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filed BASF Aktiengesellschaft NAE19970864 Prepar mmmmmmmm anms 10 Lact ans
.are versatile conpounds. For instance, N-nethylb

(N-net hyl pyrrolidone) is a widely used solvent and exgagFol actamis an

i nportant nmononer for the manufacture of polyanide fibers. 15 Lactams can
be prepared by hydrolytd , ion 3 | es . Lt he gas phase.
Cat al yst s haviHg—casite AR 2 RER-oXi de, silica gel
or borophosph@ASE Hktﬂen@égeysﬁdhaﬂﬂ EP—A 0 65EE7997036¢r|bes t he
preparation of lactams fromamnonitriles and water by hydrol ytic
cyclization in the gas phase using netal orthophosphates, especially

al i m num zirconium niobium and | ant hanum ort hophosphat es, as catal ysts.
The catal ysts may 25 additionally be inpregnated wth basic alkali or

al kal i ne eart

pot assi um However, the selectivity of the prior art catalysts 30 stil

| eaves somet hi ng to be desi r echyehliey dgp_{c;}ptép S s product s nakes it
difficult to isolate the |actans "an to poi soni ng of the catal ysts
used. It is an_object of the present invention to provide a 35 catalyst for
preparing lactams by hydrolytic cyclization of amnonitriles that is highly
sel ective at high rates of conversion. 05~~~ ~0~2 - 2 - 0.Z.0050/98868
Ve have fl@undhbadams hi sawdj ectedsrtdelt everPBOURGs ocesEOY or BreRIGHg

llactams by hyglrpd vt | CoetygtdZatt an Qf\l ﬁ\@tw?'lb rirb@s dometyhei gag p,h?&elyn the
presence of a netal” phosphate cat al ri,ses using a cat a

conpri sing ondS%t RBr&€H |§8’h6§§ﬁ§%QQQﬂt%Wmﬁﬁeﬁ r&WHQﬁHﬁﬂ§1Tq§OWR¢{B)b
(1) 10 where fb1 stiee Medab f aft groupt ool yadmbdde thebgesi odi ¢ tabl e, including
the lanthanides, ais > 2.5 and < 4.0, and b is such that electrical
neutrality is ensured,

15 Lactams can be prepared by hydrolytic cyclization of

aminonitriles in the gas phase. Catalysts having
dehydrating properties, such as aluminum oxide, silica

gel or borophosphoric acid, are used.

20 EP-A 0 659 741 describes the preparation of lactams
from aminonitriles and water by hydrolytic cyclization
in the gas phase using metal orthophosphates,
especially aliminum, zirconium, niobium and lanthanum
orthophosphates, as catalysts. The catalysts may

25 additionally be impregnated with Dbasic alkali or
alkaline earth metal compounds, preferably of cesium
rubidium and potassium.

However, the selectivity of the prior art catalysts

30 still leaves something to be desired. The formation of
by-products makes it difficult to isolate the lactams
and may lead to poisoning of the catalysts used.

It is an object of the present invention to provide a
35 catalyst for preparing lactams by hydrolytic
cyclization of aminonitriles that is highly selective

at high rates of conversion.
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“or .a mixture of one or nore ol i gophosphates of the 15 general fornul &5 EEP 7002
with one or nore further salts of a netal of group 3 or 4 of the periodic
.tabl e, including the | anthanides, with an inorganic acid. The catal yst used
may conprise one or nore 20 ollgophospha es of the gen f [ )

Said formula (1) nust be understood as g%oss st oi chi orrg?i cofogo%usl%aéeand not

as the nol ecul ar formula of actual existin npounds. QO i gophosphates for

t he purposes W haee p?%‘é’é‘?ltt]i‘ﬁ"(feﬁménoaﬁécghé§pﬁ§f1é§v\%ﬁi| &Y & PEWIT |y 25

derived fromgagi dso My £ rad e Riiinablgy, byhrrsiensiat | ey afi Ard fphasphori c
acid with elimpnation of water. The condensatiqn of orthophosphoric acid

HPO9 with i AFRRINEY S effini 11 | GRSofPRRE®r W bR &F&SAN of a

oli 90ph05phorme£tamc| cksndrkpﬁanesncratﬁlyst, ) t @hliah aampelﬂtsaﬁho&ufi@fg C aacijd
etc. n 4 , fc. or Large n O l’IC 0 Qr aCI S
Tt § phosphdr] AR bretmBE Gt haRET 05 ot Jo aroP R PERRF S g

condensati on gemémlmii@mg&béhabb)d rret aphosphorl c aci ds HnPnO3n (tri-

t et ramet aphosphoric acid etc.; n - 3, 4, 35 etc.), and not only a

chai n- ext endi ng but a chai nbr anchi ng condensation with the formation of
branched ul traphosphoric acids (e. M§POakwsot el Eaphosphoric acid _ 0 5 ~~~
"t02 - 3 - 0.Z.0050/ 48868 H6Pq013) . The formal end product of the

condensation i ol yneri c phosphorus pent aox de P205. For. the
ol i gophosf hat"@%ergef %helsgeﬁer“}:ﬁtpr}o | TP d r iQFed® f rodJ'r; EResPedidfdc a is
bet ween t he cw}:ﬂ@,pombngdilmj utehé OY a bt Ip@h yies | caplngsphar @s apentaockicde (2.5)

