0050/ 51119 *159159* Preparation of Cg-al cohols and integrated preparation
of Cg-.al ¥y s1ansy CLO-al cohols 5 The present |nvent|o es to a
process for preparing Cg-alcohols and also to a proces ‘M@Wﬂm’uﬁwmm}egrat ed
‘preparation of Cg-al cohols and C10-al cohols. 10 Fossi l e

hydr ocarbons obt ai ned therefromhave a double function in Mfustrial
synthesis. They serve firstly as energy sources and secondly as raw
materials for chem cal products. It is frequently customary to burn

hydr ocar b&wepasabbemiafe§sasldnhadsodndt sntegratgdspréparapionhefi s or depl et ed
I N speci [Oyeapeaithict aindf Cyalaleoholor der to make their energy content

avail able. There is at present a tendency to replace fossil fuels in the
ener gy ctor and thus to secure raw materials supply in the long term at
a given supply of fossil raw materials. To 20 achieve this, it is necessary
to use as nuch as possible of the conponents present in the hydr ocar bons
obt ai ned fIPEnPEBSRY INFROLHRR g lAtESatOnAtRTQESS. fAr dPFeRaEdPEy i s t hat

hydr ocar bGn-stecdanis aadealsudld v pbbaesedas theoihyegnitiededrepataion of

vari abl e egnpesaldandlisnahddugtaledbhsynt hesis. The utilization as materials
25 of tfye conponents of val ue present therein frequently founders on the
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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 utilized as
materials in a further process step without complicated
30 fractionation being required.

It is known that C4 fractions which are available in large
quantities 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 Cy-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 Cg-alcohols have
valuable properties as plasticizer alcohols.
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0050/ 51119 2 The production of synthesis gas by steamreformng or parti al
oxi dati.on @bshysli pcarbons is also known (cf. Weissernel, K and Arpe

H -J., "Industrielle organische Cheme", VCH 4th Edition, 1994, pages
19-24. 5 I.n Sb. Nauchn. Tr.- Vses. Nauchno-Issled Inst. Pererab. Nefti
(1981), 39, 11-20, Cusev . N et al. report the preparation of hydrogen

by catalytic ste ef or refinery gases Si n dro
Cl_4-al karl2® BREIUBLLT SrShel B b R 265 3 ERRLRD % 0’ step is
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a gas conpyipei Hg-fr onf IrBsttyiebleiganfiselRe Ghreapmel ,t YCBO 4] Fdation < 25
nmol % of 0)1299810dpa§e€519ﬂ2|4d of methane by treating a hydrocarbon with an Ni O
15 catalyst in the presence of steam In N ppon Gasu Kyokai shi (1978),
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and Cl10- aapirak$nghhydrcstear t CoutalkamsCanldy dbocariiBnofandkaheowaner y
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found that this object is achieved by using the butene-depleted
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C9- al dehyde25 and? opf dglethanenby t urgadingCa- By deigpadon whigh pﬁfe%ﬁt i nvention
accor di mg)lcatpilest dios, then prebense afSpeebm.a process for preparing
C9- al cohol s, which conprises 35 a) providing a C4-hydrocarbon stream
conpri si ng[nb‘llltlﬁﬂgna@éjsu %@aeshp)(@%)e%w@) 1ha A Qmm bgn streamto
ol i gorrer | zall of oel; 40 AN cpL el 1L 9l donEEs Za o opl &l Yaheandng
fractionatimg t tRe uﬁstl o i f e“f K 4n ocatene 23t ai ni ng

stream ancfrécﬁﬂi?%n%a‘ﬂ‘é”rﬁ & gﬂig Sifb%‘h aétkPéqu and Cq-alkenes.

It is an object of the present invention to provide a process for
preparing Cg-alcohols and a process for preparing Cg-alcohols and
Cip-alcohols which start out from Cy-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 Cy-hydrocarbon stream obtained in butene
oligomerization as starting material for the preparation 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 Cg-alcohols, which comprises
35
a) providing a C4-hydrocarbon stream comprising butene and
butane;

b) subjecting 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 Cy-hydrocarbon stream;

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



-c) subjecting the butene-depleted C4-hydrocarbon streamto steam 45
reform.ng @5@6511H oxidation to give carbon nonoxide and hydrogen;
0050/ 51119 3 d) hydrofornylating the octene-containing stream by neans of
‘car bon nonoxi de and hydrogen in the presence of a hydrofornylation

catal yst to form Cg-al dehydes, where $§he carbon nonoxi de used and/or the

hydr ogen ed Lgi t; St rt, e.0g. to _an extent of re than
5)6% gref Leaf’ablh d'rtg(k)ggﬁnﬁea%lgﬁt Itg? 5Ct‘fée}lle'?%§ﬁtgbla/qgnq ﬁe’Qtﬁ Fri %Ir%leranfoﬁgr)et ely,
from step c) S2&Ra%eTORATLEy AP al'l’-‘{r'@“?‘%?&r 4ehBt iRresensedt @ dehydes by nmeans
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of noreshan 8@¥sti fnpeidd,Cel.gl €OraY kebdt &f AB:& @Raf) 504, pHaGerably
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the C4- hydrocgrtggnc {ream used. The anmpunt of butenes  presen ¢ reduced
by a proportion Coffesponding to the butene conversion in the
oligonerization. In general, the butene content 20 of the butene-depleted
C4- hydr oc&)bofase L ekifald vd by deagenn thiynof tben CoRr1ldeh9886 hysumlang 6fom 80 to
95% coifpar ed hydrogen C4- hydr ocar bon  stream used. The but ene-depl et ed

C4- hydr ocarbon stream conprises, for exanple, from5 to 70 nol % usually

fromS tore Aphibad Jaubehs sulid )t BEeFERRINASL 1hehlg. £o8eqLLEL ¥y but ane.

