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5 Preparation of |actans Lactans are
versatile conmpounds. For i nstance, 10 N-nethyl butyrol actam
(N-met hyl pyrrolidone) is a wdely used sol vent and & HFD/48868M i s an
| mportant nonomner for the manufacture of polyam de fibers. _
Lactanms can bﬁAﬁﬁ%&E??nQéﬁsQ!ﬁé@hﬁtc cycli zagARDo 990464 ﬁﬁ?@??ké?d;!:es In
the gas phase talysts avl ng dehydrati ng properties, such as
al um num oxi de, silica gel or borophosphoric acid, are used. EP- A
0 659 741 describes the preparation of |actanms 20 fron1aninonitri|es and
water by hydrolytic cyclization in the gas phase usi ng netal
or t hophosphat e j j obi hanum
ort hophosghates, as catalysts. The catalysts may additional ly be
| npregnated with basic al kali 25 lkaI| a th met al conpounds,
preferably of cesium rubldgﬁﬁ?%ﬁ% ) a.gghﬂ?é However, the
selectivity of the prior art catal ysts still |eaves sonethlng to be
desired. The Tormatiton of 30 Dy-products nmakes 1t difficult to isolate the
| act ans and may | ead to poisoning of the catal ysts used.
Lactams are versatile compounds. For instance,
10 N-methylbutyrolactam (N-methylpyrrolidone) is a widely
used solvent and e-caprolactam is an important monomer
for the manufacture of polyamide fibers.
Lactams can be prepared by hydrolytic cyclization of
15 aminonitriles 1in the gas phase. Catalysts having
dehydrating properties, such as aluminum oxide, silica
gel or borophosphoric acid, are used.
EP-A 0 659 741 describes the preparation of lactams
20 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
additionally be impregnated with basic alkali or
25 alkaline earth metal compounds, preferably of cesium
rubidium and potassium.
However, the selectivity of the prior art catalysts
still leaves something to be desired. The formation of
30 Dby-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
catalyst for preparing lactams by hydrolytic
35 cyclization of aminonitriles that is highly selective

at high rates of conversion.



It i's an‘object of the present invention to provide a cat al yst for

pr epari ng | act ans by hydrol ytic 35 «cyclization of amnonitriles that
is highly selective at high rates of conversion.
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achi eved by a process for preparing lactans by hydrolytic cyclization
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phosphat e cat ri ses usi cata yst co
nor e olugopho’é@hatmemrm@ laC"gﬁé‘i*ﬁerethd?mQ%x'ql)c cyclization of

MPG)b  (1)amidéniWhelss Miins ’é‘hémtg@s %h&éé’uﬁn?’ @Hie 4p(ifesté?ﬁ:epebf0® c
tabl e, including the |anthanides, 2.5 I s such
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salts of a ne or 4 of the periodic table, including
the I ant hani d& neﬁ?ihp%ﬁg?ﬁ g%ic aci d. The catal yst used may

conpri se one nore 20 oligophosphates of the general formula
(ry. Said fornula (I') nust bey q@geﬂ§tooq1?s gross stoichionetric
fornula and not as the nolecul ar fornufa of actual exi sting conpounds.
A i gophosphates for the purposes of the present invention are

EhOSphgt a9 Whijkdrar @ fog naLlrweht?él hser i greshd rgmoaxm fﬂs omhi ’éhearpﬁ?ﬁtlic&dlab[rﬁ
y condensati o ophosphoric acid with elipination o ter e
condensat i on © €W1e'o??ﬁﬁb%b§ hBchfaaEbanlgeﬁxna Wt R 25 Fﬁfﬁfhgféhular

el i m nati on o&naebeisysetlstlcdtai ellédierical neutrality is ensured,

or a mixture of one or more oligophosphates of the

15 general formula (I) with one or more further salts of a
metal of group 3 or 4 of the periodic table, including
the lanthanides, with an inorganic acid.

