27 JUL2004 i Method For Producing C9 Al cohols And Method For The

I ntegrated Production O C9 Al cohols And C o Al cohols 5 The present? JyL H
i nvention relates to a process for preparing C9-alcohols and also to
a--process for the integrated preparation of C9-al cohols and Cl10-al cohol s.
10 Fossil fuels and the hydrocarbons obtained therefrom have a double
function in industrial synthesis. They serve firstly as energy sources and
secondly as raw materials for chem cal i products. It is frequently
customary to burn hydrocarbons 15 obtai ned as by-products in industrial
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ener gy cofraghictiavdifl §blAd.cofhes ehrids Cat Aprelsel® a tendency to repl ace fossil
fuels in the energy sector and thus to secure raw materials supply in the
| ong tefmat a given supply of fossil raw materials. To 20 achieve this, it
I S necessary to use as nuch as possible of the conponents present in the
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al cohol smaterials as materials. A difficulty is that hydrocarbon streams

are usually obtained as poorly defined mixtures of variable
composition in industrial synthesis. The utilization as materials

25 of the components of value present therein frequently founders on
the disproportionately high cost of purification or
fractionation. It is necessary to devise integrated processes in
which the by-products of one process step can be utiliéed as
materials in a further process step without complicated

30 fractionation being required.

It is known that C; fractions which are available in large
guantities both from FCC plants and from steam crackers and
consist essentially of a mixture of butene and butane can be
35 subjected to an oligomerization reaction to produce butene
oligomers, in particular octenes. Such a process is described,
for example, in DE 4 339 713. This reaction gives the butene
oligomers and a butene-depleted Ci-hydrocarbon stream in which the
butenes are diluted by so much butane that the oligomerization of
40 the butenes still present therein is no longer practical.

The octenes are usually hydroformylated to form Cg-aldehydes and
then hydrogenated to give Cg-alcohols. The Cy-alcohols have
valuable properties as plasticizer alcohols.

45



45 2 7 JUL 2004 2 The production of synthesis gas by steamreform ng or
partial oxidation of hydrocarbons is also known (cf. Wissernel, Kg'}am 2004
Arpe H. -J., "Industrielle organische Cheme" , VCH 4th Edition,

pages 19-24. 5 In Sb. Nauchn. Tr.- uses. Nauchno-Issled Inst. Pererab.

Nefti (1981), 39, 11-20, Gusev I. N et al. report the preparation of
hydrogen by catal ytic steamreform ng &f refinery gases conprising
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N ppon G&su Ayokai shi (1978), 31(8), 21-9, Yokoyamm, A. reports results on
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C4- hydrocarbon stream obtai ned in butene oligonerization as starting
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accordl rovil
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conpri sing butene and butane; b) subjecting the C4-hydrocarbon streamto
ol i gomer i 20 | NPEONe £a sy (R yok agisdfi| 101878 porddniB1 at 2 b+P C Atokloysina ankl.
fracti onat regpddse reealit i 61y theacht Ay i iréForhOngi o |LRalRARdE am@Nkai ni ng
stream andsgadilRnNBadend ol afd A cBHdERC DN _SIEEAB and Cy-alkenes.
20
It is an object of the present invention to provide a process for
preparing Co-alcohols and a process for preparing Cg-alcohols and
Cip-alcohols which start out from C;-hydrocarbons and allow very
substantial utilization of the feed hydrocarbons as materials.
25
We have found that this object is achieved by using the
butene-depleted Ci-hydrocarbon stream obtained in butene
oligomerization as starting material for the preparatién of
synthesis gas which can be employed for hydroformylation of the
30 octenes obtained by butene dimerization to form Cg-aldehydes
and/or of butene to form Cs-aldehydes.

The present invention accordingly provides, in a first aspect, a
process for preparing Cy-alcohols, which comprises
35 ,
a) providing a Cy4-hydrocarbon stream comprising butene and
butane;

b) csubjecting the Cy-hydrocarbon stream to oligomerization over
40 an olefin oligomerization catalyst and fractionating the
resulting reaction mixture to give an octene-containing
stream and a butene-depleted C4-hydrocarbon stream;

¢) subjecting the butene-depleted Ci;-hydrocarbon stream to steam
45 reforming or partial oxidation to give carbon monoxide and
hydrogen;



c) subjecting the butene-depl eted C4-hydrocarbon streamto steam 45
reformng or partial oxidation to give carbon nonoxi de and hydrogerg7 2U7Z 2004
JUL 2004 3 d) hydrofornylating the octene-containing stream by neans of
carbon nonoxi de and hydrogen in the presence of a hydrofornylation

catal yst to form Cg-al dehydes, where the carbon nonoxide used and/or the
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95% coppared gyuddenCA- hydrocarbon stream used. The bu ene-depl et ed

CA- hydrocar bon 'stream conprises, for exanple, from5 to 70 nold, usually
fromb5 to 'ében % of butene, with the remminder bei ng essenti al I y butane.
25 The pre ll}lﬂgfl AR0ERR i BiPhi80ShRBVE HTefenahly comisinaspacet keasyr abess for
t he i ntegrRa®d Br8paratdrogxsentgehlimuieotdanntos Cirefakrebhylisy-ashiexbBent
conpri ses of3Gnoare phawiglingia fdrticlilerachmapletéBaMeoNPELSH NG but ene and
but ane; 1%) hydrofornylating the C4-hydrocarbon stream by neans of car bon
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70 to 99%, usually from 80 to 95%, compared to the C4-hydrocarbon
stream used. The butene-depleted C4-hydrocarbon stream comprises,
for example, from 5 to 70 mol%, usually from 5 to 45 mol%, of
butene, with the remainder being essentially butane.
25
The present invention also provides, in a second aspect, a
process for the integrated preparation of Cg-alcchols and
Cip-alcchols, which comprises

30 a) providing a C4-hydrocarbon stream comprising butene and
butane;

b) hydroformylating the Cy-hydrocarbon stream by means of carbon
monoxide and hydrogen to form Cs-aldehydes, so as to give a
35 first butene-depleted Cy-hydrocarbon stream:

¢) subjecting the Cs-aldehydes to an aldol condensation; and

d)} catalytically hydrogenating the products of the aldol
40 condensation by means of hydrogen to form Cj;p-alcohols;

e) subjecting the first butene-depleted C4-hydrocarbon stream to
oligomerization over an olefin oligomerization catalyst and
fractionating the resulting reaction mixture to give an

45 octene-containing stream and a second butene-depleted
C4-hydrocarbon stream;



fractionating the resulting reaction mxture to give an 45

oct ene-contai ning stream and a second but ene-depl eted C4-hydrocarb@r¥ JU| 2004
stream 2 7 J UL 2004 4 f) hydrofornylating the octene-containing stream
by neans of carbon nonoxi de and hydrogen in the presence of a
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20 nol t of opipingEes, pEntgaRs AEnBrhber S0 E8sBRTHIRF t?ut ane. récar bon
st reans18 pEefifrabay 0 AR ia¥Genkt oF i BT AhBRi 808, figt Paé%éﬁﬂ?‘%r from 50 to 99
mol t, prefermgilereflyonfegn tsxe@Odiel t, of butenes and from1l to 50 nolt,
preferabl y from10 to 40 nolt, of 35 butanes. The butene fraction
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Ca-fracti crPHRsGECakc BRe FOESH RAters-dendesath CrAydsPCarap? | ?faﬁeé'ml'l IBas the
fol | owi ng ¢enEredl, thepustidgrieogontent of the first butene-depleted
Cs-hydrocarbon stream is reduced by from 25 to 50%, and that of

the second butene-depleted C;-hydrocarbon stream is reduced by
25 from 70 to 99% compared to the first butene-depleted
C4-hydrocarbon stream. The first butene-depleted Cy-hydrocarbon
stream comprises, for example, from 30 to 60 mol% of butene and
the second butene-depleted C4;-hydrocarbon stream‘pomprises, for
example, from 0.3 to 20 mol% of butene, with the remainder
30 essentially butane.

