SRR o oo Pl Y 7

-amno nitriles with water in the gas phase on metal ox catal ysts.
Lactans are conpounds which can be enployed in a vari e of ways. For

exanple, N-nmethylpyrrolidone is a versatile sol veﬂm, ,ﬂmm"m,ﬂmm aprolactamis
an inportant monomer for polyam de fibers. Caprol wgar ed
industrially pyo@sﬁe(fk,ﬁapﬁelsaawgamgeﬂaﬁg of the oxi mesgafpeycl ohexanone.

This reaction results in |l arge anounts of salts, generally sodium sulfate,

as byproducggwﬁe}eg L benElaPeasdeal 1% HBoReds” Ooﬂf8§rgpg§i,g§elsac%&mgocess

for prepari
ani nes, afd Yh%Y%]rﬁzrwgnFY?WJé?"Feg cTPIRR M ET e a‘%"tﬁh §§eFe’<aEE:t‘”1h(?n 9%t h
wat er on caphagetan wiethalderids sata Y@¥®perties. Catalysts indicated as 20

usable are, in particular, alumna, silica gel and boric/phosphoric acid.
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surface rea of anet er of

mor et hart O6uLaraag 19 g gunpeﬁ S Jorier Por (iR ¥anitie e bere (T
preparing | SBPEMEAGERM AS BERPANIRYs dndyper i@ LY B t'%&‘i’%“aGP BEYRANSEMERE no
nitrile andofiatke cawime30f heysighexanone cdlrmactrem:t:#p!a ngisadbapte darge

eart h- basedanatmis/ if walhs Bigersxaldig esadisms soll fave 2 amwypiaﬂumtﬂ/vg:mhd por e
di ameters ofqukeSe tdiapodlanst n the presence of hydrogen and anmoni a. The
use of myigal phosphates, espeC| ally alum num zi rcon [sic], 35 niobium and

| ant hanum phas a sts_for aring lactans.i.n the hase
trom ant no’ JFeT " Py S Bt pL 8ol OB LIS LABLATR, 0: ity GBS
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748 797 di sehoabgsts mithedehydvatingppropeydiast aoastdIymusdindicadess aswher e
the dini tag LeabSe M, 048N84 06k dud akhea RiRiIHA Nk lié& gaANdnlihe amino nitrile

IS converte 45 cyclizing hydrolysis. Disclosed as
cat al yst forgokgép%%%%hé?%aﬁ/ rolysis are nol ecul ar sieves such as acidic

zeolites, silicates and non-zeolite nol ecul ar sieves, netal phosphates and
2 0 MY 202%8030/ 2837439 sREIRAS Gx PYRSeRR HATx BHCBXT RS 13GHARS B e, where
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di sadvant aggo®és twittl@s @i hetkPIoICAGEEStHan BBt A§ he 1ekegtovigy of the
catal ysts is inadequate in some cases, which on the one hand rrakes it
difficult tggigo, h , t i ng
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catal yst. W have found that this object is achieved by reacting the am no

nitriles wit qfoﬂae?.ﬁ.dﬁﬁﬁzf aklg NE chﬁg&?, PMP%% éiggox% (Jﬁlqu/or 14
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45 cyclizing hydrolysis. Disclosed as catalyst for the cyclizing

hydrolysis are molecular sieves such as acidic zeolites,

silicates and non-zeolite molecular sieves, metal phosphates and
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40 The nunberi 324% he groups of the Periodic Table in this specifizca[i]tl'gn %0
IS in accor 5% the 1985 | UPAC proposal . Catal ysts preferred

-according to the invention are conpounds of the fornmula |I: 45 MQ@a~R~b)c~d

() ~ ~rY z~az 0050/48543 3 in which Mis Zr, Ti, H, Sc, Y, La, Ce, V,

Nb or Ta, in particular Zr, Ti or Hf, &d very especially Zr, 5 Ris P, C

Si, N As otmeSh] &xidesaotemibked raxidgspuphich Ared, wBere appropriste, nunber
from0 to 1Qcidic 1dk iam otérfc e Eredmen: Wath, h&lddend , NERRGE i dnf OM

