0050/ 48306 0050/4830€4 nuterial s yseful as catal yst Specification 5
The present invention relates to shaped materials useful as catal yst for
preparing cyclic |lactans by reacting am nocarbonitriles with water, said
shaped materials essentially conprising titanium dioxide. 10 DE-B 25 54
198 di scl oses shaped titanium dioxide articles obt ai ned by shapi ng

titani um di oxdgyle g cali1d Uhelele 5%3% 3%” icles at 300 to 800[err]C,

thetltanlum XxI de bel ng prepared rolysis of a titaniumsalt and
bei ng treated before or after 15 sald shapl ng, with fromO0.01 to 50% by
wei ght, baseSRAFIELCAEAOM  dioxide, of a mineral acid or of an organi c
aci d. Ho®ever, such shaped articles have the di sadvantage that titanium
di oxi de prepartes greskeudr bhyeritionsrebstéd itt shtbyd puaterfials2Gseftlalastic
\%r poses. hThléadaa ) Eerlpm%ma &y@iﬂ: qra@.-ltaﬁbesflﬁeédtm in reactions
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wei ght, acd®ssible pore vol ume of 45-55% of t he vol une of the nolding and

a breaking stPEfRyt2ds 6f h98 disxdoseshsiaped3dtRni@ncdionildgi agbidkese t he
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whi ch are usedipxigle,cgf ap yainerg; éﬁ’-‘aomhcﬁf ﬁ‘&v@rﬂﬁ’el%aé%}évant ages
menti oned and which can be produced in a technically sinple and

econom cal neEmWEver, siéhhshapddoapdiéhed Haves thb) @idadvantabecyldt [Bitahdpnd
materials 40 a%ﬁ*aeaﬁﬁeﬂﬁféd”byafhyaﬁé y& @andnuhesiciavayngusel sy e
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in reactions where such shaped articles are used as catalyst.

DE-C 32 17 751 discloses moldings useful as catalyst which are up
to 99% by weight pyrogenic titanium dioxide, have an SiO; content

25 of from 0 to 1% by weight, accessible pore volume of 45-55% of
the volume of the molding and a breaking strength of not less
than 1.630 N. Such moldings have the disadvantage that their
preparation requires the use of a molding aid, siewving of the
mixture and conversion of the sieved mixture into a flowable

30 powder in order that tablets may be produced with the aid of a
tableting press. :

It is an object of the present invention to provide shaped
materials comprising titanium dioxide as essential constituent

35 which are useful as catalyst, which do not have the disadvantages
mentioned and which can be produced in a technically simple and
economical manner.

We have found that this object is achieved by shaped materials
40 which are useful as catalyst and which have no soluble
constituents under the reaction conditions, comprising pyrogenic
titanjum dioxide as essential constituent, said shaped materials
being obtainable by shaping the pyrogenic titanium dioxide into
shaped articles and, before or after said shaping, treating the
45 pyrogenic titanium dioxide with from 0.1 to 30% by weight, based



titani um di oQWRPLAB8IRE cntial const ist uent , said shaped materials bei ng
obt ai nabl e by shaping the pyrogenic titanium di oxide into shaped articles
and, before or after said shaping, treating the 45 pyrogenic titanium
dioxide with fromO0.1 to 30% by wei ght, ®ased 0050/ 48306

2 on the i epenperodgémit witehdumh dioxdeaNofcan! ddidMinClh foH @eBgenic

titani um di 0Xi4@nk SmS@HsE Y &ssgbgpi&[ly soldBfe PYrogenic titani um di oxide
can be present in various 5 nodificadations such as anorphous, as anatase or

as rutile or phase n xt.yres .t hereof. The aforenentioned titani um

di oxi de can DE'SB¥EAIGHIG tifanipm, dioxide can be RRARFIE 4P VRFIPUSF oups 1 to
7, especi al¥ ynoflifications gruchpashamerphioysi casapnatassy o A8, retidie 95 nRhaser-
or ganma- al umingkunres therteaf.oxi de, of transition groups 1 to 7 of the
periodic table, of the elenments of the iron group or of the | anthanides,

preferably rHPhledibfid ionedl 13654k H okl AP d HoBbBSwille! &2f comd I
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pyrogenically and are generally comrercially available. 25 According to