The catalyst used may comprise one or more
20 oligophosphates of the general formula (I). Said
formula (I) must be understood as gross stoichiometric
formula and not as the molecular formula of actual
existing compounds. Oligophosphates for the purposes of
the present invention are phosphates which are formally
25 derived from acids which are obtainable by condensation
of orthophosphoric acid with elimination of water. The
condensation of orthophosphoric acid H3POg4 with
intermolecular elimination of water yields chainlike
oligophosphoric acids Hn+2PnO3n+1 (tri-, tetra-,
30 pentaphosphoric acid etc.; n = 3, 4, 5, etc.) or (for
large n) polymeric polyphosphoric acids. Triphosphoric
and higher acids may also undergo an intramolecular
condensation to form ring-shaped metaphosphoric acids
HnPpO3n (tri-, tetrametaphosphoric acid etc.; 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



ol i gophosphori c aci ds Hn+2Pn3n+1  (tri-, tetra-, 30

pent aphosphoric acid etc.; n =3, 4, 5, etc.) or (for | ar ge n)

pol ymeri c pol yphosphoric acids. Triphosphoric and hi gher acids may al so
undergo an intranol ecul ar condensatd eant o forn1ring35mammﬁb/48868
netaphosphoric aci ds HnPO3n (tri-, tetrametaphosphoric acid etc.; n =

3, 4, 35 etc d t
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acids (e.g., PedvEeraghosphsrhiogaisd Ppentaoxide P20s. For ;
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I hosph t hosphat es
bF Yhe gener at PRGRmAGdSy HetsyBPtHesR  the | forzesepaging e oEoh | he
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neutrality. |fedhesphesaherugyi gagggcghb?opgospgates is excl usivel y
pent aval ent phosphorus, b7 i's especi al - 5)/z, where z is the
nunber of charges on the M cations. Mis a netal of group 3 or 4
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i ncluding the an| e : r, a r,.Nd,
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particularly epc&heuabuy pleatawa letd, phasphorus[uhtmsnéspéqua&hye(zbly La.

The ol i gophosph us ccor di e pr e nt ontain
a%gec here +d 'tﬂgré?era BB&Q%E A ?@’ﬁ

one or nore S fed OF efal’s M™p hey "CO

singl e speci esagfiomstals M 25 The catalyst used may be a speC|f|c

ol i gophospdat e,
M is a metal of group 3 or 4 (= transition group III or
IV, respectively) of the periodic table, including the
lanthanides, i.e., Sc¢, Y, Ti, Z2r, Hf, La, Ce, Pr, Nd,
Sm, 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 very particularly preferred catalyst 1is trimeta-
phosphate, especially lanthanum trimetaphosphate
{LaP30¢) .

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



preferably trimet aphosphat e, or a mxture of a plurality of

di fferent oligophosphates of the general formula (1). 30 A very
particularly preferred catalyst is trineta- phosphat e, especially
| ant hanum tri met aphosphat e (LaP389y . 35 The®.Cat0A50st48868ed may
further be m xtures of one or nore of the aforenmentioned

ol i gophosphatgs of £dAinent i KEET MetOrdMUlE (t;):owgt hzongrorgmge fund her
salts of e aforeantloned

o . , - - . th
metal s of grBEpLRILF 4 tAPkere 1ncdedigg ¢ thgbl el,am"r%w@%g e
| ant hani des, indt§énic |Beidani ¢ TBQ dS.metale peEESEARt prH@sentthein
t he ol i gophosphat e nd in_the.further salts nmay be.,5 identical or
di fferent; tﬂg§gﬁggoﬁpé?€?3bl9n9deﬁpicﬁ.e _Eh¥ﬁ ?Errgaltfurgﬁ%? Cl%%Its
are theb5 oridephbsphabes differsultf;attesey carbopaederadillyl ciadersticalseni t es,
ar senat es, l.anni t [ S ni te FHH |
preferably tﬁgegg%h%ghogﬁﬁg¥§%;opgg ggneta S n%%?io%g:.iéyéggﬁaﬁﬁ§'
ol i gophosphaseifates he cgabonaltesor il bi¢atesmyapeenitegse R BRVREDT, ni xed