0.001 to 0.} 11 QQ &0 tﬂesﬁgﬂf}.é’%l@eﬁ?sﬁ Yodad i
ca o T

c
neutrality o arge ta ysts conprise up t rm?egt?es of water
per fornula unit, a> 0. 001, can_al so be S. Catal ysts which are
particul ard ?hﬁré%%?%rvaﬂgeﬂf ahe @Gﬁﬁﬁm RICCEREEE oi‘fmﬁh&tl thd which Ris P

or, if a > Geldedticihy @fsbhbecaialyste is inedeguateOin sael canes verhich
part i cul ar | ynptré esmbhund hakés Gt dABdiSELtc tios iBoDade ttthe 1lacosms vaind on

particul arl X:hErG{I%J.atﬂa‘ﬁdolQ&dé Ged)- n.séﬂﬂng‘)%'ft gl eawlﬁt%f 8§ €k conmpounds
are those ! ByfbLalledd \hiBh32rdEbtels? &4? Qﬁ.ssap@ S éblraﬂ Pl aaélsea D+ RE

enpl oyed or exa I'pS or
el se as sjﬁ)a 8&¥§+‘f¥ cqafb§%e Ye?s(.’)f shaped artlcl es V\:hl ch are used are
extrudates or 40 beads. For the shapi ng, a binder can be added, such as,

for exanpl eItAbsowi lobjectach Sheapsiesent cistvantionsto fmrovixanp| prafeasc dor
suppl i ed by p¥épafinthliscadas Ay dyradeihg noeirolpelsbef ngniploeatttilds sthakthd
formula I. lkisbsad idtAM SeLROSSIPIRIECEITIY, %hahyiﬁ dpHcRkahe % fele aaapl i ed
to a car rlse&o?%@exas 1§&s4§f%'sgfuf" WHH e the! E&AYse . CaT ITcon

car bi de I con

We have found that this object is achieved by reacting the amino
nitriles with water on oxides of the metals of groups 3, 4, 5, 13
and/or 14 of the Periodic Table as catalysts which comprise a

20 phosphate, carbonate, silicate, arsenite, arsenate, antimonite,
antimonate or nitrate of said metals and, where appropriate, a
metal oxide of groups 6, 7, 8, 9 and/or 10.

The present invention therefore relates to a process for

25 preparing lactams by cyclizing hydrolysis of amino nitriles with
water in the gas phase on metal oxide catalysts, wherein the
catalysts comprise:

at least one oxide or mixed oxide of the metals of groups 3,
30 4, 5, 13 and/or 14 of the Periodic Table,

one or more oxides or mixed oxides of metals of groups 6, 7,
8, 9 and/or 10,

35 at least one carbonate, silicate, phosphate, arsenite,
arsenate, antimonite, antimonate and/or nitrate and/or when
oxides or mixed oxides of metals of groups 6, 7, 8, 9 or 10
are present, a sulfate of the abovementioned metals.

40 The numbering of the groups of the Periodic Table in this
specification is in accordance with the 1985 IUPAC proposal.

Catalysts preferred according to the invention are compounds of
the formula I:
45

MQa (ROp ) cOg (I)



0050/ 48543 Aboﬂ}{#%‘? The catalyst is preferably used in the novel %rﬂob'é 52832
inthe forf o or shaped articles. The catalyst bed may be m xed with
- a conponent to increase the 5 selectivity in anounts of fromO to 70% by
vol ume. Exampl es thereof are silicon dioxide, preferably quartz, silicon
nitride and silicon carbide. The cataldsts are prepared in a manner known
per se and imamhiichr 10 to the skilled worker. The novel catal ysts can be
obt ai ned, for exanplsezrbyTTprHHBCciBengYatLd e@et, UpeNwxardaagndhoparyiduQarde of
a metal of groups Fr, 4eiSer I, 2RtE00edd pechig1Ppriodi ¢ Tabl e one or nore
times with suitabl e phosphates, sulfates, carbonates, silicates, arsenites,
arsenates, antinonites, antiponates or 15 nitrates, and then cal cining at
el evat ed 1enperfat urd. Poutt abtre NexAfpPEsSBrre the corresponding salts of
netals of groups 3, 4, 5, 13 and 14 of the Periodic Table, the anmonium
salts of oxo ad ds isf at mes®l nitoml graup, 6, f7,d8si eokk Ithe salts of the netals
of groups 6 to 10 of the Periodic Table, and phosphotic acid, 20 sulfuric
acid or nitric aci dgapdpbhieds BGRPHI e SRl ts. The contacting takes place,
for exanple, by adding a solution of the required phosphate, carbonate,
silicate, nitrate, arsenite, ar senstg, antinonite, antinonate or sul fate,

or of the 25 cdtredSoftdPPEPFT &F°%cPd? ¥ %an aqueous suspension of the netal
oxi de or hydroxide of groups 3, 4, 5, 13 or 14 of the Periodic Table, and

t hen renovi ng tche wst er nunibes frooc8dodk wa®.B8, rapkat ed. The required
conponents can be brought into contact all at once or in separate steps

