‘e3eYW " ~6DT9>B12 MAR 2003 00a03gs9-5 Process for reducing oxidic
*hydrogenation catal yrsts The invention relates to a process1PMAReZ0OG3 ng
oxi di ¢ hydrogenation catalysts and a process for hydrogenat bbgabgelzydes
.over the reduced catalysts to 5 formal cohols. The invention also rélates
to the use of the alcohols prepared in this way. Al cohols can be prepared
by catal ytic hydrogenation of al dehydes which, for 1 o exanple, have been
obt ai ned by hydroformnylation of ol efins or by al dol condensation. |arge
amounts of al cohols are used as solvents and as internediates for the
preparation of many oroanlc conpo nds InPortant downst r eam products of

al cohol s are PrEASEIQL ; e Qgepation lysds knowm t hat al dehydes can
be reduced catal ytically mnth hydrogen to formal cohols. Here, use is

frequently ma I from groups
1 B30, b, e EleriBh RydEs &4 abfeks i HRkIRG it *ﬁ%@”ﬂﬁ"%ﬁ’st

hydr ogenat i on @pf aaFNﬂ%ﬁﬁd%’s“Xf’&?ﬂ%@ ingy pldplaydles avee et reAucsdgalalysts !9at chvm se in
the gas or %i farivchalggmese usi ng pul verul ent or shaped cat aI ysis. 2 o For the
industrial preparation of alcohols by hydrogenation of al dehydes,

preference is_given, especially in the case of high-volume products, to
conti nuous pr c'fbematlmlmrelatqsambeuseafttheyalwhols prapaeedyadhisvway.i qui d phase.
Conpared to gas-phase hydrogenation, the |iquid-phase hydrogenatl on has the
nore favorabl e, en bal ance., Thi s va i nc ncreasi ng 25
nol ar mass of %@Q&g%%gpq red B Uﬁ%@@ﬁ %@“W—P{Qﬁa?shya? 9& ¥ havi ng nore
t han 7 car bon exampls, have bémr eblainedhyehyrirafbtnylatiodr afgalefiriseat bynaldble | i qui d

phase. The 'n%ﬁaérrsaﬁdny Lk 8mBUMts bf HIGH mﬁaéﬂeo&ggl?%?hﬁﬁéﬁs e &y f;’ggﬁ’yby

reduction 3 0,of e rec Jsors [ t he, cat.al

Lot ve mot al o IOATRHREEIos The pldParatoR o pahy Sigario GRapvslt: WBHAOL: s i o
have been act idewnsiceammprotiicls ebglcelials areplasticizersiand datesgents r api dI y oxidi zed
inair; some are even pyrophoric. 3 5 The reducti on of the catalyst

Py ogenat Fon s e soBded o8 B8 relesttataliBiy Wl v dbod B 5005 -
qui ckl'y as posigobpls. Here, viet is dieque ai\aderrgjcatﬂysmhlw e9mprise@bleasier at i ng

}I fedorl‘3 Ej hte C ajna| rivtal- frolih@ou mstzutmbwb aeallaﬂ ararttharpeeaua.&qasre@r twnged in a

i xed bed to species is
a step which %‘gﬁe&tgﬁl}g%& tﬁ’&edd@%egﬁ&et% cgﬁi:e C%ergéﬂﬁ\! S?Le %‘% sequent

hydr ogenat i on q5batclaise '“MQWﬂ'ﬁ‘@d paasgasing putyerulant opghaped eddalyelsnds present
in the cat abys{orphemmstﬁal propariations of albétics Bylhyarbgewalﬂmun'amehyfm exanple) to
20 kcal / ol g)rgﬁ?enrcgqy‘b‘\)e ne%ec%ﬂg |$t§%9éa Qégrh Aldiitfe dh&@ {y ecursor or

t he cat al yst h'? revent cause ot herwi se
t her mal danmagefoyn %@pé%ﬁeﬁ??fs‘fs'"%ﬁ’ff Icért@éﬁ’ﬁeﬁt ® e3¢ H[a aS@rystallites,
occurs. | n or deompagedtbgas-phasethydraggealion; the licaidgihase hidrogengtiomhaspt i num

act' Vi t?/ and Q%\@h%ﬁ¢&éﬁi§é&rgﬁ$&ad£?ﬁﬁl%&%@§§m§%a%&ﬂﬂflﬁéf@é%l t ;Jnder
extremely gare nt r.o0 e r cti ys
precursors garf“ﬁgr @agéroﬁ?féﬁe {ﬁﬁhycﬁa {0@ hydgenated JHighey ?'g%}?)'ge&bﬁ%’é'eg or a gas
m xture. |n tHeoraiaeoarheh atoms arm@rqﬂhawfembl; hydroaelyded pialiquidr is
frequently re g using a gas m xture consisting of hydrogen and an inert
gas, preferably 2 o nitrogen. Thus, the gas-phase reduction of a copper
catalyst is described in JP 61-161146. Reduction of CulZn catalysts is
known from DE The iadusBially custoniey Ryticegenation.calhlysts-ateprodacediby ceductien t he

