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rel.ates to a [:?rc{cess or preparing lactans 5 by cyclizing hydrolysis of
amno nitriles with water in the gas phase on netal oxide catalysts.
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[err]-caprolactamis an inportant nononer for pol yam de fibers.
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nitrile is C%Br#\}ecr/keg ?’F\tolthe 'actam by 45 cyclizing hydrolysis. D sclosed

as catalyst for the CXC| | Zi n% )
WO 96/22974 describes a process for preparing lactams by

cyclizing hydrolysis of amino nitriles, using alumina catalysts
25 with a specific surface area of > 10 m?/g and a pore volume (of
pores with a diameter of more than 500 &) > 10 ml1l/100 g.

US 4 628 085 discloses a process for preparing lactams in the gas
phase, where an aliphatic or aromatic amino nitrile and water are

30 brought into contact with a diatomaceous earth-based catalyst
with BET surface areas of more than 250 m?/g and pore diameters of
less than 20 nm in the presence of hydrogen and ammonia.

The use of metal phosphates, especially aluminum, zircon [sic],
35 niobium and lanthanum phosphates, as catalysts for preparing
lactams in the gas phase from amino nitriles and water is
described in EP-A 659 741. These catalysts can also be
impregnated with basic alkali metal or alkaline earth metal
compositions, with cesium, rubidium and potassium being
40 preferred.

EP-A 748 797 discloses a process for preparing lactams from
dinitriles, where the dinitrile is hydrogenated to the amino
nitrile, and the amino nitrile is converted into the lactam by
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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proposal. | tal 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

MQ, (ROp ) 04 (I)



Gat al ysts pt rr ccording to the invention are conpounds of t he
formila I: 2@23’4%43 MQa( ROb) cOd (1)
3 i n which M is Zr, Ti, H, Sc, Y, La, Ce, V, Nb or Ta, in
particul ar Zr, Ti or Hf, and very especially Zr, 5 R is
P, C Si, N As or Sbh, Q is @ netal fromgroup 6, 7, 8, 9 or 10,
a I s a nudbewhiclom O to 10, 10 b Is a nunber fromO0.5 to 5,

c is a nunber uf roas0zO0Irit,0n8, 16¢, andral5ce, v dxb basTaheinpaticicdtar
necessary to achi evgenepi r@! ifey Qhd very especi&ld %%, The catal ysts
conprise up to five nol ecul es of water "per formula unit. If a > 0.001, R
can also bhe S. 20 |, Catalysts which are_particularly preferably used are
conpounds 2of R he 2fof mffra S+ Hr v§ OF Sbr R is Por, if a> 0.001,
can also be S, 25 Q is M, a is 0 to 0.1 and very
particularly preferdbly fettal r68, group 6, 7, 8ard a3010, C Is 0.001 to
0.1 and very particularly preferably 0.01 to 0.1, and
particularly prgfer&gdaqgﬁﬁgﬁn§§oﬁr@.&pq§g in which Ris P 35 and Qis M.
The catalyst materials can be enployed in any suitable form such as, for

exanpl e, "as powder, ,as chips or. el se as shaped articles.
b is a number from 0.5 to 5,

c is a number froh 0.001 to 0.15, and

15 d has the magnitude necessary to achieve neutrality of
charge.

The catalysts comprise up to five molecules of water per formula
unit. If a > 0.001, R can also be S.

20
Catalysts which are particularly preferably used are compounds of
the formula I in which

R is P or, if a > 0.001, can also be S,

25
Q is Mn,
a is 0 to 0.1 and very particularly preferably 0 to 0.03,
and
30

c is 0.001 to 0.1 and very particularly preferably 0.01 to
0.1’

and particularly preferred compounds are those in which R is P
35 and Q is Mn.