Wi th thejguspensi omaQf +h86mdBHituadOndéskary RoPhdkfe W nklerspidyf igns of the
abovenenti oned sal t%’arb& is also possible fo enploy solutions of different
salts of these netal's PR sulfuric aci d, phosphoric acid or nitric acid,
which is diluted with water where appropriate, as |long as the anion of

t hese sal t SheoFatatystsl SOMPELSR WP W Aivecmoderidgrs afivwptesuPeibfermulasal ts
are thus alwdtt.hzfhalx de9®0andRtideen adsbabessas | ong as these are enployed in
one of tie abovenenti oned acids or in aqueous solutions of these acids. The
component s CAR1YBE S AWSlcd §rE OPYALIRH a2 Gpre AATRIFNEOLS AR BBhPLLAL 0
whi ch a crude catal yst. gonposition is obtai ned, for exanple by evaporation
or by addition Sf™a preciprtant, and is then converted into the active form
of the catalyst by drying and calcination. 45 A further possible procedure
is to spray a fbl diifgPoPr ¢ hf eal -8} decansgdfoake fol | et s, beads,

hem sphe2®s or extrudates, with aqueous solutions of suitable salts or the
free acids. Thigg i@80mRA/ 48543 Z 0 h~~Y 2~0~ 5 procedure can be repeated
several tines, as a rule carrying out drying steps between the individual

i npregnation steps.._l py ef erre L tals.qr netal
oxi des 5 are braougﬁ'ts :ant@% ((Szglnfaélgt g&mpi'ﬁp%g]tg'tcgggfg%qg%?\%gﬁégﬁigﬁteod ongé aci ds
inafirst step andmfihen, after a drying step, if required, brought into
contact 3 th an aqueous solution of a suitable nmetal salt of groups 6 to 10
of the Periodi & Talilse0.Pdltte GGdsendf vermhgamsseuianlye preperaliy B .08( 8O3) 2,
WMhS04, MhHP04, MhC@319r WMnC 2, 10 the latter being enployed in optionally
dilute sulfuric, nitric or phosphoric acid. Drying and cal cination are then
carried out,ngl ' S S i FCconidum oxi de
(and ana&ggzq?tzﬁPg?s%?f%&ggﬁgﬁe%eﬁﬁ%gg%ﬁﬁ agvﬁ)wéi %Eoggeﬁggglggﬂwﬁtﬁglﬁé P can,
for exanple, g 3 suspend commercially avail abl e zirconi um oxi de and/ or

zi rconi um hydroxide in water, bring the suspension into contact with dilute
phosphori c Thei ¢adalyst mptesialargamibenephboyathiia soyustisieblecfiove sunh

wat er, for asxafpkeekampliest ekl pdwder ,undechips wre@lpeecas smpedndrtigldshe

resi due. TheExadples Usie shalpeldy 8tt LOIEROWhE ERNatudleRaBlE ditriddiage¥yr Can be

ei t her dj l3¢ C [ F Lt hen, s e { € iCl and t hen
cal ci ned{m Et?fald\sé'a s:g ggegsiﬂ%?%%btset:ﬁgﬁﬁgiﬁgisit %gatggpb&"?{):a{sém%%r by anot her
i mpr egnat i on a&"é?’w? OS540 aBOEYL LGP 3R X 08FP o1°%a S¥ETRI® of “groups 6-
to 10, for "&9RBLeSWPRIEFGaRESBObES -Walprode AGyy thrRgt PHRAGLE ABENREIRE carri ed
at from 50Pne5e980L) ghadedr fpryula Iabdbt i¥0biGewiss posoibleodes, the ef erably
10 to 20 hamatalyBurmaterilils tbdse dppliedves A marrfier sachmlse, fof HP04230 or
H2P04- | 48 eexRdR4e, aarhndiinAg! s§YEtd GeR)0ERPBEES sANdceh ¥ dhidel BEOs {0ibdm
However, this conversion preferably does not take place conpletely under

t he chosen conditions so that, for exanple on use of P, there is still

P043- remaining in the resulting catalyst. 35 The Zr contents of the

i ndi vi dual catalysts, determined by X-ray fluorescence analysis (R Bock:
Met hoden der anal yti schen Chem e, Bd. 2, Nachweis- and Besti nmungsnet hoden
Teil 1, Verlag Chem e, Winheim 1980), are between 60 and 71 g, preferably
between 65 40 and 70 g; per 100 g of catalyst. The P, S and Mh contents are
determ ned by I CP (Inductively Coupled Plasm) atom c em ssion spectroscopy