gas- phase redugtté ﬁfaté%k’e@ﬁlrsér%tﬁlﬁﬁtc%nta% the @4l |c£|ﬂ' Eélﬁetrridt\élg'ﬁ’ﬁt capacity

of gas m Xture the utlo ecarrle t slo apnd/ or a very
hi gh gas hourl?f%’ﬁﬁﬁﬁa@ ?@9@9")‘“9‘?&?‘?’@ ’bﬂh'gé?‘a‘(%b '%et Lroval of
heat. The redumtthlsrwwamgpmrmoyhe gad atecrapidly oxidized in @irpgdmejarpieyeitices | ar ge
anount s of gasy %%W chave to be disposed of. Onving to its high inert gas
content, working up the gas to recover hydrogen 3 o is not worthwhile. The
hi gh gas hourly space velocity can be achi eved nore econonically by

ci rcul at i ng% h€&hgmedudtion lof theeatwilyst pfecarsorsrsholla) ingdayds kedpdhe startds an
alternative to et an be
reduced in theuﬁagi%rgﬁ?g of aalh?gﬁgédﬁdﬂﬁ%gégﬁﬁpé%@rﬁéep%g)g g%g uction is
35 renpved by neans of the liquid. According to 33 385 625, a Cu/COr

catal yst precursor is reduced in the presence of a carbox
o -
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12 MAR 2003 - 3 Cu/Cr catalyst in a streamof lactone (LHSV = 0.67 h'') at
"200C. A further nmethod of reducing Ni/Cu/ Mo or Co/Cu catalyq§|ﬁp$§%6@§rs i's
di sclosed in DE 35 24 330. Here, the reduction is carried out at 0C and
.250 bar in a stream of isopropanol at a throughput per unit cross-sectional
area of 5 60 nB1(nR~h) for an Mod-containing catal yst and of 303m (~m ~h)
for a Cocontaining catalyst. These redycti on processes have the

di sadvant age that they enpl oy high ten%efature and/ or pressures and require
|l ong reaction tinmes up to a nunber 10 of days. A further process for
reduci ng hydrogenation catalysts is described in EP O 689 477. Here,
copper - cont ai NguiklyCas Faskble BitRAMbECIMPairing tHRAEAiiIGArfor@pefating fe/ofn, Cu/ Fe,
Cu/ Al and Cu/ﬁhCQ c&tglyst precursors, are reduced in the 1% | i qui d phase
in a two-stage ﬁfgé 8. " The | i qui d phase can conprise esters, alcohols or
hydr ocar bons. The two-stage process of EP 0 689 477 enploys a tenperature
program in whi vl @éudisRsi caldhpét B&cﬁ@b@ﬁﬁa%d%éﬁfé&%ﬁﬁo biveilRslagas 10 the

first stage at_a. 20 tenpperatiure of from 1o 140C.  In'the second stage,

t he tenper a?ur%aﬁvg 'Pﬁ@gg%ﬂﬂmgr‘@i?llﬂcfp?ﬁ'e%@é SB&\@(H‘G‘QW&@&T@?@ t he

conpl i cat ed t einfleenae wndhe sudcess otthd suliseqadnt hiydlogernation pomesaDuringe of , on
average, 40 ho i f I ; i ntion to
provi de a pr chg%ze%ugtﬁodﬁ.éﬁe:}g%tﬁlci ngoggquﬁ%lgétm Bﬂ é%&?%:’tf{s&%gqﬁ%ﬁég%ﬁof whi ch
short reduct i ol bgraled. 6%3'13%“ far I6td BB kaalmalin therredudtion 8t C¥Qe resul ting
cat al %ISt ]E)ei ngtoi G Aiverdwbatirignef the#mdoﬁﬁtthbxtstbgslsdwirbtﬂ)e ielductwntﬁasulj_ar, be
suitabl e Iy P{-E t t ndi ng

al dehydes. ofol ?éhgdggﬂ%\bvc%e&gﬁéﬁ g%ﬁ&“&ﬁ@ﬁﬁ%éﬁa&gﬂé@é P i"g% cg@[yge_c%;(?al yst
precursor can ®Rlagemenk®fothe metal enslplitesi mscyrs. tiheorgpedeneitaipf ag sol vent
ﬁt OIel evat ed t enpR6gdriation amdlymw:f@ta*n apliRRALadtivinad b highi strepiitasthe
ydrogenati on . ng