The catalyst materials can be employed in any suitable form such
as, for example, as powder, as chips or else as shaped articles.
Examples of shaped articles which are used are extrudates or

40 beads. For the shaping, a binder can be added, such as, for
example, Aerosil, potato starch or celluloses, for example
Walocel supplied by Wolff-Walsrode AG, these binders not being
present in stated formula I. It is likewise possible for the
catalyst materials to be applied to a carrier such as, for

45 example, alumina, silica gel, carbon, silicon carbide or silicon
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b tione
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repeated. The required components can be brought into contact all
at once or in separate steps with the suspension of the metal
30 oxide. In place of the solutions of the abovementioned salts, it
is also possible to employ solutions of different salts of these
metals in sulfuric acid, phosphoric acid or nitric acid, which is
diluted with water where appropriate, as long as the anion of
these salts forms a volatile acid with the mineral acid. Suitable
35 salts are thus also the halides and the acetates as long as these
are employed in one of the abovementioned acids or in aqueous
solutions of these acids.

The components can moreover be converted into a homogeneous

40 solution from which a crude catalyst composition is obtained, for
example by evaporation or by addition of a precipitant, and is
then converted into the active form of the catalyst by drying and
calcination.

45 A further possible procedure is to spray a molding of the metal
oxide, such as pellets, beads, hemispheres or extrudates, with
aqueous solutions of suitable salts or the free acids. This
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cyclic phosfrht@edhy arotigrs.impregnationpgpep wideBr aqyenus sohveien &if
preferably doeslthaif maketyl afe groupsrpltet éDy fordexatpie chomawgasesdi ti ons so
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The calcination is normally carried at from 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 HPQO42-
30 or HyPO4~ into P04~ 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 Chenmie,
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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bed. The gas J
a%ronltrfie Tge ratlo of wateglto 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.qg.
40 in a tube bundle reactor.

The reaction temperature will usually be in the range from 200 to
5500C, 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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0 to 100 nol / nol . The di scharge fromthe reactor usually contains not
only the |%het disabaypgeodirom bhe xrgantornnevzllst comicadnsingt [oaliyntheat er,
and 15 amorisctamn asi produed, buf &80 luneBobéd , antiypr adtei e ANShwasenTidana

ggr b?é?megﬁsamm-giﬁd éftﬁﬁﬂrfeaj[anﬁe iﬁ@nﬂl@dfhb@ﬁ@ ' B de@c’E@rHﬁghl as J&ﬁ]ﬂiow per
Typical Iy, from%ém?&%mgaf 180eaf AERE' BhoBiven ENBEO 570 Alones
M trile are FARF RED Tive T3aEEBTOIR DY G5FT a&f%ﬁw BREESSEIRLPT The ani no
nitrile conv¥sitgadizaeiqten in the range from 70 to 99.9% The
selectivity for lactamformation is, as a rule, above 85% based on am no
nitrile epployEdtaldel eedonvisoi €6 amxm eyepréberailly moebethad 0@t gl ysfs are
al so > 90% afyhnd RiPA{id qﬁeaasedanto 9&@ réhesst fdeduness ki AYaR heached
after the caldlySindasn yéflerg gaei th@Hnnge&é](}'éB%e from TP
ol I'ow ng exarrpgge%% The se 1v1t @ orei\nartl:(z).\én is, as a rule,
above 85% based on amino nitrile employed. Selectivities achieved
25 with preferred catalysts are also > 90% and, in particular, >
93%. These figures are even reached after the catalyst has been
in use for several hundred hours.

U

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 2Zr(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



30 process %Fla()% gsq3ovever, restricting the scope of the invention.
rep

Exanpl es aration of the catalysts 35 The starting materi al

used for preparing the catal ysts was a comerci ally avail abl e, noi st

zi rconi um hydroxide in the form of % coarse powder. The foll ow ng
(as disclosed in US 2 357 484):

catal ysts were E;epared: 40 Cat al yst
167 g of drCedazysto®:4 are conpacted with 5% Wal ocel (Wl ff-\Val srode AG
and 67 nl o65H80cf nimekdngadel) f are4tmpregrated witheln 0Shgpell P02 (85%)

extrudat es wapders@ i @FSHE®, athebBaber . isThrrippedtsfidinea a6eaten predri ed

at 50 to 11 Rrﬁf)&i'&‘téﬁrln vacho ar!ﬂ)dc%hﬁ' PESL AT 3t pFOBE &Y rilsCchi@kiddy et and
t hen crushse 5 g/ 100