25 The pr t"Lnvention also N eco as process for
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conpri ses °30™gy p’irgiﬂ PRg L RRTRIGHIEEr BRIPLatedYm EBemritsPng) but ene and

but ane;13%) hydrofornyl ating the C4-hydrocarbon stream by neans of carbon

nonoxi de ahd hydregedepteteod o Chydkdedutsins st¥eans 19 dgipietad 3bn fidtshe

but ene- depbaipete €A LHEOE R oehE BEA stDeatt!REEET | it LhBuRE- 8 daledes to an
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ol i goned Bt: Phs, bitemearieni ereth CorPEDRGAILAN SHTean disy secanased it tfiromat i ng

t he resul 7Pngor¥Hot iushamd xtiram 88 fpveSHin 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-alcohols and
Cyp-alcohols, which comprises

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

b) hydroformylating the C4-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;

c) 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;g-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
Cy4-hydrocarbon stream;



45 octene-containing stream and a second but ene-depl eted C4-hydrocarbon
stream. O &3 &' f) hydrofornylating the octene-containing stream by
means of carbon nonoxi de and hydrogen in the presence of a

‘hydrof ormyd ati on catal yst to form C9-al dehydes; 5 g) catalytically
‘hydrogenati ng the C9-al dehydes by neqfs of hydrogen; h) subjecting the
second but ene-depl et ed C4- hydrocarbon®stream to steamreform ng or parti al
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and/ or in stemyaropbthglatilon cetilydwnites faiml @aslideny@esi, e.g. to an
extent of nore than 50% 15 preferably to an extent of nore than 80% in
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reduce y 25 1trom /% coppargd to the rst butene-depl eted

C4- hydr ocar borF°s £FERMP ffrg It))ujfe)e‘ne- depl et ed C4-hydrocarbon stream
conprises, for exanple, from30 to 60 nold of butene and the second

but ene- defilhet bgdtAgéry drsecladbosten rBamndéaprinesert g) PegEaRALdY from 0.3 to
20 ol % oforidtiaaees it Nelalse Lengarider.gd0 essantexakehy Ofitreore tB4Anh§ek ocar bon

Streams; s ide2Bk 8085 & @il bREeABIEH indlreCORRS i 808, fiar pagkoeqla, from 50 to 99
nol % prec%%niligiy?g@%gn trsrgﬁéodfr?l gS th alrolgtsenes and from1 to 50 nold,

preferably om 0 The butene fraction
preferably conprises from40 to 60 nold of 1-butene, from 20 to 30 nold of

2-but ene IHE I'Es5St Hatene-Agpletet GuahPydrqfasPone8Eredln 15 fsPdeted in

i sobut ene Hutesedcompartes thutke~hadrporpbonAspaeanceysedd pngr &herteagond
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fol I owi ng gte\ﬁ@rgill, glpmletnéogénmlo% khe f‘:[]!y:t i&ene-depleted
C4-hydrocarbon stream is reduced by from 25 to 50%, and that of
the second butene-depleted Cs-hydrocarbon stream is reduced by

25 from 70 to 99% compared to the first butene-depleted

C4s-hydrocarbon stream. The first butene-depleted Cy4-hydrocarbon
stream comprises, for example, from 30 to 60 mol% of butene and
the second butene-depleted Cys-hydrocarbon stream comprises, for
example, from 0.3 to 20 mol% of butene, with the remainder

30 essentially butane.

Cs-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
mol%, in particular less than 3 mol%, of isobutene (based on the
butene fraction). A particularly preferred starting material is
raffinate II, which is an isobutene-depleted C4-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 l1-butene 26 mol%

trans-2-butene 31 mol%



i -butenelnol d 451- butene26nol d trans-2-butene3lnol d 0050/51119 ci s-2-butene
16 nold 5 0650/81e19ns or al kynes are present in the C4-hydrocarbon stream
they are preferably renoved to | eave a residual concentration of 5 |ess
than 10 ppm in particular less than 5 ppm prior to the oligonerization.
'They are preferably renoved by selectgve hydrogenation, e.g. as described
In EP-81 Oﬁﬁh g EE%% 568 542. In %ddltlon oxygen- cont ai ni ng conpounds
such as al© dehydes, etones and ethers are also preferably
substantial ly 10 removed. For this purpose, the C4-hydrocarbon stream can
advant agedusidjopef pas i adkypeanazgifyesent, in. the fakkydramarbonestsean,n
parti cul artheyl ecal prefimbdy hanoved acpdeavdi anmdsiduall céicentradibnteof5 A
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hom)geneoufs gt (?%n ous catalysts. An exanp onmogeneous

cat al yzed r5‘ces | MERSOL process. In the DI MERSCL process (cf.
Revue de |'Institut Francais du Petrol, Vol. 37, No. 5, Septenber/Cctober
1982, pHydhe3dhflividupderstepkedf nsheapeoderer o athe prebent iiquiethtpbasare

