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7 process for preparing |act ent I nvention relates to a process

for preparing | actans SbQMM ' hydrolysis of amno nitriles with

water in the gas phase on

I cat al ¥sis t ans are corrpounds
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i mportant nonomer for polyamde fibers.. Caprolactamis prepared
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than 20 Mmin the presence of hydrogen and anmmoni a, The use of netal
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conposi t, ogg e th eihugg mrpaot ggﬂgg]#)eel ng 40 preferred. EP-A
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748 797 8 orlgfpshosp roce aCldor pr’eparl ng 'l act ans

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 A) > 10 m1/7100 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 silica-based catalyst with BET

surface areas of more than 250 m?2/g and pore diameters of less

" than 20 nm in the presence of hydrogen and ammonia.

The use of metal phosphates, especially aluminum, zirconium,
35 niobium and lanthanum phosphates, as catalysts for preparing
lactams in the gas phase from amino nitriles and water 1is
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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dinitril esPO\?ﬁéﬁéf'ﬁr’re dinitrile is hydrogenated to the amino nitrile, and
#the amno nitrile is converted into the [ actam by 45 cyclizing hydrol ysis.
Di scl osed as catalyst for the cyclizing hydrolysis are nol ecul ar sieves
such as acidic zeolites, silicates ad non-zeolite nolecul ar sieves, netal
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and/ or € present I nve erefore rel ates tolysprocess for 25

‘epari ng |l actams by cyclizing hydrolysis of amino nitriles with water in
e gas ph¥sehaye nfiauad SRpEetRis #PYSES, Isvunahéeied Ny LeRCALPIt She AfPimicse: at

| east one oxtdeles withedavar dm oikitlhe ofttdles metays cupIrdups39, 4, 5, 13

and/ or 14 ghdrbe Rerdodhe FebiRiic TAB1OradWat a®iths € Swichesffr Dsd des of
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silicate, phosphate, arsenite r ntjimon and/ or
i trate and O HST D UGS 0 9 o0 o e o el ATE SPPGIBLBL Y Y, B, 9
or 10 metal oxide of groups 6, 7, 8, 9 and/or 10.

The present invention therefore relates to a process for

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

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

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

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

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

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

MQa (ROp ) cOqd (1)
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are presenP058/48bftdte of the abovementioned metals. 40 The numbering of
the groups of thée Periodic Table in this specification is in accordance
with the 1985 | UPAC proposal. Catalysts preferred according to the
invention are conpounds of the formulda I: 45 MJ@(ROb)cOd (1) 0050/ 48543 3
in which MihSyion Ti, Hf, Sc, Y, La, Ce, V, No or Ta, in particular Zr, Ti

or Hf, and very espec II Z i Si t al
fromgroup 6, 7, 8%921531 rIyd i SB i Ea Cce v 6 :[A\(% 10 %tlhopgr:tgcgl%nber

from0.5 to 5, c i4Fa %n‘ﬁepffrﬁﬂgo e(fdletSBeﬁlal]ng Y 4@ 15 d has the magnitude

necessary to achieve neutrality of charge. The catalysts conprise up to
five nol &cul esRof water GerSifoNauds owusby. If a > 0.001, R can also be S
20 Catal ysts which are particularly preferably used are conpounds of the

formula | in vvglchlg Lsndtr £rbh &&ou 6003, g€am dsaohe S, 25 Qis M, a
is O0to 0.1 and very particularly preferably 0to 0.03, and 30 c is 0.001

to 0.1 and very partlcul ar | refe 001to 0.1, and particularly
preferred conpBunds®afe” Wﬁ%egfﬁmv\%%t R’is P 35 and Qis M. The catal yst

mat eri all® can be enployed in any suitable formsuch as, for exanple, as
powder, as chi ps onsebsemurdersifapedo & tiockhes. Exanpl es of shaped articles
whi ch are used are extrudates or 40 beads. For the shaping, a binder can be

