a low yield of céprolactam

. and exhibits an extremely low activity.



'I,'ébl_e 3 12 COVPARATI VE EXAMPLE A Exanple 1 is repeated, La. phosphate
being replaced with silica (marketed under the tradenmark Aerosil 200)

calcined for 16 h at 600C- 5 : The operating conditions are the
sanme as in * Exanple 1 (tenperature of 320C;, water/ACN nolar ratio * of
- 6.2; duration of 2 h). The followi ng resul'ts were obtained: - DC of ACN
17.6% 10 ] - RY of CPL: ~ B53%- Catalyst activity: 0.04 g
CPL/m catalyst x h Silica produces a Iomﬂ?ield of caprol actam and exhibits
an extrenely |ow activity. 13 CLAI M5 Process for ‘the
preparation of |actam by vapour phase r of an aliphatic amnonitrile

(1) %P whi ch’ Rlenot ot aRZEFRRFAET, Hhec B RaFRLiS™ §5 PagEen by
' vapour phase reaction of an aliphatic amindnitfilg of
general fqrmula-(I): '
5 o N=C-R-NH, . (1)
in which R denotes an -alkylene radical containing from
3 to 12 carbon atoms, with water,.in the presence of a
sblid catalyst, characterized in.that the'catalyst is a
.mefal ﬁhoséhate of ggneral formula (II): .‘ N .
10 :mh(popn-'(lmp)p - an
in which: | |
| - M.denotes a divalent, trivalent,
tetrévalent or pent;valent element chosen froﬁ groups
2a, 3b, 4h, 5b, 6b, 7Tb, 8, 2b, 3a, 4a and 5a of the
15 - Periodic élaséification of the elements or a mixture of
several of these elements, or M = O, |
- Imp-dendtéé a basic impregnating compound
coﬁsistiﬁg of an alkali mefal or alkaline-earth metal
or of mixtures of éevéral of these metals, used in
20 combination with a counteranion to ensure electrical
| neutrality,
- n denotes 1, 2 or 3,
- h denotes 0, 1 or 2,
- P denotés a number between 0 and 1/3 and
25 corresponds to a molar ratio-qf the impregnating
compound Imp and the'impregnaﬁed compound MH, (PO,),."
2. Process according to Claim 1,_chﬁracterized

in that the aminonitrile of formula (I) is

* ¢ L M 8§ %



3 to 12 carbon atons, with water, in the presence of a solid catal yst, .
characterized in that the catalyst is a netal phosphate of general formula
(rr): 10 [err] in which: - Mdenotes a divalent,
trival ent, tetravalent or pentaval ent el ement chosen from groups 2a, 3b

4b, 5b, 6b, 7b, 8, 2b, 3a, 4a and 5a of the 15 Periodic C assification of
the elenments or a mxture of several of these elenents, or M=0, Inp
denotes a basic inpregnating conpound con%#sting-of an alkali netal or

al kal i ne-earth_net a es of several of these netals, used in 20

conbi nati on mn?ﬁa3138ﬁﬁPﬁ?ﬁgk5hEFo ensure electrical neutrality, - n
gﬁgolfg éndZZE5 3co;rgsg§%§£g§3 ac£°?r atloeo%B%% nﬁa§§%§[|n ﬁgognd
D o Ul T SOBBLRCLERRRUTtn \AREL 18 vho sompBIACTa) R 1),
6- anlnocapronlﬁétgg pBosphates EheCﬁééaQQCBEdbﬁaubQ thhgb OEbCIthB 1 and
5 6b, 7b, 8, 2b, 3a, 4a and 5a of the Periodic
c1assification of the_elements, denoted by M,. are
chosen from beryllium, magoesium, oalcium, strontium,
barzum, alum;nlum, boron, galllum, indium, Yttrlum,
1anthan1des such as lanthanum, cerlum, praseodymlum,

10 neodymium,,samarlum,_europlum, gadolinium, terbium,
.dysprosiuﬁ, holmium, erbium, thulium, ytterbium and -
lutetium, zirconium, titeniuﬁ, vanadium, niobium, ironm,
germanium,.tin.and bismuth.

4, | Process ecoordihg to one of Claims;l'to 3,

15 characterized.in that metal phosphates of formula (II)
are ueed,'which are mixtures of phosphates_of eeveral
.of the metals M or mixed.phosphates of several of the
metals M or else mixed phosphates containihg.one or
several of the metals M and one or several other

20 metals,.such as-thelalkali-or alkaline-earth metals.

5. ‘Process according to one of Claims 1 to 4,
characterired in that the.counteranions forming part of
the formula of the impregnating ooﬁpound Imp are basic
and are preferably chosen from hydroxide, phosphate,

25 hydrogenphosphate, d;hydrogeqphosphate, chlorlde,
fluoride, nitrate, benzoate and oxalate ions.

6. Process aocordlng.to one of Claims 1 to 5,

characterlzed 1n that the molar ratio p is preferably

[y lIIH I llll



2, characterized in that in the formula (11) of the nmetal phosphates the
nmetal s of groups 2a, 3b, 4b, 5b, 5 6b, 7b, 8, 2b, 3a, 4a and 5a of the
. Periodic Cassification of the elenments, denoted by M are chosen from
beryllium magnesium calcium strontium barium alum nium boron

gal l+um indium yttrium |anthanides such as |anthanum cerium
praseodym um 10 neodym um samarium europi um gadolinium terbium
dysprosium hol mium erbium thulium ytt&Fbiun1and | utetium zirconium

titani um vanagi ni qQbi iSan, germanium tin and bisnuth. 4.