C4-hydrocarbon streams suitable as starting material comprise, for
example, from 50 to 99 mol%, preferably from 60 to 90 mol%, of
butenes and from 1 to 50 mol%, preferably from 10 to 40 mol%, of

35 butanes. The butene fraction preferably comprises from 40 to 60
mol% of l-butene, from 20 to 30 mol% of 2-butene and less than 5
mel%, in particular less than 3 mol:%, of isobutene (based on the
butene fraction). A particularly preferred starting material is
raffinate I1I, which is an isobutene-depleted C4y-fraction from an

40 FCC plant or a steam cracker. Raffinate II has the following
typical composition:

i-, n-butane 26 mol%
i-butene 1 mol%
45 l-butene 26 mol%

trans-2-butene 31 mol%



I -, n-butane26 nolt i-butenelnolt 451-butene26nolt trans-2-butene3lnmolt 2 7
J Ul 2004 cis-2-butene 5 16 nmol % If diolefins or alkynes are pregengul Rl
t he C4-hydrocarbon stream they are preferably renoved to | eave a residual
concentration of 5 less than 10 ppm in particular |less than 5 ppm prior
to the oligonerization. They are preferably renoved by sel ective
hydrogenation, e.g. as described in EP-81 041 and DE-1 568 542. In

addi tion, Skwlk?@riﬁﬁai ni ng codPolndy such as al cohols, al dehydes, ketones
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process (cf. Revue de I'Institut Frangais du Petrol, Vol. 37, No. 5,
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or Ni (CO 2dd2R3)ibed NX mows deitiail]l beldw witbnmphexaid iof dobbstwedt e Wit h
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Oligomerization

A number of processes are known for the oligomerization, in
particular dimerization, of lower olefins such as butenes. Each

25 of the known processes is suitable in principle for carrying out
the butene oligomerization step of the process of the present
invention.

The oligomerization of clefins can be carried out in the presence
30 of homogeneous or heterogeneous catalysts. An example of a
homogeneously catalyzed process is the DIMERSOL process. In the
DIMERSOL process (cf. Revue de 1‘'Institut Francais du Petrol,
Vol. 37, No. 5, September/Octcber 1982, page 639ff), lower
olefins are dimerized in the liquid phase. Suitable precursors of
35 the catalytically active species are, for example, (i) the system
n-allyl-nickel/phosphine/aluminum halide, (ii) Ni(0O) compounds in
combination with Lewis acids, e.g. Ni(COD); + AX, or Ni(CO),(PR3)
+ AXp, or (iii) Ni(II) complexes in combination with alkylaluminum
halides, e.g. NiX;(PR3); + Al;Et3;Cl; or Ni(OCOR); + AlEtCl, (where
40 COD = 1,5-cyclooctadiene, X = C1l, Br, I; R = alkyl, phenyl; AX, =
AlCl;, BF3, SbFs etc.). A disadvantage of the homogeneously
catalyzed processes is the difficulty of removing the catalyst.

45



hal i des, e.g. N X2(PR3)2 + A12Et 3C13 or N (OCOR)2 + AlEtCl2 (where 40 COD =
1,5-cyclooctadiene, X =d, Br, |I; R = alkyl, phenyl; AX _ AlC13, zéi:éul 2004
SbF5 etc.). A disadvantage of the honbgeneously catalyzed processes is the
difficulty of renmobving the catalyst. 45 2 7 JUL 2004 6 These di sadvant ages
do not exist in heterogeneously catal ged processes. In these processes,
an olefin-containing streamis generdally passed at el evated tenperature
over a fix8Hesrdifadvpatages odotesiistatmihgserogerequslas gasadyzediustri al
process i sptbeedddR .prrocebesapmgesHaPP4418idl2 £ inRcantaxethdadresh.is f or
exanpl e, USefe2DA 053355kl ath 2290286, tbiebaid3e2598: -4 Nedded Bayess AmACESS,
acid ion Eé é%q%% grg gé%(tqs catal yst (cf., for-exanple, DE 195 35 503,
10 EP-48_8 ? F5458 xon) describes the use of zeolites as
ol i gomer ?zatipn catal ysts. lon exchangers such as Anberlite are also used
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0 carryin N oyer er ogen S
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whi ch 20%ERbE S7dda Ry HRAP o AFEFenl dBSCEaPhs ethe Wi Ofr &R} ErR% 38ei ng
gi ven to c8t:gamerdzasipRi At} vsitekelon@xhangara| suelhs dendphepbite sge as are
descri bed &bhsdGuBedOiGoherTetasaPetrGalienicsils podegss (Md.uDE 8 (40AGB).pages
336-338, can be used. In particular, supported nickel catal ysts are used.
21 nogyl heremerd LR A e O R s p AT afed] Bleaiyets i
zeol i tez%-‘l%lfs(}cgﬁllo% “ggqi an%av%ﬂ’.%&ﬁ ?r%?/alffa\r}%g eeﬁ't‘?'ea#é "t h aci ds, or
sulfated titaniumdioxide. Particularly useful catalysts are precipitated
cat al ysts TN diheaprespttinigirosesy Rireferengquésusivyl o oasrping@®uti tkel
sal ts and sitensabasgomexizaddinupver | & daiterogéhetis kelckeli-toat £iniagd
possi bly atanE13Em. S@hé Sheiedtbganeahsr ﬁ&ﬁe’lLEBﬁ‘-E@inir%)@a‘Eﬁh%{% Réhikhe
Preci Pi 53! &an Ide bised! m8y ISR BL2rlfediS e GRLALYS! Syt HReBLFeRN BelRd DY
intercal at|on ofto Ngggllsq__ns into. natura gr s%/l t heLi c shee Kokl cates,
e.g. nont b7 &8 PRS2 IARFREOAREAT Y 126K eExeh fge.caﬁ?ilﬁ'ﬁﬁf'e A aPFSt s can
al so be obt%i #d2b§ d¢HPridGRatPoh-Bf Qi0oRBar &% Ak -na CataarEhe Resial cat es
with aqueoi{slume 6 (1930}, pages 336-338, can be used. In particular,
supported nickel catalysts are used. The support materials can
25 be, for example, silica, alumina, aluminosilicates,
aluminosilicates having sheet structures and zeolites, zirconium
oxide, which may have been treated with acids, or sulfated
titanium dioxide. Particularly useful catalysts are precipitated
catalysts which are obtainable by mixing aqueous solutions of
30 nickel salts and silicates, e.g. sodium silicate with nickel
nitrate, and possibly aluminum salts such as aluminum nitrate,
and calcining the precipitate. It is also possible to use
catalysts which are obtained by intercalation of Ni2* ions into
natural or synthetic sheet silicates, e.g. montmorillonites, by
35 means of ion exchange. Suitable catalysts can also be obtained by
impregnation of silica, alumina or aluminosilicates with aqueous
solutions of soluble nickel salts, e.g. nickel nitrate, nickel

sulfate or nickel chloride, and subsequent calcination.

