| Sel ective hydrogenation of cycl ododecatriene to cycl ododecene The present

invention relates to a process for the selective gas-phase hydrogenati on of

cyclo- 5 dodecatriene and/or cycl ododecadi ene to cycl ododecene over a solid

catal yst conprising a catalytically active netal of group VIII of the

Periodic Table of the Elenents. The sel ective hydrogenation of

cycl ododecatri ene to cycl ododecene has frequently been described in the

literature, and nunerous attenpts have been nade to carry out this

sel ective 10 hydrogenation with a high degree of conversion and high

selectivity. or dj revailing opinion, the hydrogenation of

cycl ododecat r FRaren el cye eeafrienedo gycladodicenevhi ch i s predominantly

in the formof cis,trans,trans-1,5, 9-cycl ododecadene, occurs stepw se via

di enes, predopi nantly trans,trans-I,5-cycl ododecadi ene and cis,trans-1,5 15
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cis-cyclododecene (hereinafter referred to as CDEN) corresponding virtually to the equilibrium

Py

to cyclododecane (hereinafier referred to as CDAN).

| For further use of the CDEN, the degree of conversion of CDD and CDT should where
ZQ possible be higher than 99.0%, since doubly unsaturated compounds such as CDD lead to
. formation of relatively high-boiling fractions in subsequent reactions such as hydro-
formylations or hydrations. The selectivity to CDEN should be above 90% so that the space-
time yield in subsequent reactions of CDEN is not reduced by the amount of inert CDAN
formed.
25
One possible way of achieving a high yield of CDEN is homogeneous selective hydrogenation
using Ru complexes. US 5 180 870 describes the homogeneous hydrogenation of CDT using
Ru complexes. Here, sterically hindered amines and free triarylphosphine are added in order to
partially poison the catalyst. Separation of the CDEN from the catalyst and the amines is
30 difficult and leads to potential contamination of the CDEN product with amines. In the patents
US 5 177 278, US 3 804 914, US 5 210 349, US 5 128 296, solvents are added to the
homogeneous hydrogenation of CDT using Ru complexes. This leads to low space-time yields
and problems in the separation of catalyst and solvent from the reaction product. US 6 194 624



honbgeneous hydrogenati on of CDT using Ru conplexes. This |leads to | ow
space-tine yields and problens in the separation of catal yst and sol vent
fromthe reaction product. US 6 194 624 2 describes the honpbgeneous

hydr ogenati on |i kewi se using a rutheniumcatalyst with addition of carbon
nonoxi de and carboxylic acids such as acetic acid or propionic acid. Here
too, the separation of the CDEN fromthe honbgeneous catal yst and the
carboxylic acid is problematical. 5 Processes for the heterogeneously
catal yzed preparation of CDEN have al so been described in the literature.
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The American patents US 3 400 164 and US 3 400 166 and also GB 19680712 describe a
20 batchwise hydrogenation in the liquid phase using a suspended catalyst and show that a CDEN
selectivity of about 94% can be achieved at a high CDT/CDD conversion when using a
palladium catalyst on a support (5% Pd on activated carbon). 1.4 g of this catalyst are used per
100 g of CDT. The reaction is carried out at 160°C. The hydrogen pressure is maintained at
2_.07 bar until 75% of the total hydrogen used has been consumed, then at 0.69 bar to a
25 hydrogen consumption of 90% and finally at 0.345 bar. The hydrogenation is then complete
after about one hour. Based on the mass of palladium used, the average throughput is 71 g
(CDT)g (Pd)eh. | |

A disadvantage of this slurry variant of a batch process is the removal of the catalyst,
30 particularly when it has been abraded after some time. A subsequent filtration step makes the

process complicated and inevitably leads to losses in yield.