Sui t abl e [kneemr per ssefand thber caperdifftiicCabhyiqatatiens PECh@S aAk@bje6t
exanpl e, (dakteReosyaiePresent ! VivdHtakeal./ @H@Sﬂml%/dahm{wg haki de, (ii)
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al kyl al umithGEeEhaR | apeed BL Ni X2( PR3) 2 + AL2Et3C13 or Ni (OCOR)2 + ALEt Cl2
(where # COD = 1,5-cyclooctadiene, X = d, Br, I; R= alkyl, phenyl; AXn =
A1C13r BF@llSQWQrb%@l)On A di sadvant age of the hom)geneousl y

3

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 olefins 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 1l’Institut Frangais du Petrol,
Vol. 37, No. 5, September/October 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
m-allyl-nickel/phosphine/aluminum halide, (ii) Ni(O) compounds in
combination with Lewis acids, e.g. Ni(COD), + AX, or Ni(CO)3(PR3)
+ AXp, or (iii) Ni(II) complexes in combination with alkylaluminum
halides, e.g. NiX,;(PR3); + Al3Et3Cl; or Ni(OCOR), + AlEtCl, (where
40 COD = 1,5-cyclooctadiene, X = Cl, 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



catal yzed processes is the difficulty of renoving the catal yst. 45

0050/ 51119650 f5¢2329di sadvant ages do not exist in heterogeneously catalyzed
processes. In these processes, an olefin-containing streamis generally
passed at el evated tenperature over a fixed bed of the heterogeneous
catalyst. 5 A w despread industri al pgocess I's the UOP process using
H3PO4/ Si2_in a fixed bed , for example, US 4,209,652, US_ 4,229,586,
US 4, 393, Z5@se disg ‘éa’B%ﬂﬂee; FPoBREseXist dnj bpteragansnysty e lyesd as

cat al yst (R¥OCESEEE - ekRnpPIREe PECTIOS TS B030lafirmordadging swrepey 24567
(Exxon) deporeraddyt hassmb adf elevhted temperatugomrdrz at fdored dieal &t she | on
exchanger shedéerldvganedabeasdtdlgsare al so used in the Texas Petrochenical s
process gcf. DE 3 140 153). The dinerization of lower olefins using alkali

met al cat S. 5, n vvn Toda 1990 6, p. 329ff).
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di fferent stahangeresarevddedprsf eatalpestbecny, fpwexampleat bl yIISS 3608P3j Si ng
ni ckel oxixie-48Cabalysws J9rQWB6PE(ExEf) A8s8F &Lt hed bh z%oﬁlt@scggmor et
al ., cat :lré'lslg%m-ggg?thoryQ:]cﬁ({%& y8t6 10RA expf 9& erB%idilas CAbAA teCe N
85 be, fort'@%aNs ‘Q’Bg 1ca, "4 unﬁaﬁ%‘y‘:%fl“ﬁ s?ll‘qcceftsez £ pﬁrﬁ} r}g@ ﬁ%ébt es

havi ng sheet structures and zeolites, zirconium oxide, which may have been
treated wiThe éemai;lze)frlcmorfatleuertﬂ%ﬁnmgnummmiécalliamet@hlQma,lyat,efm

cat al ys15 allse phewhp(dfu edtadtgsas yRidaywhieho are, @t aezeab)e by m xi ng
aqueous solutions of 30 nickel salts and silicates, e.g. sodiumsilicate
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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, SiO;, TiO, and/or Zr0QO, and, if desired, Al,0;3.
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



-They lead to dinerization occurring preferentially over the formation of
hi gher ol i gos®/s181n9l gi ve predom nantly linear products. The npst
preferred catalyst is one which conprises as 45 essential active
constituems from10 to 70% by wei ght of nickel oxide, from5 to 30% by
wei ght of titanium di oxi de and/ or I £ coni um di oxide, fromO to 20% by

wei ght of al.um num oxj de and _ 0050/ 51 19 7 silicon dioxide_ as baI ance.
Such a catSIySPR 161G ASHPRIBYCE p¥ChpRt R BYSS 18 hePtadnalyst PEonposi ti on
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stream i s HaP hF%g%L?éﬁeﬁrst% over one or nore fixed-bed catal ysts.
Sui t abl20 reacti on apparatuses for bringing the C4-hydrocarbon streaminto
contact wThe bhégohetieaadenecowsr adieahygseragendausynnickd hasmtakhihged i n the

art. Examahesyst sdligralzkeaBPpaiairi®asoat eat Widm 39Neb -4diPe,r eactors or 35
shaf t Overb%rt%fgr tﬂ'otinhgolQg\eﬂoe’%ph;l@lp&oé.tc:%ﬂ.ax?wfﬂre%\éﬁgﬁl?rfrom 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 C4-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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nmol d of buiddeWiRE BIeHil A)quPtb‘ER'ane In this case, the butene-depl et ed
C4- hydr®ar bon stream has an average enpirical formula of C4H9.62r so that
the reaction 30 i, &AM 62C6 4 HP2O x/24 H;O + 8.81 H2 The H2/ CO nol ar
ratio of the synthesis gas obtained is thus 2.2:1. 35
From this equation, 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 butene-depleted C4y-hydrocarbon stream
has an average empirical formula of C4Hg.¢2, SO that the reaction
30 is:

CyHg 62 + 4 HO — 4 CO + 8.81 Hy
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 CgHig + CO + H; — CgH17-CHO

and the hydrogenation step by the following equation:

CgH17-CHO + Hy; — CgH;7-CH,0H
45



40 The hydrofornyl ation step of the process of the present invention,

whi ch is deesovbadipn nore detail further below, can be represented by the
foll owi ng equation: CBH16 + CO + H2 -- C8H17-CHO and the hydrogenation step
by the fol1owi ng equation: C8H17-CHO + H2 - C8H17- CH20H 45 0050/51119 9