ARA 2 B - -~
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0050/ 48543 6 Norrr&g used in the novel process are amno nitriles o?q e‘*Y 2002
formula I1:9R88(# QJKI (I'') 5in which Xis an al kylene unit having at |east

-2 and at nost 20 atons. As a rule, these are carbon atons, but there may

al so be one or nore, but preferably not nore than three, boron ni t rogen,
phosphorus, oxygen and/or sul fur atoms4present at any position 10 w thin

t he al kyl engitmide. Bbeveztalyss ami prefgmabpdyohsedeimairer abvébrpudcessNRIH and

the nitril ecge oftrni BEr ehpee cat shaped artimldspreferably 3 to 6, atons,
preferably car bon atons. Exanpl es of al kyl ene are ethylene, 1,2- and

1. 3-propyl epg, iyt di ,@y?, ?emﬁwhege LB Lk ol gy ene.

1.2-, 1,3- | |
2. 2 i et RyPALeSSINGSYI LnoAnkipts e%’*&w@?‘@ﬁe Exdmplies, °3"

1,4-, 1,5- thereofsamexsibiron zuoxgdeorpr@fﬁﬁﬁh}y quartgenfyiiern mityider
2,3-di et hyand  sti-ligopl eaxhide. or 3-ethyl -1, 4-butyl ene,

2-et hyl 2-met hyl - 1, 3- propyl ene and 2-propy|-1,3-propy|ene, 3-oxa- and 20
3-thia-1, 5- prdtaden stBlafé pREPReEENiPa dahbdl ﬂmm%aknserarm Famlagdagl Kyl
group hay P”Q Uhd Qx49168" (8:[]( 3. OG’ﬁe c%%ai?}gee %bLS S:L ne%r °§ g are

net hyl 0 I sopr opyl ut exyl and
2- et %yl hexy¥ a'?i?ﬁeng%ﬁl EPRT 1\% tﬁtlﬁ"?\%i&%/ ORFKHEE %ﬁVf’%' %%l’ﬁ'd? ag or 6

carbon 25 arewal ffdI5PERErdy 4ni Ae &3 cﬁftﬁ{%ré“p?%ffé?ealgleyleéh%l Table, one
4- am nobut yoomdre ltemes-aitmeuikebbeiphasphates ansuidaapsoncarbdrmatasd
7- am noenanhpivddesl, carpeiidesy! apbenterf,canblivositis,naa8pneidtds bg. The

rati o of lg’aﬁffrét%samaﬁa ‘E‘Hérf 'éa@cﬁﬂﬂnﬁeat’ 21608+ 6@ Ympe 'i:Qghilet 05%%?5@ b/ ol ,
P an o %/ai §ed 34050 ddBepndfly A et F “ﬁ%aﬂs 8t ftalre 30k ehther
IR ek g s i m i R e Hh oo bl
exanpl e, as°of theff depals Aand| 4 desixhth Shersakimeofl theagetalsnods t he

| att er casegroups $ pos3dbde tthe Pefiodiw daplie, camp ghospborimdadide physi cal

properti @o shltleid @etli &N nilveibr echetameRhbhe dnndtSulmnsaibeneficial
manner, for exanple by adding reactants or inert gases or using, for

exanpl e, exc ers. b, |t 0 b n d LN one
oo rea@@?o on*{ﬁc 3ing t tJilL% Bh§§9 teoq': B hg (ﬁy 'A%dkxg Y saallﬁz%lg% A
t enper at ur ethf 1 7erSTER 9“ ey nE2TRRRAT e B ’Zﬁfet'o n%SE@‘e'pr"’é:lséPéE?y from
300 to 400Car$$naeﬁ¢peﬁatm@mvcﬁn%m?wel eF splfarermre ehcth&/aporati on of

t he st ar RBngomeespoingling SExie facddl t o aard agueousidsuspensibh gbf cdreveesadns can

be achi evedogidey ch hipadbkide Wit yrowpers t gse, condint i1anef the tHe@iodic

t enper at ur egapie 2 dadl th¥n XAdmovifg 01;14@%%& afgRid Grdeledliré Ne4re des 1 NCreased