(CDT)/g (Pd)h. A disadvantage of this slurry variant of a batch process is
the renoval of the catalyst, 30 particularly when it has been abraded
after sone tinme. A subsequent filtration step nmakes the process
conplicated and inevitably leads to losses in yield. In addition, the
patents US 3 400 164 and US 3 400 166 indicate that aromatic cyclic
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Alternatives would be a trickle-bed reactor in which CDT in liquid form together with
20 hydrogen is passed over a fixed bed of palladium-coated pellets and a fixed-bed process with
introduction of liquid and gas from the bottom. Experiments using such reactors/procedures are
described in Catal. Today (F. Stucber et al., 1995, 24(1-2), 95 — 101} and in Chemical
Engineering Science (R.V. Chaudhari, 2001, 65(2), 557 - 564). In the experiments described in
Catal. Today, a coated catalyst having a thickness of the palladium-containing coating of
25 240 um and a hydrogen pressure of 1.5-12 bar were employed. When the reactants were
introduced from the bottom, a CDEN yield of only 70% at a (CDT+CDD) conversion of 85%
. was achieved. It was found in this case that activity problems arise because of diffusion and
transport phenomena which are due to the choice of a three-phase system of solid/liquid/gas.
The authors identified liquid/solid mass transfer as the limiting factor.
30
Furthermore, the experiments described here using a fixed-bed or trickle-bed catalyst display a
low selectivity with regard to the simultaneous formation of CDAN, expressed by the fact that



i ntroduced fromthe bottom a CDEN yield of only 70/0 at a (CDT+CDD)
conversion of 85% was achieved. It was found in this case that activity
probl ens arise because of diffusion and transport phenonena which are due
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15  aluminum wire by anodic oxidation. This layer has pores of uniform length, uniform diameter

and uniform spacing aligned perpendicular to the surface in a hexagonal pattern (i.e. the layer

thickness is constant). The pores are closed at one end at the oxide/aluminum interface. The

pores are repeatedly impregnated with the solution of a Pd compound, dried, calcined and

finally reduced so that these pores become uniformly coated with Pd crystallites (degree of
20  dispersion about 0.2-0.3).

Use of this reactor makes it possible to achieve a conversion of more than 96% and a
selectivity to cyclododecene of 88%. At the same time, 8% of CDAN were formed and the
throughput per amount of catalyst was 36 g (CDT)/g(Pd)eh.

25
This reactor system has the further disadvantage that the production of the catalyst used is very
complicated and such a system is therefore unsuitable for industrial production of cyclo-

dodecene.

30 Furthermore, this article states that commercial catalysts comprising a support material with
very fine noble metal particles dispersed therein cannot be used for the gas-phase

hydrogenation of cyclododecatriene. The nonuniform distribution of the pores on the surface of



t hroughput per amount of catal yst was 36 g (CDT)/g(Pd)h. 25 This reactor
system has the further disadvantage that the production of the catalyst
used is very conplicated and such a systemis therefore unsuitable for

i ndustrial production of cyclo- dodecene. 30 Furthernore, this article
states that commercial catalysts conprising a support material with very
fine noble netal particles dispersed therein cannot be used for the

gas- phase hydrogenati on of cycl ododecatr3 ene. The nonuni form distribution
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P selective gas-phg)se hydrogenation of at least one starting 111::1t~e%ai3 se?ectea from the group

15 consisting of cyclododecatriene, cyclododecadiene and mixtures thereof in a fixed-bed reactor,

wherein the Bodenstein number for the process in the fixed-bed reactor is greater than 100.

It has surprisingly been found that an industrial process for the heterogeneous gas-phase
hydrogenation of CDT and/or CDD to CDEN over a catalyst at very low hydrogen pressures

20 can be realised according fo the present invention. Despite intensive research, such a process
was not known hitherto. It was even stated in Ind. Eng. Chem. Res. (1996), 35 (12), 4412 —
4416, that specific microstructured catalysts are necessary to achieve a high CDEN selectivity.
This is refuted by the invention.

25 Apart from cyclododecatriene, it is also possible for further cyclic, nonaromatic, multiply
unsaturated hydrocarbons, for example cyclooctadiene or trimethylcyclododecatriene, to be
hydrogenated selectively by the process of the invention.