1t can be seen that the conbination of the hydroforrryl ation and
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Sul phur 1Puijie dleangd 9887 lepgthOid .9 26 The Ofed arreetieasedyEnmmodtet can
advant agemisdsy deebgapedras @@ Bhfnefseaodbehoudimndeeeupss) attedswhol Iy or in
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or der t%oc%ﬁ’F\%rFOT']H‘eStb‘tﬁnerﬁérE?‘FfFIccprfe%ﬁﬁd ahot Ispagt parnace.i nt o but ane
before the C4-hydrocarbon streamis
Suitable catalysts for steam reforming are described, for
example, in Max Appl, Modern Production Technologies, published
by Nitrogen, British Sulphur Publishing, 1997, 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 CHy 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
C4~hydrocarbon stream in order to convert the butene still present
wholly or partly into butane before the Cy-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 C4s-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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93-98. A suitable prerefornmng catalyst is a supported nickel oxide

cat al yst as sol d b¥ BASF AG Ludvvlkgshafen under, t he
he prereforming step can carried out in a manner analogous to

25 that described, for example, in H. 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
Cy-hydrocarbon stream of CyHg.62, this becomes:

CyHg 62 + 2 O =4 CO + 4.81 Hy
45
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suitable catalysts in the presence of steam Oonvertl ng can be enpl oyed,

in part?%Lﬁ%ﬂta grp}¢nygﬁigpn§roduc1ng synthesis gas by partial oxidation
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 Cy4-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
reaction:

CO + H0 &5 CO,; + Hjy

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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Monoxi de" ,thepptagetice/df 2gtd Pds RdGenl182¢ fhomogeneously 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 to the hydroformylation reaction. A
particularly advantageous process for the hydroformylation of
octenes comprises

45



30 Hydroformnyl ation of octenes Wile short-chain olefins are at present
hydr of or nyyes@ds 199 predom nantly |igand-nodified rhodi um carbonyls as
catal ysts, 35 cobalt assunes a domi nant role as catalytically active
central atomin the case of longer-chain olefins, e.g. octenes. This is
due, firstly, to the high catalytic g@tivity of the cobalt carbonyl

catal yst regardless of the position t he ol efinic  double bonds, the
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Secondl y, the qu¥tarct vithlhpsirogan ded caapsnamedoslparatPy®|y easily from
t he hydr of or miyatrio§nrpy bakuictrs-acahide benbiaddi cathayed; thrinhéngyheofaouephat i on
reaction. A pdsieCubatliniady anbagewar: Raeaesst f tied hachxgiof mpuat i on of
octenes gompr iy, 4he00oMmk! t8gdehe ﬁ)w R B 599 U‘éQPﬁor? dlihk) salt
solution into i nt| n?ggstcoonteact aW{é o c 2 m)n‘iél i?o forma
hydr of ornyl ati'dh-actt ve. cobal t 2Eat 3 %n‘ 'brwllﬁs §usd ys‘%‘h

cont ai ni ng t hEXFRTEED ity e Pﬁ?%mr%tﬂrﬁi’@eal%@n? t°c5eWF§ hP&HY oct enes

t oget her wi t h hvddodgemy battedcar bon nonoxi de in at | east one reaction zone,
with the cobalt catal yst being extracted into the organic phase and the

oct enesi®aing trhu@naborney |Qitpde #Po)tHd 8@hbBSoA %r@hmuﬁ &Eﬁant he ggaction
zone with Oxyggﬁ:%s'eﬁcéhgf a%rl%a%nggugs sacao%'é gﬂt‘ A itgﬁn %;nt Q’ﬁ
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subsequent | y SéifailafFey k9@ dpRasksextmnced réf"&? nEhey aquSO‘A’E]LEIWrCGBQI t(11)
salt sol ution supssgupntly sSparablieg cdisalph@sey;salts are, in particul ar,
cobalt 1xarboxyl ates, e.g. cobalt(Il) formate, cobalt(ll) acetate or 20

cobal t et hyl h%a_n@atiﬁg ad eeRkahs aasi (aest 95!@& &ollft@oRat&l #xdp af)Qr mation
can be carried out sinultaneously with the catalyst extraction and

hydr of or ti the reaction zone hydr of or nyl ati on
rgact i onr%gr 3 83 p‘f%%areﬁgﬁﬁé?s?% S reécgf’bBﬁﬁ/frlgctul C?J?%']ctar %onyl at rzn can
advant agecﬁi’é]b?xki BRS¢ &9 eEIOB‘%Pct )déSEPPBRd q‘%’PaI?BEi AL D acsdag80or The
resul ti#@) cadpadsusthyldlaxangatef ashalobglt)acettlncendngbbalthecgnsbypsti s then
i nt roduceddrogetibercan tde therbed engs stimubealymirsdfyowiyh athed candlyst
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 aqueous
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.