formation OIre%/agJ &du‘ihé g&g.\ g 6&%1% Bﬁﬁdb'&térougglﬁ Pﬁ@é%ﬁn%a‘é@”af’f in

the range frpo ctio

preferablé 25 1 °5uf‘nu71%%afr affnd t erie hpf;égsﬁ?sépe“fﬁgnrggc? or‘f‘e('f‘&b'l al so be
carried d8tOo¥+1%r tHePAAGE 1FhorFiSr SPHEFIONFAOL FBP 2BOYAPRBLAPRRM Stthit fbgen.
The nol ar r&%idlsst Poseiblecty eOPloy asplvdioner of cdiffiersat swigse ofpphepei at e,
in the rangeetalxmih solf@ficEcidpl phdsphatiiechaideor minribeacishcwbichsial |y
contai ns nogiDided Wiehl AetedMvkerBr shdptidkted! 86 1uHeast e dHidM BEtrile

ggda‘r’:]a;gr a?igé’se;%agggo@bﬁngaa%%lf@ c1d”w§.€rﬁ| 1l.h ‘A@E?l QY OdugLgnpaIch
382206 el S (145 GhEThET gt andO el Scauhter A8k daBRISE

known per se
20 Typi cal | 9’”%%’6 tbnm% tpe cARgvaneptanRed (acifss0p 0 agueRHeno
nitrile ar eWbdtlfcmsoOtfhéh?%%@tCeﬂsper 1 of catalyst and hour. The amino
nitrile conversions are then in the range from70 to 99.9% The selectivity
for |actam ¢Ré @dnigdhents @&n dorebler aO\OnYelebdsHftor &Bih@ébrmdursl le

enpl oyed.405gb gt 14 Tf'rSﬁ @ﬁf&r?‘éeérﬁée V\é%ﬂ\ll%‘ﬁf 8k iGaba! ¥§t?ﬁc ﬁ' Sfor_

90% and, in I C eeven re ter the
cat al yst hasgg%“egele R evap?ra mn yhun lanh%% g éxang)l es -
are intendefiPd ?quﬁgﬁﬁgt ien"’cché" ﬁo@%?l‘ﬁ) EBcagst % t%&’ﬂ'ysﬁo‘ﬁé\%ry ng an
restrictingceheinatd®a.of the invention. Exanpl es |. Preparation of the
catal ysts

45 A further possible procedure is to spray a molding of the metal
oxide, such as pellets, beads, hemispheres or extrudates, with
agqueous solutions of suitable salts or the free acids. This
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35 The st a@@59d 48843 i al used for preparing the catal ysts was a 20 MY 2002
comercially avail abl e, noist zirconiumhydroxide in the formof a coarse
- powder. The follow ng catal ysts were prepared: 40 Catal yst A (as discl osed
in US 2 357 484): 167 g of dried Zr(O8)4 are conpacted with 5% Wal ocel
(Vel ff-wal i:&@d@duﬁ@ RMAbE 7répeatiedHBOvern 1A tinesdeds faorude carrymg bhen

shaped to X4 b8 ey Ll &hed iRASPENA PhpPeghiion [BEepx! rudates are
then predri egm‘g 50°to 1180 for 3.1 anda cal g?ﬁged ignat 0OC for 16 h, and

then crushed. Zr: 70.5 g/ 100 (%2 005Q/ 48543 8 Cata gst B: 55
g of dried I APHEESETEY REF %ﬁ‘?f“é’t‘@& Rf?‘h’-%s'oﬁ BELakepE PEEY M550 i of
H20, t he Sv@rer breughty ilpsedcortfaqtnwath @ng wicthpAkavemepsiored fregnd t he
resul ti ng meddsacinis fdalsei sieep @nd5tbeNC dfer18 dryidagt skgpt i refugred, dri ed
Zr (OH) 4 ar @roigheditccGont bt I7i4R EnOdquddi@4s688%Uomind 256uitanlle MePalt he

water is StgahpPge é;:tJu N a%éofoaof geey@ﬂ%%% abik Va5ULpe Akhd g T eSul tiNg
8

