Met hod for produci ng decanols by neans of hydrogenating decenal s The
present invention relates to a process for preparing at |east one decanol
by hydrogenation of at |east one decenal, in which a first hydrogenation
is effected in the liquid phase over a solid first catalyst, said first
cat al yst {54 per and nickel. Such a process
%10200703’?%Aﬁ’8&€%0| s in the cont ex1t of this i nven??gﬁ%{dslgﬁ?g ed
al cohol s having ten carbon atons. Representatives of the group of the
decanol s are: 2-propyl heptanol, 4- nethyl-2-propyl hexanol ,

5- et hyl - 2- propyl hexanol , 2-isopropyl - 4- et hyl hexanol ,

2-i sopr opwem%ﬁqmrﬁdmm degapalso ym@amﬁe@éhwdgoge%atw desenals ng of at
| east two stereoi somers. Decanols serve as precursors for the production
of plasticizers and as internediates for the production of detergents.
Decenal s Mhetpresentihesiticf rdifties to avsrotessforpeepaningaisishstr @icedecdritd tydes
havi ng ten carbon atons. They are obtained especially by al doli atign of
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the sat ur dvdepaenatian @iy inast ppeslesenyl, IRepicds HrshNydgenplion s eierisddR t ne
decenal s T lhep iy el <A i d
S ot hy - S oiAEEERE SRR L3RG et ERANHL, SaPiSPYaREpainprising copper an
2- i sopr opyilcket.net hyl hexenal . It is known that carbonyl conpounds,
especi ally al dehydes, can be reduced catalytically with hydrogen to
al cohol's. The catal ysts used frequently contain at |east one netal from
groups 1bg2R.4 @.%ceggisa 6wk idnPDE120BPOL PSEGAS abl e of the el ements. The
hydr ogenati on of al dehydes can be perforned continuously or batchwi se with
catal yst powders or lunps in the gas or liquid phase. particularly in the

the gas opetraasdniecents oL T iyeRioRaRs Sutrby tdi B8una e sHBiel | on,
liquid ph%ﬁﬁfngméﬂ%?gﬁfddtﬁ@s%@ﬁié BRupstant ¥sesabisareN2pedhyiaansl, and t he

hi gher space-tine y Wth rising nolar mass of the aldehyde to be

hy dr ogenammethyl2-propylhexaniosi nmeaoyh3-peppyihaxesol, 2Hgoppahi daeihyihexagokor e

favor abl e ener | ance, i | ] N 7
car bon at BIEORPEYRE BRI SRaNGF BhEh gbiF Fbes SR RE of B ot e,
Hydr ogenakiepBoisbridie | i qui d phase, however, has the di sadvantage that, due
to the high concentrations both of al dehydes and of al cohols, the
- formation of high boilers by further reactions and side reactions is
pr onot ed. , | { Ak actions
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al cohol s. intGienediatsal for thay prdiuction ef defengértswat er or al cohol to form enol
ethers, which are hydrogenated under the reaction conditions to give the
saturated ethers. These secondary by-products thus reduce the yield. The
Py~ pr 0duC b LRERIiN e EOniBPlr Y intbtic? Ardth, REatdffitd ¥ideRyaedhaome ghed
~in downstream plants to products of value, such as starting al dehydes and
target al catbhoinsatohsd Téeyiaaé obtaledy dspedialyuby slddlizatioraokthesafurbted Cs-

hyd t] t her ef f ent ) y. al d t gi i gh ilerss in
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DE10062448yethylvexsrel p?-isopgepy-mmethylhgxerfall i nited suitability for the

hydr ogenati on of decenals to decanols, since the presence of water results
in redissociation of at |east sone of the decenals to one or nore

C5- al dehyged Rhown%t%&b%%@ﬁ&ﬁﬁﬁ?@@%&ﬂi@@léﬂa@hﬁdéﬁ?%ﬁhWe&@ﬂdcéﬂ dehydes
ex

to saturated al cohols is nmuch nore co , since not only the carbonyl
group but catabdicaliewithdnidregenituacehelsnfihe gatalystp useq freagentiy eentain ahi s
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catal yst which, as well as the active copper and njckel conponents, and
chr oni um Batchwiseowilh satalystRawdstaor JUrpph Thinegasen IgidRNAE- | n t he

hydr ogenati on of decenais to decanols over the catal ysts conprising barium
oxi de described in DE102007041380A1 in a long-termtest, it was found that

decenal s Roetherindastrial prefpaeatiordofomieniad|s dy Mydrguenadibhef aldetydel dron 009
hour s of operat%gg(gine. Decenal s_ i n ecan m Xt ure can
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production of plasticizers fromthe decanol m xture, reaction of the
decenal s can give rise to a product with el evated col or nunber, such that
a workup of increased conplexity is necessary to | ower the col or nunber.
For this reason, it is desirable to provide a decanol m xture which is



The invention therefore provides a process for preparing at |east one

. decanol by hydrogenation of at |east one decenal, in which a first
hydrogenation is effected in the |iquid phase over a solid first catal yst,
said first catal yst conprising copper and nickel, conprising a second

hydr ogenatj:en .{ﬁph?.m?g the first hydrogenation, in tl‘pcl]-'¥m(§l1mbgqupver
a solid secon%oca alyst, said second ,catz";ll yst being free of copper,

chrom um and ni ckel. The process accordihg to the invention, conpared to a
process whi ch uses only one catal yst, has the foll ow ng advant ages: for

t he same overall catalyst volune, with conparable yields, a product with a
| over conth@sticuaryindheiviase &8 yeeriedustsepRRtinveys prﬂfée&‘@@ﬁéf\é*&h&%b%@ this

is that, [ j e WA §ni ¢ conpounds in the
hydr ogena}g.%‘?h@%t%?'gm‘?yb%g%@d?ﬁé@gﬁr‘é(gcma‘?g%‘%t volume is needed. Due to
the | ower catalyst costs and | ower frequency of catal yst exchange and
associ ated. cost and i nconveni ence, | ower. specific¢ hydrogenati on,costs

Rhask

arise. | nGRIBPATESHO asARASRNYIrAgeNaliPTh igH ResnaigNhEsINeANarS st
exchange s0eT-To NNy aglep : RCES hHidPrdosr
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al dol condensatign of C5-al dehydes are used, for e l,e .
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from 3- metznyd UK 3féths aé aBodiditgly %réfbrétﬁ?ﬁ%ﬂo@eﬁ@!’e@ﬂﬁ'tﬁe Yiuighphise, obt ai ned
by condensation of at least two differen - al dehydes, for exanple