added, such as¢ fo&s a number from 0.001 to 0.15, and

15 d has the magnitude neceséary 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 0.0l 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



exanpl e, ADO5H/44854ck ato starch or cellul oses, for exanple Walocel
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formula I. It is |ikew se possible for the catalyst materials to be
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Wi th th USRSQ§£OnaéHd oreng§£ aé%doéhg th f} % gl@ SO|Ut|0nS of the
abovenenti oné It 1S a 0ossi bl e oy so |ons of different

salts of these metals in sul fur| c acid, phosphorl c aci d or nitric acid,
whi ch is diThet eantietingattakeaheiaceapSPeperamrLe a8yl oMging & Keluhioh <f

t hese sal t $heoraguirad|pdisbbabei dcambohatée silicresk, aeitbatSui rabeeitss salts
are thus alasg@ehhee hadrtdemnand, t ret iaoabae esr as1lfang, asr tdeshe

25 corresponding free acid, to an aqueous suspension of the metal
oxide or hydroxide of groups 3, 4, 5, 13 or 14 of the Periodic
Table, and then removing the water. This procedure can be
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 agueous
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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a salt of a metal of groups 6 to 10, for example a manganese
25 salt.

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 HPO42-
30 or H,PO4~ into P07%- and other cyclic phosphates and of HCOs3- into

CO32-. However, this conversion preferably does not take place

. completely under the chosen conditions so that, for example on
use of P, there is still PO43- remaining in the resulting
catalyst.

35

The Zr contents of the individual catalysts, determined by X-ray
fluorescence analysis (R. Bock: Methoden der analytischen Chemie,
Bd. 2, Nachweis- und Bestimmungsmethoden Teil 1, Verlag Chemie,
Weinheim 1980), are between 60 and 71 g, preferably between 65

40 and 70 g, per 100 g of catalyst. The P, S and Mn contents are
determined by ICP (Inductively Coupled Plasma) atomic emission
spectroscopy (A. Montasa, D. W. Golightly: Inductively Coupled
Plasmas in Analytical Atomic Spectrometry, 2nd edition, Verlag
Chemie, Weinheim). Typical values are P: 0.2 to 1 g/100 g; S: 0.1

45 to 1 g/100 g and Mn: 0.1 bis 5 g/100 g of catalyst.
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suitable alkyl groups are methyl, ethyl, propyl, isopropyl,
n-butyl, sec-butyl, n-pentyl, n-hexyl and 2-ethylhexyl. Amino
nitriles with linear alkylene units X with 3, 4, 5 or 6 carbon
25 atoms and primary amino groups are preferably used, i.e.
4-aminobutyronitrile, 5-aminovaleronitrile, g-aminocapronitrile
and 7-aminoenanthonitrile, particularly preferably &-amino-
capronitrile. The ratio of water to amino nitrile can be in the
range from 1 to 50 mol/mol, preferably from 1 to 15 mol/mol.
30
The reaction can be carried out either in an agitated or in a
" stationary catalyst bed. The gas-phase reaction is preferably
carried out on a fixed bed. The fixed bed can be arranged, for
example, as a single bed or else divided over several trays. In
35 the latter case, it is possible to influence the composition and
the physical properties of the reaction mixture between the trays
in a beneficial manner, for example by adding reactants or inert
gases or using, for example, heat exchangers. The fixed bed may
additionally be arranged in one or more reaction chambers, e.g.
40 in a tube bundle reactor.