and that of ort hosphat That,is, 2.5 < < 4.0. ais preferably
from2.6 to f%‘mge{'ﬁl cliﬁl'éﬁ( ee]feecrq}fbjli)as]t r%‘?ﬁ%rﬁgit@.’ Sl.sl?‘ln?)lé‘?? tular, a =
3. 10 The choice of b is such as to ensure electrical neutrality. If t he

phosphor us it hg Oij?EPQSWt Be! SofXSldY vehygnsAbakabens PSRl US. b

is especially (2a ere z is the nunb es on
cations. 135 Menezaletermpta gfbupyBtlorode (ert mansi flléﬁhglro@élrtlsl odr a4V,

respecti vel Y)mefﬁal”‘@fpgfbﬁ’ﬁ' g b%b|4e1of n@héldg@glbafcl apbhani des1ddifg SC,
Y, Ti, Zr, Ho, Er, Tm Yb and Lu,

pr ef er abl y a 27? I%ﬂ%ﬂ’d@srpd?%qrblﬂrhrquﬁ%’fﬁ %H}jta or Ce, very
particularly preferably La. The ol i gophosphates used according to the
pr esent invenﬁtl on ma%qaﬁdnt ain _one, or _nore species of netals preferably

t hey contain & spdStEs offet al’STHEBE ThE Eat aI st 0S&F may be
a specifeo oloqudms:pdﬁ'taa;equeaﬁérabhy trgalmmhosmmMa or (&)m xt9ariel of a
plurality of f%{ﬁxﬁrenﬁx)o'}n Pal )}f}} oéclq ﬁ%@ q@halogr!e)tlr i30 A

very particularly pre erre et aphospRat e, ecl a
| ant hanum t r i ffgieeo s phat enOt( LEaEPS@I)e m9$e¢héaéat é@?@tl%au m.fxl)tufad-rt her

be m xtures ngfHﬁrﬁj’ é@ﬁ;%&{dé h%ﬁi&éﬁﬁ'@@éh%@@ Pbkgﬁﬁaoﬁﬁ%'b%%so‘coft he
general fornula &Jesent f§§%£¥lg§r§r£uéﬁggghggégswhlch are formally
25 derived from acids which are obtainable by condensation
of orthophosphoric acid with elimination of water. The
condensation of orthophosphoric acid H3PO4 with
intermolecular elimination of water yields chainlike
oligophosphoric acids Hn+2PnOspn+1 (tri-, tetra-,
30 pentaphosphoric acid etc.; n = 3, 4, 5, etc.) or (for
large n) pdlymeric polyphosphoric acids. Triphosphoric
and higher acids may also undergo an intramolecular
condensation to form ring-shaped metaphosphoric acids
HpoPrOszn (tri-, tetrametaphosphoric acid etec.; n = 3, 4,
35 etc.), and not only a chain-extending but a chain-
branching condensation with the formation of branched

ultraphosphoric acids (e.g., isotetraphosphoric acid



~ .., 05 ~~1t~~2 - 4 - 0.Z 0050/ 48868 the aforenentioned netal s of[] él"%&ﬁ) 2002
3 or 4 of the periodic table, including the | anthanides, with inorganic
.acids. The nmetals present in the oligophosphates and in the further salts

may be 5 identical or different; they arg preferably igentig@lo/ federred
further salts are the orthophosphates, sulfates, carbonates, silicates,

arsenites, arsenates, antinonites, antinopates and nitrates, particularly
pref erably th%ﬁpdpﬂﬂoph&%hggéga f 8Pfe RRAHSE n’%ﬁt FBﬁe&onﬂ?nﬁ‘?&lon 1s

ol i gophosphatgs] phetbe gepabasbhbeuBul apdntammidee uskdsal ondoyr mitdesl with
the further saJfs. In generalbftpg ratio OE ffurthgr salts to

ol i gophosphat @5 §RPRRSPRERS 10f pFBREPSBFT b, fP5™d 21 (IarRg e | §Fom
preferably uptiHdséoabilis,ver yipabeiwakar Ipheredberaipyndion Taluk tios: 1,
and especi_al | r 1 ; e . LS furizher ti ri
preferably a %?i(’flﬁ%}%f %ﬁ?@%gﬁgospﬁgbggé%d%rt ﬁg;ﬁ%&spﬁ%{%{a, %gsp%%i ally
Wi t h | ant hanusr sisopieosiphate Théd ) gopHosphates of . 3 e yehet .- farmidsa (1)

and the further, salls) yayr £ach LNt gbN §Pst 0 2 FR] SC1h B85y Ofp MRESFaIPERF LN
formula. 25 e catalyst 1s generally prepared fromthe nhitrate, nitrite,

carbonate, foffRite’ BRefabe, IDRABEECOHI2%0on® Dther salt of an organic acid,
but preferably fromthe nitrate of netal M and ammoni um phosphate as

preferreq 30 precursors. These conponents are intimately m xed with each
ot her ;i nqtohe ﬁ'é%i rePHOF ar®T ath o S pSftiers® 'ﬁi‘ég“b%eose%}erﬁﬁ%ﬁcar]ati o of
phosphorus: mgwatrdEitby. WLl the phesphbrun tihe threodldigdthues pdldtgephicsphat e
or the m xtur I re j S teg the t4i.on S
t aken pl ace. %fﬁe‘#gﬁéf%g&?ﬁ%{’%?gﬁ’gr’gggésggﬁéeér O\g)\ﬂ %gheea?)eerﬁaafq’olr}peg(anpl ein
an open crucibl 8) /&, tehpeeaturés filen gembeal | 9f 14harg@doRn pkheerthbl y