40 Particular preference is given to catalysts which consist
essentially of NiO, S5i0;, TiO; and/or ZrO; and, if desired, Al;0;.
They lead to dimerization occurring preferentially over the
formation of higher oligomers and give predominantly linear
products. The most preferred catalyst is one which comprises as

45 essential active constituents from 10 to 70% by weight of nickel
oxide, from 5 to 30% by weight of titanium dioxide and/or
zirconium dioxide, from 0 to 20% by weight of aluminum oxide and



sol utions of soluble nickel salts, e.g. nickel nitrate, nickel sulfate or

ni ckel chloride, and subsequent calcination. 40 Particul ar preferendel 8L 2004
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Zr02 and, if desired, A1203. They lead to dinerization occurring

preferentially over the formation of _higher oligoners and give

predom nantly |inear products. The st preferred catalyst is one which
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out at a phessHike 6f f¢dPilt0ak9a25 300 bar, in particular from15 to 100
bar andgparticularly preferably from20 to 80 bar. The pressure is

advant ageoys| y ,set sp that the - hydrocarbon streamis in the liquid or
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stream i s @fFA¥ELged RISfeFabIEdcR e gutopt from 30 to 280°C, in
particular from 30 to 140°C and particularly preferably from 40 to

130°C. It is preferably carried out at a pressure of from 10 to

25 300 bar, in particular from 15 to 100 bar and particularly
preferably from 20 to 80 bar. The pressure is advantageously set
so that the Cy-hydrocarbon stream is in the liquid or
supercritical state at the temperature selected.

30 The Cy-hydrocarbon stream is advantageously passed over one or
more fixed-bed catalysts. Suitable reaction apparatuses for
bringing the Cy-hydrocarbon stream into contact with the
heterogeneous catalyst are known to those skilled in the art.
Examples of suitable apparatuses are shell- and -tube reactors or

35 shaft ovens. Owing to the lower capital costs, shaft ovens are
preferred. The oligomerization can be carried out in a single
reactor, in which case the oligomerization catalyst can be
arranged in one or more fixed beds in the reactor. As an
alternative, the oligomerization can be carried out using a

40 reactor cascade comprising a plurality of reactors, preferably 2
reactors, connected in series, in which case the oligomerization
of the C4-hydrocarbon stream is carried out only to partial
conversion during passage through the reactor or reactors
upstream of the last reactor of the cascade and the desired final

45 conversion is achieved only during passage of the reaction
mixture through the last reactor of the cascade.
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particul ar, i t consists essentially entirely of isoneric octenes. The above
descripti (ﬁte@ﬂn oke&brmingd i goneri zati on applies analogously to the use of
the first butene-depleted C4-hydrocarbon 10 stream accordi ng-to the second

aspect of #&+tle@MCPtEOminet QAT HEASMHEING thBm SELAR RS QT gv},aﬁoéﬁlﬂo%shswﬁ'
steam C%?C&a%%u QXQ% @f&g’ﬁ i‘ﬁethelf%%rséﬁgsdofgf ﬁ' )éls' & Ya I} 08, PE£SENCE

of H20 VIZ synthesi s

gas. The SPeBENPBHRT GRS RESERTT haTAr cSYRERAS G P8 sab IR&RF £ r om
out si de. TrH@niZR nf@ﬁlt%é’@@%heml%tr@aﬁfi#@mﬂ%ﬁ@?@&ﬁdbér%wﬁ%éé -by the
f ol | owi ng TheecakhiegliatdaantioB0ifHxteam H2EormigD canHPbe+drslr Hed-bgnthéi s

equation, fd11eaingeoeealll kahathencontribution of the hydrocarbon
feedstogk to the anount of H2 formed increases with 25 its hydrogen

content. A butene &epl elt_lecﬂ (?ydrHocgr %#]éft ream obtained in the process

of the present i NVt i on’ 2exa a typical conposition of 19

nol % of butene and 81 nol %
From this eguation, it can be seen that the contribution of the

hydrocarbon feedstock to the amount of H; formed increases with
25 its hydrogen content. A butene-depleted Cy~hydrocarbon stream
obtained in the process of the present invention has, for
example, a typical composition of 19 mol% of butene and 81 mol%
of butane. In this case, the buténe-depleted C4-hydrocérbon stream
has an average empirical formula of C4Hg.62, SO that the reaction
30 is:

CysHg g2 + 4 HO — 4 CO + 8.81 H»
The H,/CO molar ratio of the synthesis gas obtained is thus 2.2:1.
35
The hydroformylation step of the process of the present
invention, which is described in more detail further below, can
be represented by the following equation:
40 CgH1g + CO + Hy —» CgHy17-CHO

and the hydrogenation step by the following equation:

CgH;7-CHC + H; — CgH;7-CH;0H
45
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20 after-combustion furnace configured as a shaft furnace.

Suitable catalysts for steam reforming are described, for
example, in Max ARppl, Modern Production Technologies, published
by Nitrogen, British Sulphur Publishing, 19%7, p. 10ff.

25
The CO; formed as by-product can advantageously be separated off
{see below) and recirculated wholly or in part to the steam
reformer. The recirculated carbon dioxide reacts with the
hydrocarbons CHx to form usable hydrogen and carbon monoxide.

30
In a preferred embodiment, the steam reforming step includes
partial or complete hydrogenation of the butene-depleted
Cy-hydrocarbon stream in order to convert the butene still present
wholly or partly into butane before the C4-hydrocarbon stream is

35 introduced into the reformer. The butene content of the stream is
preferably reduced to less than 5 mol%, in particular to less
than 1 mol%, in this way. The hydrogenation avoids the risk of
deposition of carbon on the reforming catalyst, which is possible
in the case of a high residual butene content or a high space

40 velocity over the catalyst. Although the deposition of carbon can
also be reduced by means of higher steam/hydrocarbon ratio, this
is at the expense of the thermal efficiency and the carbon
monoxide content of the final gas. The prior hydrogenation of the
butene-depleted Cy-hydrocarbon stream is advantageously carried

45 out using recirculated hydrogen gas. Hydrogen can be isolated
from the synthesis gas formed in steam reforming by, for example,
pressure swing adsorption or low-temperature distillation. Such
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The prereforming step can be carried out in a manner analogous to
25 that described, for example, in E. Jockel, B. Triebskorn:
"Gasynthan process for SNG”, Hydrocarbon processing, January
1973, pp- 93-98. A suitable prereforming catalyst is a supported
nickel oxide catalyst as sold by BASF AG, Ludwigshafen, under the
designation G 1-80.
30

Partial oxidation

Synthesis gas can likewise be prepared by reacting hydrocarbons

35 with substoichiometric amounts of oxygen. The preparation of
synthesis gas by partial oxidation can be described by the
following equation:

CHy + 1/2 0 —~CO + x/2 H,
40
For a typical empirical formula of the butene-depleted
Cs-hydrocarbon stream of CyHg g2, this becomes:

CqHg 52 + 2 O3 =4 CO + 4.81 H;
45
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are described, for example, in Max Appl, loc. cit., p. 106ff.