The reaction temperature will usually be in the range from 200 to
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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dition ofcarBekbmig@es., Ther lexsapl@nabgonselated rtogeafrdinenmal aannati o of
ert gas 1 dQuh0pdfi &0, Nidel bkEmSAN HYe diWhET BataRRY, 0Pkt Pd& ido othe range from

0O to 100 r(r:tl)cl kg Jh scharge fromthe reactor usually contains not only

. The.
the |actamds proﬁuc%lqbljt al so unreacted amno nitrile and water, and 15
anmonia or am ne and, in small anobunts, byproducts such as am no
car boxan?UeyritRely ackzan SAntBe?tUbI%t BYSEHeARIY BRFP Nt hedllel s Rhown per
se, for examplne bytdibt/il lodt cohalest radt howr ;rre dedsinte iths ireactor.
The amino nitrile conversions are then in the range from 70 to.
99.9%. The selectivity for lactam formation is, as a rule, above
85% based on amino nitrile employed. Selectivities achieved with
25 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.

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 Zr(OH)4 are compacted with 5% Walocel
(Wolff-Walsrode AG) and 67 ml of HyO 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



20 :Typi.cal bps507285430 to 2000 g, preferably nore than 500 g, of am no
-nitrile/1 of catdlyst and hour are fed into the reactor. The amno nitrile
conversions are then in the range from70 to. 99.9% The selectivity for

| actam formation is, as a rule, aboveg 85% based on amino nitrile enployed.
Sel ectivitkggag)‘%}i eved with 25 preferred catalysts are also > 90%and, in
particular,__> 5. .These figures are even reacr‘gd ﬁfter he cat a%%/st has
been in use® ¥o7Pt SREFaFT Ot 84S hBTREEINRAE B Howi g 8x3hpTEL4af 8 Tht ended
to illustrargé THe WHowd| H3Q prhecE3seni ¥hGH 1PReRr 10y 8sFPFREY ng t he scope
of the inventparatorExanpheso/ .andr ¢para¢switio phedwett dlsystdciéd Hie
startingsmgtest adlorusednfor preparing the catalysts was a comercially

avai |l abl e, noi st zirconium hydroxide in the formof a coarse powder. The
fol | ow ng. cggflystcs. were prepared: 40 Catalyst A (as disclosed in US 2
357.484): T67°%Yf ri ed Zré;‘]—i)4 are conpacted. with 5% Wal ocel

(Vo £ f-Wal SPodePAET 1870 2570 « GFeHERPTSP R tRAHYEY FdF 450 Periid (82 hkn
shaped to 2naAn?eXtkluddt 80 urtder VALP¥ ebs Fita@ igpedsofarin ®hEotaxt rudates are

t hen pradr eedpatatofy tim 460 f and3 thehreasudl tdalgc pneducts st cE00hédratl6 h, and
then crushedopoc &4or 4@. R. g/ 100 g 0050/ 48543 8 Catalyst B: 55 g of dried
Zr(OH) 4 are inpregnated with 1.05 g of H3P04 (85% and 250 m of H20, the
water is si‘crggged f in arotary evaporator in vacuo, and the resulting
product is -@aPftYfed ‘at 5 550C for 16 h. Catalyst C. 55 g.of dried Zr(OH) 4
are inpregrit 8dehidmies 45 (gH by %Pmimtedaﬂ}d/t@Sb% gogfl-féﬁ,o‘*t h&S%hter is
st ri pped-Sokhdi 40& mlbotodr ¥2Q0 Theaperar ofs istniapad, othdnt BerPEaE¥ t i ng product

‘pcal ci nedvapor ¥OAC ifnovadbo h.ardattabysési ting grodud iisd dZie@HY IaoeC
regnat egow i 8 H. IhpteghatBhD4 s( 8a% ied D>udnei4R0a "doleft iR00f Thel wplogr s
stripped Ogg gaﬂaz*ﬁﬁg@riyn 2VARYT 8F O, 0, N ¥aGHAeARd Lbe: R3MblENg, Pf oduct s
dried at 1roéary 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 2r(OH), are impregnated with 1.31 g of H3PO4 (85%)
and 400 ml of H,O0. 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),*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 2r(OH), are impregnated with 2.62 g of H3POs; (85%)
and 400 ml of H,0. 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);*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/100 g