0 5 ~~~ ~0d2 =535 5n8. Z. 0050/ 48868 from |50 to 180C, for generally from2 to
48 hours, preferably from8 to 36 hours, to deconpose the precursors. This
is foll ok®d by gradual heating to 250900C, preferably 400-650C, for 1'8

days, prefera@|ﬂs5a2m5tQEY§f QQOQQUB'@EE4FHE QQ@&%&%E@&iqﬁdmﬁfﬁiI or
oL gophosphaty ThisoIeLiod ypkes Lt Possiple, L0, bl n oy gl gophosehat es
i nstances, inguwleadodes, Til eef aghkosphat®i, f or, exdnplless, | Set h®x,0lNdi nabl e
in 10 pure f%HW Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu, preferably a
20 lanthanide, particularly preferably La or Ce, very
particularly preferably La. The oligophosphates used
according to the present invention may contain one or
more species of metals M, preferably they contain just
a single species of metals M.

25
The catalyst used may be a specific oligophosphate,
preferably trimetaphosphate, or a mixture of a
plurality of different oligophosphates of the general
formula (I).

30

A wvery particularly preferred catalyst 1is trimeta-
phosphate, especially lanthanum trimetaphosphate
(LaP309) .

35 The catalysts used may further be mixtures of one or
more ©of the aforementioned oligophosphates of the
general formula (I) with one or more further salts of



" The present invention further provides a process for preparing a c&%l%”t 2002

whi ch conprises the steps of . 15 a) preparing a m xture of amoni um

_di hydrogenphosphate and the nitrate of said nmetal Min the desired nol ar

ratio; b) heating this mxture in stagesgto deconpose bhe . posoyusess and

formthe netal oli gophosphate in a 20 solid state reaction. Metaphosphates

are further ohtain e cipita M sdih dropyrophosphat e from a

sol ution of & "ﬁ§f %ég%orpg a8F8 Pg g dfceﬁai %y t he

25 resul ting pEmeiddiid at eaerf or mihbeudehgphosiphat e.anﬁ*rmrp:rcm,nt mixtentl on

further provides a ocess f prepari ng tal yst h c 383 t he
LRorg aé'gla noRet 188, Pl CoRE MY rbrad s ﬁ’%‘ﬁf ¢

steps of: 30 uti on-conprisi n a sa sai meta pi~l;
b) precipit atdnigegiabpietteds Mdnadm Lhi s toel utﬁuj:rtl‘eesr di mhtepymeyhomhat e

and renoving 4 tc[é%ﬁlceacl pg,{.a @ £EQURALS le eaf@tﬁke§%?¥ p&h%%'&‘l%%flate

c) opti onal I ng an Ing said pr cining sail
preci pitate. Pr gfgrred ~@~12t¥38 - 3333235()059F2886@qhe°§ O[SQ?‘qaﬁ@ng M as

di hydropyr ophesphatiss | scRrsbgaeblty @anrfiiced eyt é‘i‘s@ﬂﬂ’&‘é@f ee@erneltless 0.5 -
4, preferably 0.8 2. To effectq{g{empltalon a_base 3 to a

sol ution conp nPﬁ”’ctrﬁas'saléimb]fm t§s m 3D d%WBEﬁSSthﬁr &4 C?r d
establish a grdfdrahiy tHefarvirphmses ttae AN metad kalmemet@ated.

hydr oxi dfﬁ’ primary, secondary and tertiary am nes, particularly preferably
ammoni a. "I't is further possible to add a solution conprising the salt of
metal Mto afhegueblgodiosplkatemneosoluitd openérpyr phosphor () amay. b8ui t abl e

salts are WatLFsr Q,Jhl%?lee 'rﬁﬁf gfét‘?' £ Pﬁ%ﬁé?béé{l %” e%-eg@?%l s

concentrati on O ution is genera

mol /1, pref ertdif yrak® - of, iur*ahart Rad tef %@W%ﬁmﬁq}me% B8 le §o

general ly 0. 5,1 ,prferaddpn - 40 npd)/i phet PERLARI abirBEe@kb
pyrophosghate ma% be carrie out he cold or_in't e h at o prepare

cat al yst olrrsﬂé%més%‘%ﬂﬁ%q]r%/r N?W%hg’f% e thenéral
formula (1) amt depeetiaddnt @ronsilgn fdecantl .portions of ort hophosphat es, it
is preferred to carry out the precipitation in the cold, particularly 25
preferably by cooling with ice. To prepare catal ysts which contain

or t hophosphatTés as:a‘ualtyuar sid t sfuttieepr epaptiatianlys preferably carri ed

out, iepaglhg Neabee dh Whigh case;fhe, LESDRALT e Lia0eneLablpr3lpnat)C

espec1elly with lanthanum as metal M.