product is cal clne %@% Xﬁ’ 260 ’ﬁ‘%"%ﬁor_ﬁfgéd qr&ig—?‘ 4I 2re

| npr egnat e FARPERST r eg?m

st ri ppedt O ﬁa*ét‘?’btb%l? #Coin| PPLAANRGLY HH 4GS SRAERT 1S 'nd"'ﬁFbBuct is
dried at 18@Crhosph®if. apmér Wﬂoﬁnﬂsc@mmawo@mrwpﬁnacmwu eutof 5.1
g of Mh(NO3)2*4H20 in 250 mM of A20, the water is stripped off in a rotary

evapor at or The pas¢sdur@ndoe apLdprdtingncata Gk s&w@%ﬁ&ﬂﬁﬁ@a‘:&mw h.
Zr: 66 9/ 10Qng Enafbgohsy180r G¥dho Qeﬁanafa]logxgdgss) GAtiahyste Ko Slé o Of 00

dried er% re I e W|th 8

The vvater I's s? féln% %ﬁgﬂ CL tgPsg%Q/cgco lf_% léﬁl(y gé%ﬁf&d]hd t he

resul ting r?r"JHBEi‘ ‘Fs‘”ﬂ'tdieeﬁn%f“lS'GECP jum diydrogige e‘dhét’?FSﬁ' i Rring thed out

with a sol ispAngion igtef coutagf MISh2dulpe phogpiioriic oFifper amhaawaees s
stri pped ofdmmoniem rmicesphaes agpaletion, | rem@ael dthe awmslcexg| Eonagxanplies bgar ri ed

out at 700Q@ifs@i116tibn dhded rédutleliOPBrésdlire). 9nd/d: 'lﬂle35e§/ﬂiué) thg/ 100 g

(ng Oa/g y;tn d&4 crh@e eaeatl%g@ edﬂéééﬂi)o% eseaiml‘agget Za,fi?beg | nEBP04

s _stri t
evapor at or doremélﬂ o Cl(?eg 158 \r,%su fn &%%gt t? ss}tﬁpegdaﬁgl a%caflgr 16 h.
Irrpregnatld‘ﬁ’ef’scﬁ%ﬁ’rr}e@d St l%macll‘i" 2 POBFY e0r‘7°6f FIIEENERER) > P20 i n 400
m of H20, fddoved Batamother sinnnesagtien stepawith an aguapes admtignvetuo.
The producta celti ofdc imetahi sf vgnoups 6 otpad,edoni éxanple\\a| nawsjarese 46 nl  of
wat er i n2m daneader for 45 30 m n and shaped under a pressure of 35 bar to
extrudates which are dried at 110C for 3.5 h and then cal cined at 700C for

16 h. Zr: Gﬁxe cgié'grpa&on %s rQormal\{ynggrl %5(%/ 4grom 500 to 900°C,

preferably at about 700°C in 5 to 25 hours, preferably 10 to
20 hours. During this there is conversion, for example, of HPO42-
30 or HyPO4~ into P,07%- and other cyclic phosphates and of HCO3~ into
CO32-. However, this conversion preferably does not take place
completely under the chosen conditions so that, for example on
use of P, there is still PO43- remaining in the resulting
catalyst.
35
The Zr contents of the individual catalysts, determined by X-ray
fluorescence analysis (R. Bock: Methoden der analytischen Chemie,
Bd. 2, Nachweis- und Bestimmungsmethoden Teil 1, Verlag Chemie,
Weinheim 1980), are between 60 and 71 g, preferably between 65
40 and 70 g, per 100 g of catalyst. The P, S and Mn contents are
determined by ICP (Inductively Coupled Plasma) atomic emission
spectroscopy (A. Montasa, D. W. Golightly: Inductively Coupled
Plasmas in Analytical Atomic Spectrometry, 2nd edition, Verlag
Chemie, Weinheim). Typical values are P: 0.2 to 1 g/100 g; S: 0.1
45 to 1 g/100 g and Mn: 0.1 bis 5 g/100 g of catalyst.
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I npregnated with 4.9 g of (NH4) 2S04 and 400 ml of H2O The water is
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4-aminobutyronitrile, 5-aminovaleronitrile, &-aminocapronitrile
and 7-aminoenanthonitrile, particularly preferably e-amino-
capronitrile. The ratio of water to amino nitrile can be in the
range from 1 to 50 mol/mol, preferably from 1 to 15 mol/mol.
30
The reaction can be carried out either in an agitated or in a
stationary catalyst bed. The gas-phase reaction is preferably
carried out on a fixed bed. The fixed bed can be arranged, for
example, as a single bed or else divided over several trays. In
35 the latter case, it is possible to influence the composition and
the physical properties of the reaction mixture between the trays
in a beneficial manner, for example by adding reactants or inert
gases or using, for example, heat exchangers. The fixed bed may
additionally be arranged in one or more reaction chambers, e.g.
40 in a tube bundle reactor.