for 16 .h. PABOZYBSH30n is carried out with a solution of 5.1 g of

*Mh(NO03) 2¥4H20 in 250 m of H20, the water is stripped off in a rotary
evaporator in vacuo, and calcination is carried out at 20 7000C for 16 h.
Zr: 66 g/100 g P 0.21 g/100 g WM: .68 g/100 g 25 Catalyst E: 50 g of
dried Zr (OH)4,a¢ /mroe nated with 1.31 g of H3P04 (85% and 400 m of
H2O. The ter sz st r1| ged off in arotary evaporator in vacuo, and the
resul ti ngV\gPOd%c |gs/(9 éd at 180C for 16 h. | mpregnation is carried out
with a solution of 1 g of 30 Mn(NO3)2*4H20 in 250 m of H20, the water is
stri pped offtahyst G:otary evaporator in vacuo, and calcination is carried
out at B06C §osf Ifriked Ze(0H), arg/ 16k eynaedOwrig/4L00 ggof 36NEM);, SO, 7argd 100 ¢

Catal yst Fy08681 gopfazdr | g Z\fa(tgf') 4s & igpauegpat f rbRazy %@ﬁaw@P@A
(85% and QQQO, aég gﬁ% %e il Eoﬁ&cétrg %Qggdoéé léboé EQ&

evapor at or _I n_vacuo, ?Y}E)ro ug LS dr 950' g for 16 h.
| npr egnat i 5ﬂpF§grbaatrJﬂnedsoﬁ?rWet O& 58 Dot t20Y %‘% IQ?h@l\ﬁ 2*4H20 in 400
m of H2O, MahlO1he 4Hel e i290s Pt phdtOof £h¢ rvagery é)Faﬁf“eRP&SoP lfo%nl?l vacuo.
The prod@ctrobbtaiewsporatbhi sn wearuos asdnpelctiedtiwt his®%awgliodedutaratr 46 nl  of
wat er in a7kpeadeyr fier h45 30 mi n and shaped under a pressure of 35 bar to
extrudat es \M’II 43 g,alroeg) ried at 1100C for 3.5 h and then cal cined at 7000C

for 16 h. g %/0 0 g 0050/48543 9 P: 0.68 g/100 g M 0.42 g/100 g
Cat al yst G 5? olf ied Zr(OH) 4 are inpregnated with 4.9 g of (NH4)2SO4

and 400 OTF?e water is stripped off in a rotary evaporator in
vacuo, alr'id the resultl ng product is dried at 180C for 16 h. |Inpregnation
a5, carriedCeuadlysti:a solution of 5.1 g of M(N03)2*4H20 in 250 m of H20,
e water 59 §tof pe@doklk (ON) Aare impregnated with 1.6 g of (NH4);SO4 and
250 ml of H,0. The water is stripped off in a rotary evaporator in
vacuo, and the resulting product is dried at 180°C for 16 h.
20 Impregnation is carried out with a solution of 1 g of

Mn(NO3),*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 was packed 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. &-Amino-
_ capronitrile was fed in a 50% strength agueous solution at
‘ 750 g/1 of catalyst and hour. The reaction took place at 360°C
with the addition of 10 1 of nitrogen per hour as carrier gas
under atmospheric pressure. The conversion of s—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