The Bodenstein number is a reaction-kinetic index for the residence time distribution in a real
30 flow tube according to the dispersion model. It is a measure of backmixing. In addition, the
Reynolds number is often reported as a further index for a catalytic process. It reflects the flow
state. Definitions of the Bodenstein number and the Reynolds number may be found in the



was not known hitherto. It was even stated in Ind. Eng. Chem Res. (1996),
35 (12), 4412 - 4416, that specific mcrostructured catal ysts are necessary
to achieve a high CDEN selectivity. This is refuted by the invention. 25
Apart from cycl ododecatriene, it is also possible for further cyclic,
nonaromatic, nultiply wunsaturated hydrocarbons, for exanple cycl ooctadi-ene
or trinethylcyclododecatriene, to be hydrogenated selectively by the
process of the invention. The Bodenstein gwunber is a reaction-kinetic index
for the residence tinme distributionin areal 30 flow tube according to
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as the pgoduct of the nean flow velocity ii and the Iength of the flow
tube L divided by the axial diffusion coefficient D.. 5 BO=u L = Pe., L
max dR Pe = Peclet number In a preferrad egbodLnent t he Bodenstei n nunber
in the process of the invention is g?eag “104t han 500, in parti cul ar
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When these parameters are adhered to for the heterogeneous reaction of gaseous cyclo-

dodecatriene and/or CDD with hydrogen in the presence of a solid catalyst, further improved

selectivities for the formation of cyclododecene can be achieved. '

15 ' |

' The Reynolds number in the process of the invention is preferably greater than 10. The

Reynolds number is morehpreferably greater than 100 and particularly preferably greater than
200. An improved CDEN selectivity (more than 90%) can.be achieved in this way.

20 In a further, preferred embodiment of the present invention, the starting material present in the
gas phase is hydrogenated in the presence of a shaped body.

Such a shaped body preferably comprises more than 90% by weight of support material, based
on the total weight of the shaped body. ‘ '

25
This makes it possible to carry out the heterogeneous process of the invention using catalysts
which are less expensive to produce and also ensure, as a result of their structure, that industrial

implementation can be achieved.

30 The catalyst used in the process of the invention is a supported catalyst whose active
component is a metal of transition group VIII of the Periodic Table of the Elements, preferably



200. An inproved CDEN selectivity (nmore than 90% can be achieved in this
way. 20 In a further, preferred enbodi nent of the present invention, the
starting material present in the gas phase is hydrogenated in the presence
of a shaped body. Such a shaped body preferably conprises nore than 90% by
wei ght of support material, based on the total weight of the shaped body.
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15
This geometry results in an effective ratio of the mass of the catalyst to be used and its surface

provided with active metal.

The shaped body has a diameter of more than 0.5 mm, in particular more than 2mm. In
20 general, the shaped bodies are present in a fixed bed.
This way of carrying out the reaction makes it possible for product and catalyst to be separated

easily.

The throughput per amount of catalyst used in the process of the invention is defined as mass
25 of starting material/mass of Pdeh. It is preferably from 15 to 500 g, particularly preferably from
20 to 100 g, of starting material/g of Pdeh and in addition to the indices Bodenstein number

and Reynolds number is an important process variable.

In the process of the invention, the starting material is vaporized into a stream of circulating
30 gas. This circulating gas consists essentially of inert gas such as nitrogen, methane, carbon
dioxide, helium, neon, argon, krypton, xenon or mixtures of these gases, preferably nitrogen.
The partial pressure of the CDT in the circulating gas stream should be set so that it is below



provided with active netal. The shaped body has a dianeter of nore than 0.5
mm in particular nore than 2 nm In 20 general, the shaped bodies are
present in a fixed bed. This way of carrying out the reaction nakes it
possi bl e for product and catal yst to be separated easily. The throughput
per anount of catalyst used in the process of the invention is defined as
mass 25 of starting material/mass of Pdh. It is preferably from15 to 500
g, particularly preferably from20 to 108 g, of starting materiallg of Pdh
and in addition to the indices Bodenstein nunber and Reynol ds nunber is an
i mport ant  prideesEationvhop pessute oD g ttecestion fompraturenprsferabbrfrone A toi0%r ofi ng