8 Cat al ystsgc quS g of dried Zr(C]—|)4 are inpregnated with 1.05 g of
H3PO4 (85% and 250 m of H20, the water is stripped off in a rotary
evapor at or iCatedye®,C:and the resulting product is calcined at 5 550[err]C
for 16 h. 55Cgtafydtied zr (6B)gark dmprshnate@Hydtiarie. 49mgr ofnidred WBE%H) 3. 49
g of H3PO4 (x8@%50 mnGe2800 el weRer idhesvrabpedi sestind ppedeafy in a rotary

10 evapor %Rra&é M Gn gagu+ hear{dafi“:'ﬁbt f@%aﬂ:rﬁx%u E:oaéc@ fccﬁgglﬂéd at

700[err]C tQr g of rled are
| mpr egnat edc}\ﬂl0 rsllsghOf H3PO4 (85% 15 and 400 m of H20. The water is
stripped off in arotary evaporator in vacuo, and the resulting product

is dried at Ce88flpst |3 for 16 h. Inpregnation is carried out with a

sol ution of 58. § gf dried Wi(0BR) XréH2fipreg2hidnivich HAL ot b€ BgHOAr (85%)
stripped 0f fananafo m1 g ﬁ . OMRPURREE! id Nstiapped &l iGAlaCirBRAEPN IS carried
ou 38 20 T AUGHEL O Hlche, ang epot bl Bprpefe: DAL Boccch

g g? g/ éfOOH% ? /Qﬂx%regnatlon 1s carried ou Wl Soal lIOrrIpr ggg'afe O\%’It

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
20 700°C for 16 h.

Zr: 66 g/100 g

P: 0.21 g/100 g

Mn: 0.68 g/100 g

25 Catalyst E:
50 g of dried Zr(OH), are impregnated with 1.31 g of H3PO, (85%)
and 400 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. Impregnation is carried out with a solution of 1 g of
30 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.
Zr: 67.5 g/100 g
P: 0.9 g/100 g
35 Mn: 0.7 g/100 g

Catalyst F:
162 g of dried Zr(OH); are impregnated with 2.62 g of H3POs (85%)
and 400 ml of Hy0. The water is stripped off in a rotary

40 evaporator in vacuo, and the resulting product is dried at 180°C
for 16 h. Impregnation is carried out with a solution of 2 g of
Mn(NO3)2*4H,0 in 400 ml of H;0, and the water is stripped off in a
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/1l00 g



and 400 m g@pslg7dgshRe water is stripped off in a rotary evaporator in
vacuo, and the resultl ng product is dried at 180[err]C for 16 h.
| mpregnation is carried out with a solution of 1 g of 30 Mi(NGB)2*4H20 in

250 m of H20, the water is stripped off in a rotary evaporator in
vacuo, and calcination is carried out at 700[err]C for 16 h. Zr: 67.5
g/ 100 g B: .98 /1486 § 35 Mn: 0.7 g/ 100 g Cat al yst F: 162 g of

dried Zr(OHMA: a0 e42 gdl@8nated with 2.62 g of H3IPO4 (85% and 400 m of
H20. The water is stripped off in a rotary 40 evaporator in vacuo, and the
resul ting peadueysd G:dried at 180[err]C for 16 h. Inpregnation is

carried o h |_ut 0inc4 0,
and the vvlaﬁ SW%) of;l dsr%e'ﬁ zgg?lﬁ)) %rg %{\pre(ﬁn %W&%}b ?H;t%o Bf &&l{?as& alﬁ%
oty oot 40RCL, 98 RBS TR Hatr e Aisel GHF i TRt BES SRR TAROR, i
water in a R’Pré&@leraff%lth%r%’é?ﬂrﬁwgaﬁ@@%‘be‘cﬁ drded at ph&OSSufRr of6 5 bar to
ext rudat es Vmpréagnatimme idr caririzid b16[ eith @ fsplusidn hofarkd 1t geaf cal ci ned at
700[6‘”] C f o (465 )y*4H,0 Zin 2606. 1 06 H)0Y the water is stripped off in a