The above descriptions of steam reforming and partial oxidation
apply analogously to the use of the second butene-depleted

25 Cy-hydrocarbon stream according to the second aspect of the
invention.

After-treatment of the synthesis gas

30 A desired carbon monoxide/hydrogen ratio in a synthesis gas can
be set by converting over suitable catalysts in the presence of
steam. Converting can be employed, in particular, for increasing
the H;/CO molar ratio in a synthesis gas produced by partial
oxidation. The underlying reaction between carbon monoxide and

35 steam to give carbon dioxide and hydrogen is an equilibrium
reactiocn:

CO + HO0 &= CO; + H3

40 The reaction is exothermic, so that lower temperatures shift the
equilibrium to the right-hand side. Converting can be carried out
in one or more stages, e.g. at from 350 to 570°C and atmospheric
pressure or superatmospheric pressure, in the presence of
catalysts. Suitable converting catalysts generally comprise Fe-Cr

45 oxide mixtures. These allow the CO content to be, if desired,
reduced to about 3 to 4% by volume. In this way, it possible to
prepare essentially pure hydrogen which is, for example, suitable
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for the“hydrogenation steps of the process of the present invention.
Car bon di o&mdéfec;afﬁeUeOﬁemlﬁymséﬁgr%uqu rempwisgqaiion digyidemay.

Sui t abl e nelswds Hocendf dn Macakppe, poesstine ,wat et06&fr ubbi ng and pot assi um
carbonat e scrubbing. Further advantageous nethods are gas scrubbing with

nonoet hanoll@g] rﬂa? gg gthanol am ne (cf. Ul mann ~s Encycl opedi a of
Industrég emstry, 5th Edition, Volunme Al12, p. 197)-. 10 An overvi ew of

sui t abl 8" net hods of _renovi ng car bon di oxi de may al so be found in Max Appl ,
loc. cit. BYfirofeemylatyem ctiortpl QKP oPF B sy dp oPerdniaireRase 2iehywgs
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desired, bgydpuleaaenal By ManPRRShPdrdped 99€Pné Nsdmie pRRBsPT SC&F BLStep or
20 subseguently in a separate hydrogenation step to form the
corresponding alcohols. The hydroformylation is carried out in
the presence of catalysts which are homogeneously dissolved in
the reaction medium. Catalysts used here are, in general,
compounds or complexes of metals of transition group VIII,
25 especially Co, Rh, Ir, Pd, Pt or Ru compounds or complexes which
can be unmodified or modified with, for example, amine- or
phosphine-containing compounds. A review of processes carried out
industrially may be found in J. Falbe, “New Synthesis with Carbon
Monoxide”, Springer-Verlag 1980, page 162ff.
30
Hydroformylation of octenes

While short~chain olefins are at present hydroformylated using
predominantly ligand-modified rhodium carbonyls as catalysts,

35 cobalt assumes a dominant role as catalytically active central
atom in the case of longer-chain olefins, e.g. octenes. This is
due, firstly, to the high catalytic activity of the cobalt
carbonyl catalyst regardless of the position of the olefinic
double bonds, the branching structure and the purity of the

40 olefin to be reacted. Secondly, the cobalt catalyst can be
separated comparatively easily from the hydroformylation products
and be recirculated tc the hydroformylation reaction. A
particularly advantageous process for the hydroformylation of
octenes comprises

45
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of |onger-chai# AteflFAst @1g). re@@ftéﬁészm’m Fitd tﬂﬁec"tfqlrts?ﬁ‘yalﬁﬁ e ngi gh
catal yti c actisxtnacsedt heteolied prgeaidahdsecandl yhe oagpaed| besngf t he
position of thgyddcFoiriytatéloubl e bonds, the branching structure and the
purity of the 40 olefin to be reacted. Secondly, the cobalt catal yst can be
separ at npar at.i.vel y, easi fromt e h f.or atian.products, a

r eci rcu?gt %r%aﬁcé‘nﬁyﬁP%f%"?‘ CafF8h {}bedc%%ag%mﬂng BT (A& 8?‘?’?/elhd\}’ar#§geous
process for th%rerﬁ?él‘FSf BFn%’d%%coﬁqBFou%cﬁ‘é??éé'-(Eér)rp??%"essc’A-BtEO"F' Mt shg 13
a) bringi ng ancd@idogstabyst theling detommrsedt tonfoym ccabalithdl ¢ solttsa@ndwi t h
hydrogen and cgitdQatrenoke ey backoestvactvdiinter eyé adduenusCphyse Cohal t

catal yst; bringim@du ggtgf%&atghas&g%ﬁbgl ng the cobalt catalyst into
intimate.contact 5 with the octenes together with hydrogen and carbon

nmonoxi de” in at |east one reaction zone, wth the cobalt catal yst being
extract ed Tht FYHENIPGahiE 3MECUSaREPI HE I&c?t ERLL %%}r"r‘Fgwnh%r%‘f%/ﬁ f/l-at ed,

10 b) treating the output fromthe reaction zone with oxygen in the
presence ofuidmbdieccalpleoUs )cebats (dde, dal pastiailaon, cobahtt he cobal t
cat al yst hein@x9ea0eppsed.t eobol ] coObEkrmhte, SedBaatand) Adwrxdtat ber being
back- exgp acdhd ¢l BEHyiﬁlﬁﬁ%‘é@QUsaﬂé‘%alﬁngce%ﬁ&%%%Y FRPYahh Poe t NE
phases; formation can be carried out simultaneously with the catalyst
extraction and hydroformylation in one step in the reaction zone
of the hydroformylation reaction or in a preceding step
(precarbonylation). Precarbonylation can advantageously be
25 carried out as described in DE-a 2 139 630. The resulting agueous
solution of cobalt(II) salts and cobalt catalyst is then
introduced together with the octenes to be hydroformylated and
hydrogen and carbon monoxide into the reaction zone. However, in
many cases it is preferable to carry out the formation of the
30 cobalt catalyst, the extraction of the cobalt catalyst into the
organic phase and the hydroformylation in one step by bringing
the aqueous cobalt(II) salt solution into intimate contact with
the olefins in the reaction zone under hydroformylation
conditions. Here, the starting materials are introduced into the
35 reaction zone in such a way that good phase mixing occurs and a
very high phase transfer area is generated. Mixing nozzles for
multiphase systems are particularly suitable for this purpose.