catal ysts are %‘%%gﬁ% o(?d ?ﬁe@g%eépgg%é? &onréof@ngjé%ﬁ%{@%@'me pr esent
i nvention accordingly provides a process for reducing nickel containing
catal ysts fxn Thaedydeniof datalysharecursors ican bl icarfied lbat indltbupesenceicfa 12 MAR
2003 carried 'dbﬁ"aste ddR8Whikuyphase in a single-stage process by neans of
hydrogen. The process of the invention has a nunber of advantages: the
reduction of 5 the catal yst precursor can be carried out under gentle

condi tions in b thé ghsedcgpbfadiguithpihase) dreatatalyst precursosis ftequenttypedungdh acti vity
and strength ofisihf% §44 Mintsre &fn@is%&a{wogéﬂoa(ﬁf &% el §4¥) pestérablyover i s
necessary for c&rgéf}ll ?ﬁ sowé t he reduc‘#l on, fso t at?ﬂgq a}dsdl L ogacLi capit al
costs are incuPFRIEN THYS. QRS RRSRS Kadvictien ofa qpREr GlglYSLIS HesetPn 24 hour s,
whi ch si gni fi cdRBi416%H6r Reductiomel Gu/zn citalysts isknayin frameDRyIdG8gH3andon pl ant

when changi ng DiEe34 3837y s P clotaraM2 diiscloses By gdsshisstiredudibn oSG, The
catal yst is fohﬁﬁﬁst‘sn the |l ow pressure range from1l to 25 bar, so that no
-p

additional hig essure resistant vessels or reactors are necessary. 15 A
si ngl e-stage reduction in the sense of the present invention enploys fixed
rﬁacti gn paz R mBwinigelo o heatraapacityeof gasimbxeurps; tisd radactithecahibeaarrisad not
changed anynor 4@;\& u%;- n
appropriately Egta d 'P‘?% r%t%ie.h@ﬂgagrfe%dﬂ%?%@O@Xr@ﬁgwgﬁ{mﬁy means of
hydrogen; it i 808Pkle pls KRV, of beatnTp ERsuRlictoring AiMg) BRSKBRNS. The 20
reduction of t ispaceiveloeity prodiicas lergmamatintd gfgfas whioh Hawe t@be disposadtofi n t he sane
reactor as thecﬁnHrlEbs Hh Rb i Ty al dehydes
by neans of the pr o@gtég{@)q 'atﬁgglg%@g%ﬁgﬁqﬁﬁ%ﬁ@é]??sq@irg%gg@?%% IS

possi bl e t 03%sds phwpdiawhileqTlae high gas hourly spage wlecity sep bpfchieved more

economically by circulating the gas with the aid of a circulating gas blower.

As an alternative to the gas-phase reduction, the catalyst precursor can be
reduced in the presence of a liquid phase. Here, the heat of reduction is
35 removed by means of the liquid. According to GB 385 625, a Cu/Cr catalyst
precursor is reduced in the presence of a carboxylic ester at a liquid hourly
space velocity (LHSV) of 8 h', JP 47-14113 describes the activation of a



25 which are prepared by reduction according to the invention of
"correspondi ng precursors. Suitable precursors can conprise teqaR 663 of
groups 1 b, 2b, 6b) 7b and/or 8 of the Periodic Table, in particular
.nickel) copper and chrom um Catalysts applied to supports or unsupported
catal ysts can be used. Unsupported catal ysts generally conprise from about
0.2 to 30% by weight 30 of nickel, from25 I 0 40% by wei ghs of copper and
from18 to 40% by wei ght of chrom um -The- catal ysts can further conprise up
to 20% by wei ght of basic substances such as alkali netal or alkaline earth
met al oxi des or hydroxides) and al so other inert or properly-nodifying
materials in the same anmpunts, for exanple graphite. 35 Preferred catal ysis
in the process GHfCh ¢atalysiina sireamoblaclopa (bideW 5t0.eigh Dl al @AY Yo A fugheii ve

al cohol s are s wpkiopdaGh@NYCHMO of BelCUc@Elst Srecdrsa@iddidclosetidn R 2003 - 5

to 15% by weig f .3 1o, 15% b i gh ni.ckel and

al so, as acti Vg%ﬁg:ﬁf?—%ﬁé,dﬁggﬁ%ﬁ& g%ﬁﬁye%\@%%%&%cﬁ}dg&%rdﬂ@

advant ageousl y stream ¢f. i8gpropanol 6o yhrowghplat pef uaih ceddsedectiaahacasent on a
support mat egi h. mY(e.ng P MotBnIiNiAY cRIaRSCERPbY 36TR Affor @l @p1 num oxi de
or silicon oxide. 5. The unts indicated are based on the unreduced