material is orized into str.eam of ¢ i
circul ating 'éggattgm?gmsgmggﬁg gllqrg;s%r? o{.lrl?(er({g%lrl glgtg %ﬁc‘%] as-li- aécordmg o
met hane, carh@mvelition) seso thstla démfersmmsf (CM@GDD) Iof ytrib@h?Q%( @mhhalmd Iﬂ s,tqady es of

e O b SaBan! Shale ARl g it e SR PlorHEnBHT o Bl e

vapor pressUgsupfed CiPle %tmtﬁ}essﬁxe&ﬁ‘tth@mirhemgr@s Us ept putekle teatileyprbeessmaiDist o

80% of the saturatl o gﬁﬁ ‘?P The partial pressure of hydrogen in the
p AP RO s

circulating iy the invention, set so that a conversion
of (CDT+CDD) of at Ieast 99% is obtained. In steady- state operation of the

pl ant, further hydr ogen_i nt.rodyced i.n_an unt corr t 5
consumed. ThE® ingease thsy g%@i?%“ﬂ?‘% OFEWQP%(’&S%C%HSI’ °N0 @ (rg+ (;n;l)y I%’(tl;pt he
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sel ectivity, e introductjon aq e div SO ar
of he. hyll yelirenss ' atfen 7 feine oY RERERY I Pt SRR PHESroafRstidleat el |
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the point i noPARAHRUELY 5‘?’ SECOHPTET a&ﬁi @3%‘5?6 %‘88‘3 gg&’[ E(‘f %gf t al
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whi ch is theor etl cal I% Peg]gl red to hydrogenate the cycl ododecatriene
and/ or cycl oU¥Ee RFYE @0"{9 ent in the starting material to cycl ododecene.

15
A further increase in the selectivity to CDEN can be achieved by introducing catbon monoxide

as reaction gas. The partial pressure of the carbon monoxide, measured at the reactor outlet,

can be varied in the range from 10 to 1000 Pa.

20 The reaction temperature can be varied within wide limits. Preference is given to a reaction
temperature of from 90 to 180°C, particularly preferably in the range from 100 to 160°C. The
temperature of the reactor does not have to be constant but can be varied within the

abovementioned limits. It is possible to set a rising or falling temperature profile in the reactor.

25 As reactor, it is possible to use a bed reactor whose diameter/length ratio is chosen so that it
has largely plug flow characteristics and thus has little backmixing. Its diameter/length ratio is
preferably from 0.03 to 0.38. A further suitable type of reactor is a shell-and-tube reactor,

without implying any restriction of the invention to these types of reactor.

30 In a particularly preferred embodiment of the present invention, the process for the selective

hydrogenation of cyclododecatriene and/or cyclododecadiene is carried out continuously.




15 A further increase in the selectivity to CDEN can be achi eved by

i ntroduci ng carbon nonoxide as reaction gas. The partial pressure of the
car bon nmonoxi de, nmeasured at the reactor outlet, can be varied in the
range from 10 to 1000 Pa. 20 The reaction tenperature can be varied within
wide limts. Preference is given to a reaction tenperature of from90 to
180C, particularly preferably in the range from1l 00 to 160C. The

t enperature of the reactor does not have %o be constant but can be varied
within the abovenentioned limts. It is possible to set a rising or
falling tenEvaiply £(not adcbtding to théiimverdipoj:or. 25 As reactor, it is possible
to use a bed reactor whose dianeter/length ratio is chosen so that it has
largely plug flow characteristics and thus has little backm xing. |ts
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restriction W e %%%@%ﬁ)@? Mjttstroty ?ﬂaﬂggyl n ae@él%ﬁ hel
particul apl mwogéreﬁsyﬁdnmﬁﬁldkﬁm hetbrogdnekaplysisan Gaspheseneildianent’ fhaksr ¥edags f or
t he sel ective Lon, of cycl ododecatriene and/ or cycl ododecadi ene
is carried o\ff’ gﬁﬁggﬁggéhﬁ' ‘9 Exanpl e 1(not according to the invention):