Bfter leaving the reaction zone, the reaction mixture is
40 depressurized and passed to the cobalt removal step. In the
cobalt removal step, the reaction mixture is freed of cobalt
" carbonyl complexes by means of air and oxygen in the presence of
aqueous, slightly acidic cobalt{(II) salt solution. In the cobalt
removal step, the hydroformylation-active cobalt catalyst is
45 decomposed to form cobalt(II) salts. The cobalt(II) salts are
back-extracted into the agueous phase. The aquecus cobalt(II)



c) returning the aqueous cobalt(ll) salt solution to step a). Suitable
cobalt(11) salts are, in particular, cobalt carboxylates, e.g. coba7tJuLi2y0
formate, cobalt(ll) acetate or 20 cobalt ethyl hexanoate, and cobalt
acetyl acetonate. The catalyst formation can be carried out simultaneously
with the catal yst extraction and hyd#)forrryl ation in one step in the
reaction zone of the hydrofornylatioh®reaction or in a preceding step
(pr ecar bon§ L% i SRt iopr Een HRARAIRENSAY cofh TR4VEREAGED UG 1IS8CREOR A9Need out
as descri bed the PBEtAl2st3PoBBxioThetepsul ting aqueous sol ution of
cobalt(Ill) salts and cobalt catalyst is then introduced toget her with the

octenes toppe J}B{fb’ OhQuPYE G ANdn Bi‘@éxf&e'&aﬁ”ﬂe‘:%@ g gdg {fgo the

For mat | of £1498# 145 LE0ba PP b )EE?G"'%%”@)}P’ RER? it Cong? %%%%s"%tspéf‘ist

into the B®gIAl@tEHabE SRRMT Mt 99Fof%-r9rrylbé(t féptiliptdt@-st ep by bringing
t he aqueous cobalt(1l) salt solution into intimate contact with the

ol efi ns i na{des fieagllb@oZ O Burdaeshydrof ornyl ati on conditions. Here, the
starting materials are i ntroduced into the 35 reaction zone in such a way

that go ase m occur nd a__ver has nsfer area is

gener at gg ﬂm g?%%t of Sut By sta/é‘ gYé afoé: [ﬁ‘ﬁ icularly suitable
for this cii%f@mxflﬁé%oq‘ e%fvlpﬁj'tt Aé %chqtéﬁeﬁoh’éesqq’te ine&B€i on mixture is
40 depr essty-lydgogadbpassagamoused, dulfaire theowalersi-depleéhed he cobal t
renmoval stephyditecaebet isttelimxbbt&ined heeed(fss dedlerreqatbosy - raeapl exes

by nmeans ofy,aide-a@ 19%5&@6&1 Ih@dw@al%cﬁﬁ%r&esaﬂi tc?%% uﬁgu L-.hgm | ofCl di ©
cobal t(1L)oaal.! (HQEHLL M1 ddLd he_gobald bemoval St IR, 50 che

hydr of of AyT at i on- cobal t ca¥aﬁ atr i%rc?é“csorcr)p 888 It’%’f

cobal t (1| )PERAKSS, Of-hE ‘e s cikn i )m‘é%t‘ilﬁ’s"“dr és BazReL&G BUEEAS nto t he aqueous
phase. Thedimfragasienbal t(11) 2 7 J UL 2004 14 salt solution can
subsequently be returned to the reaction zone or the catalyst formation

step. The pHeldgaRpebphPrd8ic beNabk r68A HerdHfl c@&nbe%wgtnﬂu%né
hydrogegatmgm%@panar d?é RN aLLY %eg%ea egpgggg f.can be

i sol ate %y myl ati on of

but enes 1 e§8&§9 ‘ges'pech“egpy %’é Efrfﬂ}eﬁf’ o?l -‘p-‘r ¥des for the

hydr of or mA at98ReEFY pRF PP - hEPBUREIRIE prdsefermlatieon &a-pERFGERIBon
st ream usezhrrijefioputtire the erestrpe cifed rddigmradallysn sempkan dbt ai ned
here (al saorgfudkredntwitds-a’ ftiri8tganophosphine ligand. The

25 triorganophosphine ligand can be a trialkylphosphine such as
tributylphosphine, an alkyldiarylphosphine such as
butyldiphenylphosphine or an aryldialkylphosphine such as
phenyldibutylphosphine. However, particular preference-is given
to triarylphosphine ligands such as triphenylphosphine,

30 tri-p-tolylphosphine, trinaphthylphosphine, -
phenyldinaphthylphosphine, diphenylnaphthylphosphine,
tri(p-methoxyphenyl)phosphine, tri(p-cyanophenyl)phosphine,
tri(p-nitrophenyl)phosphine,
p-N,N-dimethylaminophenylbisphenylphosphine and the like.

35 Triphenylphosphine is most preferred.

The butene hydroformylation is preferably carried out under
conditions under which the reaction of l-butene occurs quickly
while the hydroformylation of 2-butene and iscbutene occurs

40 slowly. In this way, it is possible for essentially only l-butene
to be converted into n-valeraldehyde and 2-methylbutanal in the
hydroformylation while the 2-butene and any isobutene present are
recovered essentially unchanged. This gives a butene-depleted
Cy~-hydrocarbon stream whose l-butene content is reduced compared

45 to the Cyg-hydrocarbon stream used and which comprises essentially
the original amounts of Z2-butene and isobutene which were present
in the C4-hydrocarbon stream used. The ratio of n-valeraldehyde to



but ene- depl eted CA-hydrocarbon streant to distinguish it from 15 other

but ene- depl et ed C4- hydrocarbon streans occurring in the process of 2rhéuL 2004
present invention) is passed to butene dinerization. The hydrofornylation
of a hydrocarbon stream conprising 1-butene, 20 2-butene and possibly

| sobut ene gi ves C5-al dehydes, . e. n-:ﬁl er al dehyde, 2-nethyl butanal and
propanal . The bifene hydrofornylation is preferably

possi bly % 2- d%rr:gD

carried ou h “d'l%é'@én B Bhe £3raddehndentaiitpdped ohgplrsefenabtymdtunct i on
with atri éﬁ@ﬁhob’rﬂosﬁm pertigakat athdeastt8ilbr ganophosphi ne ligand can be a
trial kyl phosphi ne such as tributyl phosphine, an al kyl di aryl phosphi ne such

as butyl drrnae Wéﬂl%%l%lihmeh%r@ﬂ:ﬁf ﬁlagh. ké/f plh%?gghgeoééim}-%ﬁtene and

phenyl di I3 rtlc erence 1s
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di phenyl naRPRSA FHESFhENG, Pantrigl- peehonyeharfy thehoepitarts and/or

tri p- cyanophedydsphahphi nehe tuioRganbpROSEHRHe) Qh@ﬁﬂ@lihe,preferably used

g N, Ekdl weahyélaranmtaeeywwﬁhg%ylmgoxﬁsg ;E%t #ﬁ rho
ri phenylp (re e but’e of or. Pon 1%
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1- but ene oB’éﬁ?%ur(ﬁJllékWequlé’ fRE RYB? oFAMPI04P] Bha gind thet part Hald

i sobut ene BEIFWUA@Lsrampon monophide wmykeptt biedopodst Bika fand esserds al |y

only 1-butbpdrodem s kepveir athei rhaga- FederialodeBygeo and . 2amet byibt anal in

the hydr ohpdrofcaimy0Bt 16m | frddaR s2 1 RUERIE AN hi3RYré Sgpg:tu%@ﬁegrféeﬁgedaﬁg
recover gg gss&NideA LYy ﬁﬂc@qﬁ%eg gIhis gives a butene

C4- hydr ocar bon stream whose "1-buténe content is reduced conpared 45 to the
4- hydrocar bon stream used and which conprises essentially the original
amount s of HYIRACBAE1GRd i sobut ene which were present in the C4-hydrocarbon
stream used. The rati o of n-val eral dehyde to 27 JUL2aa4 15

2- net hy| butienalydragthet @fdehk!d@§-ﬂbie@1hfﬁég té ﬂer‘?rf %habéy-aatcohbﬁeS%an )

in part Eﬁui@rpﬂtnc|1§§§tb§ éarr-{g@ Bii@ft% o OcIaQ:rar%rE@L' 20 3 utene
over 2-but utene |eve & &X€ess of
triorgano E} q%%r Uz ?I gan’délsaﬁ ES’H‘P? tuge tﬁ@we‘f eratures and
parti al %’éesq?ﬁ’&g“%f 1% t%e’}eé&&ﬂ&n?%"%fhcﬂ%ﬂmrsr gelrIslveThdrogenation

tri organop?ﬂisﬂd-msﬁé Vhiih@ries upedf &n ablseragetie hydrogenation step.