4- et hyl - 2- propyl hexanal from cross-al dolization of n-pentanal with

i xtur os. hgagentan e MR, HoheyPr el il YireYpBBaR. s BIRtn
by the pref@$gorseiffibRs bbth bh@id‘bﬁgggé b]fjﬂof adoRbRS Besfohnation epaighg such

m xtures of” C5-al dehydes is descri or exanple, in DE102009001594A1.
In the prbolers bitusther repationsrand side feaelipnsfis prameted; A8us Bidelydemeann

stage, a support S [LSi i : I al s
copper e S ehterheAIoBERRCSA bad Mo PUABREBRICHAEA] oG fOEh 1,

cat al yst s hahslagstaky orffall acstaREMIAIIEHEIS STidlacdthle formed chn miitdnatel watey be
“titaniumdi oxide, zirconiumdioxide, alunm num oxi(gﬁ,n si|icon dioxide, or N

the m xed opalcabe! theragnol gthgrss whichere pislsegenaleq Lodeniig reRFERN
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process aie®yidid g Heoby-pmducterdfermad dohigh beilets tan 20 beblyparty beof copper,

0.2 to 6% by mass of, chromum 1 t 0% b s of nickel, .in each case
cal cul at e(éie §segiateddn gowngligam Q'af‘g'* /6"(1)5\}1%9@3"@?”%&% 75 ALYl at ed as

bari um oxigdenMBsana st S odi nent, the supported catalyst for the

" )
first hydrogenation stdage of the process according to the invention
contains only copper and ni ckel as hydrogenation-active netals, i.e.

IS
y- b u nu R AR e AR Are L3BH Rl G I e e ¥
cat al yst s BBk} eBRGIMAREIHileYs FPakRIeht bonRerPidns. mass of copper and 1 to

20% by mass of " nickel, "in each case calculated as the netal, especially 6
to 12% by mass of copper and 3 to 8% by mass of nickel. It has been found

that, surpeisingl i,h the inventi - nak . '

catal yat 1oy g Pral SR HiEotEe ARG RRT It ddyronsr beter,
of acet al g5 dd&utbed! fth s@hI¥Sih dorubsents &530597he, D543013884/rGBR2M420 DN St age
in the process according to the invention is especially a catal yst

conposed &ISAHINZEP, @Edggﬂgﬁ@AésﬁnﬁyQEﬂ)w‘ﬁ%’ﬁ— active metals on a support,
i.e. wWithout addition of chrom um and/or barium oxide. WD

2011/ 045102PCT/ EP2010/ 061827 6 preference is given to using catalysts

whi ch confihicse ppeddsads e only oft iimited suitabilith dorhid hydesyrinationad idecenatsttal .

The hydrogenation catal ysts used for the second, stage of .th rocess
accor di ngEEARMIE. SiGe g BRPSRRGS 96 Wateriesulip brcisPorRiRBAI @iedst SP)& of

whi ch cont;al i 09 of ruthenium For exanple, it
IS possi bpﬁé p%&%@éggda%’é?gg'gnsér\%méosg/mgpgpaé iti ons are described in

- DE10054347A1 and DE10232868Al1. In the process according to the invention,

preference is given to using s orted ruthenium catalysts containing 0.5
Do' 3% by GRRPERIR: tmhHirgaeaalioh ok saikeaisd AR o e herag SR AT Bhpor ¢
Particular preference is given to palladiumcatal ysts, since the val uable
pal | adi um can be recycled better fromthe spent catal yst. Suitable

pal | adi um cat al ysts -used may be Pd-contai ni ng supported catal ysts
containing 0.1 to 3%by mass of palladium In the process according to the



For each reaction zone of the process according to the invention, it is
possible to select different process variants. It can be perforned

adi abatically, or virtually WD 2011/045102PCT/ EP2010/ 061827 8
isothermally, i.e. with a tenperature rise |less than 10C, in one or nore
stages. | Rybhsoifpbhsigrase, it is possible for all reacpefrfep oBugarel y
tubul ar reactors, to %e operated adi abatjcally or virtually isothermally,
and also for one or nore to be operated adiabatically and the others to be
operated virtually isothermally. The two reaction zones of the process

according to the invention are perfornmed Pr_ef erably continuously and
or of er abl yinsAtAEd AeRYdESR-EEUGHed AlcoRels i queh FRES SoMPIRY, Sitreshel only
reactors |i t [ i j ' ' gui d
o donydo <% SR GPou 1R ARG ERESRINE Micje BFhd ndkdS boddRSe bl WIS
i quid di gkeepution, inproved renoval of heat of reaction and a high
space-tine yield, the reactors are preferably operated with high liquid
space velocities of 15 to 120 nB and especially of 25 to 80 nB per nR of
Cross secty ‘oﬁ‘ﬁﬁ#é}ﬂb‘ﬁ F8, FRunSRGEAEd bRicHYREaHd

i sot her mal Q‘Q%%F #’%%gtggﬁrm&%gés@ﬂt e spegi?(?/\é c?ﬂa‘él yst space velocity
(LHSV = | itgicdrresponding pateated aldehydesiadiscissadinE 1820084486040 Thend 10
h-1. A specific version of the process accordin he .i.nvention i

har act of fydEdenang ot PRBIR S p SRP Ard Pt o 48 Wal A yle |
operat ed ipil,0eBpPEEhd RkEr sthpbRems! AP thrintiublgs 8¢reRdidreagliBonalji ch
contains either only the second catalyst or the first catalyst in the
upper reacbhtaing badumirmxidghe second catalyst in the |ower reaction zone, is
operated in straight pass. Optionally, the hydrogenation can al so be
performed in three reactors connected in series. In this case, the first

reactor contid Rydiagandifin bPdedndidio Hetariols aled Hhetcatslypsiopipiding breuat ed
in |oop node (external recycli ng) and the second reactor containing the

rest of tI¥idA deorbaddn PiT007 H&380A1 in Adong-tarmeiest.df Wan ounrthalcond
Fvalr oenabPRRTG Sbp pieyedy T Bk filiBRRRton Buloll BreRRBre it 100G hours ol o

‘hydr ogenabpetating @héected in the third reactor.