The reaction temperature will usually be in the range from 200 to
550°C, preferably from 300 to 400°C. A temperature which is too
low would make the evaporation of the starting material

45 difficult, and, in addition, high conversions can be achieved
only with difficulty under these conditions. If the temperatures
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2 AN- ;Y 2002 -11 W§ claim 1. A process for preparing e-am nocaprgthvr”?Yl L}ﬂﬂz
by cyclizingoﬁydf‘gw Is of amno nitriles of formula Il R1 HNX-CN (I1)
wherein X is a linear alkylene unit of 5 carbon atonms, and R is H, wth
water in the gas phase on netal oxide catal ysts, wherein the netal oxide

catal ysts used are conpounds of the fofmula |: Ma(R-b)Qd (1) in which Mis

Zr Rise, Q iageatoetalghf thergrimipingredsed, f@martidn, ofh bypradughbeandrom 0 to
0.1, bis aggd siftiom Brédaiexsh, ¢ is a nunber fromO0.001 to 0.15, and d

has the magni tude necessary to achieve neutrality of charge, where R can

also be Sif a 0.001. 2. The process_of claim1, erej e ratio . of water
to amno ni CPPIBFFESYTS f:ﬁghlf’%n’dé%ﬁfoﬁ?xig? oﬁ?ﬁ‘ #DP;(mrr%? éld?:.bta%!hgu%lr%%écglg of
claimi, h&eerhiethe Th@cFRaFHPhyidr BF§EsRahlyacaroted LY erhed at a

t enper at ur e atmospherisngpressers 200 to 550C. 4. The process of claim 3,

wherein the tenperature is in the range from 300 to 400C 0 ~~~,~ 2002

-12 5. The phacgssctifonCahnilso Wiekakpiédieouteatthothd adiklibfidodUinetider
pressures '%aggef&a fp&en}ch%l drOn}Prdfdn. SneTHE1EF AGRID BF Hh&tMghs

wherein fro to 2 g of_amno nitrile are.f per Liter al.yst
and hour %8 B &4 6‘?? AT 1he b’;ﬁggﬁsasp%r%pcfllgggﬁ 60 WS SFHS% h%%gnmono
nitrite i s f€d1PH BRL/APdunt of nore than 500 g

The discharge from the reactor usually contains not only the
lactam as product but also unreacted amino nitrile and water, and

15 ammonia or amine and, in small amounts, byproducts such as amino
carboxamides. The lactam can be isolated therefrom in a manner
known per se, for example by distillation, extraction or
crystallization.

20 Typically, from 50 to 2000 g, preferably more than 500 g, of
amino nitrile are fed into the reactor per 1 of catalyst and
hour. The amino nitrile conversions are then in the range from 70
to 99.9%. The selectivity for lactam formation is, as a rule,
above 85% based on amino nitrile employed. Selectivities achieved

25 with preferred catalysts are also > 90% and, in particular, 2>

93%. These figures are even reached after the catalyst has been
in use for several hundred hours.

The following examples are intended to illustrate the novel
30 process without, however, restricting the scope of the invention.

Examples

I. Preparation of the catalysts

35
The starting material used for preparing the catalysts was a
commercially available, moist zirconium hydroxide in the form of
a coarse powder. The following catalysts were prepared:

40 Catalyst A (as disclosed in US 2 357 484):
167 g of dried 2r(OH)4 are compacted with 5% Walocel
(Wolff-Walsrode AG) and 67 ml of H,O in a kneader for 45 min and
then shaped to 2 mm extrudates under a pressure of 55 bar. The
extrudates are then predried at 50 to 110°C for 3.5 h and calcined
45 at 700°C for 16 h, and then crushed.
Zr: 70.5 g/100 g
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rotary evaporator in vacuo. The product obtained in this way is
compacted with 5% Walocel and 46 ml of water in a kneader for
45 30 min and shaped under a pressure of 35 bar to extrudates which
are dried at 110°C for 3.5 h and then calcined at 700°C for 16 h.
Zr: 66.5 g/100 g