catal yst, i.e. CPW@'"M%Q? - precursors. The catal yst precursors, i.e. the
unreduced catal ysts, are advantageously used in a formwhich offers a | ow

resi stance for f f liest, shaped
bodi es such as TE\gb gtad;‘,cgognyt)li%ﬁg%r%ss ,r%géf;t%gigg%@hggu that thF%\@Efg? h to the

rings.
i nvention, the 'FRRATRIMEANAGE PERRIESE Ir%‘fedmﬂ?%ﬁf't'H%El&'PéoPﬁ'uF‘ @‘gpresence
of a |iquidiphatdayshi ch can serve as heat transfer medium As |iquid phase,
use is nmade of liquid organic materials which do not dissolve 15 any

conponent from.the catal yst precursor, cause no structural changes in the
catal yst, undeffyrthes WB%%‘F}‘QHQSW'QQJ‘VFF@%@% C%Y%%ﬁecf?ﬁg'%d R EE uppor t

material and d6&88ck77i Hemy eoppdricontaningpsatalixst predursoes, Sn pedicoter Chk€reat al yst .
Sul tabi e At e iclizn, AiFe QUAPKRTRLIO YAEHE i BARSrs STbTEduod 3 iges and

al cohol s whi ch _ar,g |1 cgu d undqr the re (ﬁ ions. | SO

possi bl e tol2 Haydehasy inaworsiagq processo hag Uqyid ghase\can spmplsa eiters,

hydr ocar bons aratohbls@nbydrocarberis.a plurality of different al cohols. The

i q;u d {ahaise pr e; er agl y clorrpLi ises al cohol s or 6aIt coggl m )l;t ur e;s, I
particularly pr ra al co v rom 0 carbon atons. In a
particul ar enb(}%\?ﬁgﬂTSl%P p{%cgsgﬁigﬁﬁégﬁ)gﬂ?@énﬂlqy&ﬂ ‘af"_BﬁE?g‘ge@B%W s al cohol s
from an al dehyadighatieasth@liyweigh offthe cabprstiy teducechinties firpbistagreatst ed can be
pr epar eghgyg?édgyg@ﬂawmnr?m 20 l?:?ooiﬁf’cgf\,thesgsonla%telfbé?g’fd tgﬁﬁielamr% 298 ng
buti/rél dehydeseforr %%dg?'gpﬁeﬁgdes.g!?ighp@gg%f\.égg%e?@dg% \r/%%ﬁ%hégg%dn be:

hydr ogenat ed udemeerateee conireliand the siill long serlyetion timecefy off Avprege, RGO vent i on are
but yr al dehyde val er al dehyde, hexanal hepl anal, octanals, octenals such as
2- et hyl hex-2-a | . : st . The

i qui d phase ugg“g th?‘e% ?%E{wj&c%ggﬁﬁgﬂgggﬂéﬂ%ﬁgﬁ{%%ghd%# ﬂ?g%&?'k)i of 35

t hese al dehyded "é;? cagqlns s gYW?MM,SmgGﬂWﬂ%P, o5 R anol or

tridecanol).  achieMdRWEDOR the @ctivitijef thedtestitiog chtialyst bding epairatiaTlyst
precursors in tagdakea@fsts Shollan paNeRk, 88 suﬁatﬂ@fb?@?éphﬁné aRShdidgp 24 hours

and is thus consi,derabl orter thap i nown processes. ne LHSV of one of
t he abovenent i Q}YQWPQW%@“&/%W%H@‘%QPQW% ecursor can be from0.1 to
10 h'') preferably from1l to 5 h''. At these space 5 velocities, the liquid

flows uniforgl Nt AESWRH Bdeh ﬁéﬁ@\ﬁéﬂh&#e%&?}o@o?fi% iglst'g@sﬂﬁ% & &m&eves heat

over heat i g of FFASE Ak & SHEamesy e pssenssot @ Seupnlce PYaEd out
temperature and moderate pressure in a liquid-phase hydrogenation unit
without loss of aclivity and that the resulting catalysts are very suitable for the
preparation of alcohols.
35
The present invention accordingly provides a process for reducing nickel-
containing catalysts for aldehyde hydrogenation, in which the reduction is