the invent] the.oxid are treated with an acid be or after,
shapi ng. wgﬁszldgséﬁ?%’se%ﬁ euﬁggﬁ? ?ﬁ_é“aXcFﬁlgprlsesd’c?qtgsggigw é"ed'@ﬁ_’a, in
propi oni ¢ aci§#ChpGEge i fAPPernptitc Zdicd BAngangseyr dxrne eebalssadrkel,
i sopol yaci ds rutdeaivpolpaldiaddumg ypiaginum, sitver @r mhedduhl ori c acid.
Particularly suitable catalysts are 30 obtainable by treatnent with acetic
acid, form c mesd, catdIjtlical19ChetivS RAGHRL! Xr&NeREbleath th It 1s
al 50 oSS Y &dndel® Eorll i MBSz 0" £8£ | dkamp1d°ny MiyddSAYTB b2 Calfl PE car i ed
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corresponding organics, alkoxides, salts with organic or

inorganic acids and subsequent heating or calcining and also

pyrogenically and are generally commercially available.

25 According to the invention, the oxides are treated with an acid
before or after shaping. Suitable acids include organic acids
such as oxalic acid, propionic acid, butyric acid, maleic acid or
inorganic acids such as isopolyacids, heteropolyacids, sulfuric
acid or hydrochloric acid. Particularly suitable catalysts are

30 obtainable by treatment with acetic acid, formic acid, nitric
acid, especially phosphoric acid.

It is also possible to use mixtures of acids.

35 The treatment can be carried out continuously or batchwise in one
or more stages. The individual stages can be carried out with the
same acid, different acids or identical or different mixtures of
acids.

40 Similarly, the oxides can be treated with an acid in the form
mentioned before and after shaping.

Preferably, the oxides are treated with an acid before shaping.
45 The amount of acid used according to the invention is from 0.1 to

30%, preferably from 0.1 to 10%, especially from 0.1 to 5%, by
weight, reckoned as pure acid, based on pyrogenic titanium



or nore st ag@50AAB30RK; vi dual stages can be carried out with the sane

acid, different acids or identical or different m xtures of acids. 40
Simlarly, the oxides can be treated with an acid in the form nentioned
bef ore and after shaping. Preferably,3the oxides are treated with an

acid before siiaigg. TH® atid eBRUBé mMixed wdthHS£d RRGAM diDGer®, MM A¥enti on
iIs fromO0.1 ter.30% preferably fromO0.1 to 10% espeC|aIIy from0.1 to

5% by wei ght, reckoned as pure acid, based on pyrogenic titanium
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ball, tablet, cylinder, hollow cylinder, pellet, granule or strand. Such
shaped articlme ahapedeq:za:ua:mee bana:e:cpmahtomlvalﬁoﬁemﬂefmsl,sim example
appropriate sa!%alahm: MBS S coUthaas, thhheld 8 fllndéEBCBleﬂ@ét etdnvd e’ 8r
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400- 750][ er r ] Compiaatbiens \themeafi.i nert gas at rosphere or in the air. 25

The shaped materials can advantageously be used as catalyst for

preparing CyaiheC shagdd Mty ihe2Cif e ATA0QRELP U Hcli@St ¥bdtinent WAEEr N

the liqui %@Qﬁgnkgg&iéﬁﬁrggg r@?ﬁéc&ally at from 20 to 120°C, preferably
in an inert gas atmosphere or in the air, and then calcined,
especially at from 400-750°C, preferably in an inert gas
atmosphere or in the air.

25 The shaped materials can advantageously be used as catalyst for
preparing cyclic lactams by reacting aminocarbonitriles with
water in the liquid phase in a fixed bed reactor.

To this end, the heterogeneous catalysts can be arranged in a

30 fixed bed. The reaction can take place in a conventional manner,
for example in a downflow or preferably upflow mode, especially
continuously, by bringing the reaction mixture into contact with
the catalyst bed.