The oligophosphates of the general formula (I) and the
further salts may each contain up to 5 molecules of
water per unit formula.

25
The catalyst i1s generally prepared from the nitrate,
nitrite, carbonate, formate, acetate, oxalate or some
other salt of an organic acid, but preferably from the
nitrate of metal M and ammonium phosphate as preferred

30 precursors. These components are intimately mixed with
each other;in the desired molar ratio as fine powders.
The chosen molar ratio of phosphorus:metal (= b) will
be present in the product (the oligophosphate or the
mixture of different oligophosphates) after the

35 reaction has taken place. After mixing, the precursors
are slowly heated, for example in an open crucible, at
temperatures from generally 140 to 200°C, preferably



" The pyroph~bsphate-containing precipitate is separated off, opti onalﬂﬁ Ste 2002
washed and dried and subsequently cal cined. The drying generally takes

. place at from60 to |180C, preferably at from 100 to 150C, and the 35
calcining generally at from 300 to 900C gpreferably at rZor@O%Q)C}/‘;tgch?BOOC

for generally 0.5 - 10 h, preferably 2 - 4 h. 05 ~~ 1~~~ -

0. Z. 0050/ 4886 letu es of i gophosphates af th ener al Ia and
one or nore f alttos ]néé/ cg‘e gBFalgﬁé’&r lé’negﬁ‘gmt e £l ﬁg ’?ﬁafthods

5 - by solid ﬁ@ﬂ@:aﬁﬁ]@ﬂtlﬂfbmf 8 ntbrase ohouekal Ko ammwumpse the

di hydr ogenph hat e and anmpni alt .of the_i,norg aci d frpam which
the further é’ﬁpet?’ﬁaorres dgﬂ?%dj,'sl glf%\}e%olﬁ}{egfﬁd{lgi % g’f‘ o 258

di hydr opyr opris)ftiat eprefemebaly M b ¥0fr,hefosallt-SB addysubgerpfenably

cal cinatign y or ati ng S c‘g{g)rl i hor i Ci

ol i gophos%horl C ac?égg optﬂcpona ﬁ tét!eﬁgr no?oggleg%g%%ds %ﬁggal gccl)'1Clir

metal M whi oH igapjioRnhat ro?ﬁxmem%’@?@%sfp@h%h? ngto?péélibﬂret He® igied m)l ar
ratio, and opifpnaliyo K& £h aalﬁﬂosgﬁoifh@ ﬁ@&glly&tatrr%t%rlaals may

be used in any deS|re form for exa e as ers, as  spall or_as nol ded
shapes. Exarr}ﬂseémd‘ft‘%ﬁﬁ%ed"‘%a%%§°f ot tﬁ%m%agﬁﬁ*y?@f‘cﬁﬁt' ellPaIpélrﬁr &%/ r udat es
or spheres. AdjdimgerpHesphetaddedrt cepimsilies tie ahbdedolsbapeshléorirexanpl e
Aer osi | BOtato 25 starch or cellulose ether (e.g., Walocel). The catal yst
naterlalé tﬁ? & be applied to a support, such as argillaceous earth,
silica gel, carbon, silicon carbide or silicon nitride. 30 The catalyst is

preferably usgd | prggg Lorsm sl | s0C-ABLdod Shapes. 2T, GaLglysio hed my

have m xed into i [ ona Vi anC| n nen

anount of up RXEPEC%IISY a/d?anﬁel}’%oanwle?sl’l aﬂoén@ﬁllﬁaﬁ)rt oxiers @flicon
nitrite and silicon carbide, 35 preferably silicon dioxide, particularly
preferably quartz. O ~r~~ e02 - 8 - 0.Z. Q050/48868 Useful amnonitriles
for the p goc@s ofPHeRE Mk end | AWeHt4ih aP& al‘?w}‘é‘“amw %99%5 havi ng

at least two, pr efgﬁfo?é@naﬁ‘d 0amd the2Qitalze® oh bhedchaivrlbemwean tHee anm no
group and the mtsdﬁ %rd?(ﬁ) In 5 general, these atons are carbon atons,

but it is also po Jt it to contaln one or nore, but
preferably ndt) noma‘dmrg Sthh)er o, x tnide ofjen, s tEwesphaousde oxypese ardyeor

sul fur atons in n j r e re o] he
am no group 10 nma gd rmnosubstl tu{bpﬁ \ébéar%tt?% g %Pﬁﬁéﬁ%{%ggﬁé%%agchgd al kyl
group hav¥Png up t ARG HURNE atemaLidror exanpl e by nethyl, ethyl, n-propyl,

i sopropyl, n-butyl, secbutyl or tert-butyl. The aminonitriles used in the

process of the present invention are preferably
Metaphosphates are further obtairable by precipitating

M as dihydropyrophosphate from a solution of a salt of
M with pyrophosphoric acid H4P20; and calcining the
25 resulting precipitate to form the metaphosphate.

The present invention further provides a process for
preparing a catalyst, which comprises the steps of:

30 a) preparing a solution comprising a salt of said
metal M;
b) precipitating said metal M from this solution as

dihydropyrophosphate and removing the precipitate
comprising the metal dihydropyrophosphate;
35 c¢) optionally washing and drying said precipitate;
d) calcining said precipitate.