2011/ 045102PCT/ EP2010/ 061827 9 decenal in the feed of the first reactor is
between 1 and 35% by mass, preferably between 5 and 25% by mass. The
desired c i i ra(fatrﬂ.'; Yl h8r bRYsEPEE
can be es%%ﬁéﬁgh tﬁﬁfj%ggﬁ&tﬂﬂ%t%r?rcu a?fﬂgﬁbggrg%bﬁ?gfﬁ%ﬁ%ﬁqﬁydl; %genati n
out put r ethyarkeef] Rov exeatpia it the pheductionaf phastieizeraffem thie ddvanpt obdsiss,
according to the invention are perforned wthin . essure range,.fromo0.5
Lo 10 NPareaRlisBafife depenals&rrive kia 0 aypaaUdirih Blevered solr amper e
range fro - of INErcA%EH QBRGNS HREBSEAY 46 RSwar hekRliyeen 120
and 220C, ggé%té%tgﬂﬁgp@gt%\een 14% and 190%“ The inaglflyvi dual stages are
oper at ed aumtbes. sane pressure or different pressures. The tenperatures in
the individual stages are the sane or different. The hydrogen used for the
hydrogenation may conprise inert gases, for exanple nethane or nitrogen.
Pref er enceof fhigrd/Sshri, & islalgegwaﬂsm%qﬁ@mdwdbm@wmmw(gmaﬁrﬁé vehan 98%

especial ly greater t han 99% Each reactor can be operated with fresh
hydr ogen. stisientially free pEdecenalpoSivcsldecenals andededangls howeyes &8 or may

Tatter Lasmniatigiity wRE shSicel Sipatalitr BEMn( HueRRl Rteraiin Y kg "
hydr ogen gapahdionixture dsdRetdrsorhigactors in the same or reverse sequence..

The hydrogenation product is worked up by distillation. This is done at
standard pressure or preferably under reduced pressure. The hydrogenation

m xture i §:pke I r oy ; ' i e

Funni ngs. TEMEIEIGPP b GAEA FAEE iNRrohth §BeHN R brdEe (I be Spfdned
fracti on @stHesddtsek in whidh, evghaiftebwirlg operpting timetsh dacérads dend®ol s)
separated, Wien the first runnjngs sti H§ m)nt ai n_CJ[O- Idehxde§, t hey can
be recycl Bydiggengieq Tﬁtd?ctaﬁ@'%‘ﬂ)’ﬁ'?g’@hﬁ? n Morggarticularly, the content of

201/ 0451 02EXT oRPOLABAEHTind RS AR Ao MirSid Bl 6y MR 1TCERIRG o
illustrate the 1nvention wthout restricting the scope of application

whi ch i s prefdetly fesertnarind00e ppni phd onostpaefenably ledsiban 6/0 ppm.
20111045102PCT/ EP2010/ 061827 11 Exanple 1 (noninventive): Hydrogenation
with first catalyst (Cu/Cr/ N on Al 203 support) A reaction output fromthe
conti nuous al dolization of n-pentanal and 2- nethyl butanal containing

about 88% by mass of 2-propyl heptenal and about 3.2% by nass of
4- et hyl - 2- pr opyl hexenal was hydrogenated continuously in the |iquid phase



Tabl e 1: Hydrogenation of Cl10-al dehydes over the Cu/Cr/N catalyst Tineth
0 500 1000 3000 2- Met hyl butanal 2.48 0.03 0.05 0.04 n-Pentanal 2.98 0.03
0.05 0.04 2-Methyl butanol 0.01 2.92 2.76 2.96 n-Pentanol 0.09 3.70 3.44
3.71 Internedi ate runni ngs* '

WO 2011/045102 PCT/EP2010/061827

This objet:t is achieved by effecting the hydrogenation in two stages, namely in a
first stage in a manner known per se over a catalyst comprising copper, nickel and
optionally chromium and/or barium oxide, and subsequently in a second stage with

another catalyst which must be free of copper, chromium and nickel.

The invention therefore provides a process for preparing at least one decanol by
hydrogenation of at least one decenal, in which a first hydrogenation is effected in
the liquid phase over a solid first catalyst, said first catalyst comprising copper and
nickel, comprising a second hydrogenation, following the first hydrogenation, in the
liguid phase over a solid second catalyst, said second catalyst being free of

copper, chromium and nickel.

The process according to the invention, compared to a process which uses only
one catalyst, has the following advantages: for the same overall catalyst volume,
with comparable yields, a product with a lower content of olefinic compounds is
obtained. The consequence of this is that, while complying with a limit of olefinic
compounds in the hydrogenation output, a lower specific catalyst volume is
needed. Due to the lower catalyst costs and lower frequency of catalyst exchange
and associated cost and inconvenience, lower specific hydrogenation costs arise,
In addition, shutdown times in production resulting from catalysf exchange are

reduced.

Feedstocks for the process according to the invention are decenals (a,B-
unsaturated Cqp-aldehydes)..More particularly, a,B-unsaturated Cqp-aldehydes
which have been obtained by aldol condensation of Cs-aldehydes are used, for
example 2-propylhept-2-enal from n-pentanal and 2-methyl-2-isopropylhex-2-enal
from 3-methylbutanal, or a mixture of isomeric decenals which are obtained by

- condensation of at least two different Cs-aldehydes, for example 4-methyl-2-
propylhexanal from cross-aldolization of n-pentanal with 2-methylbutanal.
Particular preference is given to hydrogenating decenal mixtures having a content
of 2-propylhept-2-enal of more than 85% by mass by the process according to the

invention.



0.01 1.03 1.19 1.21 4-Methyl -2-propyl hexenal 3.20 0.03 0.05 0.04

2- Propyl heptanal 0.00 0.25 0.44 0.69 4-Methyl - 2-propyl hexanal 0.00 0.03
0.05 0.06 4- Met hyl -2-propyl hexanol 0.00 3.14 3.15 3.11

4- Met hyl - 2- pr opyl hexenol 0.00 0.01

WO 2011/045102 PCT/EP2010/061827

A process for preparing such mixtures of Cs-aldehydes is described, for example,
in DE102002001594A1.

In the process according to the invention, for the first hydrogenation stage, a
supported catalyst comprising the hydrogenation-active metals copper, chromium
and nickel, and also barium oxide, may be used. Such catalysts are described in
DE102007041380A1. The support material may be titanium dioxide, zirconium
dioxide, a'l.umi-num oxide, silicon dioxide, or the mixed oxides thereof. A preferred
support is aluminum oxide, preferably y-aluminum oxide with BET surface areas
between 90 and 200 m?/g. A (first) catalyst usable for the first hydrogenation stage
of the process according to the invention contains 1 to 20% by mass of copper, 0.2
to 6% by mass of chromium, 1 to 20% by mass of nickel, in each case calculated

as the metal, and 0.1 to 2% by mass of barium, calculated as barium oxide.