9 P 0.468 r%:lp Qvapcﬁdatop #2 {30 @na cﬁ%:.%lai‘E&n Gs %&ngdotﬁugrated

Zr(OH) 4 ar e -l dW|th4990f (NH4) 2SO4 and 400 m of H20. The
water is strlgg |n arotary evaporator |n vacuo, and the resulting
product is &FiFeld aQ 1]9€§]0F’err]Cfor 16 h. | npregnation is carried out with

a solution &t 8:43 /00 g Mh(NOB)2*4H20 in 250 M of H20, the water is

stripped of Mni:n3agAlDO @ ary evaporator in vacuo, and calcination is carried
out at 15/00[ err] C for 16 h. Zr: 65 g/100 g S: 0.63 g/100 ¢ Wh: 3
g/ 100 g 15 Catgﬂ,g{ﬁ g of dried Zr(OH)4 are inpregnated W|th 1.6

Svaporatof 5900 dne%s?ré'&%ﬁ a'?zeolﬁ"%rpe?f'gn“@%%&‘%?hsf GBS Bmagbol ATy,

16 h. 20 |n13r589ﬁét?%ﬁ*295 the r"Yaé&ro&F WE%PP&%SFEt’r’br? 61°tir§ oYapo at°r in
Vh( NCB) 2* AH¥achf, 288 Hheotrespbtincheraduet iss drdefppedl&C Earalé hootary
evapor at @0 inmpraguaticandscebrrisat iomt witlhea rsoddtdoh @af 1 g of

Mn(NO3);*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 quartz 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. g-Amino-
capronitrile was fed in a 50% strength aqueous 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 eg-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



700[err]C f 5 These catal ysts were tested in an electrically

heat ed tubulqgaor";l@/&rseaé%tor with an internal dianmeter of 30 mm which
[lacuna] with 20 M of catalyst as < 1 mmchips, in sone cases with the
addition of 20 m of quartz chips. The _reactor was operated with

downward flow, and 50 m of quartz chi 1}9 or quartz rings were 30 introduced

as vapori zatTahiezdmne above the catalyst. [err]-Am no- capronitrile was
fed in a 504 e e OSSOl L on—at -£50—gid—of—cat-atyst—and houy .
The reaction t8dk p| afatatystso[ler rPePing wi th t he Gddi ti on| AFN1eeNVegFSion

ni trogen per hour carrier ggs under 4t mesldwgrivdtpr epsure. The

conver si On?‘nT [errlfamngcapronitrire 35 (ACN agg.gne Selectivggyg 1 or
capr ol act am| Fe—det-er-F-RHed———by—gag—ehroratography—w f

standard and fréomthe mags Hal an¢®4 The |det er ﬂ%%ti ons|were ggrr i ed oLt
after the rdaciron hat remnilned &P4bie flor at? st i b5
h with A afé¢er P54 hDwith B, aPoeMmO0 | with98,4after |65 h ¥ th D,
after 40 95]|h wbth E, aftBer 764 h ®P4t-, adfter 98.H with|G andd%afF er

122 h witfpH. Shnplps werfe col llect By at| | easP41® h fo aP@Ysis. [The
results arefconpiled in @ble 1. sdpmn 97.4 72.3

10 Tabl e |1: g No. H Cqt al g8§+Mn Dopi vg.4 CPLg7.4 ACN
conver si on serectivity—5 T

A 89. 6 98. 8 2 B

P04 It ig) egident that higlher Felectivities for cgprolactam forpayion
94. 4 15 are ach9e¥ed by thé impregnateld catalysts B@émMihe novel prOesk.
96. 5 5 E PO4+Mh 98. 4 99.5 10
6 F PO4+Mh 94. 3 98.0 7

G S04+Mh 97. 4 72.3 8 H
S04+N\n 97. 4 87.4 It is evident that higher

selectivities for caprolactamformation 15 are achi eved by the inpregnated
cat al yst s26rom t he novel process.
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11 - W claim 1. A process for preparing |lactans by cyclizing

hydrol ysis of 5 amno nitriles with water in the gas phase on netal

oxi de catal ysts, wherein the catldiysts conprise: at | east one
oxi de or m xed oxide of the netals of groups 3, 4, 5, 13 and 14 of

t he Peri odi geTedd®: 10 where appropriate, one or nore oxides or m xed
oxi des of nmetals of groups 6, 7, 8, 9 and/or 10,