Suitable hydrogenation catalysts are generally transition metals

25 such as Cr, Mo, W, Fe, Rh, Co, Wi, Pd, Rt, Ru, etc., or mixtures
thereof which can be applied to supports, e.g. activated carbon,
aluminum oxide, kieselguhr, etc., to increase the activity and
stability. To increase the catalytic activity, Fe, Co and
preferably Ni can also be used in the form of the Raney

30 catalysts, viz. as metal sponge having a very high-sdfface area.
The hydrogenation of the Cy-aldehydes is carried out under
conditions which depend on the activity of the catalyst,
preferably at elevated temperatures and superatmospheric
pressure. The hydrogenation temperature is preferably from about

35 80 to 250°C, while the pressure is preferably from about 50 to 350
bar.

The crude hydrogenation product can be worked up by customary
methods, e.g. by distillation, to give the Cg-alcohols.

40
The hydrogen required for the hydrogenation preferably originates
at least in part from the synthesis gas obtained by steam
reforming or partial oxidation of the butene-depleted
C4-hydrocarbon stream. The hydrogen can be isolated by methods

45 known per se, for example pressure swing adsorption (PSA) or
low-temperature distillation (cf. Max Appl, loc. cit., p. 108£ff).



I n an anmount of at |east 100 nol per gram atom of rhodium The 10
tenperature is preferably in the range from80 to 130C, the total @rfeHHuMe
is preferably not nore than 5000 kPa and' the partial pressure of carbon
nonoxi de i s kept bel ow 150 kPa and that of hydrogen is kept in the range
from 100 to 800 kPa. A suitable hydrﬁ ornmyl ation process in which a

m xture of butenes is used is 15 desctPbed in EP 0 016 286. Hydr ogenat i on
The hydr og@a8pi oferdensiieéicn- al dehydes to formthe C9-al cohols can 20 in
principle be carried out using the sane catalysts as in the
hydrofﬂrrrybabl @alecua%sab&yfzguatlmem@aé ESRMSE %dﬁaensél?wea%m preference '3
general Iy g e sgl e r are.use
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preferably N, oan alsq e H§ el 083000 P od! MTuRAGK SO REYSES: VT

sur ace area T ofcof t he

as net al n n
C9-a|deﬁyd§ aﬁgl%aﬁﬁngQ8ﬁ der conditions which depend on the activity
of the catalyst, preferably at el evated tenperatures and superat nospheric

pressure. The pyothugerdt tbe 4kiglecandersatsiqr disetabhycdtramptdeeuty35 80 to
250C, whi | ay@hegdtiRsaUbe héamy &ffehalkygés o aeewt c?&latlgoﬁéﬁzs bﬂ{ The crude
/St Tt g0 B gitee ProPPen el Hha iy PR HeeAPURO1 e e
hydrogeﬁétlg% (SESFAB] O%rlglﬁgtggdr ?eqiﬁéﬂP % t@$t9FFgﬁFbH§ VIRPHAEF s
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but ene- depbPred@ertsG4- hydr ocarbon stream The hydrogen can be isol ated by
nmet hods 45 known per se, for exanple pressure swi ng adsorption (PSA) or
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condense sat ur at artic

R o L s ZEOSH o4t b AR RENFLUL s gmy af  on

condensat | BFegzam from ASPEN ch.” By means of this simulation program, the

thermodynamic equilibrium established during steam reforming or
partial oxidation of a given hydrocarbon stream under particular

25 conditions was calculated. The thermodynamic equilibrium is
generally achieved approximately when using catalysts as are
employed in industrial practice. The simulation was carried out
on the bases of process temperatiures and pressures as are
customarily employed in the steam reforming or partial oxidation

30 of hydrocarbons.

Example 1

A Cy-hydrocarbon stream comprising 88 mol% of butene and 12 molk
35 of butane is passed at 20 bar and 80°C over a catalyst bed in an

adiabatic reactor (length: 4 m, diameter: 80 cm). The catalyst

had been produced as described in DE 4 339 713 in the form of

pellets having dimensions of 5 x 5 mm (composition in mol% of

active components: NiO 50 mol%, TiO; 12.5 mol%, Si0; 33.5 mols,
40 Al-;03 4 mol%).

The octenes and higher butene oligomers formed were separated

from the output from the reactor. The resulting butene-depleted

C4-hydrocarbon mixture comprised 80.5 mol% of butane and 19.5 mol%
45 of butene, corresponding to a butene conversion of 95%.



carried out in a manner known per se, e.g. by action of an aqueous base
such as sodi um hydroxi de or potassium hydroxide. As an alternativeg7i JUlLi 204
al so-possible to use a heterogeneous basic catal yst such as

magnesi um oxi de and/or al um num oxide (cf. for 10 exanple, EP-A 792 862).
The product of the aldol condensation_,ips then catalytically hydrogenated
by neans of hydrogen to form Cl10 -al ca)hol S r-in particular 2-

propyl hept 3RoR &M At3eppgalau katilep, hehansntipsd s15aabevmpasdséonpt i on of

t he hydr ogempéectoed ain tthe £feah delfpdeingppt it9sis anakbngodspletied t he

hydr ogenat icQohpdrddaebah 0ot r£e 6@BS 8k 1 G a QA BaE S £o KR iingV SRELAG: d | now
be illustrate pi‘cﬂ%df:‘)' | om ng exanples, 20 which are partly based on
simul atign cal culatirons. The simnul ation cal cul ati ons were carried out using
t he ASPENPLUS simul ati on program from ASPEN Tech. By neans of this

si mul ati onSpFofhrdm the thernpdynam ¢ equilibrium established during steam
reform ng ¢6/Cpamdlalcfosteat iwredffoa gtean defedradaybper stoleah ansessent
particul ar ;35tgong}i teedsmivasuredl cul ated. The thernodynam ¢ equilibriumis
general |y gchigyed O%Q%gx{%ﬁe)ax__u\ygeg ysidpg catalysts as are enployed in

industri@l ractl cz. T ﬁU %r ation was carried out on the bases of
process eﬁgérraetclYF § an % essures as are custonarily enployed in the
st eam r ef oFREFIPIS “pAFt Pa¥ ap§dateon 30 of hydrocarbons. Exanple 1 A
C4- hydr ocar bon stream conprising 88 nol % of butene and 12 nold 35 of
but ane i s passeshrlon?2@eba@f and 80C over a catalyst bed in an adiabatic

reactor (| gg,g%gg-tﬁ m. di ameter 3380 £y Jhe.cahél yst had been produced as
In 47336 713 in tgg f ° pellels havi ng di mensions of 5 x
f

descri bggp or %Of ﬁe%

5 nm (cofposition in nol % of PV oo RBAEE® N O 50 mol% Ti2 12.5
nol % Si C2M33s f1AN 0, 40 A120874731%9/D The octenes and hi gher butene

ol i gomer s Inteed-empesaterayr at e00f¢omthe output fromthe reactor. The
resul ti ng butene-depleted C4-hydrocarbon m xture conprised 80.5 nold of
but ane andgd®a: nol % 45 of butene, corresponding to a butene conversion of