After 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 aqueous phase. The aqueous cobalt(II)



hydrogen and carbon nonoxide into the reaction zone. However, in many
cases it igopogseLable to carry out the formation of the 30 cobalt

catal yst, the extraction of the cobalt catalyst into the organic phase and
t he hydrofoornmylation in one step by bringing the aqueous cobalt(ll) salt
solution into intimte contact with sthe olefins in the reaction zone under
hydrofornylﬁylon condi ti ons the startin terjals are introduced

into the SB5% ER¢PFoTE ik Sluﬁsgﬁ'é‘ﬁ‘talyvﬁﬁ PRI RH FOpHRE T MSG T G8R%rs and
a very hl"g‘h thrasatetefisfiarmaréan S-efenerated. M xi ng nozzl es for

mul ti phase systens are particularly suitable for this purpose. After
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reaction ng%t gg@akgdfe}gq& PRl ds rabo dls lexgs,by neans of air and
'sITi"ght

oxygen in the presenc aqueous, I'C CO aft(ll) sal t
solution. In the cobalt renoval step, the hydrof ornyl ation-active cobal t
catal yst iUDIQEREMEIY Ao PREERET0bal t (11) salts. The cobalt(11) salts
are back-extracted into the aqueous phase. The aqueous cobalt(I1)
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pureCQaI distillation.
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for the HHuheseofapletsdbfiohydenqardont pereanertes dppbirgigh ithérom

C4- hydr b artther buteserdepdetelef prhydrioeabiibre ne-réamsebecuriihayidr obar bon

st r eam obtgideedsher ecHelpmeseat effivshdiongsis fpdsded Ryt Bacesepl et ed

CA- hydrocagyihprishteaql to distinguish it from 15 other butene-depleted

CA- hydrocarbon streans occurring in the process of the present invention)
I s passed to uten di_nmer.i zat i on. drofornyl ation of a hydrocar bon

stream co YAgoiopuiatdon 95 2. rB’L?’rt]‘é’f‘ié PR HIEHHFTPELBR R EPYFFR.:
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2, 2- di met mAvplepahdéhydEhe 2buetmel hutdinafl oang | pissdiblys preferably carried
out in the, prasretkyPropand@di TiHe GaitngShy &Ry 1aBios 08 Wikife@BbW th a
triorganophesRBENSut | GARGe Ebésgrﬁ:é IO L IRROPNAS RRIkBeyLE dakth1can 1he a

”' al kyl PROSRULBE: SYULES a LELOM M PARERRLNS 1 A3 k¥k9' ary! phosphi ne such

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 isobutene 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
C4-hydrocarbon stream whose 1l-butene content is reduced compared

45 to the C4y-hydrocarbon stream used and which comprises essentially
the original amounts of 2-butene and isobutene which were present
in the C4y-hydrocarbon stream used. The ratio of n-valeraldehyde to



but yl di phenyl phosphi ne or an aryl di al kyl phosphi ne such as

phenyl di buO9bpPHE3pAPBNe. However, particular preference is given to
triaryl phosphi ne |igands such as triphenyl phosphi ne, 30

tri-p-tolyl phosphine, trinaphthyl phosphine, phenyl di naphthyl phosphi ne,
di phenyl napht hyl phosphi ne, tri (p-metgyxyphenyl) phosphi ne,

trip-cyanopt | trh(p-njtraophen hosphi ne,
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of the }Yestassatibedntt & OpPdAu286- Thus, the triorganophosphine ligand is
preferably used in an amount of at |east 100 nol per gram atom of rhodi um
The 10 tenpRIradlgengtisn preferably in the range from80 to 130C, the total
pressureis preferably not nore than 5000kPaandt he partial pressureof carbon

nonoxi de i.§ Kk bel owl50kPaand that _qQf hydrogenis kept in the range from
100t 0Bg0IRS AYRESTSI oR BF of 0% (i BLRBAY ST OGS SOFR R iy APRE LR Sk
but enes? STUPEINFEPLY DeyLaEFigd Pyt UsRng Dhe 8% CRpalvYehas 6n The
hydr ogenatysiodprinkatdgnal dehgties ato hiighart tenredazhrehdicvesar, 20 in
princi pl e frefeaen¢ediogenasahly thivesane neielsedlettasei RyddtRyenation
hydr of or mdaail9sts usiaihl wrat usedhier ot @BRSF M drHguRYEion é@éﬁterence i s
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s p , W, Fe, » Co, Ni, 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 surface area.
The hydrogenation of the Cg-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
Cq-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. 108ff).



Sui t abl e hydrogenati on catal ysts are generally transition netals 25 such as
Cr, M,*Wobso/Bn1160, Ni, Pd, Rt, Ru, etc., or mxtures thereof which can
be applied to supports, e.g. activated carbon, alum num oxi de, kiesel guhr,
etc., to increase the activity and stability. To increase the catalytic
activity, Fe, Co and preferably Ni al so be used in the formof the
Raney 30 catalysts, viz.,as netal sponge having a very high surface area.
The hydrogléa]rfgﬂ SRR FHEIR- al dehydes is carried out under conditions

whi ch depend on the activity of the catalyst, preferably at el evated
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i s preferab)prunsaruaboed G5-80deHyd2B0CinWhta duharpp essepya i2shppeéefabl y
from abogitaRP X @rdpfP1- b@ﬁethl}hez%éué&]ahyd&ﬁeeaﬁaéprbo%gflgsh&@m e worked up

by custo Rt n o) | cohol 40
Tﬁe Ejdrcr)rggen et%gugggzi? Qr[aﬁl?%ﬁ A %H gn p%e glr?;f'bl“"ctl Cg %aat es Zt | east

in part fr ALl h%‘é‘? a§°§b‘f’& & Oy d Et%’érﬁOtraéF’&P% hydraxigert g
oxi dati on ¥F alferpatiéyr. dépllét adiso @rapidleche bove St hegaroderedusdbegén can
be i sol at ezhtalyset bodls b nagoenimerosicle find/ex adiping numesside Qv.NGor

adsor pt 1@rexdmpAk , 0tp-A Oved @spgrature distillation (cf. Max Appl, loc. cit.,
p. 108ff). ' 0050/51119 Al dol condensation 16 Two nol ecul es of C5-al dehyde