In a preferred erhbodiment, the supported catalyst for the first hydrogenation stage
of the process according to the invention contains only copper and nickel as
hydrogenation-active metals, i.e. is free of chromium. A preferred support used is
aluminum oxide, preferably y-aluminum oxide with BET surface areas between 90
and 200 m?/g. The catalysts mentioned generally contain 1 to 20% by mass of
copper and 1 to 20% by mass of nickel, in each case calculated as the metal,

especially 6 to 12% by mass of copper and 3 to 8% by mass of nickel.

it Has been found that, surprisingly, in the inventive two-stage hydrogenation, the
first catalyst may even be free of barium oxide, without significant formation of

acetals.
Thus, the catalyst to be used in the first hydrogenation stage in the process
according to the invention is especially a catalyst composed of copper and nickel

as hydrogenation-active metals on a support, i.e. without addition of chromium

and/or barium oxide.

For the second hydrogenation stage of the process according to the invention,



0.01 0.01 2-Propyl heptenal 87.99 0.35 0.47 0.85 2-Propyl hept anol 0.00
86. 55 85.89 85.20 2-Propyl heptenol 0.01 0.01 0.03 0.09 H gh boilers 1.68
1.43 1.53 1.41 Residue/GC 1.56 0.73 0.89 0.58

WO 2011/045102 PCT/EP2010/061827

preference is given to using catalysts which comprise palladium or ruthenium as

the hydrogenation-active metal.

The hydrogenation catalysts used for the second stage of the process according to
the invention may be known supported ruthenium catalysts which contain typically
0.1 to 10% by mass of ruthenium. For example, it is possible to use catalysts
whose preparations are described in DE10054347A1 and DE10232868A1.

In the process according to the invention, preference is given to using supported
ruthenium catalysts containing 0.5 to 3% by mass of Ru on high-surface area

aluminum oxides as the support.

Particular preference is given to palladium catalysts, since the vaiuable palladium

can be recycled better from the spent catalyst.

Suitable paltadium catalysts used may be Pd-containing supported catalysts

. containing 0.1 to 3% by mass of palladium. In the process according to the
invention, preference is given to using supported catalysts containing 0.5 to 1.5%
by mass of Pd on high-surface area aluminum oxides as the support. Preference
is given to using y-aluminum oxides with a BET surface area between 80 and
180 m?/g and a pore volume between 0.5 and 0.7 cm®/g.

The catalysts are appropriately used in a form which offers a low flow resistance,
for example in the form of granules, pellets or shaped bodies, such as tablets,
cylinders, balls, extrudates or rings. They are appropriately activated before use by
heating in a hydrogen stream, for example to from 140 to 250°C, if they are not
reduced in the hydrogenation reactor. For example, a process for reducing a
catalyst with hydrogen in the presence of a liquid phase is described in
DE19933348A1.

The proportion by volume of the first catalyst in the overall catalyst volume is

preferably 70 to 98%; more particularly, the volume of the first catalyst is at least



*Intermedi ate runnings (including C5 esters and C5 acids) WO

2011/ 045102PCT/ EP2010/ 061827 12 As can be inferred from Table 1, the two
unsaturated 0i O al dehydes 2- propyl heptenal and 4-nethyl - 2- propyl hexenal
were converted over the Cu/Cr/N standard catal yst with high selectivity

to the profsbg19fasahpe 2-propyl heptanol and 4-methyl -%ﬂ@r‘/ﬁ%hiemgfdfr
I n )

The unconverted C5-al dehydes present in %he reactant (n-pentanal a
met hyl but anal ) were converted virtually conpletely to correspondi ng
C5-al cohol s. The residual contents of unsaturated Cl0-al dehyde,

2-propy|heRtenaI, rose from 0. 35% by ght on conmmencenent of the

hydr ogenaftt B3e Unesasdawertiie YQumsoefh! i@.?ﬁ@é‘g?atﬁéyséhﬁﬂoﬁ? peaferapho theur s of
Lhe experidigpbriohby luliedithb PASGHAYE B eth%[&gtrag%%ﬁﬁg?%lhgﬁ‘ﬁ)%ﬁo 658,

Cu/Cri N catalyst, Internediate o pten ogenati on,
t he sat ur anhest @elerablyed/weO%%. pr opyl hept anal , was detected. Exanple 2
(noni nventive): Hydrogenation with first catalyst (Cu/N on Al 203 support)
A reaction output fromthe continuous al dolization of n-pentanal and 2-

nnet hyl butianale Qﬁrﬁéd]éf'ﬂgpl@é’f%d%@n&%i#ﬁén%ﬁ&e"ém@éﬁé’Qé’dﬂrﬁ tt%r’[ﬁla and 3. 3%

by mass of 4-nmefhyl-2-propyi hexenal was hydrogenated contindously in the
| i qui d phaeeentiona agiatalystaanaroposashmesnely ©f apppeoandnitkabom arsupped], ueefreeer

109. 8 di to 150 nl.), of a | _catal yst on Al 203 su rt '
(same. cuppdent o e Beli Sxiie; s dhertinghedfs viiias Bongines. dRE . 106
by mass odelb@h@iningrj']aapp&mwamystwm&sé&dd Hiyd?é%é@a&ianaéth e CPhiEREIADE N
to an LHSV of 0.66 h-1, at a circulation rate of 40 |/h. e offgas rate

was 601( STembinatioreachigrespartightarlyrannichydiagepalion iasulis Ejythea;slﬁcgse

d ' : . | e 2. r .0 10- es, ,aver
b oduce bRl ol pRYGESFOREE B boR b RNOBREE s
0. 03 0. 02 parfRenamnbighdlddBee, with simultaneously good recyclability of the catalysts,

- which leads to a particularly economically viable process overall.

In the process according to the invéntion, the hydrogenation of the decenal
mixtures to the corresponding saturated Cqg-alcohols is performed over two
catalysts arranged in different reactors or beds. Optionally, the two hydrogenation
stages can be effected successively in one reactor. This means that the different
catalysts are arranged in different beds in one reactor. In the simplest
embodiment, the process according to the invention is performed in a reactor
having two beds, one bed being formed by the first catalyst and the other bed
being formed by the second catalyst.

in the process according to the invention, preference is given to process versions

with at least two reactors, where the second reactor may have one or two beds.

The process according to the invention is preferably performed in at least two
reactors connected in series, the first reactor containing the first catalyst and the
second reactor containing the second catalyst, and the first hydrogenation being
effected in the first reactor and the second hydrogenation being effected in the

second reactor.