35 The starting materials used in the process of the present
invention are aminocarbonitriles, preferably those of the general
formula I

40

b
HoN— cI: —4 CHy | —c=N (I)
| R

45



To this end, qu%%geneous cat akystss can be arranged in a 30 fixed bed.
The reaction can take place in a conventional manner, for exanple in a
downfl ow or preferably upflow node, especially continuously, by bringing
the reaction mxture into contact with 4 the catalyst bed. 35 The
starting nat afhexleSnuafd m rareheaphogess, @f, Bhespresa)t 7, 8i s entand nakem

am nocar boni tddeads. a'Qrfé@sr@@,ypicgféfaﬂcy hei1ggpersl formula I [err]
45 0050/ 48306 4 where n and m are

each 0, 1, 2,..3, 4,5, 6, .7, 8, or, and n + m totals at |least 3, .
preferably at®'| 8% tRZZ.can TRIPEHE ecgﬁ PP RSP b AR 3PP Ukt 48 of any
type. It i meTrelyr pegesrards $ar gnsere thate thaadeairedieyri beatinn ireactéan
reaction i sisnaptaaffectadl by the sulistiitueenss. Preficfrabljpl yRl RhdaRE &k ar e

i ndependent | yirdepehfiefl By rd;-aLkalxydr ol €5+d~eyaLbdrigicloratkyd, ,0aryl.
Cerr]-Cerr]-aryl. Particularly preferred starting conpounds are

am nocar boni tJ.i f th eneral_farmula [err where m.is.3,.4, 5
o 6, ospeg) ATy butert, drkeeRfaE fandid chnpSlids ars ARFAScdTchitrites
6- anmi nocapt®fh theegeneral formula, ocess of the present invention, the
above- descri bed am nocarbonitriles can be reacted with water in the

i qui d phase HaN—(CH2 ) —C= N

where m is 3, 4, 5 or 6, especially 5. When m = 5, the starting
15 compound is 6-aminocapronitrile.

In the process of the present invention, the above-described
aminocarbonitriles can be reacted with water in the liquid phase
using heterogeneous catalysts to form cyclic lactams. Use of

20 aminocarbonitriles of the formula I results in the corresponding
cyclic lactams of the formula II

Rl

~
C) — (CH2)m
25
gz~ /n |
= 0
/
|
30 H

where n, m, R! and R?2 are each as defined above. Particularly
preferred lactams are those where n is 0 and m is 4, 5 or 6,
especially 5 (caprolactam being obtained in the latter case).

35
The reaction can be carried out in the liquid phase at generally
from 140 to 320°C, preferably at from 160 to 280°C; the pressure
is generally within the range from 1 to 250 bar, preferably from
5 to 150 bar, it being necessary to ensure that the reaction

40 mixture is predominantly ligquid under the conditions employed.
The residence times are generally within the range from 1 to 120,
preferably from 1 to 90, and especially from 1 to 60, min. In
some cases, residence times of from 1 to 10 min have proven to be

completely adequate.
45 '



using het er 0§@AOEA83PEt al ysts to formeyclic | actanms. Use of 20

am nocarbonitriles of the fornmula | results in the correspondi ng cyclic
| actanms of the fornula I [err] where n, m Rl and R2 are
each as defined above. Particularly pSeferred | actans are those where n

is 0 and mie@nd, akoudit Bf wabsPaied b¥r méXe W kathosainigrabeaised in the
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h
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especi al | }%\PF%‘P# tsr?éveaﬁgeawa% AnPds SSHRR | ab mek; %@arﬁ%&&?boﬁ‘r 34 e can
be advant ageduptgpansdd bn.t fre gnst frbitanol fandnpelyolsosuaih eendiethglens ght
especi al | y f ghpedl tand @etrasthiyiegieh ghycok; divdroearbonsi|sardhy apr péexalEum f rom
5 to 30% skiR&S] bekenB], Jbb1usH, Ukiy08né ) 1MRitRins( bl hyeaseiddiie ! vent
i's also reactapldy fead] }9@ ﬁﬁ?lols\ﬁ%@h{?ﬁ%(é&"ﬁ%taﬁéa@éﬁsaso -methyl-

15 pyrrolidone, N-methylcaprolactam or R-ethylcaprolactam, and also
carboxylic esters, preferably of carboxylic acids having from 1
to 8 carbon atoms. Ammonia can also be present in the reaction.
Mixtures of organic solvents can also be used. Mixtures of water
and alkanols in a water/alkanol weight ratio of 1-75/25-99,

20 preferably 1-50/50-99, have been found to be particularly
advantageous in some cases.

It is in principle equally possible to use the aminocarbonitriles
as solvent as well as reactant.