Thi s exanpl ea hdslabRefortakep a ifaomet bis.5 meswas dbyrg®l with 0.161g of e Hexgeys cafalyst

W el 3nei er Vi t tit]e. "Mnolithisc k[i%} - : it
M krost r orru:'g‘sq@g&&% P48 HJPEQ‘&“}@{P )Svg'ﬁ‘}&'élaﬁlé%egl%r ens@%ﬁé%ﬁ%%@%%ﬁ ve,
het er ogen kadoalusisrd sedGhagiyagabogaky/ tmh e beBimight wae?.B agn. A 9oipme|fopnef
3-8265-2183- 8, t uhul ar react or havin j,ameter .of roed

wi th 0. 140 &5 VR eS Al aehuE Ryt S A0 BT e a et £RE

whi ch had besggloasfitfiete §ODTPprasstRawas [120 Pi, thechysliazen plessuréGs AP PA(remaibdag:
density of ahout | g/cnB, 1he bed, hei gh 2. 8. V.Ql UE I 0
5761/ veus earm bt heepetog oot vin LGy ot ey B PodTe o e o
pressure waspabtidk-kdsal ReildsCyadbed Bep ea.7 iaadieat (GDM)al pragiraged\Bierlel TOmber, t he
hydr ogen pressure 330.Pa (,repgmi nder: nitraogen). fo t|

t enper at ur e _122\3%50‘1?}55% RSt HA £ ;iq tmffxému;f%gs?%lll'lga %Zﬁﬁ%ﬁ]ﬁ%ﬁg& g%DT
parti cl e-1base@dvdiaymnof 814 masrbeiievid pnder €hede amditiont This shovvsathatpatrlew Bodersteined
Pecl et nunbeliumbers, which equates to high backmixing, only low selectivities can be achieved in the

selective hydrogenation of cyclododecatriene to cyclododecene.

Example 2 (according to the invention):

20
A’ coated catalyst comprising 0.5% of Pd on aluminum oxide and having a mean particle

diameter of 2.5 mm was introduced in a 2m high bed into a tube reactor having a cross-
sectional area of 1.46 m”. At a flow velocity of 1.58 m/s, the particle-based Reynolds number
Re, is 247 and, at an axial particle-based Peclet number Pesp = 2, the Bodenstein number Bo

25 is 1600. Under these conditions, a selectivity- of 90% of CDEN was achieved at a CDT
conversion of 100% at 120°C and otherwise at the same pressure and concentration ratios as in
example 1. The residual CDD content was 0.2%. The total conversion of (CDT + CDD) was
thus 99.8%.

30 This shows that at high Bodenstein numbers, which equates to low backmixing, it is possible to
achieve significantly higher selectivities in the selective hydrogenation of cyclodedecatriene to

cyclododecene.




Pe.,p = 2, a Bodenstein nunber Bo = 14. A maximum selectivity of 62% of
CDEN at a CDT 15 conversion of 80% was achi eved under these conditions.
This shows that at | ow Bodenstein nunbers, which equates to high

backm xi ng, only |low selectivities can be achieved in the selective {
hydr ogenati on of cycl ododecatriene to cycl ododecene. Exanple 2 (according
to the invention): 20 A coated catal yst conprising 0.5%of Pd on al um num
oxi de and having a nean particle dianmet& of 2.5 mmwas introduced in a 2
m hi gh bed into a tube reactor having a cross- sectional area of 1.46 n?.
At a flow velocity of 1.58 rﬂs the particl e-based Reynol ds nunber Rep is
247 and, at an axial parti cI sed%ﬁecl et nunber Pe ,p = 2, the Bodenstein
nurmber Bo 25?35’13?P1°6'b@°°°l‘ﬂ8ﬁ° 6 ECENGOR ¢ ons, a selectivity of 90% of CDEN
was achi eved at a CDT conversion of 100% at 120C and ot herwi se at the sane

pressure and _concentratjon ratios as in e i

content was KRe2mpcerhis E”%)teéffm & riv 878 5ReatsH ?’Hg?bgom)oq Ca%%i E‘ xg 805