15 aminonitriles having 3, 4, 5 or 6 carbon atons in the chain betmgén t—’neleﬁ2
am no and the nitrile group mﬁthout hetero atons, particularly preferably
.wWith primary am no groups, such as 4- aninobutyronitrile
S5-‘ami noval eronitrile, 6-amnocapronitrilge and 7- anlnoeaagtag5894gb% ile,
very part=cularly preferably 6-am nocapronitrile. The reductive cyclization
can be carried out over a noving catalyst bed or over a stationary catalyst

bed. 25 The F@&cugﬁ?Q%Pﬁi4ﬁ¥§%ﬂﬂ%f(erl%ﬁ oBENBIEPPHTSPRPFBREF cafal yst
bed (fixed be@)efemelfy xe4lr bosh meyt fa2ar exemplet gekertbeyf @up of a,single

dunped bed o IVId d | o] plurality of, . trays, The_fixed bed may

al so be dlsp8§§%qrﬁ% e % rﬁéuﬁ#%ﬁF%péﬁ%%}p*ngéﬁnexﬁ P&Si Aoy tube
bundl e react te. éHﬁEdmtararabhmﬂﬂbm%ﬁ&mpixsfm@nOhétsbme|afgmeEahIMy

Wi thint ran e from pr ab dy e ran r to 15.
AR e A P R
pr ef erabl y wPrkifle r 0 /

sl ow the Vap?)&'lﬁ%tr' N QL .bHBaRY NORt reélecmg n%henlefs dl EBE%E'&:lEQli’rCh' eve

hi gh conversions nper at ur es” above 55
0. Z 0050/ 488@$e§|e\Fé‘brl|Ysea%°Fh%r eérstedlfsorﬁf‘hlf*iw opowiﬁrl@du‘é?s a2

deconposi t i ogoph.@deet %onﬂﬁéﬁ%{:ttl@é\ ka1gensr ahéyalaMr itrd gut aa_[he@utﬁl’ essure
a ressu . e regg Ion may

5 f 0.01 t b f t at h
b o E0 ol gy SIS oA SRR CoRtlS: o SRiGRBIE

ni t rogen, |nswhmeh aasewﬁ&etheoumeﬂe gssltmy dfe peesgéntM,i npaefexebdy of up
to 100fol d bgge the amnonitrile. The reactor effluent, as well as the
| act am pr oduc generally conprises unconverted aminonitrile and water 15
and al so ammoni a or am nes and m nor anounts of byproducts such as

am nocar boxaghdes..Hie J3cammy, pe EEQOV 'é%‘élf r%’Qlté"'e sepgtion efkl uent

by customary separation processes Suc stillation, extraction or
crystaJIl%atQéﬁer2é1®ﬂ§ﬂ®%tosbaCe1vé(ﬁ@%@iquF9§?§épﬂy\Mt&nh thérrange

from50 to 2@0Q @&had Qiﬁr@béyp bPhBspheriandeitir am SXhde 20P00gy of
amnonitrile per I|terpq at a yst ge hour. Conversions based on

ani noni tri | ear BEREERR 754 afigé/from 70 to 99.9. The selectivity of
| actam formation is generally above 850, preferably above 90%, particularly

pref erably abqve no_nitr el e ti ve 950
are p055|ble98¥ %%Q§§£§§|V| fﬁggﬂugg g# ggﬁ%§v35%eveﬁ}a nggﬁﬁggtalyst
on-stread ti pes dfn sther gflolt00Ctholns thEheh&xanples pusmard obkbaliyskastrat e

the inventiognich consist essentially of oligophosphates of the

general formula (I) and do not contain significant
portions of orthophosphates, it is preferred to carry
out the precipitation in the cold, particularly

25 preferably by cooling with ice. To prepare catalysts
which contain orthophosphates as further salts, the
precipitation is preferably carried out in the heat, in
which case the temperature is generally 30 - 100°C,
preferably 60 - 90°C.

30
The pyrophosphate~containing precipitate is separated
off, optionally washed and dried and subsequently
calcined. The drying generally takes place at from 60
to 180°C, preferably at from 100 to 150°C, and the

35 calcining generally at from 300 to 900°C, preferably at
from 500 to 700°C, for generally 0.5 - 10 h, preferably
2 - 4 h.



D pe
05 ~~f z002 5 to 15 20 25 30 35 Catal yst Preparation Catal yst 1: -U§£V[P 1002
0. Z. 0050/ 48868 Finely triturated powlers of (NH4) HZPO4 and La (NO3) 3 6H20
axe intimtely mxed with each other as precursors in a nolar ratio of 3:1
in a porcelain crucible. To deconpose_t he _precursors, i }
mai nt ai ned at 150C for 24 h and then at9180C for 12 hcéﬁgtgt §§ﬁﬁ¥%§|y
slowy heated to 600C. After four days, the material is cooled dow to
obtain a solid nelt of LaP309, which is readily comm nutabl e and

processi bl e ypkeuseal brf roqmggg%ots@h%-t%smnf Ncpar heakeadi Z&rifeatal ysf 2
Solutions are prepared of O. nBI of ha (hD%) 3 HZQ in, 500 m of _water
and of 1.5 n®MdoPPByPEPRBERhEPEEDEL §ailiS5B8YnPeor Rk gred ¢ 2 f
solution is aRdefloUlopyvhgemébhdde: second solution with stirring. Thereafter
3 nol of5an aqueous concentrated NH3 solution diluted with water in the
ratio of “1:1 are then added dropwi se while cooling with ice, and a
precipitate +s fobyedolThi stateci péaclt ton sofeparratthod f ofwastted WMt h col d