25
The advantage of the process of the present invention lies in the
option to operate the cyclization continuously in a simple manner
with very high throughputs and high yields and selectivities and
short residence times. Since the catalysts used have a long

30 lifetime from observations to date, the result is an extremely
low catalyst consumption.

Example
35 Example 1: Preparation of pyrogenic titanium dioxide extrudates

8350 g of pyrogenic titanium dioxide powder having a

rutile/anatase ratio of 80/20 were kneaded for 3 hours with 47 g

of 85% strength formic acid and 3750 g of water and thereafter
40 molded in the extruder into 4 mm extrudates under a molding

pressure of 70 bar. The extrudates were dried at 120°C for

16 hours and then calcined at 500°C for 3 hours.

45



10" usabl e solQQEAAS83Q6 5| kanol s such as nethanol, ethanol, n- and

i -propanol, n-, i- and t-butanol and polyols such as diethyl ene gl ycol
and tetraethylene glycol, hydrocarbons such as petrol eum et her, benzene,
tol uene, xylene, |actanms such as pyrroliéone or caprol actam or

al kyl - subst i tAx=a¢sh 3Céfraxtshaltas: - et hyl - 15 pyrrolidone,

N-net hyl caprol actam or N-ethyl caprolactam and al so carboxylic esters,

preferably of_ car %oxyl i c acids h 4#1%/ roml to 8 carbon atons. Amoni a
can al so be present in the reacti M xt ures of organic solvents can
al so be used.WalieFt #P83inf water O-3n#FldPkanols in a water/al kanol wei ght
rati o of 1-¥3utgieg, haxxnessf er abl2p M 50/ 50-99, have been found to be
particul arly surfadeaategeous i n sImm¢gses. It is in principle equally
possi ble to use the am nocarbonitriles as solvent as well as reactant.

25 The ad%gggﬁ% 116 .PIREGSSs Py L sgéﬁ:?x?&éaéz%‘ﬁ‘i%ﬂg lﬁteé éaBrBi‘ch- 3

option to operat e cyclii'zagtion continuously in

very hi gh t hroughputs and hi 3’1‘?‘“&” el ds and selectivities and short

resi dence mes. Since the catalysts used have a long 30 lifetine from
observati ons & sodation tdfe -@mghocapropitaiiec(dCN) in weweraand yegthanol in
consunpti on. the weighplmtids repopted in Bhepiable erasObapyedgiticC at R5anl um

di oxi de extruyddaesty hedtdd tdbilaP)FMIQohC (HiiRdtidsM dhﬂXlﬂ@nW faying a
rutil e/ anat a k@h' 1'91& gs)é@r A&{Eazd‘igc%{?%%% t%i}g,rréﬁ[n Q:Clite f8¥ 85%
Y r A

strength f ter a

aC|
ext r uder ﬁ P EAPRIES rﬁﬁ L] ﬁavmqﬁi'ssaﬁecs?r 5% pe
ext rudat es wé¥e 9@Fi e’e@%ﬂatmrie ¥t C‘?’ﬁ)rresuiﬁs haxf Fegidedhin the dabde as
500[ err] C f orexampdess. 0050/ 48306
6 Anal ysi s of extrudat es.

As well as caprolactam, the product stream comprises essentially

20 ethyl g-aminocaprylate and g-aminocaprylamide. Both can likewise
be cyclized to form caprolactam. In addition, the stream includes
from 5 to 8% of caprolactam oligomer which can be cracked to form
caprolactam monomer.

25
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Density 89 g/ | Wat er sr egai n 0.31 mM/g 5 Cutting
har dness 0220&4830 urface area 37 nmerr]/g Exanples 2 to
7:- Conversion of 6-am nocapronitrile into caprol ac- tam
10 A solution of 6-am nocapronitrile QA()D in water and ethanol in

the weight ratios reporied in the table passed into a 25 ml capacity
heat ed tubul ar reactpr (diarfetfer {6 jJom -ljenpth 800 mm) packed with
catalysts 1 and 2 refjited, i the|tabl ¢, linfthe form 15 of granules. The
product stream | eavi gﬂﬁe—rwq@ 5 beed2a| yzed by gas chronmat ogr aphy.
The results are reci qujf_’,n—tFPe"[‘ Bl & §2 |© | exanpl es. As wel | as

caprol actam the propud +st rjeamn o sgs essentially 20 ethyl

[err]-am nocapryl ate| and [erjr]} afi aprylanide. Both can |ikew se be
cyclized to formcapforactam fn gn, | the streamincl udes fromb5 to
8% of caprol actam ol } gomer vhighic be |Icrpcked to form capr ol act am
mononmer. 25 30 o w i~ U5

IVEEE

10@390_1‘95

Residence
time
[min]

22
9
5
0
8
5

Temp.
[°C]
230
230
230
230
230

230

Ethanol
[$ by wt.]
86.8
86.