95% 2 25JuiLl 4004 17 In a's gb”f‘é;i /%al cul ation, the synthesis gas
conposition _expected in the s% reformng of this butene-depleted

C4- hydr ocat BoH SEFRERTIEE cal ¢ @?C:ad. The fol |l owi ng parameters were

enpl oyed:

Recirculated CO;:
Mass flow: 107,833 kg/h

25
The results of the simulation calculation are as follows:
Reformer outlet:
Pressure = 20 bar, absolute temperature = B880°C

30 Mass flow: 345,716 kg/h

Composition: CO 18.0 mol%
CO; 11.8 mol%
CH; 1.4 mol%
H-, 38.4 mol%
35 H,0 30.4 mol%
butane 0.0 mol%
butene 0.0 mol%

Synthesis gas after CQ; scrub:
40 Mass flow: 124,629 kg/h
Compositicn: CO 31.1 mol%
CO; 0.0 mol%
CHy; 2.4 mol%
Hy 66.5 mol%
45 H20 0.0 meol%
butane 0.0 mol%



5SS/ C=25(S/C=nol of steamused for steamreformng per nol of C
present in the C4 feed mxture) Reformer outlet tenperature = 880G 1QyCoR;
recycl e =100% Pressure = 20 bar absol ute Hydrocarbon feed: 80.5 nol % of

but ane Conposition: 1519.5 nol % of butene Mass fl ow 57,730 kg/h Inlet

t enper at ure: 500C Steam 180,152 kg/h 2@ Mass flow Inlet tenperature: 500C
Recircul ated C02: Mass flow %El)ltThe e(zul tl% of the Refornmer outlet:
Pressure = 20 bar, 30 Mass fl ow ESTT%D it9°9n: 35 Synt hesis gas after 40

Mass flow. Conposition: 45 107,833 kg/h sinulation calculation are as
fol | ows: aBhelHt/€0 dapar axakie 1s880T: . IS yntBeki$ hgaBO S tBinnt&4pdEGR idh. 8
mol % CH4 1s4weml dsuil2d380o4the|HpdridZ2oral & ivp Yndbhy@reydhat iahl By but ene
0.0 nol % customary methods of the olefins obtained according to the above
description. The CH; content of the synthesis gas of 2.4 mol% is
not a problem in the hydroformylation.

Example 2

10
Example 1 was repeated, but the simulation was carried out for a
partial oxidation of the butene-depleted Cy-hydrocarbon stream.
The following parameters were used as a basis: temperature 1200°C,
pressure 50 bar, no CO; recycle.

15
Hydrocarbon feed:
Composition: 80.5 mol% of butane

15.5 mol% of butene

Mass flow: 57,730 kg/h

20 Temperature: 300°C
Steam:
Mass flow: 36,200 kg/h
Temperature: 270°C

25
Oxygen:
Mass flow: 46,703 kg/h
Temperature: 25°C ;

30 The simulation gave the following results:

Reactor outlet:
Composition: 32.7 mol% of CO
4.2 mol% of CO,
35 0.35 mol% of CH,,
47.5 mol% of H;
15.2 mol% of H,0
0.0 meol% of butane
0.0 mol% of butene

40 0.0 mol% of 0Oy

45

Mass flow:
Temperature:
Pressure:

158,635 kg/h
1200°C
50 bar

The H,/CO molar ration is 1.455.



C2 scrub: 124,629 kg/h CO 31.1 nol% CO2 0.0 mol% CH4 2.4 mol % H2 66.5
mol % H20 0.0 nol % butane 0.0 nol %2 7 JUL 2004 1s butene 0.0 no?f IU'DQ[][}!.
H2/ CO nol ar ratio is 2.14. A synthesis gas of this conposition is well
suited to the hydrofornylation and hydrogenation by 5 custonmary nethods of
the ol efi ns obtai ned accordi ng to they bove description. The CH4 content

of the synthe as of.2.4 | t not a obl em i n the hydrofor Iatlon.
Exanpl e 2 &E‘Og%i e TPRasY? d‘tseaasbﬁ?mﬁ’cﬁ?elt&"ﬁuf’ﬁt?% apoYec gRs |

for a par®titgh- B‘?&T‘R%ﬁtaﬁeo?m???eﬁd@ﬁeﬁésd%mlétaédeTh?oﬁmldmgnnswa@am The

fol | owi ng pasedeerers \dhekasecdbfaghe bhsve-ddsmmieedt gas Ila%ﬁﬁﬁg tReessure 50

bar, no CO2eseeyrlmmtldt biythi®crheyehees: a @.%l htoind 33.gh %Pét@ét ane
300

19. 5 nol &5 EBn@%EéHH@ awasﬁhélfyﬁafﬁéez3 g%%% gBe{éuﬁagi—tFFBmf te%gBB

Mass fl ow Te rature.
kg/ h Terrpera %I?teml%Sgh'éO q’ﬁ@ S g8V ont ﬁé POITSSHLYG results: 35 40
Reactor outlet: Conposition: 32.7 nolt of CO 4.2 nold of co2

Synthesis gas after high-temperature converting:

10 Composition: 28.1 mol% of CO
8.8 mol% of CO;
0.35 mol% of CHy
52.0 mol% of H;
10.7 mol% of H,0
15 0.0 mol% of butane
0.0 mol% of butene
0.0 mol% of 0O,

The H,/CO molar ratio of the synthesis gas after high-temperature
20 converting is 1.85. Varying the amount passed through the bypass
makes it possible to achieve other H,/CO ratios, so that the
synthesis gas composition can be optimally matched to the
hydroformylation and/or hydrogenation of the olefins obtained
according to the above description.
25

30
35
40

45



0.35 nolt of CH4, 47.5 nmolt of H2 15.2 nolt of H2ZO 0.0 nolt of butane

0.0 nolt of butene 0.0 nold of 02 Mass flow 158,635 kg/ h Tenperaur & 2004
1200C Pressure: 50 bar 45 The H2/CO nolar ration is 1.455. 2 7 JUL 2004 19
In addition, the synthesis gas conposition of the above gas after

hi gh-tenperature converting was sinula&&d. The sinul ati on was based on

91, 646 kg/h of the above-described gas“leaving the reactor outlet being
conveyed in a bypass around high-tenperature 5 converting and the remai nder
bei ng subjected to high-tenperature converting. The sinulation gave the
fol | owi ng Wesaldim: Synt hesis gas after high-tenperature converting: 10
Conposition: 28.1 nol%of CO 8.8 M)1% OF C02 0.35 M1% OF CH4 52.0 nol %
of H2 10.7 nold of H20 15 0.0 nol % of butane 0.0 nmol % of butene 0.0 M)1%

O 02 The {2/ COAéﬂibcﬁzrss fokiprépadihg (i &hBIsheRich @aPriddsd er hi gh-tenperature 20
converting is 1.85. Varying the anount passed through the bypass nmakes it

possi bl e to achdeweoddingra GRiidmeashindreamaontpaisinghaitengranti bsiagegas
COMpOSL L on Ca PR R IR RSP e DSORGB 2BHARL, on
25 30 35 40 45 2 glighkaer2tbndQtalyst and fractionating the resulting reaction mixture to
give an octene-containing stream and a butene-depleted Cs-hydrocarbon
stream;

¢) subjecting the butene-depleted Cy4-hydrocarbon stream to steam reforming
or partial oxidation to give carbon monoxide and hydrogen;

d) hydroformylating the octene-containing stream by means of carbon
monoxide and hydrogen in the presence of a hydroformylation catalyst to
form Cs-aldehydes, where the carbon monoxide used and/or the hydrogen
used originate at least in part from step c¢); and

¢) catalytically hydrogenating the Co-aldehydes by means of hydrogen.