For each reaction zone of the process according to the invention, it is possible to -

select different process variants. It can be performed adiabatically, or virtually



0.04 0.04 0. 04 2-Met hyl butanol 0.02 2.99 2.99 2.98 n-Pentanol 0.14 4.65
4.75 4.80 Internediate runnings* 0.01 1.35 1.34 1.32 _
g- g/ét hyl - 2- propyl hexenal 3.30 0.01 0.00 0.01 2-Propyl heptanal 0.14 0.01
.01
WO 2011/045102 PCT/EP2010/061827
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isothermally, i.e. with a temperature rise less than 10°C, in one or more stages. In
the latter case, it is possible for all reactors, appropriately tubular reactors, 1o be
operated adiabatically or virtually isothermally, and also for one or more to be

operated adiabatically and the others to be operated virtually isothermally.

The two reaction zones of the process according to the invention are performed
preferably continuously and preferably in the trickle phase or in the liquid phase in
triphasic reactors in cocurrent, the hydrogen being finely distributed in the liquid
aldehyde stream in a manner known per se. In the interests of homogeneous
liquid distribution, improved removal of heat of reaction and a high space-time
yield, the reactors are preferably operated with high liquid space velocities of 15 to
120 m® and especially of 25 to 80 m® per m? of cross section of the empty reactor
and hour. When a reactor is operated isothermally and in straight pass, the
specific catalyst space velocity (LHSV = liquid hourly space velocity) may assume
values between 0.1 and 10 h™.

A specific version of the process according to the invention is characterized in that
the first reactor containing the first catalyst is operated in loop mode (external
recycling) and the second reactor, which contains either only the second catalyst
or the first catalyst in the upper reaction zone and the second catalyst in the lower

_reaction zone, is operated in straight pass.

Optionally, the hydrogenation can also be performed in three reactors connected
in series. In this case, the first reactor containing a portion of the first catalyst is
preferably operated in loop mode (external recycling), and the second reactor
containing the rest of the first catalyst and the third reactor containing the second
catalyst are operated in straight pass. In this case, the first hydrogenation is
effected in the first and second reactors and the second hydrogenation is effected

ih the third reactor.

To minimize side reactions and thus increase the yield, it is appropriate to limit the

aldehyde concentration in the reactor feed. More particularly, the proportion of



0.01 4- Met hyl - 2-propyl hexanal 0.00 0.09 0.06 0.05 4-Met hyl - 2- propyl hexanol
0.00 2.91 2.90 2.90 4-Met hyl -2-propyl hexenol 0.00 0.01 0.01 0.01 :
2- Propyl heptenal 86.67 0.19 0.34 0.65 2-Propyl heptanol 0.05 85.54 85. 46
85. 10 2- Propyl hept enol

WO 2011/045102 | . PCT/EP2010/061827

decenal in the feed of the first reactor is between 1 and 35% by mass, preferably
between 5 and 25% by mass. The desired concentration range in reactors which
‘are operated in loop mode can be established through the circulation rate (ratio of

hydrogenation output recycled to reactant).

The two or more stages of the process according to the invention are performed
within a pressure range from 0.5 to 10 MPa, especially between 0.5 and 4 MPa,
very particularly in the range from 1 to 2.5 MPa. The hydrogenation temperatures
are between 120 and 220°C, especially between 140 and 190°C. The individual
stages are operated at the same pressure or different pressures. The

temperaturés in the individual stages are the same or different.

The hydrogen used for the hydrogenation may comprise inert gases, for example
methane or nitrogen. Preference is given to using hydrogen with a purity greater

than 98%, especially greater than 99%.

Each reactor can be operated with fresh hydrogen. However, it is also possible
that the offgas of one reactor may entirely or partially be the feed hydrogen for
another reactor. in the latter case, liquid hydrogenation material

(reactant/products) and hydrogen can flow through the reactors in the same or

reverse sequence.

The hydrogenation product is worked up by distillation. This is done at standard
“pressure or preferably under reduced pressure. The hydrogenation mixture is
preferably separated into three fractions, namely first runnings, _decanol fraction
(saturated Cqg-alcohols) and high boiler fraction (substances with higher boiling
points than the decanols) separated. When the first runnings still contain Cqo-

aldehydes, they can be recycled partly into the hydrogenation.

The Csp-alcohols are, as already mentioned, preferably used for the production of

plasticizers or detergents.



0.01 0.00 0.00 0.02 H gh boilers 1.72 1.43 1.44 1.54 Residue/GC 1.03 0.76
0.63 0.55 *Internediate runnings (including C5 esters and C5 acids) Under
the selected reaction conditions, the residual contents of unsaturated
C10- aldehyde 2- propylheptenal, of 0.19% by wei ght after 500 hours rose
to about %ﬂ after 3000 hours of the experipefEPItM 60688871
IS conparable to the ydr ogenati on resulb in Exanple 1. In contrast to
Cu/Cr/N catalyst (Exanple 1), the |nterned|ate of the 2- propyl heptenal
hydrogenation, the saturated C10- al dehyde 2-propyl heptanal, is converted

6 4L B S e B e i BAR S ol
2011/ 0451 i ith
a conbi nat;l %%%ﬁzgﬁ%l%%l cat a‘ﬁagﬁgﬁ{d é\h gfsdtm%ee exar%'lggrb\ﬁﬂ C "

fol |l ows slkdaimst he results of the hydrogen_atl on according to the present

i nvention. Instead of one catalyst, the catal yst bed consisted of a

conbi nati on of two catalysts. The total catalyst volune as in Exanple 1
was 150 m. The main proportion of the catalyst bed, at 120 m, was the
Cu/Cr/ N catalyst which was al so used in Exanple 1. This catal yst was
positioned on the inflow side of the reactor. The Cu/Cr/N catal yst
(extrudates: dianeter 1.5 mm length 3-5 m) was followed by a supported
rut heni um catal yst (1.5% by mass of Ru on y-al um num oxi de as the support)
wi th catal yst volume 30 ml. For the hydrogenation, reactant of the sane
conposition as in Exanple 1 was used. The reaction conditions of the

hydr ogenati on at 180C, 25 bar and a reactant throughput of 0.101/h with a
circulation rate of 40 |/h were conparable to conditions of the

hydr ogenati on in Exanple 1.