with the furfheimsaitss, | NageNfbabtes ahBe Akl tefs,furgderi sadsi o
ol i gophosphates i s

up to 50:1, preferably up to 10:1, particularly
preferably uBrﬁgeféng1Fh9e?§tB%P??§B¢%P?§ %ge ﬁ?é%?9a$?o%$6?&9&e@o 5:1,
and espag ally from1:1 to 5:1. The catalyst is further particularly
preferably I, Xt ure f tri hosphat nd or pha te, 20
especially \?VITFﬁ P?&@ﬁgﬁ&&?ﬁstﬁst ﬁ%ﬁg gegefﬁg o%rérbud‘r?osg)ﬂgt g‘??’g]t}’ he
general fornmsed(&)lonadorhmixed with the further salts. In general,
the ratio of further salts to oligophosphates is up to
50:1, preferably up to 10:1, particularly preferably up
15 to 5:1, very particularly preferably from 0.1:1 to 5:1,
and especially from 1:1 to 5:1.

The catalyst 1is further particularly preferably a
mixture of trimetaphosphate and orthophosphate,
20 especially 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 is 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



further salts may each contain up to 5 nol ecul es of wat er per unit
formula. 25 The catalyst is generally prepared fromthe nitrate,
nitrite, carbonate, formate, acetate, oxal ate or sone ot her salt of an
organic acid, but preferably fromthe - 5 ritrate of netat. N IMEBEDNI um
phosphate as preferred 30 precursors. These conponents are intimtely m xed
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chosen nol ar ratio osphor us: netal be present I n the
product (the @meé@gﬁ@épmat gogy tthe to 3rﬁxthfr‘brsrof tqli fdeeeppose the

ol i gophosphat g@3bcudkb®s. T™he 33 rRAGlWIN KR éﬁammlwlﬁt@é pEEing,

t he precursors are s) ow heahg fQr. exa i é é%l pen c UC|€£ at

t enper at ur es @pgnlgeﬁ%F%ﬁ?ﬂﬁ ZééPeFr]é:qg i preferably’

- 5 - 5 2-6 Z 9p9/ 48868 compIé’@én 1%Bet 0 d&@{r@rsié‘n L dntgenethé Ihy

from2 to 48 hqurs refa‘bl m urs Iy eco . L he

precursors. TR ggo?hioglpp 5y gﬂ (ﬁé‘}ﬁqﬁeﬁg _11191e g%g?g?%%

preferably 40@*1@5©P$r90]p®408fp¢¥at1338 hdaning @ GFFI'BJSIH'WJCU$ metFl vayse = 3o

conplete theg, I n n h T d nmakes
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it possible to obtain i gdphosp orus: net a
ratio = 3 Téémtﬁp@p@haﬁm afe®p, q&ar@d@e i hSt s olbﬁasalla@ for #
Tri met aphpgphaiuge frRrmgxanple, is thus obtainable in 10 pure form
The present invention further provides a process for preparing a
catal yst, which conprises the steps of : 15 a) preparing a mxture
of ammoni um Téiehysir Ogemt: 1nventionph&$zpﬂil@éle prdviikiesni & r preocafsssafdrnet al
Min the i red rat t i mxtyre in
stages to decg sg?iﬁ E cg% §y8tprg§afgofgggrég§% %H QﬁéFaP¥ :
ol i gophosphate in a

15 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

20 solid state reaction.

Metaphosphates are further obtainable by precipitating

M as dihydropyrophosphate from a solution of a salt of

M with pyrophosphoric acid H4P207; 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 ¢ optionally washing and drying said precipitate;

d) calcining said precipitate.