The reducing gas used in the process of the invention conprises inert gas,
"1 o preferably nitrogen, and hydrogen. The hydrogen content 1931ARE2003

i ncreased during the reduction starting frompure inert gas, so that

.uni formreduction of the catalyst precursor is achieved. The proportion by
vol une of hydrogen can rise fromO to 100% by vol une; the hydrogen
concentration is preferably between 20 and 80% by volune. 15 In the process
of the invention, the gas hourly spaeceavel ocity (GHSV) is from1l to 50 h'",
preferably from2 to 10 h''. The mgjor part of the water of reaction is
carried out together with the waste gas. 20 The reduction of the catal yst
precursor is preferably carried out at the sane pressure as or a | ower
pressure t han @HéesodsBdhedauid pbasriin Ayndleatage Rspces Y Praas@ie s
preferably frdwyddgen 25 bar, i.e. in the | ow pressure range. Wen using a

| i qui d phase having a boiling point (at atnospheric pressure) which is

hi gher than the reduction tenperature, the 25 reduction is preferably
carried out atThe pecess gfbednventignhas agumbpeef advantagas: thejadurtion@#6e used is a
liquid or | Bquhélcathiyst preduldaréditb@chriad Bat drideggdtlib Rbndidnsah Bmignider i ¢
pressure), the reshsyare ha[s to.ge |@_‘%[ea®%d sol.t.rat Ciehﬁ s%v?zﬁ used is
present in |i OB HAROPHAORM ML &G BIRY QRYMWR, 3PUYI: 2% SEPNY P d® ost with

t he wast e gas.caglystére oblainedthatiraofating gas biowbris negassanyferarying dvé carri ed
out in the te : 30 to 170C,
and a pressur gﬁ %@Iw%)rﬁﬁ goqﬁgq‘%édgii‘roi@p?ég?gf%gﬁ a'ﬂ"gr."%l&ﬁ g:%%f L%m)';r 3 5 The
reduction ti mefAnsPERRFRH AN ?]ss[ﬁ-g ggﬁ?ﬂ”ﬁ'dﬁ@'sséﬁ’r&@agﬁys négﬁ?se of the
reduction 1§ fdowntimeaf the hydeogenatiort plantwetearchbagingibe catalyst tompagedict i on ti me
i s generally |gSsindrli8duchon protessed MloCeatalsf if forrbd il thelBwRussure 12 MAR
2003 The catal XStiitgﬁﬁfzdé}}?Ed in t[n S ar e ﬁw tabl e f.@r lt he Ggf\!dr ogenat i on
of al dehydes JP3} MY a3 et no ﬁ%@/ﬁ'é@a RresSELRYABN VEPSUP dehyde

m xt ur es whi chortragetorb@eenngnessaty.ed by hydrof ornyl ati on of ol efins or by

al dol condensation. 5 The present invention therefore also provides a

process for, _preparing alcphols. having frgm 2 to, 20 carbon, at by

hydr ogenat i*gn 5?‘“9'&8%88F?“g‘§@%'8?ﬁ35 %ﬁgﬁégem‘éwvﬁﬁ%@%ﬁ%@%ﬁ?ﬁﬂi ng

cat al ysts) in welction paremaleck eThesn pedssimeganchtenippetwre sare fixedi@pddhatn t he
liquid phase 'éhafhgﬁﬂ%}'ﬁoﬁat. R RBAIRSSughlled o BaRHI& byMeaRIeNaRr i or to the

hydr ogenati on of the. al deh . rthernore).the inventi vicdes for the
use of the al cHFEPR! .ye_'ﬂ)%lgecgﬁcg{'/dﬁﬁ sep?é%%egg&bqn ¥ ﬁ%ﬂ'g‘g\%‘nb&ﬂg%ngsdfpl asticizes
al cohol s or i nhygsegangéns BlsorRessiblgetnywres hydsogea-geptainioe mixtwescdR®be obt ai ned
by hydr of orauy | aiduetiorndf tHédnicketicontaining catalyste sam bé earried wstindheleapdes whi ch
have al ready DegRiOPLE inbisGladitht Aoy BAhpeitbRUt from the

hydr of or myl at i on, appropriate a eparating off a catal yst phase,
i.e. a mxture of aldehydes, alcohols, olefins and/or high boilers, can
al so be used i Tiohydropgnateglidabydesrbymmemsof thef prodess iofitheriaveption in the The

al dehydes can) |jqfid phapil¥s poskita e dse PSlleBIEPG REpdY fikedibad edtalyset i on of
olefins or al dgA\iFgondensat on.