can be congensed .to fo j nsat urated C10-al dehydes n rticular
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such as magnRAvigeds ¥ €8 tHedhgtrabendtivm oxi gee (Lfdolf @bnddfsfspl e, EP- A
792 862). Jfhpueieduct of the aldol condensation is then catalytically

hydr ogenat'ed by neans of hydrogen to form Cl0-al cohols, in particular
2- propyl h The 15 above description of

eptanol and 2-pr.ap - met_hyl hexanol .
the hydr odﬁﬁ‘aﬂmﬁnm% H@ nam%wdéélsaﬁar%sby dhe 8§64_ving $¥aReles,
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using the APENRY M AL BY30iBPium 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 temperatures 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 mol$%
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%, SiO; 33.5 mol$,
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%.



program from ASPEN Tech. By neans of this sinulation program the

t her nrodynagpsogsuiriobri um establi shed during steamreformng or partial

oxi dation of a given hydrocarbon stream under particular 25 conditions was
cal cul ated. The thernodynamic equilibriumis generally achieved

appr oxi mat el y when using catal ysts asqAare enpl oyed in industrial practice.
The sinulation was_carried ouFL on tggl bases. of, process tenperatures and
pressures Hb ZafdMILA PGACYL 8Dy &6 AYERRCS R AP EPBRMATOBr parti al
oxi dat i on eXFEERAhyRrestens. © ng efAticus Rpdeseademietsrd eam conpri si ng
88 nol % ofChrbiydnecarizbnl 2tmebfowb cafllchlibted. iThepdsdtowiatg 2Aarbmetersi 80C
over a catwdnssempedyéd: an adi abatic reactor (length: 4 m dianeter: 80 cn).
The catadyst had been produced as described in DE 4 339 713 in the form of
pellets haél)' Q digensions of 5 x 5 mm (conposition in nold of active
conponent s jnwi 0’5 rr%d, Ti02 12.5 mold, Si02 33.5 nold, ~ 40 A1203 4 nold).
The oct enesS/dnd MPHHRT PEEENBSSE i PImStEalof FEF MeWe PEE N atHdC PFERfThe
out put fr o tthe Feakaast mixhereksul ti ng but ene-depl eted C4-hydrocarbon

m Xt ure cogforsed 80tEetntledpotatmteare 88n6c 19. 5 nol % 45 of but ene,
corresppgdidigréey@out angesconversion of 95% ' 0050/51119 17 In a
sinmulatio I aLion, sis gas conposition expected in the

st eam ref (r)brxfr;e%'r?g&%f t hi sb%wu?g%é?%%l eted C4-hydrocarbon stream was

calcul ated. The followi ng paraneters were enployed: 5 S/C= 2.5 (S/C = nol
of steam JHEFOFBFPeR 289 ef orming per nol of C present in the C4 feed

m xture) FROmposdtiont| et tenped®tiumel® g80mtar® CO2 recycle = 100% Pressure
= 20 batrs absol ute Hydrocarbon feadmoCenpdshitese: 80.5 nold of butane 15
19.5 nol d wpfssbetiene Mass flow7 580788/k9/ h Inlet tenperature: 500C Steam

20 Mass f'ﬁl"fetlﬁgmﬂégaéﬁgfeb I nl &fqot.enperature: 500C

Steam:
20 Mass flow: 180,152 kg/h
Inlet temperature: 500°C

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 = 880°C
30 Mass flow: 345,716 kg/h
Composition: CO 18.0 mol%
CO, 11.8 mol$%
CH; 1.4 mol%
Hy 38.4 mol%
35 H,0 30.4 mol$%
butane 0.0 mol$%
butene 0.0 mol%

Synthesis gas after CO; scrub:
40 Mass flow: 124,629 kg/h
Composition: CO 31.1 mol%
CO; 0.0 mols
CH; 2.4 mol%
H; 66.5 mol%
45 H0 0.0 mol%
butane 0.0 mol%




Recircul ated C02: Mass flow 107,833 kg/h 25 The results of the sinulation
cal cul ati oooso¢sas1pol | ons: Refornmer outlet: Pressure = 20 bar, absolute
{enperature = 880C 30 Mass flow 345,716 kg/h Conposition: CO 18.0 nol %
C02 11.8 nold CH4 1.4 nmol % H2 38.4 nol % 35 H2O 30.4 nol % butane 0.0 nold
but ene 0.0 nol % Synt hesi s gas after % scrub: 40 Mass flow 124,629 kg/h
Conposition: CO 31.1 nold C02 é 2.4 nold H2 665m)l%45 H20
0.0 nold butane 0.0 nold 0050?%*1%% ene 0.0 nold The H2/ CO nol ar
ratio is 2.14. A synthesis gas of this conposition is well suited to the
hydr of or m/Th&t iHonCarmpiardregenais oh Iy B symthewisy gast dHdshicf compositefdms
obt ai ned atcordilngulted hw abhevaydoesamylbioon dite Hyddogenkeién Oy t he

%(/nt hlemg @ﬁs&oa\farg lﬂeﬂ%djs ¥ tH@toPeﬁrr%bbS%iﬁle& hfclé&éaﬁ Ofmcr?e? 'agg\éeo t
anpl e u
forrrg par<%|al XI tlon E&ﬁ%ﬁ ene- ge t}%lut éarocar on%sglrela?n The
fol | owi ng 155 &BE8 %’rréqtﬁfe CYsi § ®Benperature 1200C, pressure 50
bar, no C02 recycle. 15 Hydrocarbon feed: Conposition: 80.5 nold of butane
19.5 nol Y%Rfampdee@e Mass flow 57,730 kg/h 20 Tenperature: 300C
10
Example 1 was repeated, but the simulation was carried out for a
partial oxidation of the butene-depleted C,s-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