15 The results of the hydrogenation over the inventive catal yst
conbi nati on are shown in Table 3. Table 3: Hydrogenation over Cu/Cr/ N

Ru catal yst conmbination lime/h =

0.03 0.05 0.05 n-Pent anal
2.77 2. 98W0%1HM1(& 09

- 500-

r -1000 :

2- Met hyl but anal

2.98 0.03 0.05 0.04 2-Met hyl but anol
PCT/EP2010/061827

Example 1 (noninventive):
Hydrogenation with first catalyst (Cu/Cr/Ni on Al>O3 support)

A reaction output from the continuous aldolization of n-pentanal and 2-
methylbutanal containing about 88% by mass of 2-propylheptenal and about 3.2%
by mass of 4-methyl-2-propylhexenal was hydrogenated continuously in the liquid
phase in a circulation apparatus at 180°C and 25 bar absolute over 105.3 g
(corresponding to 150 ml) of a Cu/Cr/Ni catalyst on Al,O3; support (extrudates:
diameter 1.5 mm, length 3-5 mm) containing 6% by mass of copper, 3.1% by
mass of nickel and 0.6% by mass of chromium. The throughput was 0.10 I/h of
reactant, corresponding tc an LHSV of 0.66 h'1., at a circulation rate of 40 I/h. The

offgas rate was 60 | (STP)/h. The reactant and product analyses in % by mass are

reproduced in Table 1.

11

Table 1: Hydrogenation of Cg-aldehydes over the Cu/Cr/Ni catalyst

2.48
0.01 2.98

Time/h 0 500 1000 3000
2-Methylbutanal 2.48 0.03 0.05 0.04
n-Pentanal 2.98 0.03 0.05 0.04
2-Methylbutanol 0.01 292 276 2.6
n-Pentanol 0.09 3.70 3.44 3.7
Intermediate runnings® - 0.01 1.03 1.19 1.21
4-Methyl-2-propylhexenal 3.20 0.03 0.06 0,04
2-Propylheptanal 0.00 0.25 0.44 0.69
4-Methyl-2-propylhexanal 0.00 0.03 0.05 0.06
4-Methyl-2-propylhexanol 0.00 3.14 3.15 3.1
4-Methyl-2-propylhexenol 6.00 0.01 0.01 0.01
2-Propytheptenal 87.99 0.35 047 0.85
2-Propylheptanol 0.00 86.55 85.89 85.20
2-Propylheptenol 0.01 0.01 0.03 0.09
High boilers 1.68 1.43 1.53 1.41
Residue/GC 1.56 0.73 0.89 058

*Intermediate runnings (including Cs esters and Cs; acids)

and



3.70 3.54 3.71 Internediate runnings* 0.01 1.17 1.21 1.22

4- Met hyl - 2- propyl hexenal 3.20 0.03 0.07 0.01 2-Propyl heptanal 0.00 0. 64
0.82 1.39 4-Met hyl -2-propyl hexanal 0.00 0.08 0.08 0.05

4- Met hy1- 2- propyl hexanol 0.00 3.15

WO 2011/045102 PCT/EP2010/061827
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As can be inferred from Table 1, the two unsaturated Cqo aldehydes 2-
propylheptenal and 4-methyl-2-propylhexenal were converted over the Cu/Cr/Ni
standard catalyst with high selectivity to the products of value 2-propylheptanol
and 4-methyl-2-propylhexanol.

The unconverted Cs-aldehydes present in the reactant (n-pentanal and 2-
methylbutanal) were converted virtually completely to corresponding Cs-aicohols.
The residual contents of unsaturated Cqg-aldehyde, 2-propylheptenal, rose from
0.35% by weight on commencement of the hydrogenation after 500 hours to about
0.85% by weight after 3000 hours of the experiment. |
in the product spectrum of the hydrogenation over thé Cu/Cr/Ni catalyst, the
intermediate of the 2-propylheptenal hydrogenation, the saturated C+c-aldehyde 2-

propylheptanal, was detecied.

Ekample 2 (noninventive):
Hydrogenation with first catalyst (Cu/Ni on Al>O; support)
A reaction output from the continuous aldolization of n-pentanal and 2-
methylbutanal containing about 86.5% by mass of 2-propylheptenal and 3.3% by

. mass of 4-methyi-2-propyihexenai was hydrogenated continuousiy in the liquid
phase in a circulation apparatus at 180°C and 25 bar absolute over 109.8 g
(corresponding to 150 ml) of a Cu/Ni catalyst on AlO3 support (same support as in
Example 1) Containing 9.5% by mass of copper and 6.1% by mass of nickel. The
throughput was 0.10 I/h of reactant, corresponding to an LHSV of 0.66 h', ata
circulation rate of 40 /h. The offgas rate was 60 | (STP)Yh. The reactant and

product analyses in % by mass are reproduced in Table 2.



2- Propyl hept enol
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Table 2: Hydrogenation of Cqg-aldehydes over the Cu/Ni catalyst

87.99 0.03 0.04 0.07 2-Propyl hept anol
0.01 0.01 0.03 0.09 H gh boilers 1.68 1.49 1.42 1.41

3.21 3.11 4- Met hyl - 2- propyl hexenol 0.00 0.01 0.01 arm 2- Propyl hept enal

0.00 86.56 85.93 85.21
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Timef ’ 00, 1000 - 000
2-Methylbutanal 289 0.03 503 0.02
n-Pentanal 4.03 0.04 0.04 0.04
2-Methytbutanol 0.02 2.99 2.99 2.98
n-Pentanol 0.14 4.65 4.75 4.80
Intermediate runnings* 0.1 1.35 1.34 132
| 4-Methyl-2-propylhexenal 3.30 0.01 0.00 0.01
2-Propylheptanal 0.14 0.1 0.01 0.01
4-Methyl-2-propylhexanal 0.00 0.09 0.06 0.05
4-Methyl-2-propylhexanol 0.00 291 2.90 2.90
4-Methyl-2-propylhexenol 0.00 0.01 0.01 0.01
2-Propylheptenal 86.67 0.19 0.34 0.65
2-Propylﬁeptano£ 0.05 85.54 85.46 85.10
2-Propytheptenol 0.01 0.00 0.00 0.02
tHigh-boilers 1.72 1.43. 1.44. . 1.54
Residue/GC. - 1.03 0.76 0.63 0.55

*Intermediate runnings (including Cs esters and Cs acids)

Under the selected reaction conditions, the residual contents of unsaturated Cgo-
aldehyde, 2-propylheptenal, of 0.19% by weight after 500 hours rose to about
0.65% by weight after 3000 hours of the experiment. This result is comparable to

the hydrogenation result in Example 1.
In contrast to Cu/Cr/Ni catalyst (Example 1), the intermediate of the 2-

propylheptenal hydrogenation, the saturated Cip-aldehyde 2-propylheptanal, is
converted virtually completely to the 2-propylheptanol product of value over the

Cu/Ni catalyst with much higher Cu and Ni contents.