20 " solid state reaction. Met aphosphat es are further obtainable

by precipitating M as di hydropyrophosphate froma solution of a salt of
M w t h pyrophosphoric acid HAP207 and cal cining the 25 resulting
precipitate to formthe netaphosphater 6 - The presenk.DAGOAEBBAST urt her
provi des a process for preparing a catalyst, which conprises the steps
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nmetal M b) ‘precipitating said netal fromtﬁ
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metal M 5 and a cer erred
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tertiary anmgeste RSty CahnfbhYa. 10 eker ebl-ynafMyysaidite | 8of Wdden
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10 al kal i neS"]slbtrJthil oﬁomBFle’}goﬁ spidih °f aBehal HuitunPR 29UEOYSi s are
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, nitrates.

The concentration of the metal salt solution is

15 generally from 0.1 - 1.5 mol/l, preferably 0.8 - 1.1,
and that of the pyrophosphoric acid is generally 0.1 -
5, preferably 2 - 4, mol/l.

The precipitating of M as pyrophosphate may be carried
20 out in the cold or in the heat. To prepare catalysts
which 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 1in 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,



and thaf of the pyrophosphoric acid is generally 0.1 - 5, preferably 2

-4, nmol /1. The precipitating of Mas pyrophosphate may be carried 20
out in the cold or in the heat. To prepare catal ysts whi ch consi st
essentially of oligophosphates of -the- gener al d.@.ads0(4986esnd do
not contain significant portions of orthophosphates, it is preferred to
carry out the precipitation in the colﬁ partica%arLy 25t

referably by,.cooling th ice. To prepare_ catalysts ich con aln
grthophos%ha &t ageﬁupyh@ll%ﬁ@snh@etes ofrele ppeaerah ifoERdRer &b

carried out andtbreheat mors furtWdirCBadase niake et MpAANEE Hyp &%\%@I ly 30

- 100[err]C ferabl 90[err]C. 30 The .
pyrophosphate %on? %Vhag ﬁggﬁg?ate i s separated off, optionally
washed arid dri ed and subsequent |y cal cined. The drying generally takes

pl ace at from 60 bsesgqlg]&gteaw% Ged ‘g%&lé agL5 at, fﬁ%melog t%ejt Q[q\{ir] C, and

the 35 cal cining nerally at ron1 err pre erabl
from 500 to 700[ eRFpenipyr ddbyerapeppbosphate (ndorait epamonium sLaLt4 h.

-7 - C>af095@/488§§an1c acilfl ¥tremewhelholingorhasihat e afs t he
general fornula (I% ne or nore further salts may be obtalned by
one of the foV Bﬁﬁﬂﬁrﬁﬁ? bds: 5 - by solid state reaction of a

nitrate & netal B copre01paﬂﬁﬁﬂbﬁﬁldEhy@hﬁga&bb@&ﬁbﬁb% RdtedN ETONi UM
sal t of &aninonganlc cid fr g]mhlch he fur alts
were derived; 10 c@ reC| PESPEEN ﬁlh F%%ﬁﬁ?ﬁﬁﬁpés of
nmnetal M and ¢@l¢h@atlsalts and subsequent cal ci nati on;
- 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 shapes. 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.



- by evaporating solutions conprising phosphoric acid or

ol i gophosphoric acids, optionally other 15 I norganic acids and
also the nmetal M which originates fromthe correspondi ng
oxide in the desired nol ar ratBor- and opti ond.lzy. (OHOYAPBHY

cal ci nation. 20 The catalyst materials nmay be used in any desired form
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8 - Useful am nonitriles for the process of
t he present Put oﬁ%ﬁf”lléﬁ Jes%]f‘?tpllﬂiq%y aRPAGALPRF | dehadMhBOatI Bt
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position. The am no group y be rmnosu st strai ght chain or
br anched process the present invention are preferably