Thi's shows tRatiomdyhiedy ﬁ@d&@fea@ioﬂ g MIeeuwmf@htyuemfmm at a)CD’cb“wonversxon
backm xing, 1t is possibl i cant | es
in the sel ecil QMWQP@Wﬁ‘gﬁ'gﬁ h'bip M@b@t%ﬁgﬁt %%szg}]?‘hie %ﬁhg;g%%&néééﬂ
Exanple 3 (qg@@bﬂqrtg)mwgsmmlggggml on): The procedure of exanple 2 was
repeated, but 3000 ppm of carbon nonoxide were additionally nixed into the

reaction gas. A selectivity of 94% of CDEN at a CDT conversion of 100% was
achieved in ﬁﬁu &a}@é cle‘é%%sﬁmwwalﬁn@mne@memmemammg % acHikeedthytagdlition of
conver si on was thus 99.8%. This exanple clearly shows that
a furthed9j r‘F@fb@H%nP’ﬁdftHéheerEE‘Wavﬁ ty is achieved by addition of 10 carbon
nonoxi de to the reaction gas. 11 C ains




1. A process for preparing cycl ododecene by sel ective gas-phase

hydr ogenation of at | east one starting material selected fromthe group
consi sting of cyclododecatriene, 5 cyclododecadi ene and m xtures thereof
in a fixed-bed reactor, wherein the Bodenstein nunber in the fixed-bed
reactor is greater than 100. 2. The process as clained in claiml1, 10
wherei n the Bodenstein nunber for the process in the fixed-bed reactor is
greater than 500, in particular greater lthan 1000. 3. The process as
claimed in claim1 or 2, 15 wherein the Reynolds nunber is greater than 10,
in particul atlaimscater than 1 00 and particularly - preferably greater than
200. 4. The process as clainmed in any of the preceding clainms, 20 wherein
t he throughput per anmount of catalyst is from15 to 500 g, preferablg from
20 to 100 g, 10fA povesk detqueeritg cysirdodaseriedry solestivdergmbesg ibetrapgatepof af leogh o
process as clained_ in an L ot e ' cl.ai i r &cldddaeansdnay ti ng
material presef®i ﬁ%‘éﬁ%é%hggﬁﬂﬁsqﬁgﬁpg%e a?ggmﬁﬁagﬁghﬁrﬁgence of g
shaped bedy. Gyclddvdeqaiieness nastuek tierpetiiniafixghhedoracttie preceding claims, 30
wherei n the shaped. body conprises noreée than 90% by wei ght of support
material, base he shaped body. 12 7. The process as clained in any of
t he precedi ng aheBdBnstein number in the fixed-bed reactor is greater than 100.

2. The process as claimed in claim 1,

10 | wherein
the Bodenstein number for the proc_éss in the fixed-bed reactor is greater than 500, in

particular greater than 1000.

3. The process as claimed in claim 1 ot 2,
15 wherein | |
the Reynolds number is greater than 10, in particular greater than 100 and particularly
preferably greaier than 200. '

4. The process as claimed in any of the preceding claims,
20 wherein

the throughput per amount of catalyst is from 15 to 500 g, preferably from 20 to 100 g, of
cyclododecatriene and/or cyclododecadiene/g Pdeh.

5. The process as claimed in any of the preceding claims,
25 wherein '
the starting material present in the gas phase is hydrogenated in the presence of a shaped
body.