Resi due/GC 1.56 0.72 0.76 0.58 *Internediate runnings (including C5 .
esters and C5 acids) The results in Table 3 show that the yields of the.
2- propyl hept enal hydrogenation in the presence of the inventive catal yst
conbi nati on are conparable with the yields achi evabl e over the standard
catal yst poEXMb&s5102 According to the present anal ysi pCYfEPI®10/08382PN
outputs, the contents of desired 2-propylheptanol product of value
(2-PHol) in both cases are between 85 and 86% by mass. In contrast to the
standard method with one catalyst in Exanple 1 with rising contents of
unsat ur at C10- al dehyde 2-propyl heptenal, the 2-propyl heptenal contents
in the re%ﬂrﬁﬂle& 'BH%“ e distinctly reduced in the case of use of the
cat al yst i L : 07% by
e, cor 1 DS W S R ey e
results, fiihe &xgmpipywiicpiadals sesvpthef msaits ohtheyhydrogenatin accarding to

propyl heptanal . Exanple 4 (inventive): d enation wWith a.conmbjination of
Cu/Ni cat rl‘?/?fesfr% I%nﬁgpawgqac{;ﬂfeor@g%%%gi&ﬁ?&ﬂ%qlﬁq!b&gscogﬁﬁgd PRE resul ts
of the hydpaagnaidrrsr ecadtdiysts. trhettbeal RERFRAOIUNS BE 9 ExHAIPM) 1avagcond
catal yst conbi nation which consisted of a Cu/Ni catalyst as the first

cat al yst 48 mal. downst ream pal | adi um catal yst. As in Exanple 2, the total

cat al yst | ume. was 150 m.. Maintaini i N
Beanp! o 3.1 BRI OPBRAY thH eI sl o d20 T Basdh T YCEN BaBht"or ¢ e
Cu/ Ni cat ihich waschigs Sedth Bkambld NETHi!datdlystrwvaapesitiched 6n Hie mflonasigeof
Pd) in the sanme geonetric shape (extrudates: dianeter 1.5 mm length 2 to

4 ). Fooftheerageidrogenati on, reactant of the same conposition as in

Banbl e 2 MBSl R EiqaaaRs! SRntes; 7 At Sehulndes g veaTricReat | on
Cr al dehy deytahs@pasied rutiéhioh tataly$(TT5% bemass f &u omg-diymimge oxideas over

the second inventive catal yst conbination are shown in Table 4. Table 4:
Hy dr ogenath®RuRRT) with ketalyid velunee 88kt conbi nation Tine/h--- _-500

For the hydrogenation, .#'eactant_ of the same composition as in Example 1 was

used.

The reaction conditions of the hydrogenation at 180°C, 25 bar and a reactant
throughput of 0.10 I/h with a circulation rate of 40 I’h were comparable to

conditions of the hydrogenation in Exampie 1.



- 1000 3000 _- 2-Methyl butanal 2.89°0.03 0.03 0.02 n-Pentanal 4.03 0.04
0.04 0.04 2-Methyl butanol 0.02 2.99 2.99 2.98 n-Pentanol 0.14 4.68 4.79
4.86 Internediate runnings* 0.01 1.35 ' ’
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The results of the hydrogenation over the inventive catalyst combination are

shown in Table 3.

Table 3: Hydrogenation over Cu/Cr/Ni and Ru catalyst combination

Z—Méthylbutanal T 2.48 7 .03 0.05 0.05
n-Pentanal 298 0.03 0.05 0.04
[2-Methyibutanol 001 298 377 | 298
n-Pentanol 0.09 3.70 3.54 371
Intermediate runnings* 0.01 147 1.22 1.21
4-Methyl-2-propylhexenai 3.20 0.03 0.07 . 0.01
2-Propylheptanal 0.00 0.64 0.82 1.39
4-Methyl-2-propylhexanal 0.00 0.08 0.08 0.05
4-Methyl-2-propylhexanol 0.00 3.15 3.21 EXE]
4-Methyl-2-propyihexenol 0.00 0.01 0.01 0.01
2-Propy|hepteﬁaf 87.99 ' 0.03 0.04 0.07
2-Propylheptanol 0.00 86.56 85,93 85.21
2-Propylheptenal 0.01 0.01 0.03 0.09
High boilers 168 149 142 141
Residue/GC 1.56 072 0.76 0.58

*Intermediate runnings (including Cs esters and Cs acids)

The results in Table 3 show that the yields of the 2-propylheptenal hydrogenation
in the presence of the inventive catalyst combination are comparable with the
yields achievable over the standard catalyst in Example 1.

According to the present analysis of the reaction outputs, the contents of desired
2-propylheptanol product of value (2-PH-ol) in both cases are between 85 and
86% by mass. '

In contrast to the standard method with one catalyst in Example 1 with rising
contents of unsaturated Cqp-aldehyde 2-propylheptenal, the 2-propylheptenal
contents in the reaction output were distinctly reduced in the case of use of the

catalyst combination.

After an experiment time of about 3000 hours, a low content of 2-propylheptenal of



4 1.32 4-Methyl -2-propyl hexenal 3.30 0.01 0.00 0.01 2-Propyl hept anal
.14 0.18 0.22 0.41 4-Met hyl -2-propyl hexanal 0.00 0.08 0.07 0.05
- Met hy1- 2- propyl hexanol 0.00 2.91 2.90 2.91 4- Met hyl - 2- propyl hexenol 0.00
.01 0.01 0.01 '

WO 2011/045102 o PCT/EP2010/061827
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about 0.07% by mass, corresponding to 700 ppm, was determined. According to
the present results, the 2-propytheptenal was preferentially converted to 2-

propylheptanal.

Example 4 (inventive):

Hydrogenation with a combination of Cu/Ni catalyst and Pd catalyst

The example which follows shows the results of the hydrogenation according to

the present invention using a second catalyst combination which consisted of a -

Cu/Ni catalyst as the first catalyst and a downstream palladium catalyst. As in

Example 2, the total catalyst volume was 150 ml.

Maintaining the same volume ratio as in Example 3, the reactor was filled from the
“inflow side with 120 ml of the Cu/Ni catalyst and with 30 ml of the palladium

catalyst (0.5% by mass of Pd) in the same geometric shape (extrudates: diameter

1.5 mm, length 2 to 4 mm). |

For the hydrogenation, reactant of the same composition as in Example 2 was

used. The hydrogenation was effected under the same reaction conditions as in

the preceding examples, i.e. at 180°C, 25 bar and Ce-aldehyde throughput

100 ml/h. B



2- Propyl heptenal 86.67 0.01 0.02 0.04 2-Propyl heptanol 0.05 85.54 85.48 85
25 2- Propyl heptenol 0.01 0.00 0.00 0.00 High boilers 1.72 1.43 1.47
1.52 Residue/CGC 1.03
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17 '

The results of the hydrogenation over the second inventive catalyst combination

are shown in Table 4.