86.
86.8
86.
86.8

Molar ratio
ACN/H,0
[%]

2
2
2
2
2
2

Water
[$ by wt.]
3.2
3.2
3.2
3.2
3.2
3.2

ACN
[% by wt.]
10
10
10
10
10
10

Catalyst
1
1
1
2
2
2

Ex.

Table
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8 Catalysts 1 and 2 were prepared simlarly to catal yst exanple 1:
Cat al yst 1: Pyrogeni c titanium di oxi de extruded with 3% of 5
phosphoric acid as 4 nm extrudates and t8en ground to
granules 1.6-2.0 mMmmin size Cat al yst 2: Pyrogeni c titanium di oxi de
extruded W t hedta3%seE 1 and 2 were preparécdo"sﬁlni?lé‘:?ljj &Scétm%té)éﬂ?ﬁgsl.and
t hen ground 10 to granules 1.6-2.0 mMmin size 5
20 Catalyst 1: Pyrogenic titanium dioxide extruded with 3% of

5 phosphoric acid as 4 mm extrudates and then

ground to granules 1.6-2.0 mm in size

Catalyst 2: Pyrogenic titanium dioxide extruded with 0.5% of
formic acid as 4 mm extrudates and then ground
10 to granules 1.6-2.0 mm in size
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9 W claim

preparing 5

1. Shaped materials which are useful as catalyst for
cyclic lactans by reacting am nocarbonitriles with water

i'n the liquid phase in a fixed be8 reactor and which have no
sol ubl e constituents under the reaction conditions, conpri sing
pyrogeni c ti g@aniygipi oxi de as essenti al constituent, said shaped

mat eri al s bei ng obtainable by 10

i nto shaped

pyr ogeni c
t he

%Kti

e efore or after said

.and, hapi ng, treating the
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the liquid phase in a fixed bed reactor and which have no
soluble constituents under the reaction conditions,
comprising pyrogenic titanium dioxide as essential
constituent, said shaped materials being obtainable by
shaping the pyrogenic titanium dioxide into shaped articles
and, before or after said shaping, treating the pyrogenic
titanium dioxide with from 0.1 to 30% by weight, based on the
pyrogenic titanium dioxide, of an acid in which pyrogenic
titanium dioxide is sparingly soluble.

Shaped materials as claimed in claim 1, further comprising
aluminum oxide, tin oxide, cerium oxide or mixtures thereof.

Shaped materials as claimed in claim 1 or 2, wherefor the
acid used is phosphoric acid.

Shaped materials as claimed in any of claims 1 to 3, wherefor
the acid used is nitric acid, acetic acid or formic acid.

* [+ L M s *

shapi ng the pyrogenic titanium di oxi de



fi'tani um di o®PEO/A8396aringly soluble. .15 2. Shaped materials as clai med

in claiml, further conprising al um num oxi de, tin oxide, cerium
oxi de or m xtures thereof. 3. Shaped materials as claimed in claim1l
or 2, wherefor the 20 acid used is phosphoric acid. 4. Shaped
materials as claimed in any of clains 1 to 3, wherefor the acid used

|5 NN C aCkfapdiSidterdthd fhofdl UsCclbhfhst 25 30 35 40

Abstract

Shaped materials useful as catalyst for preparing cyclic lactams
by reacting aminocarbonitriles with water in the liquid phase in
a fixed bed reactor and which have no soluble constituents under
the reaction conditions, comprising pyrogenic titanium dioxide as
10 essential constituent, said compositions being obtainable by
shaping the pyrogenic titanium dioxide into shaped articles and,
before or after said shaping, treating the pyrogenic titanium
dioxide with from 0.1 to 30% by weight, based on the pyrogenic
titanium dioxide, of an acid in which pyrogenic titanium dioxide
15 is sparingly soluble.
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