19.5 mol% of butene

20

25

Mass flow:

Temperature:

Steam:
Mass flow:

Temperature:

Oxygen:
Mass flow:

Temperature:

57,730 kg/h
300°C

36,200 kg/h
270°C

46,703 kg/h
25°C

30 The simulation gave the following results:

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

40 0.0 mol% of O,

Mass flow: 158,635 kg/h
Temperature: 1200°C
Pressure: 50 bar

45
The H;/CO molar ration is 1.455.



Steam Mass flow 36,200 kg/h Tenperature: 270C 25 Oxygen: Mass flow
46, 703 kg/005a0E,pErat ure: 25C 30 The sinul ation gave the follow ng results:
35 40 Reactor outlet: Conposition: 32.7 nold of CO 4.2 nol% of CO02 0.35
mol % of CH4, 47.5 mol % of H2 15.2 nmol % of H2O 0.0 nol % of butane 0.0
nol d of butene 0.0 nold of 02 Mass flgow 158,635 kg/h Tenperature: 1200C

Pressure: 0 T H ar ratl on is 1.45 005Q/ 51119 19 In
aga&t ?": e %é’ corrp05| SoROBPOT He M S et ha e gas atter

addi tion, ?é esi’s ga

hi gh-tenp GF B RO ﬁgnﬁ%’ét’ﬂgrrﬂ’laét simulgfeds) FhpatimH atden vased on

91, 646 kg/’ﬁ’r"flséfj Pﬁe9]a'lﬁ5*\ﬁek6 Bcef bde ghoveedssonibede gas ebedvomgotthkeet bei ng
conveyed ineagtbypassledr bendghcgiveyedpenak Usgpds sCanvend i Migyhatembeaterai nder
bei ng subjcenivedting hirgh-thenpshainded HEORY st Ji@tedNeo ShigH- Al PQrgﬁYfethe

follow n e h u nverting: 10
Conposi tl@lﬁ%%@k%m@%/i%?h%ﬂ@%%{ :%%(’8 {:?QC@%S; gé £§ of CH4 52.0 nol %

of H2 10.7 rrgf;/qof H20 15 0.0 nmol % of butane 0.0 m)l%of butene 0.0 nold
of 02 The SMPFEEPHDIMRS RItPE DI THETPeRRRRES CUNETAERSt hi gh-t enperat ur e

10 Composition: 28.1 mol% of CO
8.8 mol% of CO,
0.35 mol% of CHy
52.0 mol% of H;
0.7 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



20 converting is 1.85. Varying the anmount passed through the bypass nakes
it possibleosos/sthieve other H2/CO ratios, so that the synthesis gas
conposition can be optinmally matched to the hydrofornylation and/ or

hydr ogenation of the ol efins obtained according to the above description.
25 30 35 40 45 " 0050/51119t 20 5 W claim 1. A process for preparing
C9-al cohol s, which conprises a) provi&Qu;ea(mmhydrocarbon stream

conpri sing_butene and butane; b) subjecting the C4-hydrocarbon streamto
ol i goneri 2% i9A™0 over an ol efin ol igonerization catal yst and
fractionating the resulting reaction mxture to give an octene-containing
stream andl a butmneedspket egrefat-ihydcpeacensls) vaath tanplrisedj ecting the
but ene- depl et ed C4- hydrocarbon streamto steamrefornmng or partial

oxidation to giyve Xi hydr ogen; d) hydr.of o | ati ng, t he
octene-contai%%%g é@%@gﬁfgggggﬁﬁgﬁgggg IEég%gﬁmnﬁ%8%¥ﬁ§n§n&gg§%ﬁ in
the presence of a]ﬂVﬁWE?ornylation catal yst to form C9-al dehydes, where the
carbon nonoxi de used and/or the hydrogen used originate at least in part
fromstep c); kind 2B jertéagatlys iahygrigarogpesareay tdolGgonkdetyides by
neans 010 hydrogerove?. aA PLOEES D ldFofbai F@dn cakal fad, and @8R b6 in
hydrogen used in -@kﬁEe%hl@ih@hﬁ%k%%oﬁlmiﬁﬁﬁ£aEP ?%&é Jfomstep c). 38 3. A
Fe

| ai . i d ) inth
process as ¢ al”g%¥ﬁQ3§%EQ§ aSfs gh%tgégggyﬁf%ygg Q%kﬁﬁ%ﬁgagélﬂydrggenated

but ene- depl et ed car Qon ‘streami s

prior to stean1re#5fﬁ¥ﬂ§9c A SE*PpBtess as clainmed in any of the

preceding clainms, wherein the steamreformng includes the use of a

preref olther. %) Aswbjeesinasthd dutedeideplnteds Cf hieyqforeeBbAds €m0

wher ei n steam reforming or partial oxidation to give carbon
monoxide and hydrogen;

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

25 e) catalytically hydrogenating the Cg-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).
30
3. A process as claimed in either of the preceding claims,
wherein the butene-depleted Cy-hydrocarbon stream is fully or
partially hydrogenated prior to steam reforming.

35 4. A process as claimed in any of the preceding claims, wherein
the steam reforming includes the use of a prereformer.