15 aminonitriles having 3, 4, 5 or 6 carbon atoms in the
chain between the amino and the nitrile group without
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



al kyl gioup having up to 20 carbon atons, for exanple by nethyl, ethyl,

n- propyl, isopropyl, n-butyl, sec- butyl or tert-butyl. The
amnonitriles used in the process of the present invention are
preferably 15 aminonitriles having 3- 4, -5 or 6 carbdh Z2:0s0 /48868
chain between the amno and the nitrile group w thout het er o at ons,
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4-am nobutyronitrile, 5 valeronitrile, 6-afmnocapronitrile and
7- am noenant Hgcomposaitipn prodietg. particularly preferably 6-ani nocapro-
nitrile. The reductive cyclization can be carried out over a
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400[err]{p Terrenidr @as hlyowe IRt Gn HArPWxddEs of w@PEsi z@ab+on of

the amnonitrile and make it difficult | to achi eve hi gh conversions.
Tenper at ur es f&l}g\/ga!?@@[ ey ]t%?e aminonitrile. -9 -
O Z. 0050/ 48868 give rise to increased formation of by-products and

decommost Loyl uelor  geeyyllt, ' HPLLER SPPREI G Thediaut, ot 2
pressure. 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.



The reaction may be carried out in the presence of an I nert gas, for
exanpl e argon or nitrogen, in which case 10 the inert gas may be present

in an excess of up to 100- fold based on the aminonitrile. The
reactor effluent, as well as the |actamipreduct, genetr abby/e88p8i ses
unconverted aninonitrile and water 15 and al so amoni a or am nes and m nor
anmounts of bys. 4 Qﬁias am nocar boxam des. The | actam may be
recovered from tahg react I"on aé#f uent by customary separation processes
such as distillation, extraction or crystallization. 20 Cat al yst
space vel oci tgatsi¢gspixcal |y within the range fromb50 to 2000 g,
preferably within the range from 500 to 2000 g, of amnonitrile per
liter of catalyst per hour. Conversions based on amnonitrile are

within the 2Findingecritwrated pctv@dezQ@ St (NH'nQ{ZPwl enti Lat(Wo3ps: 6H.8ct am

formation is generall ve 85% era boye_90% Lt ularly
preferably aﬁ%ﬁ% %é%%a%ﬁﬁ; Qﬁ?%i é&? ea%lt? %ru%%dp%éeP ??V|#§es above
95% ar e posshidkar rafTheseofel 8cfli viiny \aal uesreebaichi evedibyen aflcer 30
catal yst on-s§ iéméhé’f P?SESE@EréootBQU%&xture idNRa EXRAPhES YR Cfl‘o

foIIOM/lllustrate the inven
Catal yst Prepe?®iG onfor 24chtappdt then =t Fl ﬁtrf‘t’ﬁraﬂ-@dhpom&s of

( NH4) H2P64 a%ﬂ@édﬂ@)@[ﬁéléﬁ@@ heat?ke tdt boBPELY Afivead Mbth eaeR,ot her

as precursors in a
P the material is cooled down to obtain a solid melt of

LaP30y, which 1is 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*6H0 in
500 ml of water and of 1.5 mol of pyrophosphoric acid
in 500 ml of water. The first solution 1is added

20 dropwise to the second solution with stirring.
Thereafter 3 mol of an aqueous 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)3-6HO0 in
736 ml of water and a solution of 0.92 mol of
35 pyrophosphoric acid in 800 ml of water. The
pyrophosphoric acid is adjusted to pH 10 with
concentrated NH; solution, and then the metal salt



nolar ratio of 3:1in a porcelain crucible. To deconpose the

precursors, the mxture is nmaintai ned at 150[err]C for 24 h and then at
180[err]C for 12 h and 10 subsequently slowy heated to 600[err]C. After
four days, the material is cool ed ddwr to obtain @.£al0iO® O/el8s 68f
LaP3®9, which is readily comm nutable and processible into spal I from
0.11t0 0.5 Panti g Jédé@taayé 2 TheSO! A d O

pr epar ed ofngbgat ?ﬁ %a(ﬁ%é&gd%HZOc? w se of wgter and of 1 5 nol

of pyr ophospn@eczepata‘ae isi n'Soirnad of ahat @P CThequi rst-3ol Bti onf1% added
20 dropw seprg@ipithee i@cQﬁ%tﬁﬁﬁdﬁédﬂbfﬂMt§Uur§iédFUpgtw1ce'ﬂmﬁmafter 3
nol of an aqueous, confentrated H3 @ ({ﬁHﬁﬁ1 ter.in the
ratio of 1:1°HPeNiAcAla¥aEgr © S ﬁﬂ?I39868H9%3 e%ﬁ é%

gr eci p: ;&i e 'I[‘Iie matkehiadd.thiis SOkpu:aemmtasedmesle@ar at koi° of fprwdghed vv| th