The al de ﬁd?s and thus ft he al cahol )

pref er abl y 4tav B PeeRaipdRy redudlion aggarding to the jnvpalign ot cpesPending 1 5 - ¢ ar hon
atoms. Very paptecaadrarSujlalje pfecunsets cah dehprisesheametale of groudsib, 28260, C8- or C3
al dehydes. The7ghA@E IR theFtioR bl iPpdrficliarhickall E6pbeP dndéhrmfimt. ur at ed. 25
The reduction gcgq?rgl ng tgt@he invention of ﬁé 3-tms?turat ed aléiehydes
| eads to conpl SPLEANAS 2PRles: 19y SUPRYIR, PE UnsyRported, calglysts, Lon é’-eaHg}? is
hydrogenat ed t bnsupporigd hatalisisigenerally hempriseucorm aoub®.2de 80%rhyoraight _
unsat ur at ezl BEAIMGE FroMPE 10 A0KPWEIgRCST E5pdi ahll rBinel B8 UORMY welghted wi th the
al dehyde functi P‘%‘ZS anl y. thegl gﬁe{%ge func‘t)l on | foréq‘}jéo enstéﬂa ile the
ol efini ¢ doubl 8" BEeAUMahe Galglys Prther eorpR(isa uP B V%P'g B t he
i nvention for pulstancessych s ekali meta) otaliciling eardtt inetal efidastor hydnoxidep.ondi ng
al dehydes over 5Rj Hé,%,w'r eV ih kA ‘mﬁ‘ﬁﬁ‘ in the
reducti on of tﬁgagg'?g?‘is/p% ca @%ﬁr@ﬁ@@‘o‘é&{%f}‘%ﬁ%ﬁ ably éﬁzgd% from
t he hydr ogenat @AM OEAPIReydes. If the |iquid phase conprises al cohol s,
t hese can, ® course, be identical to 12 MAR 2003

Preferred catalysts in the process of the invention for hydrogenating

aldehydes 1o give alcohols are supported catalysts. They comprise from 0.3



-e the al cohols produced by the hydrogenation of the al dehydes. If, for
‘exanpl e, isononanal is hydrogenated to isononanol over the cﬁﬁ%ﬁéo%
activated according to the invention, the liquid phase used

.reduction 5 of the catal yst advantageously al so conprises isononanol. The
preparation of alcohols according to the invention, i.e. the hydrogenation
of al dehydes, can be carried out in the sane reactor as the reduction of

t he ni ckel -contai ning catal ysts. 10 dHe +educti on of the nickel -containing
catalysts to be carried out prior to the hydrogenation can be carried out
at a tenperature of from 100 to 200C, preferably from 130 to 170C, and a

f f 1to0 10 . 15 F th
i Gu d- phase. ABENEIRSr Pl HE GralnletaR by Vel UG srdgioae on -
m xtures, a vasadivgtost from&dlssle 3k by mieight efchremisml andtaeidanthgeasly be carri ed
out adi abat | CRObMY0.61 toV1 69 Wéﬁgt'\lﬁﬂtaheeﬁ@ldo@oherﬁ on'Y %.E)Pﬁrt R ature rise

of <100 in e or g}( L r cas reactors
advant ageousl| E%QPOE‘ r@alp iprat Y&&WPB@"-WE‘F‘&UE‘(PX%%@ icpr axidg. or

virtually issomamahdts/mdmatedlarertmaedantMrétﬁnce@eatalyetdncadhab@talysal ly and the
ot her reactor ,%gg‘rg ed isothernmally. Furthernmore, it is possible to

hydr ogenat e tﬁ yde m xtures in a straight pass or with product
recircul ation. The reactors can be operated as cocurrent reactors with

E ri fkr ef}‘IO\)N The &Ry pRichrsvis) he.nthg untddubéd! cial §tts%ar§lfa'm@ntu@é&%lytl e; 25

pul se fl ow i on e n be
carried out ung&F 'quﬁ"gl”ﬂﬁﬁ °§%E§yg '&??? B ffc))r f eoérr'}('qﬁ%ﬁﬁrébl y from 15
to 25 bar .10 f greabiesspaliets Qrwbawmh@ntahlm w@sieaa.@x\omams ed further,
e.g. by disti hh@gr on. 3 o The al cohol s prepared using the process of the

i nvention canp the f of phthalic
di esters, or as gig%gﬁt'@eﬁé@%gﬁdﬁ# %ﬁﬁesgpchf’ {%ugéﬁe i nvention
but do not rethediresente of asliayy haas“@@@rﬁan@ewe(a@mtdraiﬁfar@e@wrﬂ%) 10 | of

cat al yst pr ecuqaarphaﬁe selis fbte oCliylichorahiie niEaR ifich 6ahel disdolveer e 12 MAR
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The aldehydes to be hydrogenated can be prepared by hydroformylation of
olefins, e.g. as described in DE 196 54 340.1. The aldehydes can also be
prepared by aldol condensation, e.g. of butyraldehydes or valeraldehydes.
Examples of aldehydes which can be hydrogenated using the catalysis

30 reduced according to the invention are butyraldehyde, valeraldehyde,
hexanal, heptanal, octanals, octenals such as 2-ethythex-2-enal, isononanals,
decanals, decenals or {ridecanals.