5. A process as claimed in any of the preceding claims, wherein
the mixture of carbon monoxide and hydrogen obtained by steam

40 reforming or partial oxidation of the butene-depleted
C4-hydrocarbon stream is subjected to high-temperature
converting.

45



the m xture of carbon nonoxi de and hydrogen obtained by steam 40 reform ng
or parttal poso¢stiiiaqe of the butene-depl eted C4-hydrocarbon streamis

subj ected to high-tenperature converting. 45 " 0050/51119 21 6. A process
as clainmed in any of the preceding clains, wherein the C4-hydrocarbon
stream contains from50 to 99 nold of,,butene. 5 7. A process as clained in
any of the pre&edlir%cl ai ns .\/\r{fn?(érei n the but ene- dep| et ed C4- hydr ocar bon
stteam conf ai ris, FTOM5 £0 SN dlofrButhdde Bregeding s&deins. cyhasaid in
any of the pretRRIiGIghEfspsArLamEtEram aentaiasoFEen P Gbltiog8Aeme Fhitdton

catal yst is a beteneogeneous, nickel -containing catalyst. 9. A process for
the integrated preparation of C9-al cohols and C10-al cohols, which

Eo?prl seﬁ)i_ﬁ ﬁﬁw&gsﬁl ta_g @14.34?3@@503%@@ t3He" BRALE lcilaﬁﬁisp%lfé}%' nd
ut ane; y t - ocarbon_stream neans_o

carbon monoxi de a?@%ﬁrg enétgi ?r@/ -caal%ggﬁyag%?amsc?og)éaf‘gsg’l‘s{/oé"a? glol’ st
but ene- depl et el & y oBRY W st reanm c) subjecting the C5-al dehydes to an
al dol condensation; and 25 d) catalytically hydrogenating the products of

t he al dol 8condlerrsmeisgnadpycieiaes dh ayylrofahet précedirgl @lalinshobissredh

subj ectimg t hetld rdlefbnt enpydiriiehedofAcdnalyeeal H04 heldr@dBhbbus,

ol i goneri zat i ofy A c8Rt2Lefd cgltiag{]')gr@'ri zation 30 catal yst and
fractionating the resulting reaction mxture to give an octene-containing

stream and, a second bu%ene- depl et ed C4- hydrocarbon st rearq f)

hydr of or my ‘at iI‘hPHITESB ct T R0 AP AP AT AP S tHERAT B LoR s Coralaghicks Bad

nmonoxi de and Hydra§eehqls t Waiph eswtnzdses a hydrofornyl ation catal yst to
form COlal dehydes; g) catal ytically hydrogenating the C9-al dehydes by neans

of hydrogen; #0 roubjirgta ng-hharsesmssh hutenr- samdalsadgChnbysl QR bon
streamto steamreffaKeRg or partial oxidation to give carbon nonoxide and
hydr ogen which are recirculated at least in part to step b) and/or step

f).
) b) hydroformylating the C4-hydrocarbon stream by means of
20 carbon monoxide and hydrogen to form Cs-aldehydes, so as
to give a first butene-depleted Cj-hydrocarbon stream;

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

25 d) catalytically hydrogenating the products of the aldol
condensation by means of hydrogen to form Cj;p~alcohols;

e) subjecting the first butene-depleted Cy-hydrocarbon
stream to oligomerization over an olefin oligomerization
30 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
35 carbon monoxide and hydrogen in the presence of a
hydroformylation catalyst to form Cg-aldehydes;

g) catalytically hydrogenating the Cg9-aldehydes by means of
hydrogen;
40
h) subjecting the second butene-depleted C4-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).
45



45 V 0050/51119 22 10. A process as clained in claim9, wherein the

hydr ogen L@@gloymﬁgp d) and/or step g) originates at least in part from
step h). 11. A process as clained in claim9 or 10, wherein the second
but ene- dep'l eted CA4-hydrocarbon streamis fully or partially hydrogenated
prior to steamreforning. 12. A process as clained in any of claims 9 to
11, wherei Q)t 10 steam ref.or ncI udes the use of a prereformer. 13.
A process as ¢ &FREFSP Pl ad‘f“eg] éﬁqn%lag'"‘u? 19heTgidr &hg PREFORK(USEE R
carbon nonoxi cFé”-eé’né)hﬁ’aﬁderer‘FtGBt g) el pypasesant Yasfsdr dhngaok fram isakp

oxi dati on of thHe second but ene-depl eted 15 C4- hydrocarbon streamis

subj ected to high-tenperature converting. 14. A process as clained in any

of ¢l ai M6 1910 bRockberal b idified O WAL S BoM £ORNR @§nf£19é“s5é% ong 99 ol d
the ol efi n oIb Srr}grgé%eeéesd % 'ng&cfcarbon g’tyeearﬂbglé;ngiiggy omPAFEL2LH¥t ai ni ng

cat al yst. 2992 prior to steam reforming.
12. A process as claimed in any of claims 9 to 11, wherein the
10 steam reforming includes the use of a prereformer.

13. A process as claimed in any of claims 9 to 12, wherein the
mixture of carbon monoxide and hydrogen obtained by steam
reforming or partial oxidation of the second butene-depleted

15 Cy4-hydrocarbon stream is subjected to high-temperature
converting.

14. A process as claimed in any of claims 9 to 13, wherein the
Cs-hydrocarbon contains from 50 to 99 mol% of butene.
20
15. A process as claimed in any of claims 9 to 14, wherein the
olefin oligomerization catalyst is a heterogeneous,

nickel-containing catalyst.
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