1. A process for preparing lactams by cyclizing hydrolysis of
5 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,
4, 5, 13 and 14 of the Periodic Table,

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

at least one phosphate, carbonate, silicate, arsenite,

15 arsenate, antimonite, antimonate and/or nitrate of the metals
mentioned 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.

20 2. A process as claimed in claim 1, wherein the metal oxide
catalysts used are compounds of the formula I:

H3a (30} c08 R )

M is 2r, Ti, Bf, Sc, ¥, La, Ce, V, Nb or Ta,

25 in which

R is P, C, 8i, As, Sb and/or N,

30

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

a is a number from 0 to 10,
35 b is a number from 0.5 to 5,

c is a number from 0.001 to 0.15, and

d has the magnitude necessary to achieve neutrality of
40 charge,

where R can also be § if a > 0.001.

3. A process as claimed in claim 2, wherein M is 2r, Ti or Hf,
45 in particular Zr, R is P, Q is Mn, a is 0 to 0.1, b is 3.5 to
4, and ¢ is 0.001 to 0.1.



anti moni 0. SHRUANEAS andl or i t7ate of the metal i!‘m |ﬁgmgiﬁi|§ﬁﬁif and or
i)

when oxi des or mi xed oxides of netals of gro 10 are
present, a sulfate of the abovenenti oned netal s. A process as
clainmed in claimi1, wherein the metal &%Ride catal ysts used are
conpounds of4.t he poppess ds claimed in claim 1, wherein the Mig(aROoxd@d 25

in which ddtalyst disedlicomptisdi dopedl 8xidés of mike@lodidies of R

is P, C Si, me%laléng:é Oércmvps q, 4 5, l@ anh?o:.a ﬂEto%l tf’xé OpRSAY R l§ab]?e, 1
9 or 10, whlch age a_nuil r’r’% rom 0t IS a nunber from
0.5 to 5, 2 TuTDar fr%mo 001t0015 and d has

t he magni tde necessary to achieve neutrality of 40 char ge,

where R can al sd)be contpching (B g@tal oxide ox prérexideefcpamekal iaf claim 2,
wherein Mis Zr, Ti cuoupb, 345, 5,i A3pact iVUMdthZa, sk table, cQbendie, a is 0

to 0.1, bis 3.5 t 0 silicate# pistphates rhlite) Ordenate, antimonite,
12 "4 A process as3hahged, i £32b T quifIBRE! Br [t WekRbsPiidihg acid

cat al yst ijged conprises doped OXI es or m oxl des of
groups 3,74, 5, 13 and/or 14 of the Periodi c Tabl e, whi ch are

obt ai nabl e by 5il) Wwherg) apprRRIiatRgaiteROnYingy dEORATHIAMORL R At oXifgy
of gr oupygirozide, %bOQPtQA nitnatg, sphesphateg apboerite

silicate, phosphate,arsesene} egnteimeoenaé e, artriimomabet @; sulfate of a aribalooét e,
nitrate or sulfate qrdupe 6pr7.esondopgi@ci d,

15
iii)drying, producing a shaped article where appropriate with
the addition of auxiliaries and/or carrier materials, and
iv) calcining at 500 to 900°C, preferably at about 700°C.
20

5. A process as claimed in claim 4, wherein the metal oxide orx
hydroxide of a metal of groups 3, 4, 5, 13 and/or 14 is
contacted in aqueous solution or suspension with ammonium
carbonate, phosphate, nitrate or sulfate, phosphoric acid,

25 nitric acid or sulfuric acid.

6. A process as claimed in any of the preceding claims, wherein
the amino nitriles used are compounds of the formula II

30 R1HN-X-CN

in which X is a linear or branched alkylene unit which has 2
to 20 atoms and has, where appropriate, 1, 2 or 3 boron,
nitrogen, phosphorus, oxygen and/or sulfur atoms, and R! is H

35 or a straight-chain or branched alkyl group having up to 20
carbon atoms.