6. The process as claimed in any of the preceding claims,
30 wherein
the shaped body comprises more than 90% by weight of support material, based on the
shaped body.



wherein the shaped body is essentially round and in particular is
spherical. 5 8. The process as clained in any of the preceding cl ains,
wherein the dianeter of the shaped body is nore than 0.5 nm in particular
nore than 2 mm 9. The process as clainmed in any of the preceding clains,
10 wherein the support material of the shaped body is'y-al um num oxi de. 10.
The process as clained in any of the preceding clainms, wherein 15 the
support material has not been applied tol2etal. 11. The process. as clained
in any of the preceding clains, wherein the shaped body conprises at | east
one finely diniThegrocesbatiyined &l dny ofiht preeedimtcllimnf group 20 VI of the
Periodic Table qf the Elenents. 12. The process as clainmed in any of the
precedi ng cl ai /E*™Mhherein the distribution of the catalytically active

metal in the shepdepdaedyy is sssaaialioungarido paticds issherithle het er ogeneous
process as clainmed in any of the preceding clains, wherein the shaped body
has an outer layer; the thickness of the outer layer is not nore than 1/10

of the maxi MyNdicFREd: @clgimel Rtany 30ths prpekhgatiis, and nore than 70% by
wei ght of the catalytically active netal of the shaped body is present in

this layer. 13 Wwheres ‘ i
' the diameter of the shaped body is more than 0.5 mm, in particular more than 2 mm.

9. The process as claimed in any of the preceding claims,
10 ~ wherein

the supi)ort material of the shaped body is y-aluminum oxide.

10. The process as claimed in any of the preceding claims,
wherein

15 the support material has not been applied to metal.

11. The process as claimed in any of the preceding claims,
wherein
| the shaped body comprises at least one finely divided, catalytically active metal of group
20 VIII of the Periodic Table of the Elements.

12. The process as claimed in any of the preceding claims,
| wherein
the distribution of the catalytically active metal in the shaped body is not homogeneous.
25
13. The heterogeneous process as claimed in any of the preceding claims,
wherein - '
the shaped body has an outer layer;
e the thickness of the outer layer is not more than 1/10 of the maximum dimension of the
30 shaped body; and
e more than 70% by weight of the catalytically active metal of the shaped body is present
- in this layer.




14. The process, as clained in any of the preceding clainms, wherein the
catalytically active material is palladium 5 15. The process as clainmed in
any of the preceding clains, wherein the nolar anount of hydrogen is from
0.9 to 1.2 tinmes the anmount which is theoretically required to hydrogenate
t he cycl ododecatri ene and/ or cycl ododecadi ene present in the starting
material to cycl ododecene. 10 16. The process as clainmed in any of the
preceding clainms, wherein the hydrogenatlBon is carried out at a :
tenperature in the range from90 to 180C, preferably from 100 to.160C. 15
17. The pr ocbs SThegrocksaasrelaimied ircany obfhe precedingdai@b,ng cl ai ms, wherein carbon
nonoxi de is additionally introduced into the gas phase. 20 18. The process
as clainmed in ahy @t the preceding clains, wherein the gas. phase further
conpri ses an i nh¢ éatf@ieallyi astipamaterialiisgpalladivm.ogen. 19. The process as cl ai ned
in any of the preceding clains, 25 wherein the starting material is
vapori zed in an inert gas atnosphere. 20. The process as clained in any of
t he precedi ngs. CltgipitRess awlained ih 89 of the pteotding ghaims,sur e of the gas phase i s
from50 to 10 000 hPa. 21. The process as clainmed in any of the preceding
clai ms which i SY¥5%ied out continuoeusly. _

the molar amount of hydrogen is from 0.9 to 1.2 times the amount which is theoretically

required to hydrogenate the cyclododecatriene and/or cyclododecadiene present in the
starting material to ¢yclododecene.
10

16. The procéss as claimed in any of the preceding claims,
wherein
the hydrogenation is carried out at a temperature in the range from 90 to 180°C, preferably
from 100 to 160°C.
15

17. The process as claimed in any of the preceding claims,
wherein

carbon monoxide is additionally introduced into the gas phase.

20 18. The process as claimed in any of the preceding claims,
wherein '

_ the gas phase further comprises an inert gas, in particular nitrogen.

19. The process as claimed in any of the preceding claims,
25 wherein

the starting material is vaporized in an inert gas atmosphere.
20. The process as claimed in any of the preceding claims,
wherein

30 the total pressure of the gas phase is from 50 to 10 000 hPa.

21. The process as claimed in any of the preceding claims which is carried out continuously.