2, A process as claimed in claim 1, wherein the hydrogen used in step e)

originates at least in part from step c).

3. A process as claimed in claim 1, wherein the butene-depleted Cs-hydrocarbon

stream is fully or partially hydrogenated prior to steam reforming.

4. A process as claimed in claim 1, wherein the steam reforming includes the use

of a prereformer.

5. A process as claimed in claim 1, wherein the mixture of carbon monoxide and
hydrogen obtained by steam reforming or partial oxidation of the butene-depleted Cs-

hydrocarbon stream is subjected to high-temperature converting.

6. A process as claimed in claim 1, wherein the C4-hydrocarbon stream contains

from 50 to 99 mol % of butene.



We claim 1 A process for preparing C9-al cohols, which conprises a)
provi ding a C4- hydrocarbon stream conpri sing butene and butane; b) 27 JuL 2004
subj ecting the C4-hydrocarbon streamto oligonerization over an olefin
ol i goneri zation catal yst and fractionating the resulting reaction m xture
to give an octene-containing stream a?g a butene-depl eted C4-hydrocarbon
stream c¢) subjecting the butene-depl eted C4- hydrocarbon streamto steam
reformng or partial oxidation to give carbon nonoxi de and hydrogen; d)
hydrofornyl ating the octene-containing stream by neans of carbon nonoxide
and hydrogén i nAtprecess esdameedoh cdaimhl,dyviefan ityd biterondepdeted Csthytmcafbon m
CO- al dehydes, where the r ban noxi de used and/or the hydrogen used
originate ﬁ?e%?&al?#%sﬁopﬁdﬂ?%é%'b ¥N€.and e) catalytically hydrogenating
t he C9-al dehydes by neans of hydrogen. 2. A process as clained in claiml,
wherein the hydrogen used in step e) originates at least in part fromstep
c). 3. A p$.ocesA paeces$ ai ¢reunedin claainh, Whevde thei olefireli g erimatide phtalystds
CA- hydrocarpon stream.i,s. fully. or rtially hydrogenated prior to steam
r ef or ni ng.aE&ewgﬁ?e&‘%é’é‘:]‘&kc@f@%%aﬁy%‘l aim1, wherein the steam reforning
i ncludes the use of a prereforner. 5. A process as clained in claima1,
wherein the m xture of carbon nonoxide and hydrogen obtai ned by steam
reform ng or padt pracessxiodahe ontegfatec prapatasine -afeh-alcoboledandn Car-deehabon
streami s \%’H'b. ect edstso hi gh-tenperature converting. 6. A process as cl ai ned
in clai m 1y WAEPEPR*The Ca- hydrocarbon stream contains from50 to 99 mol %
of butene. 2 7 abg?r@.@&lﬁgatﬂhydfodafm%&@aﬁs;oﬁipﬁm?%uwﬁecahalbmaihe; wherein the
but ene- depl et ed -hydrocarbon stream contains from5 to 70 nol % of
butene. 8. A prlkaydrofermyilatingedhe nCehydrararbomhgrearm bhemennsf iaf carbon
ol i gomer i zati on cal b 8 1y Brlel B ARSIEOTe Ak e!S8 las fOBIR N R VSt
9. A process for the integra eq preparation o SRR ONBY'S 2af
G o-al cohol's, whidepletedrliydlescatjontieamdi ng a C4- hydrocarbon stream
conpri sing butene and but aneg; blff? hydr of or myl ati ng t he C4-hydrocarbon stream
by neans of car®osublagiexhe Esaiiehydesiegealdobcandensatignandenydes, so as to
give a first bufeng; t - r t ! t ngwt he
C5- al dehydes t(L;(]i )aﬁ%l@gphﬁgﬁggogg%%}% n?ﬁgﬁﬁagséc@fa y?l?éhﬁpga%‘%ﬁdggg&lati ng
t he products of t heaat dbhydrogedandadn Cny-dlyoholeeans of hydrogen to form G o
-al cohol s; e) subjecti the first butene-dep|ete - hydrocarbon streamto
) e) Jsubjectpngg,r Hae first butene-c?ep?etgd Cﬁny%?oca%lbon stream to
oligomerization over an olefin oligomerization catalyst and fractionating
the resulting reaction mixture to give an octene-containing stream and a
second butene-depleted Cy-hydrocarbon stream;
f) hydroformylating the octene-containing stream by means of carbon
monoxide and hydrogen in the presence of a hydroformylation catalyst to
form Cs-aldehydes;
g) catalytically hydrogenating the Cq-aldehydes by means of hydrogen;
h) subjecting the second butene-depleted Cs-hydrocarbon stream to steam
reforming or partial oxidation to give carbon monoxide and hydrogen

which are recirculated at least in part to step b) and/or step f).

10. A process as claimed in claim 9, wherein the hydrogen used in step d) and/or

step g) originates at least in part from step h).

11. A process as claimed in claim 9, wherein the second butene-depleted C,-

hydrocarbon stream 1s fully or partially hydrogenated prior to steam reforming.



f) g) h) oligonerization over an olefin oligonerizatio catalyst and
fractionating the resulting reaction m xture to give an octene-cong yingot
stream and a second butene-depl eted C4- hydrocarbon stream

hydrof ormyl ati ng the octene-contai ning stream by means of carbon nonoxide
and hydrogen in the presence of a hyd?%f ornmylation catalyst to form

CO- al dehydes; catalytically hydrogenatfnhg the C9-al dehydes by neans of

hydr ogen; subjecting the second but ene-depl eted C4-hydrocarbon streamto
steam reformng or partial oxidation to give carbon nonoxide and hydrogen
whi ch are taci r 8piretessiaselaineegsin claimphmherean theestealy) referaing ineludes the use0. A
process as fcl ained in claim9, wherein the hydrogen used in step d) and/or
step g) or{ARELY™ | east in part fromstep h). 11. A process as cl ai med
in claim9, wherein the second butene-depl eted C4- hydrocarbon streamis
fully or partially hydrogenated prior to steamreform ng. 2004 22 12. A
process aslkl ai Agdodess ad daM@inwE@m&,mmmnmmmerMﬁm A8 ManeKif§eadt he use

of a prereformer. .13. A.process as claimed.in claji.m9 rel i Xxture
of caf bon moreReret gl i, 8F5h dePiming RERny" oFIiPh S PESEE, bl

oxi dati on @ipldtdeC3ag&abaBYh Siiém BanbRted i highnenpeatbotobieftarm i s subj ect ed
to high-tenperature converting. 14. A process as clained in claim?9,

wherein the C4-hydrocarbon contains from50 to 99 nol % of butene. 15. A

L ai ) . ) . lofi ; . ; I
process oy 2 Bighid € g WSS DAk, LELI AR T Al 391 < Y=
to 99 mol % of butene.

15. A process as claimed in claim 9, wherein the olefin oligomerization catalyst is

a heterogeneous, nickel-containing catalyst.