5 co NH3 s n_an 50 8.h¢

mat eri al thugn é Sa%tg g’%% nutsgg c]:JO %rgesse I:&[h 6 1 h@ﬁ r?nFom 0.1

to 0.5 mmii niparpalcttlechEe zs1zZEher Bhet ematerlahe ireat éhﬁal ¢§1§é1@©¢fpcﬁ5fed to
the net aphospb@bg afor 438Q{ erfd C §pfe 9- 2 hmilggu'i:@eno‘%t Mdﬂ rlgndor 2 h.
30 Cat al yst_ 3: A solution’is prepared of 0.8

La( NOB) 3[ er r Peterhasphatess ni  of water and a solutlon of 0.92 nol
of 35 pmjophosphorlc aC|d in 800 m of wat er . The

pyrophosphor i ¢ [ us ed 0 10 with concentrated NH3
sol ution, b Fﬁg ghg 2%? f:i"ve bRamBle) : - 11 -
sol ution |s sl oWy added dropmﬁse. The resul ting precipitate is stirred

at 80[err]C gL 143 8ctIBRs 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)2HPOs 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 is formed. Thereafter the pH of the
suspension is adjusted to 6.0 with aqueous NH; solution.
After stirring for 30 minutes, the precipitate is
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 1in 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



pr eci pi tate is centrifuged off, slurried up twice with ammoni acal water
of pH 10.0 and again centrifuged off. 5 The material thus obtained is dried

at 110[err]C for 12 h and thereafter processed into spall fromO0.1 to
0.5 mm in particle size. The mater+ d2 i-s then cal cion&d 0&50/488%80[ err] C
for 4 h to give a mxture of neta- and ort hophosphate. 10 Cat al yst

C ((Corpar at Tvg, Exagml Q)ien catal§scdire6Li R A, FPsd 01050 ke

followed to pr epar e cata consi st n(?mq: pure | anthanum 15
én

or t hophosphat ¥itiro Efrifs Qen%?59 a7%JoI heabadoftor, 40 "an BAENGDE]R r] 6H20
in 3000 M of aM@t etheiNdcaosehutddh Oinder ZnPrF®de®f toNHEhEHR@L AL SFH00 i

of water are re ar ed. The second solution is slowy added dropw se to
t he first erAbRRe- tenperature with stirring, and a 20
precipitatee is for med. Thereafter the pH of the suspensi on is

adjusted to 6 usN (o] I ng. f
m nutes, the 'Bg%m g‘tg% i S l-%&%ﬁ%g gph ‘iﬂwﬁifw Sr{‘&ﬁé ongsa zgtﬁc i on
filter and caphene‘aribe dis edcharged| eas | [A0F orstiengt Thdymtwaight 25

obtained is e t n d oGge d I omO0.1
to 0.5 mMmin ggrﬁ)g e%éﬁgg%?h;éttgg}ﬁa?‘ pEEOY .S‘?g AELPY(S:and%QZtHOS%%[err] C

for 4 h. Acco Bengreactisnxrbakes spdaceumpgtt h§6@al i Bt i TR

consi sts 1f ppressure! aitthandReorddwiptiasphate. 180L/n o@ychizabg@ﬁ as
experi nment The above- &Escrlbed cat al ysﬁf €hare t ested
er

el ectrical |y AREFE8Tt uB8Par T8&ct GPMIGEFHO 9 f}m’é‘éocaé?ra%te’?ll%acked
(starting at t(AENpotdra) thet hs@Deativity faparctprspakltamt hé@PRD rdreof

catalyst as SBQ{LrﬁiQe& r%@ meéﬁgj %Qenggg néh?émqué£%pﬁ9al&sfﬁgv%ﬂpriZer

zone. After
internal standard and via the mass balance. Samples are

15 accumulated over several hours for exact quantitative
measurement of selectivity and conversion. The results

are summarized in Table 1.