10:rotary eespgmgsas in vacuo, and calcination is carried out at 700C for
+16 h. Zr: 65 ¢g/100 g S 0.63 g/100 g WM 3 g/100 g 15 Catalyst H 50 g
of dried Zr(OH)4 are inpregnated with 1.6 g of (NH4)2SO4 and 250 ml of
H20. The water is stripped off in a rpgary evaporator in vacuo, and the
resul ting grggucgis dried at 180C for 16 h. 20 Inpregnation is carried out
with a sol afPofh of 1 g of M(NO3)2*4H20 in 250 ml of H20, the water is
stripped off ggr= M VECUO, catrcim m ned
out at 70pC foor %MH%( %hese ca apgsts wer e ?ggt ed in ‘génﬁe eé’t%f%gg Iy
heat ed tubll ar react or with an internal Hdi &FECEFI¥EB0 |nm which was
packed wisth 20 nlf of catalys{ as < 1 nmhi ps,89.% sone |cases Mi-Bh t he
addi tion of Zg M |of qugrtZ Chi pS.pd[1€ TEACTOr gyag Oper at ed Wggh3 downviar d
flow, and b0 g off quargz chips orpgyartz ri ngsgqvere 30 |ntroc§gc%d as
vapori zat i pp—zenetabeve—the cut ul . AFHO—aproft-tHHe—was—fet—+ra
50% strengt h %quec us soPution %“'7% g/| of c?é | yst and howljg[6 >The
reaction tpok pl age at ?600 E ddjtion o) 10 1 of nltrgtgg%n per (hour
as carrier 0a56 under at nospheri rq/ir Ssur The’ tdnver silon of
8- ami nocapfoni%trille 35 GACN) and SteMsel efti vit97 fdor capl ol act’2m3( CPL) |wer e
det er mi ned| b8 gas chr oHat ogr aphySwitMhA i nt er nal 9 st4andar d and f&%%rh t he nass
bal ance. The determ nati ons were carried out after the reaction had
remai ned stable for, at ast, two da aft wi th-A
with B, aftér dCHWhE Eagalﬁ%‘re%ggzé%lt ??’érce?ﬁfogfgbtam %%rrﬁgtlofnt er
768 h wilshaFe aghigvegyby whe hlr@rgﬁaaaﬁéfatafzztﬁ fF e Hhe Sai’rﬁ?-e%r%@rsé

| lected for at least 12 h for analysis. The results are conpiled in
®ble 1. 45 0050/48543 10 Table 1: No. Catal yst Dopi ng CPL ACN conversion
selectivity 1 A 89.6 98.8
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2 B P04 910658948543 C P04 94.4 99.6 4 D P04+Mnh 93.4 96.5 5 E PO4+Mh 98. 4
+99.5 10 6 F PO4+Nn 94.3 98.0 7 G S04+Mh 97.4 72.3 8 H S04+Wn 97.4 87.4

It is evident that higher selectivities for caprolactamformation 15 are
achi eved by the inpregnated catalysts;fromthe novel process. 20 25 30 S
35 40 45 0050/48543 11 W claim 1. A process for preparing |actans by
cyclizing hydrolysis of 5 amno nitriles with water in the gas phase on
metal oxi d¥® eHtdliysts, wherein the catal ysts conprise: at |east one oxide
or m xed oxide of the nmetals of groups 3, 4, 5, 13 and 14 of the Periodic
Tabl e, 10 where pppcayy ifatrepreperiorg fereanxildesyol imixehhwiiodgsiafof netal s
of groups 6, 7am8nohrd1es *Och alateash oMe JHOPRABE Eon G@HaANakeEde

silicate, arseg%%g%%édﬁéﬁg?gg RN 6 AMpaepat e and/or nitrate of

the netals nentio 0 en oxides” or m xed oxi des of netals of
groups 6, 7, 8, 9 or 10 are present, a sulfate of the ovenenti oned
metals. 20 2. AtpteResONes OXEAP e Mirred) arHieL ofwhBFePRtH e GtefAPUBi He
cat al ysts usedéar & cbhpognd$ of thr Pegipdia Tablena(ROb)cOd 25 in which M
is Zr, To H, Sc, Y, La, Ce, V, Nbor Ta, Ris P, C Si, As, Sb and/or N,
30 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:

MQa (ROp) <04
25 in which
M is 2Zr, Ti, "Hf, Sc, Y, La, Ce, V, Nb or Ta,

R is P, C, Si, 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 S if a = 0.001.
3. A process as claimed in claim 2, wherein M is Zr, Ti or HE,
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.