The liquid phase used preferably comprises the hydrogenation products of
35 these aldehydes (e.g. butanol, 2-ethylhexanol, isononanol, isodecanol or
tridecanol).
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catal yst 35 prepared as descri bed above (target product: C~$-al cohols). The
anal yses of the starting material and product are shown in Table 2. Table
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In the process of the invention, the gaé hourly space velocity (GHSV) is from

1 to 50 h', preferably from 2 to 10 h'. The major part of the water of reaction
is carried out together with the waste gas.

20 The reduction of the catalyst precursor is preferably carried out at the same
pressure as or a lower pressure than the subsequent aldehyde
hydrogenation. The pressure is preferably from 1 to 25 bar, i.e. in the low
pressure range. When using a liquid phase having a boiling point (at
atmospheric pressure) which is higher than the reduction temperature, the

25 reduction is preferably carried out at a pressure of from 1 fo 2 bar. If the fiquid
phase used is a liquid or liquid mixture having a low boiling point (at
atmospheric pressure), the pressure has to be increased so that the solvent
used is present in liquid form in the reactor and only little of it is lost with the
waste gas.

30

The reduction of the catalyst precursor can be carried out in the temperature
range from 100 to 200°C, preferably from 130 to 170°C, and a pressure of
from 1 1o 25 bar, preferably from 1 to 10 bar.

35 The reduction time is dependent on the conditions selecled. The course of
the reduction is followed by means of the water balance and the reduction
lime is generally less than 24 hours, preferably from 6 to 18 hours.
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the reactor output from the hydroformylation, if appropriate after separating
off a catalyst phase, i.e. a mixiure of aldehydes, alcohoals, olefins and/or high
boilers, can also be used in the hydrogenation process of the invention.

20 The aldehydes can, as already indicated, be prepared by hydroformylation
of olefins or aldol condensation. The aldehydes and thus the alcohols
preferably have from 2 to 20, particularly preferably from 4 to 16, carbon
atoms. Very particularly preferred aldehydes are C,-, Cs-, Cq- Co- OF
C,s-aldehydes. The aldehydes can be aliphatically saturated or unsaturated.

25 The reduction according to the invention of o, B-unsaturated aldehydes leads
to completely saturated alcohols; thus, 2-ethylhex-2-enal is hydrogenated to
2-ethylhexanol. In the reduction of olefinically unsaturated aldehydes having
double bonds which are not conjugated with the aldehyde function, only the
aldehyde function is hydrogenated while the olefinic double bonds are largely

30 retained.

In the process of the invention for preparing alcohols by hydrogenation of the

corresponding aldehydss over nickel-containing catalysts, the liquid phase

used in the reduction of the catalyst can comprise alcohols, preferably ones
35 from the hydrogenation of aldehydes.

If the liquid phase comprises alcohols, these can, of course, be identical to
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The reduction of the nickel-containing catalysts to be carried out prior to the
hydrogenation can be carried out at a temperature of from 100 to 200°C,
preferably from 130to 170°C, and a pressure of from 1 to 25 bar, preferably
from 1 to 10 bar.

15
For the liquid-phase hydrogenation of the aldehydes or the hydroformylation
mixtures, a variety of process variants can be selected. It can be carried out
adiabatically or virtually isothermally, i.e. with a temperature rise of < 10°C,
in one or two stages. In the latter case, both reactors, advantageously tube

20 reactors, can be operated adiabatically or virtually isothermally or one reactor
can be operated adiabatically and the other reactor operated isothermally.
Furthermore, it is possible to hydrogenate the aldehyde mixtures in a straight
pass or with product recirculation. The reactors can be operated as cocurrent
reactors with trickle flow or preferably with high liquid hourly space velocities

25 (puise flow). The liquid-phase hydrogenation of the invention can be carried
out under a total pressure of from 5 to 25 bar, preferably from 15 to 25 bar.
If necessary, the hydrogenation mixtures are purified further, e.g. by
distillation.

30 The alcohols prepared using the process of the invention can be used as
plasticizer alcohols, e.g. in the form of phthalic diesters, or as detergents.

The following examples illustrate the invention but do not restrict its scope.

35 Example 1 {comparative example)

10 | of catalyst precursor of a Cu/Cr/Ni-containing supported catalyst were



....z[PE:1! 10 10 108F10% ()-!6&10% ()-S! Ol +&10%& ()-!1 +&10% () - OY#: 10%
‘& ()- ..".p.Y/ COON<PE: !!