Table 1
20
Catalyst CPL selectivity [ACN conversion |Time of
measurement
1 93.5% 99.2% 53 h
91.7% | 99.2% 124 h
2 92.4% 99.3% 165 h
92.9% 99.3% 555 h
3 98.4% 99.6% 276 h
97.0% 99.6% 494 h
C 85.8% 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
25 that it was still pure lanthanum orthophosphate.



packi ng with catal yst, the reactor is in accordance with EP-A 0 659 741

heated to 400[err]C in an air stream and then cool ed down under
nitrogen to the reaction tenperature. 5 The reactor s operated
in downflow node. 6-Am no- caproenidrtle is charded a0 B4R 6RNgt h
by wei ght aqueous solution at 750 g per 1 of catal yst per hour. The
reaction takegnhpl aggamb1880[&idy Crafatat Eﬂéph@li&oﬁl@osz@ﬁ@ﬁé“é@n%iﬂlﬁ&e
addition of 10 1/h of nitrogen as carrier The conversion of

6- ami nocapr oni"t”‘I"—l""Ilé’stS 1 AN 3ah’&%ea%%9%]trign F? fté"le AP HQMnILEPL) are

determ ned by higaes @ongaT sdneSMaineDcpPno st adelect ivieidwl tisdmngdar d
and via the mass b

I Sanp| S d | h
For oxact  quaRbieatrpbtenur LR cRBeRERpnar<SIREEIIRE) TG conver oi on. The

results are summari zed in Table 1. Table 1 20 Cat al yst

CPL selectivity ACN conversion Tine of

measur enent 1 93. 5% 99. 2% 53 h

91. 7% 99. 2% 124 h 2 92. 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. 8% 99. 7% 70 h

88. 5% 99. 3% 166 h The neasurenents were carried out
after the reaction had proceeded under stable conditions for at |east
t wo days. The analysis of catalyst C after 166 h revealed 25 that it

was still pure | ant hanum ort hophosphate.



- 13 - The Exanpl es show that the ol i gophosphate-containing catalysts 1 to
3 used according to the invention give higher conversions and caprol actam
selectivities than a pure | ant hanum ort hophosphate (catalyst C).

-1 - O Z. 0050/ 48868 BASF Akt+ engesel | schafz.0050/48868
NAE19970864 | B/ SF/ XS/ gc 5 W claim 1. A process for
preparing | agha® aky enedeahbhact CW@AEF@@”I@@GQ“I@}’@E‘%?{;&' es in
t he gas phase | he presence of a netal phosphate catalys whi ch
10 conprlses using a catal yst conpr|3|ng one or nore

ol i gophosphates of the general fornula (1) M PCa) b
(n) 15 where Mis a netal of group 3or 40 HW“E

table, including the lanthanides, ais > 2.5 and “m “@ ““ nd bis
such that ®l eWer cdalimneutrality is ensur s br a

m xture of one or nore oligophosphates of the general formula (1)
with one or nore further salts of a netal of group 3 or 4 of the

periodic tabld. A procesgsl ufpig pPhephahngianidetamai thyanhydoeyubie acid.
cyclization of aminonitriles in the gas phase in

the presence of a metal phosphate catalyst, which
10 comprises using a catalyst comprising one or more
oligophosphates of the general formula (I)

M(POa)p (I)

15 where M is a megal of group 3 or 4 of the periodic
table, including the lanthanides, a is > 2.5 and
< 4.0, and b is such that electrical neutrality is
ensured,

20 or a mixture of one or more oligophosphates of the
general formula (I) with one or more further salts
of a metal of group 3 or 4 of the periodic table,
including the lanthanides, with an inorganic acid.