Table 4. Hydrogenation over Cu/Ni and Pd catalyst combination

imelh e
é-Methylbutanal
n-Pentanal ; 4.03 0.04 0.04 0.04
2-Methylbutanol 0.02 2.99 2.99 298
n-Pentanol 014 268 479 4.86
| Intermediate runnings*® 0.01 1.35 1.34 1.32
4-Methyi-2-propylhexenal 3.30 0.01 0.00 0.01
2-Propylheptanal - 014 0.18 0.22 0.41
4-Methyl-2-propylhexanal 0.00 0.08 7 0.07 0.05
4-Methyl-2-propylhexanol 0.00 2.91 2.90 2.91
4-Methyl-2-propylhexenol 0.00 0.01 G0 0.01
2-Propylheptenal - 86.67 0.01 0.02 0.04
2-Propylheptanol 0.05 85.54 85.@ 85.25-
2-Propytheptenol 0.01 0.00 0.00 0.00
High boilers 1.72 1.43 1.47 1.52
Residue/GC 1.03 0.74 0.63 0.58

As can be inferred from Table 4, comparable yields were achieved in the
hydrogenation of unsaturated Cio-aldehydes in the presence of Cu/Ni and Pd
catalyst combination to those in the case of use of the Cu/Ni catalyst system in

Example 2.

Compared to Example 2 with one catalyst, the residual contents of Cqp-aldehyde
2-propylheptenal in the product output were distinctly reduced by the downstream
Pd catalyst. After about 3000 hours of the experiment, a 2-propylheptenal content

of about 400 ppm was determined.



0.74 0.63 0.58 As can be inferred from Table 4, conparable yields were
achi eved in the hydrogenation of unsaturated Curaidehydes in the presence
of Cu/Ni- and Pd catal yst conbination to those in the case of use of the
Cu/Ni catalyst systemin Exanple 2. Conpared to Exanple 2 with one

cat al yst, Wwep20¢slodgqpz contents of Cl0-al dehyde 2-pr opyp@qygpgghommtgw
product output were distinctly reduced kyg the downstream Pd catalyst.
After about 3000 -hours of the experinment, a 2-propyl heptenal content of
about 400 ppm was determ ned. W?2011/045102PCT/ EP20101061827 18 C ai ns:
1. A procegs.for preparing at |east one decanol by hydrogenation of at

| east one l?é'@ﬁal in which a first hydrogenation is effected in the

l i quid phase over a solid first catalyst, said first catalyst conprising
copper and ni ckel, characterized by a second hydrogenation, follow ng the
first hydrofefapiooess for grepaling)at tbashase dwano!dayshﬂdrdgemitmdofcattlaﬁybﬂme

o ocess ao. ol AeHENAK in WP S bdreGeRBRP) ieteried i B i BBnse BxeaPy s

conprises pal 'séﬁ'('j iF8t c%talﬁ'éiesé’fﬂcfﬁ'@tsc%@@sﬁé&hﬁﬁéing '&oﬁbéﬂ ahd nickBar acteri zed
in that the second catalyst conprises’rutheniumm 4. The process as cl ai ned

in claiml, 2cbargterigeskict eri zed in that the proportl on by volune of the

first catalyst in total catalyst vo 0.t0 98% 5. The process
s ol ai meq | nectekon e RidndiRL? ol i st SyrlOobRati dp te ki e
catal yst is apvbeasblid 8eeénd taRiyshSsdifs8e0RS chlafysy Bk r&d of Beps@cond
catalyst. 6. The process as clained in any of clains to 5, characterl zed

inthat it iscpemigrendnickel. | east two reactors connected in series, the
first reactor containing the first catalyst and the second reactor
containing the second WD 2011/ 045102PCT/ EP2010/ 061827

2. The process as claimed in claim 1,
characterized in that

the second catalyst comprises paliadium.
3. The process as claimed in claim 1,
characterized in that

the second catalyst comprises ruthenium.

The process as claimed in ciaim 1, 2 or 3,

:FL

characterized in that
the proportion by volume of the first catalyst in the total catalyst volume is 70
to 98%.

5. The process as claimed in claim 4,
characterized in that _
the volume of the first catalyst is at least three times as large as the volume

of the second catalyst.

6. The process as claimed in any of claims 1 1o 5,
characterized in that
. it is performed in at ieast two reactors connected in series, the first reactor

containing the first catalyst and the second reactor containing the second



19 catal yst, and the first hydrogenation being effected in the first
reactor and the séecond hydrogenation being effected in the second reactor.
7. The process as clainmed in claim®6, characterized in that it is
performed in three reactors connected in series, the first reactor

cont ai ni nqy® pP{1/0485192 the first catalyst and bei ng oppCAEr2640/089827
node, the second reactor containing theqgest of the first catalyst, the

third reactor containing the second catalyst, the first hydrogenation
. being effected in the first reactor and in the second reactor, and the

d hyd b ted t h 8. Th
e ol mod | oAy e st hidrogenefion Being sAsted it st s e Bmad
in areactor Q%gdgﬁtgg?r}rilvgggﬁgﬁon Béﬁng%&é‘d ﬂ-gthfe‘%éﬁ%ﬁd%aétt}ﬁ first catalyst

and the ot her ornmed byt second catalyst. 9. The process as
claimed in any of clains 1 to 8, characterized in that the first catalyst

Is free of aé_bum oxi de. i srgrloce as claimed in any of clains 1 to
9, characteri § ATRCe$Pa2S tirimed irtlaim 6, yst is free of chrom um

characterized in that

it is performed in three reactors connected in series, the first reactor
containing a portion of the first catalyst and being operated in loop mode, the
second reactor containing the rest of the first catalyst, the third reactor
containing the second catalyst, the first hydrogenation being effected in the
first reactor and in the second reactor, and the second hydrogenatlon being

effected in the third reactor.

8. The process as claimed in any of claims 1 to 5,
_characterized in that
it is performed in a reactor having two beds, one bed being formed by the first

catalyst and the other bed being formed by the second catalyst.

9. The process as claimed in any of claims 1 to 8,
characterized in that

the first catalyst is free of barium oxide.

10.The proceés as claimed in any of claims 1 to 9,
characterized in that

the first catalyst is free of chromium.