NH3 sol ution and gﬂﬁgngr.?giﬁyd}gggngﬂbﬁéga?e They B, € initlonki s %Qf@ined I's
comm nuted and processed into-spall Tront0.1 to 0.5 mmin particle size.
Thereafter the ma®&rthe iBozEeBAPo3Eddt §TERe WRACAPASSHHEIELRRL 38D EFor 9.5
h and then at 550fef@rq@rive&atal yst 3:, A solution is prepared of 736 m

of water and a pyrophosphoric, acid in pyrophosphoric acid i.s concenfrated
NH3 sol d% onT 0. %YrmFogFeEép%R%}O@ Q%IZOdil (SRS R CFt&’f&"’Fé‘?ngSmo|0 f 800
m of water. The metasteditogpld 10 fuirtheand shbbst heam@t al sweddquent

calcination;
- by evaporating solutions comprising phosphoric
acid or oligophosphoric acids, optionally other
15 inorganic acids and also the metal M, which
originates from the corresponding oxide in the
desired molar ratio, and optionally subsequent

calcination.

20 The catalyst materials may be used in any desired form,
for example as powders, as spall or as molded shapes.
Examples of molded shapes for the catalyst materials
are extrudates or spheres. A binder may be added to
produce the molded shapes, for example Aerosil, potato

25 starch or cellulose ether (e.qg., Walocel®) . The
catalyst materials may further be applied to a support,
such as argillaceous earth, silica gel, carbon, silicon

carbide or silicon nitride.

30 The catalyst is preferably used in the form of spall or
molded shapges. The catalyst bed may have mixed into it
additional, selectivity-enhancing components, in an
amount of up to 70% by volume. Examples are silicon
dioxide, silicon nitrite and silicon carbide,

35 preferably silicon dioxide, particularly preferably
quartz.
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resulting precipitate is stirred at 80C for 1.5 h. The precipitate is
.centrifuged off, slurried up twice with ammoni acal water of pH 10.0 and

again centrifuged off. 5 The materi al t_hgs_obtai ned isodrzi 5&5/4 for 12

h and thereafter processed into spall fromO0.1 to 0.5 nm’i'n particle size.
The material is then calcined at 700C for 4 h to give a m xture of neta-

and orthophosppefel Enicarditysiles (Borpathei REIes®| 6F: The drestitons of

EP-A 0 659 74ihgsecioh! awed 4 0i g apes eaaiﬁahakygqesomﬁﬂ%gaef RS
| ant hanum 15 ort hophosphate. To this _end, a Sol ution of , 1.0 nol of |
La( NO3) 36H20 F¥PB300Rr $de P Wat éF%Fhd 3a §81 utPon ®F°PS OlRol TR (R zHPO

in 1500 M ofpawhesn arther epamed. gibepseandd sRéuthDiriBe sl @ibyp added
dropwi se to the first g%ﬁrﬁgomterrperature Wi th %tirri
d.

20
preci pi t ate i FHor e &P (HE pEFHPOThE ?H‘Epe%toﬁggs%gdjﬂsstoed to

6.0 w th aquepass NbBe sdlort | bhe Afhtaeim stior rcogtéodn  Ibharn put eserehe but

precipitate i ?%\?&%&Fﬁ/\n th 29 1 of wat hoagr{]aa Suct iy ) CL{ | ter J]a(.sr}dogt‘_:’t}le’r eafter

dried at 120 The material 2 indd i s effi'cien
commi nut abl e RiFRISPhOCessedxyaend pal/orf romir abors 5ipmriangshiradeasite si ze.

The spal | 15 gitabkyeealsbned ArS0UndBX AoBitASROT WY bRA1KDS JiRRAp
spectr umsLBt he cal ci nati on Br oduct consi sts of gure | ant hanum
0

or t hophogfhat®Y 38 CPONPSHPSEptEXBEr PYert ThE22PRVecRiRr PRl RSkt s are
tested in an #llegl rgeatpy haedned dgubtib apor eaxtban 3t omsj Nfont &yxaalplIH

di aneter, packed artin t,the botto w,th 20 of _quartz spall, then
20 M of cat g?%/sfn(%i‘y&pal %tﬁyb’.lnrﬁﬂra?ﬁé’ ’heﬁsgﬁrW%f qr&%?ltriyi’palﬁe B

vaporizer zormutyfter teri-butyi~~2ThelZamifoZiOO5Ded8868=@ packitmge with
catal yst, the,rsacior bs inAccopgance: w L FRAD 659, 741 fhagied, e, 400C

inan air ream and t| 00l ed” down undér rogen to reactio
t enper at 4Pe. NN Okes shaperat éd i4n dowpf| 6w arsden A remaodaprtdsi tril e

is charged ascmd SheeRELR BHheWeinto agN80YReSH U4 0N abr 488 W iRelouk Of
catal yst per hour. The reaction takes place at 360C at atnospheric
hetero atoms, particularly preferably with primary
amino groups, such as 4-aminobutyronitrile, 5-amino-
valeronitrile, 6-aminocapronitrile and 7-aminoenantho-
20 nitrile, very particularly preferably 6-aminocapro-

nitrile.