Process accordgﬁga%gnbﬁépgggepaﬁﬁg’ 1to 3, 15 . characterized in that

net al phosphatgs of for (] i # ' s ,of Jphosphates
of several of ?ﬁe net al s %g%sr%) feggﬁ"%% att\ggsogo;f %ng\g.@raé%n%gﬁ. ttr?e ef?ﬁat als M

or el se mxed BHAsABRLeI-EAN:H MAG UE YaridyEitloredifulP! @y Maand one

or several other 20 netals, such as the a or a ne-earth netals.

5. Procggpjaeteddiced al @a2ednaitiehdiats al tebpbratded U Hetifbdd) t hat
t he. counteranions formng part of the fornula of {he inpregnhating conpound
| np are basi c 3andeer andr ¢b002 ¥nd PIVEaD DY BdtwEE 4 OR*es v €, 25
hydr ogenphosphat e, di hydr ogenphosphate, chloride, fluoride, nitrate, -
benzoate and of2@abaCe ions. 6. - Process according to one of Cains 1
to 5, characterized in that the nolar ratio p is preferably

8. Process according to one of Claims 1 to 7,

characterizeﬁ in thﬁt thé catalyst is chosen more
particﬁlarly from lanthanum phosphate,.calcinéd_:

10 lanthanum phosphate, lanthanum phosphate used in
combination with a caesium, rubidium or potaséiﬁm-
deriyative, calcined cérium'phoéphaté, cerium phosphate
used in combination with a caesium, rubidium ér_-
potassium compound, samarium phosphate used iﬁ

.15 combination with a caésium, rubidium or potassium
compound, aluminium-phosphate, aluminium phosphate used
in combination with a caesium, rubidium or po;assium
-ccmpound, calcined niocbium phosphate, niobium phosphaﬁe
used in combination with a caesium, rubidium or

20. potassium compound, calcined zirconium
hydrogénphosphate, and zirconium hydrogenphosphate used
in combination with a caesium, rubidium or potassium
compound;_ |
9. B . Process according to one of Claims 1 to 8,

25 characterized in that the molar ratio of the water to
the aminonitrile ihtroducea is between 0.5 and 50 and

preferably between 1 and 20.

10. Process accordinglto one of Claims 1 to 9,

T



het ween 0.02 and 0.2. 7. Process according to one of Clains 1 to 6,
characterized in that the catalyst of formula (I1) is subjected to a
calcination-at a tenperature of between 5 300C and 1000[err] and

preferably between 400[err] and 900 [err]. 8. Process according to
one of Claims 1 to 7, characterized in that the catalyst is chosen nore
particularly from | ant hanum phosphate, cal ci ned 10 | ant hanum phosphat e,

| ant hanum phosphat e used in conbi nati on wikh a caesi um rubidium or

pot assi um deri ti;[.i ve, cal cigepl c&;i um hos,&ggt e, cerium phosphate used in
conbi nation wit RCRRTIRAD i Thdtm Bhe phemRertRES b UL cR abBe | um
phosphat e used .in 15 ot assi um

conpound, al ugﬁﬁ?ﬁﬁ%o‘%@%a{ I‘?%%’%rﬂa?)ﬁ%gl%#g% é@gﬁ#%smcﬁirﬁgﬁﬁ?l on with
i b1 um phosph 08 (5 dipd S0 HBE AFEHenEP Solibell £E0KT BAR0ROGLE.

pot assi um conpound, cal ci ned zi rconi um hydr ogenphosphate, and zirconi um
hydr ogenphosphat e used in conbination with a caesium rubidium or potassium
conpound. 9. Process according to one of Clains 1 to 8, 25
characterized in that the nolar ratio of the water to the amnonitrile
introduced is between 0.5 and 50 and preferably between 1 and 20.

I



10. Prdcess according to one of Clains 1 to 9, 16 characterized in
‘that the tenperature at which the process of the invention is carried out
| i es-between 200[err] and 450[err] and preferably between 250[err] and
400[err]. 1112211221 1211721 21121 111111111 '

17
PROCESS FOR THE PREPARATION OF LACTAM
STRACT

The present invention consists of a brocess
for the preparation of lactam by vapour phase react;on
of an aliphatic aminonitrile with water, in the
presence of a solid catalyst, characterzzed in that the.
catalyst is a metal phosphate of genefal formula (II);

MH, (PO,) - (Imp) - (II)
in which: | |

- M denotes a divalent( trivalent,
tetravalént or pentavalent element_chosen from gfoups

‘2a, 3b, 4b, 5b, 6b, 7b, 8, 2b, 3a, 4a and S5a of the -
"Perlodlc Classification of the elements or a mixture of
several of these elements, or M = O,

- Imp denotes a basic impregnating compound
coﬁsisting of an alkali metal or alkaline-earth metal
tr of mixtures of several of these metals, used in
cambiﬁatioﬁ with a cgunteraﬁion to.enSute electrical
.neutrality, |

-n denotés 1, 2 or 3,

- h denotes 0, 1 oxr 2,

.- P denotes a number between 0 and 1/3 and
corresponds to a ﬁolar ratio of the'impregnating
compound Imp and the impregnated éqmpoﬁnd'MHh(PO4)n

Aliphatic lactams, such as especially-
epsilon-cap:olactam, are basic cdmpounds for the

.preparation of polyaﬁidesf(pblyémide 6 from_'

caprolactam) .