Q irs a.net absbrassgsoup 6, 7, 8 9 or 10, a is a nunmber fromO to 10, 35 b
is a nunber from0.5to 5 c is a nunber fromO0.001 to 0.15, and d has the
magni t ude necessary to achieve neutrality of 40 charge, where R can al so
be Sif a > 0.001. 3. Aprocess as clapned in claim2, wherein Mis Zr, Ti
or H, 45, in particular Zr, Ris .P, LS .a1s 0 to 0.1 b is 3.5to0
o and o 14-0. BoR it s Ghebrabads ottt L rirbincehd ey, Bdde 0 o7
1, wherein theCABRLysto¥isgd ceBRLHSRASt dGBRY VHHSSI SESTHRFEP*ILrPdef or i xed
oxi des of netaktabd off GIEYPS, 34,455,133 3rfl/Or 14 of thee BREEPEHF cTakls e,
whi ch are obt avhabh eat®y obhaiihalsbnttacti ng a netal oxide or hydroxide of a
nmetal of s groups 3, 4, 5, 13, or 14 with a suitable carbonate, silicate,
phosphat e, arsgni teonSENA & maPhi MNideCor AUIJIRR! ¢ Diddahie@r sulfate
or the correspondi ggoacid 40 Ui )y phere 1aphr oprd kg abl el ldiide
contacting with angox'i_l%lse, " hydroxide, carbonate, nitrate, phosphate,
arsenite, arsenat 811 SoMPCEPRATR i METEPEEDr AASPATE  of M ML AF  of

groups 6, 7, 8, 9 entimonat®, nijdeats My, splédteidy tAeshapeesrandidideadh@r e
appropril@e with the addition of auxiliaries and/or carrier materials, and
iv) calcining at)5QQet® SYICprREes efaldry dayiadPWonf@REingdOvfsh AnpbRLess as
claimed in claim 4hyz§@§{fa@, thenaRial, Miicdecor pliudhaxbdeafeiicetal of
groups 3, 4, 5, 13 and/ or 1%.%§moCBQ§a%% q Bnaég%ﬁp%% %ngtépQ#g%tal of
suspensi on with anfbRfUATS cAPBaRaT e S nROSHRATES it PatEe6F YUY AFeS
phosphoric acid, 29TAPPFi% dcidrof ¥Ul¥uric acid. 6. A process as clai med
in any @5 the preceding clainms, wherein the amino nitriles used are
8ﬁp0unds of theifdegihg, |drodcRigiNe XoHaded 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 or
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 RIHN-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



i n:whi ch Xobso#4BBagar or branched al kyl ene unit which has 2 to 20 atons
and has, where appropriate, 1, 2 or 3 boron, nitrogen, phosphorus, oxygen
and/or sulfur atonms, and RL is H 35 or a straight-chain or branched al kyl
group having up to 20 carbon atons. y3 A process as clained in any of the

recedin | ai wher ei_n he rat.i o ter ] ;trile is in the
Iroange frgmgl tgspﬁ?)c%‘ctf,r?ﬁl f?r%mecg.mAag o%\%stgeagggggépn@%_qlﬁlg%’ J(Jﬁe]{ en '
precedi ng cl ai fB TFRTECR th‘éa‘fre’T?ﬁePgFu‘r“édeirs PERSPREST arfydPfr \éﬁ?% T
550C, preferabPy0l30D ¥00bageOC. 45 0050/ 48543 13 9. A process as clained in
any of the preceding clains, wherein the reaction is carried out under
pressures i0.t Aepteewss fas08ladndd im0 ah bArthed pt@cediny atesamsaswhésdired in
any 01;3 o he prfe@@%ngo Oc!oaltzr@lo &b%ﬁéfﬂéraﬁawmé% tBag096 C% rarfefaﬁ%ﬂgl y more

an g, of amn nitrile are, . r ], 0 y nd, hour into
the reactor. Tbg}i% %5 58 p%belld:%gSB?@AtaAlg’%t bn§ A $heB"En

reactor.
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