The reductive cyclization can be carried out over a
moving catalyst bed or over a stationary catalyst bed.
25 The reaction 1is preferably carried out over a
stationary catalyst bed (fixed bed). The fixed bed may,
for example, take the form of a single dumped bed or be
subdivided into a plurality of trays. The fixed bed may
also be disposed in one or more reaction spaces, for
30 example in a tube bundle reactor. The molar ratio of
water to aminonitrile is generally within the range
from 1 to 50, preferably within the range from 1 to 15.
The reaction temperature is generally within the range
from 200° to 550°C, preferably within the range from
35 300° to 400°C. Temperatures below 200°C slow the
vaporization of the aminonitrile and make it difficult

to achieve high conversions. Temperatures above 550°C
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pressure with the addition of 10 1/h of nitrogen as carrier gas. e
conversion of 6-am nocapronitrile (ACN) and the selectivity for caprol actam
. (CPL) are deternmi ned by neans of gas chromat ography using an internal
standard and via the mass bal ance. Sanplees are 15 accuguy ageso pyggesever al
hours for exact quantitative nmeasurenment of selectivity and conversion. The
results are symmarized in Table 1. éozgable 1 Cat ygtCPL sel ecti vityACN
conver si onTi ARVBf fesSfir &rent 26523566, 258ENHOUCH oS, 29YIRTRIYS LAypando4 65
h92. 9999. 3%b8bcbrRP8s4¥ONn6HREEubEE. 0999. 6%94 hCB85. BW9. 79%0 h88. 5999. 39466
h The measurenents were carried out after the reaction had proceeded under
stable conditions for at |east two days. The analysis of catalyst C after
166 h reveal 8He2xddwtian vwas gendtaply e daamtileshuoudr tdtoplkosphaseure 0 5

~~~' L~~2 - %gofn 0. £ PP504 48868, The,. Exa eq_rse%@a Ct hag tNgtmospheri

ol i gophosphate-containing catalysfs 1 to 3 us cording to the |n$ention
gi ve hi gher poageuseens and caprol actam sel ectivities than a pure | anthanum
ort hophosphate (catalyst C. F< -14 W claim 0 5 ~~~ Q02 1. A process
for preparing caprol actam whi ch conpri ses: hydrolytically cyclizin

6ani nocapr ont B [FE2CH 1PRe TS %%a§éthe9h@U§ré§bn€%eoprésﬁ§F§I‘ﬁ%ogﬁhite
catal yst in whegbh the,cabal yxhmpleORegonh M & idlngrphositharescof cabe
formula (1) %g%PCB%b (I% where Mis Lah a.is from2.6 to. 3.5 9nd QOLS such
that el edtri NBGEFaPREymRY BRsBFEFENSr 18 AR E T The'®r Pot

ol i gophosphafesdobasbe borthkaafilhomithidbae or nore further salts of a

nmetal of group 3 or 4 of the periodic table, including the |Ianthanides,

wi th an inorganic acid.
The reactor effluent, as well as the lactam product,

generally comprises unconverted aminonitrile and water

15 and also ammonia or amines and minor amounts of by-
products such as aminocarboxamides. The lactam may be
recovered from the reaction effluent by customary
separation processes such as distillation, extraction
or crystallization.

20
Catalyst space velocity is typically within the range
from 50 to 2000 g, preferably within the range from 500
to 2000 g, of aminonitrile per 1liter of catalyst per
hour. Conversions based on aminonitrile are within the

25 range from 70 to 99.9%. The selectivity of lactam
formation is generally above 85%, preferably above 90%,
particularly preferably above 93%, based on amino
nitrile used. Selectivities above 95% are possible.
These selectivity values are achieved even after

30 catalyst on-stream times of several 100 hours.

The Examples which follow illustrate the invention.
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2. The process of claim1, wherein said further salts are selected fromthe
group consisting of orthophosphate, sulfate, carbonate, silicate, arsenite,
. arsenate, antinonite, antinonate and nitrate. 3. The process of claiml,
wherein said oligophosphate is trinmetaphgsphate. 4. T r laim1
wherein the nolar ratio of said furtherfgalts to saidhgl?gggﬁgéé % %s of
the formul a élg is wthin the range from1l to 5. 5. The process of claim1,
wher ei n sai dCptpiKet BEPPar3taPRhophosphate. 6. A process for preparing a
catal yst as described in claim1, which conprises the steps of: a)
preparing a solui;on onprising a salt of said netal M b) precipitating
said metal MREB ?ﬁig‘solution as di hydropyrophosphate and renovi ng the
precipitate conprising the netal dihydropyro-phosphate; c) optionally

P 0003 - FLNTY B2 pRaRRN bbT oo Bl kB R SR TERP 1 i m

|, which conpresésttihetsfigpsiakd &) tpr €pahi mfhemiag wreoir someninna
di hydrogen- phgsphat ¢,ang ¢ he: nidral e of sai doprlalaii i ndtie; gies  efomol ar
afing

ratio; b) he thi's m xture 1n stages to deconpose the precursors and
form the netdecenpgephddghaiiequr sPsol ithet Bistueqaciisomaintained at

N&-lAL-ﬁE;\Aksé\Fé(- ]A%B-rA- ]&MH]% A]-a‘hd]%-ﬁaéiﬂ-ﬁ?é @pedr of 345'89—51f12:r1 and lcal