. ! A !
<NFzX6! 0, #1 #109&' ()-!, #109%& () -! 20wy 20

%
"10%2& () - % Ggi’d&&é 9) | ZYMLO%& () - F
JwU3!, '10%&2&'()-!03%&#10%&'()-f!S%i#lo%&f()-f!{O!lO%&'()-F!!lO@b‘
‘&'()-F!{O,#lO%&f()-J/ = zI"P1(10%& ()-3 10UU 10WU
10UV {0S5" 109UU&' ()-!S5"10%& ()-0,!10%2& ()-!0,!'10% & ()-
FA<APL(! #10%& 0)6DMAPIEG() - Y #109&' () - Y
#1090 &' () - ! @n1060aR% g/nob@0%I& () - D} | wX6MP1!I 1 9- "109%& () - GY
)10%?&'()-'8&?10%TT&'()-!0 "109%& ()-F!
BL09TE () - QE%Q{%) O bz 100 & -1 = Lo () g

b —
T0% (& () SF380g 07 (it Bofan g 2re LMRpASRe ;#’mtﬁdok ) bfmiiesos and
10% & () - '499%‘7& ‘-'(f) BDQO%@ (")5359311@7{1{1&PF eff 1@/@&reya§1m@°@ter in

{’\<J =11g, ljzee:’(mé& gnd *tN(aSﬁ.@@ﬁ](t:.(r@ pyroduct is dried at 180°C for 16 h.
10% & () - ! 63fp2Oddtion) 15 - dOXM%d bul! DK & Ebilhtdn L@@.4) gOof 10%&' ()- 10(
10( 10(09/" iﬂgg ()*AHz(p%./ X %98/18 e (H)z '1914" l&é@ d§.§‘ (‘erpped off in a
UnUS{ 1 =t O.I.OL#1 ﬁ? v(a)poragoir#‘]ho%&ﬁo()an& J‘aﬁ%ngg“tign .8 carried out at

700°C for 16 h.

Zr: 65 g/100 g

S: 0.63 g/100 g

Mn: 3 g/100 g

15
Catalyst H:

50 g of dried Zr(OH); are impregnated with 1.6 g of (NH;),S804 and
250 ml of H;0. The water is stripped off in a rotary evaporator in
vacuo, and the resulting product is dried at 180°C for. 16 h.

20 Impregnation is carried out with a solution of 1 g of
Mn(NO3)2*4H,0 in 250 ml of H;0, the water is stripped off in a
rotary evaporator in vacuo, and calcination is carried out at
700°C for 16 h.

25 These catalysts were tested in an electrically heated tubular
reactor with an internal diameter of 30 mm, which [lacuna] with
20 ml of catalyst as < 1 mm chips, in some cases with the
addition of 20 ml of guartz chips. The reactor was operated with
downward flow, and 50 ml of quartz chips or quartz rings were

30 introduced as vaporization zone above the catalyst. €-Amino-
capronitrile was fed in a 50% strength agueous solution at
750 g/1 of catalyst and hour. The reaction took place at 360°C
with the addition of 10 1 of nitrogen per hour as carrier gas
under atmospheric pressure. The conversion of g-aminocapronitrile

35 (ACN) and the selectivity for caprolactam (CPL) were determined
by gas chromatography with internal standard and from the mass
balance. The determinations were carried out after the reaction
had remained stable for at least two days, after 165 h with A,
after 254 h with B, after 90 h with C, after 65 h with D, after

40 95 h with E, after 768 h with F, after 97 h with G and after
122 h with H. Samples were collected for at least 12 h for
analysis. The results are compiled in Table 1.

45
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wherein X is a linear alkylene unit of 5 carbon atoms, and R'is H, with water in the gas phase on

metal oxide catalysts, wherein the metal oxide catalysts used are compounds of the formula I:
MQ,(ROp).Oq4 {)

in which

M is Zr,

RisP,

Q is a metal from group 6, 7, 8, 9 or 10,

a is a number from 0 to 0.1,

b is a number from 0.5 to 5,

¢ is a number from 0.001 to 0.15, and

d has the magnitude necessary to achieve neutrality of charge, where R can also be S if a
0.001.

2, The process of claim 1, wherein the ratio of water to amino nitrile is in the range from 1

to 50 mol/mol.

3. The process of claim 1, wherein the cyclizing hydrolysis reaction is performed at a

temperature in the range from 200 to 550°C.

4, The process of claim 3, wherein the temperature is in the range from 300 to 400°C.
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7. The process of claim 6, wherein the amino nitrile is fed in an amount of more than 500 g

per liter of catalyst and hour.

8. The process of claim 1, wherein Q denotes Mn and a is a number from 0.001 to 0.1.