7. A process as claimed in any of the preceding claims, wherein
the ratio of water to amino nitrile is in the range from 1 to
40 50 mol/mol.

8. A process as claimed in any of the preceding claims, wherein
the temperature is in the range from 200 to 550°C, preferably
300 to 400°cC.
45



10 o %Ppropriate after drying, cpntacting wi t'h an oxi de,
o e, SRRVt "ghospnate, Senl i I NI o
9 or 10, 15 iii)drying, producing a shaped articlte Wwhese appropriate

W th the addition of auxili&dies and/or carrier materials, and
iv) calcinirg ata pbcéss H|[cdaihéyd jr engr abl yhatpreveding 08 aims], Cwh@fein 5.
A process as cl ahgedeadridraii® ¢arbed @ut LhGeFBirssa¥kgei®rthe range from
hydroxi de of a neial +gf 1@PRs 3, 4, 5, 13 and/or 14 is contacted in
aqueous sol ution or suspension wth ammoni um car bonat e, phosphate,
nitrate or_sul fate, phosphoric acid, 25 nitric acid or_sulfuric acid.

6. A procedd-ad BrIFeRd 35 AATeR 1henyr eEcHPh PTECEAARY Gifmsihwherelin e
amino nitriles Jsom &P ete ARPubdsPrAfanadlyomexg £han 580 g, of amino

Rlerr] HN- X-CN  nitrilei awevMfiedhpiri 3iteed iofeaatalysdtr andhbdunl intlcebeuni t

whi ch has 2 reack8r20 atons and has, where appropriate, 1, 2 or 3 boron,
ni trogen, phosphorus, oxygen and/or sul fur atons, and R err] is H 35 or
a straighiéchain or branched al kyl group having up to 20 car bon
at ons. 7 A process as clained in any of the preceding clains, wherein
the ratio of water to amno nitrile is in the range from1 to 40 50
nmol / ol . 8. A process as clained in any of the preceding clains,
wherein the tenperature is in the range from 200 to 550[err]C,
preferably 300 to 400[err]C. 45
13 9. process as clainmed in any of the preceding clainms, wherein
the reaction is carried out under pressures in the range from 0.01
to 10 bar. 5 10. A process as clainmed in any of the preceding clains,
wherein fromb50 to 2000 g, preferably nore than 500 g, of am no
nitrile are fed per liter of catalyst and hour into the

20
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(54) Title: METHOD FOR PRODUCING LACTAMS

{54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VON LACTAMEN
{57) Abstract

The invention relates to a method for producing lactams by means of cyclizing hydrolysis of aminonitriles with water in the gas~phase
on catalysts which contain oxides or mixed oxides of metals of groups 3, 4, 5, 13 and/or 14 of the periodic table, and optionally one additional
metal oxide of groups 6, 7, 8, 9 and/or 10. In addition, the catalysts comprise a phosphate, carbonate, silicate, arsenite, arsenate, antimonite,

antimonate and/or nitrate of the aforementioned metals and/or a sulfate of the aforementioned metals when metal oxides of groups 6, 7, 8,
9 or 10 are present.

(57) Zusammenfassung

Die Erfindung betrifft ein Verfahren zur Herstellung von Lactamen durch cyclisierende Hydrolyse von Aminonitrilen mit Wasser
in der Gasphase an Katalysatoren, die Oxide oder Mischoxide der Metalle der Gruppen 3, 4, S, 13 und/oder 14 des Periodensystems,
gegebenenfalls zusézlich ein Metalloxid der Gruppen 6, 7, 8, 9 und/oder 10 enthalten und die ferner ein Phosphat, Carbonat, Silikat,
Arsenit, Arsenat, Antimonit, Antimonat und/oder Nitrat der erwihnten Metalle und/oder bei Anwesenheit von Metalloxiden der Gruppen
6, 7, 8, 9 bzw. 10 ein Sulfat der vorgenannten Metalle umfassen.