q| wr mhc cal ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca) ca] ca] ca] cajca] ca]calca
U cal] cd{ cz%ea%ﬁafﬁalz‘y}’c’sal]od”al]ycaﬁj}%‘l-%ﬁlcta 6 359('*-%’29‘% -fO‘Jr Jjay;'

the material is cooled down to obtain a solid melt of

LaP30g, which is readily comminutable and processible

into spall from 0.1 to 0.5 mm in particle size.

15 Catalyst 2:

Solutions are prepared of 0.5 mol of La(NO3)3*6H;0 in
500 ml of water and of 1.5 mol of pyrophosphoric acid
in 500 ml of water. The first solution is added

20 dropwise to the second solution with stirring.
Thereafter 3 mol of an agqueous concentrated NH; solution
diluted with water in the ratio of 1:1 are then added
dropwise while cooling with ice, and a precipitate is
formed. This precipitate is separated off, washed with

25 cold NH3 solution and then dried at 150°C for 18 h. The
material thus obtained is comminuted and processed into
spall from 0.1 to 0.5 mm in particle size. Thereafter
the material is decomposed to the metaphosphate at
380°C for 9.5 h and then at 550°C for 2 h.

30
Catalyst 3
A solution is prepared of 0.8 mol of La(NO3)3*6H;0 in
736 ml of water and a solution of 0.92 mol of
35 pyrophosphoric acid in 800 ml of water. The

pyrophosphoric acid 1is adjusted to pH 10 with
concentrated NH; solution, and then the metal salt
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Catalyst C (Comparative Example):

The directions of EP-A 0 659 741 are followed to
prepare a catalyst consisting of pure lanthanum
15 orthophosphate. To this end, a solution of 1.0 mol of
La(NO3)3+*6H,0 in 3000 ml of water and a solution of
2.0 mol of (NH4),HPO; in 1500 ml of water are prepared.
The second solution is slowly added dropwise to the
first at room temperature with stirring, and a
20 precipitate 1is formed. Thereafter the ©pH of the
suspension is adjusted to 6.0 with aqueous NH; solution.
After stirring for 30 minutes, the precipitate 1is
washed with 24 1 of water on a suction filter and
thereafter dried at 120°C for 12 h. The material
25 obtained is efficiently comminutable and processed into
spall from 0.1 to 0.5 mm in particle size. The spall is
finally calcined at 500°C for 4 h. According to its XRD
spectrum, the calcination product consists of pure
lanthanum orthophosphate.
30

Cyclization experiment

The above-described catalysts are tested in an
electrically heated tubular reactor 30 mm in internal
35 diameter, packed (starting at the bottom) with 20 ml of
quartz spall, then 20 ml of catalyst as spall < 0.1 mm
and then 50 ml of quartz spall as vaporizer zone. After
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The reactor 1is operated in downflow mode. 6-Amino-
capronitrile is charged as 50% strength by weight
aqueous solution at 750 g per 1 of catalyst per hour.
The reaction takes place at 360°C at atmospheric
pressure with the addition of 10 1/h of nitrogen as
carrier gas. The conversion of 6-aminocapronitrile
(ACN) and the selectivity for caprolactam (CPL) are
determined by means of gas chromatography using an
internal standard and via the mass balance. Samples are
accumulated over several hours for exact quantitative
measurement of selectivity and conversion. The results

are summarized in Table 1.

Table 1
Catalyst CPL selectivity |ACN conversion (Time of
measurement
1 93.5% 99.2% 53 h
91.7% 99.2% 124 h
2 892 .4% 99.3% 165 h
92.9% 99.3% 555 h
3 98.4% 99.6% 276 h
97.0% 99.6% 494 h
C 85.8B% 99.7% 70 h
88.5% 99.3% 166 h

The measurements were carried out after the reaction
had proceeded under stable conditions for at least two
days. The analysis of catalyst C after 166 h revealed
that it was still pure lanthanum orthophosphate.
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of orthophosphate, sulfate, carbonate, silicate, arsenite, arsenate, antimonite, antimonate and

nitrate.
3. The process of claim 1, wherein said oligophosphate is trimetaphosphate.

4. The process of claim 1, wherein the molar ratio of said further salts to said

oligophosphates of the formula (I) is within the range from 1 to 5.
5. The process of claim 1, wherein said further salt is orthophosphate.

6. A process for preparing a catalyst as described in claim 1, which comprises the steps of:
a) preparing a solution comprising a salt of said metal M;
b) precipitating said metal M from this solution as dihydropyrophosphate and removing
the precipitate comprising the metal dihydropyro-phosphate;
¢) optionally washing and drying said precipitate;

d) calcining said precipitate.
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a) preparing a mixture of ammonium dihydrogen-phosphate and the nitrate of said metal
M in the desired molar ratio;
b) heating this mixture in stages to decompose the precursors and form the metal

oligophosphate in a solid state reaction.