25 2. A process as claimed in claim 1, wherein said
further salts are selected from the group
consisting of orthophosphate, sulfate, carbonate,
silicate, arsenite, arsenate, antimonite,
antimonate and nitrate.

30

3. A process as claimed in claim 1 or 2, wherein said
oligophosphate is trimetaphosphate.

4. A process as claimed in claim 1 or 2, wherein M is
35 La or Ce.



25 2. Aprocess as clained inclaim 1, wherein said further

salts are sel u ﬂu m ﬂmlmma group consi sting of
orthophosphatel“‘ n te, silicate, arsenite,

arsenate, antt néni te," : antifobate and nitrabeZ.8050/48868 A
process as clainmed in cl a| m1l or 2, wherein said ol i gophosphate is

trimet aphosphat e. & procéss éspEQSQﬁédainC%ﬁbﬁﬁg].nof'?'nhﬁe?élg tHaerein M

is 35 La or rocess as clainmed in
claim1 or 2, where@¥ax heratio OfrmI%ﬁ‘lCﬂ at ﬁér*éh%al cﬁaf]d?rsc hekCsalsed% o said

ol i gophosphat es ofot fsienssialtdor BH atHld igeneral foMrdlan timg range from

l1tob5 5 6. A process as C|aJPEd in cI m1l or 2, wherein said
further salt is orfh spMarkange from 1 'ocess as claimed in claim1l
to 2, whesbein said 10 amnonitriles are 4-am nobutyronitrile,

5- an%novq&eg£g%é£élgg 1§1£ga“9838igﬂhti'£§ an%he}eln sald

am noenanthonitrile. %‘ for preparing’a catalyst
described in 15 furth%mrﬁaltviﬁ(ﬂrthﬂnh¢$§haﬁ¢masteps of : a)
preparing a solution conprising a salt of said nmetal M

b) precipitating said netal Mfromthis sol utlon 20 as .
di hydr opyr ophbsphat eProeeRs a3 efib3ingd iphelaim 1 to 2, wherein said

10 aminonitriles are 4-aminobutyronitrile, 5-
aminovaleronitrile, 6~-aminocapronitrile and 7-

aminoenanthonitrile.

8. A process for preparing a catalyst as described in
15 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

20 as dihydropyrophosphate and removing the

precipitate comprising the metal dihydropyro-
phosphate;

c) optionally washing and drying said precipitate;

d) calcining said precipitate.

25
9. A process for preparing a catalyst as described in
claim 1, which comprises the steps of
a) preparing a mixture of ammonium dihydrogen-
phosphate and the nitrate of said metal M in
30 the desired molar ratio:;

b) heating this mixture in stages to decompose the
precursors and form the metal oligophosphate in

a solid state reaction.

35 10. A method of wusing metal oligophosphates or
mixtures of metal oligophosphates and metal salts
of metals of groups 3 and 4 of the periodic table,



pr eci pi tate conprising the netal dihydropyro- phosphat e;

c) optionally washin “El d precipitate; d) cal cining
sai d precipitate. mm W‘a ess for preparing a catal yst as
described in #whith conm@ises the step8.bf0050/48868 a)

preparing a mxture of ammnl um di hydr ogen- phosphate and the
nitrate of said metpaly Midy 3Phe lanthahBBedeSid£dagPlALA" Al %laim 1 D)
heating this mxture | n stages to deconpose the precursors and
formthe netal ol |ijp%osﬁﬁaf:ét?|3r3’3ts for the ]%%@F‘aliﬁ%a?ecﬁ’ééé??GPn 35
10. A method of usgMGmBic it i1gePhes phadtesnsar m xt ures of netal
ol i gophosphates and netal salts of nmetals of groups 3 and 4 of the
periodic table, i ncludi ng the | anthani des, as defined in

claiml 5 11. orA 2meahodatasystlninmd t Ha hytlabhytl€ ood | pabdaeing
of amnonitriles tg Iaotaaé?;m 5 11. A nethod as clainmed in claim?10 for
pr oduci ng pro am