! '()10%&' ()P! q010%& () -! h10%& () - 9SGLOY&' () - 10%&' () - SHf 10%& (32- MAR 2093 45wxo
PE: 11 110%& () - &0

109& ()-!0 $9109%& ()-S! $9109%& ()-S! 01" 109%& ()-!0l"' 109%& () - d5*6777

7777uV7!I L Z109@& ()- y109@& ()-f#yl09%&Z& ()- 10 10

10! 8' 109& () - 2F109%& () - 778&9K99;

A<uV7! !l OF&109ZZ&' () -1 F&L0% : & () - 0S109%& () - M S10%+&' () - Ms109Z&' () -  S109%Z
& () -:<z>>n?222} A 247!

10293109@& () -1 7109&2& () - 3F109@Z& ()- 0T109@Z& ()-! O#: 109RR& ()-!#: 109%CC& () -
222224@@ Aj K7! N oS ddn LS AQYRNL () - @0% h& () -110% h&' () - S#y10%
h& ()- 10Z 102r%8%8ﬁ€%é%7%?8%§h%@5?ﬁ% "()-z! " 10%h& ()-z! 10%h& () - zs
10% h& ()-,10% h& ()- 310% h& ()-| FGf GBOGGGGUj @ 107! y#1098& ()- 10 h 10 h
10 h :10% h& ()-7s10% h& ()- 510% h& () -

Composition of the catalyst precursor:

5
86% by weight AlLO,
9% by weight CuO
4% by weight NiO
1% by weight Cr,0,
10

After introduction of the catalyst precursor, the apparatus was flushed free of
oxygen using nitrogen. The apparatus was pressurized with 2 bar of nitrogen,
the circulating gas compressor was started up and the apparatus was heated
to 160°C. The amount of gas circulated was 3.5 m¥h. During the entire

15 reduction time, nitrogen was taken off in an amount of 10 I/ of input and
oufput gas under pressure regulation (2 bar). During the course of the
reduction, hydrogen was metered in in an increasing amount (see Table 1).
The temperature in the contact bed was maintained at 160 + 5°C.

20 Table 1. Catalyst reduction in the gas phase

Time in hours Temperature Hydrogen in Nitrogen in
standard Vh standard Vh
0-8 h 160 2.5 10
9-16 h 161 5.0 10
25 | 1724 h 159 7.5 10
25-32 h 160 10.0 10
33-40 h 161 12.5 10
41-48 h 160 15.0 10
49-56 h 161 17.5 10

30 .
The activity of the catalyst which had been reduced in this way was tested in
a circulation reactor. For this purpose, one liter of a reaction product from an
Rh-catalyzed hydroformylation of tributene was hydrogenated in the liquid
phase at 180°C and 25 bar absolute over 100 g of the Cu/Cr/Ni catalyst
35 prepared as described above (target product: C,,-alcohols). The analyses of
the starting material and product are shown in Table 2.

Table 2. Activity testing of the catalyst reduced in the gas phase
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101 of the catalyst precursor from Example 1 were reduced as follows in the
presence of a liquid phase:

The liquid phase used was isotridecanol which had been obtained by Rh-
catalyzed hydroformylation of tributene and subsequent hydrogenation.
Isotridecanol was pumped by means of a circulation pump via a heat

exchanger for setting the temperature and through the reactor charged with
catalyst precursor.

The circulation flow was 30.0 I/h, corresponding to an LHSV of 3 h'. At a
reactor pressure of 2 bar, a constant 30.0 standard I/h of nitrogen were
metered in. After reaching 160°C, hydrogen addition was commenced. The
initial amount of H, of 15 standard I/h was increased stepwise to 60 standard
/. The water of reaction is partly carried out with the waste gas, another part
remains in the catalyst bed.

After 10 hours, the reduction of the catalyst precursor was complete (see
Table 3).

Table 3. Catalyst reduction in the liquid phase

Time in hours Temperature Hydrogen in Nitrogen in
standard Uh standard l/h
0-1.5h 160 15 30
1.5-2.0 h 160 20 30
2.0-3.0h 160 25 30
3.0-50h 160 30 30
5.0-70 h 160 a5 30
7.0-10 h 160 60 30
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The aclivity of the catalyst which had been reduced in this way was
subsequently tested under the same conditions as those for the reduced
catalyst from Example 1. The analyses of the starting material and product

are shown in Table 4.

Table 4. Activity determination for the catalyst reduced according to the

invention
1/ILHSV | Olefins Pa- Alde- Alco-hols | High
i/ % by raffins hydes % by boilers
lstarting weight % by % by weight % by
maderial weight weight weight
Starling . |0 14.8 1.2 76.5 4.5 3.0
material
Product 1.75 14.3 1.6 0.2 80.6 3.3

Tables 2 and 4 show that the activity of the catalyst which has been reduced
according to the invention corresponds to that of a conventionally activated
catalyst. At the same time, the reduction time was able to be reduced to about

18%.
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3. The process as claimed in Claim 1, wherein the catalyst comprises

nickel, copper and chromium.



