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0050/ 48566 Preparation of essentially unbranched octenes and
dodecenes hy ol i goneri zati on of unbranched but enes The present
invention relates to the oligomnerization of 1-butene and/ or 2-butene to
formessentially linear octenes and dodecenes in the presence of a
het er ogeneous ni ckel -contai ni ng cataly where the concentration of the
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30 the linearity, i.e. the lower the iso index, the higher are the

yields in the hydroformylation and the better are the properties
of the plasticizer prepared therewith.

The oligomerization is carried out on an industrial scale using

35 either homogeneous or heterogeneous catalysts.

The homogeneously catalyzed method is described in detail, for
example, by A. Chauvel and G. Lefebvre in Petrochemical Process,

20 Volume 1, Editions Technip (1989), pp. 183 to 187.

A disadvantage of the homogeneously catalyzed process is the
necessity of separating the catalyst from the reaction mixture.
This separation step results in waste streams which, owing to

a5 environmental regulations, have to be worked up again. Finally,
the homogeneous catalyst cannot be regenerated.
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2 In contrast, these di sadvantages do not occur in the

heterogeneously catal yzed ol efin oligonmerization. A  heterogeneously
catal yzed process operated on an industrgal scale is the Cctol process
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30

We have found that this object is achieved by a process for
preparing essentially unbranched octenes and dodecenes by
oligomerization of hydrocarbon streams which comprise l-butene
and/or 2-butene and butane and are essentially free of isobutene,

35 at from 30 to 280°C and a pressure of from 10 to 300 bar over a
nickel-containing heterogeneous catalyst, wherein the butane and
unreacted butene separated from the reaction mixture are
recirculated to the oligomerization reaction in such amounts that
the maximum content of oligomers in the converted reaction

40 mixture does not exceed 25 % by weight, preferably 20 % by
weight, at any point in the reactor or, if a reactor cascade is
used, at any point of the reactor cascade.

For the purposes of the present application, “oligomers” are
45 dimers, trimers and higher oligomers of l-butene and/or 2-butene.
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mention may be made, by way of exanple, of nickel on silicon dioxide,
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30 relatlvely large amount of liquid gas to be recirculated
according to the present invention allows an industrially simpler
pseudoadiabatic procedure.

Suitable catalysts are generally nickel-containing catalysts

35 which are known per se and effect a low degree of branching, as
are described, for example, by O’Connor et al. in Catalysis
Today, 6, 329 (1990), in particular pages 336-338, and in the
literature references cited as prior art in DE-A 4 339 713, so
that the references quoted there are expressly incorporated by

40 reference into the present description. In this context, mention
may be made, by way of example, of nickel on silicon dioxide,
nickel on silicon dioxide/aluminum oxide, nickel on silicon
dioxide/aluminum oxide/sheet silicates such as mica and clays, in
particular montmorillonites, nickel on zeolite supports such as

45 mordenite, faujasite, zeolite X, zeolite Y, zeolite ZSM-5 or
other zeolites of the ZSM type, zeolites having an MCM-41
structure or CZS-1 structure, also nickel on aluminum oxide,
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The catalysts are preferably arranged in a fixed bed and are
30 therefore preferably used in the form of discrete bodies, e.g. in
the form of pellets (5 mm x 5 mm, 5 mm x 3 mm, 3 mm x 3 mm),
rings (7mm x 7mm X 3 mm, 5mm Xx 5 mm X 2 mm, 5 mm x 2 mm
X 2 mm) or extrudates (1.5 mm-diameter, 3 mm-diameter,
5 mm-diameter). The sizes stated above are given merely by way of
35 example and do not represent any restriction of the subject
matter of the present invention.

Specifically, the process of the present invention is carried out
by reacting a hydrocarbon stream comprising l-butene, 2-butene,

40 butane and at most small amounts of isobutene, preferably in the
liquid phase, over the NiO-containing catalysts mentioned as
examples.

Suitable Ci-hydrocarbon streams are, for example, mixtures having

45 the following composition:

butane: from 10 to 90 % by weight
butene: from 10 to 90 % by weight
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where the butene fraction can have the foll ow ng conposition: 1- but ene:
from1l to 50 % by wei ght cis 2-butene: from1l to 50 % by wei ght
trans-2-butene:from1l to 99 % by wei ght 55 i sobut ene: 1 - 5 %by weight
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from15 to 10D iR fewdekamplesicular from 20 to 70 bar. The pressure is
advant agqusiy, seletiand : SO 261t Hyheesgbtti ng hydr ocarbon m xture is
liquid or nlab@&gp@r.cri ticalg sg Q,tyewatigﬁtle tenperature enpl oyed. The
reactor is ggnﬁﬁ a cyll gactor which is charged with the
cat al yst andt ro \Q/n \%hi) I|q3i‘d reaction mxture flows, for
exanpl e, froff ene d. ¥ bl gomeri zation process of t he

present mveﬁi-?'o:ffrbuteeﬁn beléza%r queUebEPtl n a single reactor to the desired
final nver si on of the butenes; the oligonerization catalyst can be

arranged i1 gyg ghﬁd%é&&&e%t%aaspééﬂ U erel, (el dRFe] HAO the
reactor. ernat|l

oce ntio be
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cascade and the desired final conver si on is achi eved only on passing the
reaction mxture _. thrqugh,the | ast reactor t he cascade. Ig t he
i ndi vi dual The e&&ggma&gg tion reaction general y takes place at from 30 to

280°C, preferably from 30 to 140°C and in particular from 40 to
130°C, and a pressure of generally from 10 to 300 bar, preferably
30 from 15 to 100 bar and in particular from 20 to 70 bar. The
pressure is advantageously selected so that the starting
hydrocarbon mixture is liquid or in a supercritical state at the
temperature employed. The reactor is generally a cylindrical
reactor which is charged with the catalyst and through which the
35 liquid reaction mixture flows, for example, from the top
downward. The oligomerization process of the present invention
can be carried out in a single reactor to the desired final
conversion of the butenes; the oligomerization catalyst can be
arranged in a single fixed bed or a plurality of fixed beds in
40 the reactor. As an alternative, the process of the present
invention can be carried out using a reactor cascade comprising a
plurality of, preferably two, reactors connected in series, where
the butene in the reaction mixture is only partly converted
during passage through the reactor or reactors preceding the last
45 reactor or reactors of the cascade and the desired final
conversion is achieved only on passing the reaction mixture
through the last reactor of the cascade. In the individual
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6 reactors of the reactor cascade, the oligonerization catalyst can be
arranged in a single catalyst fixed bed or in a plurality of cat al yst
fi xed beds. Furthernore, different presgure and/or tenperature conditions
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separated ingq; 8&?&%{ ROWN PEL+oAC viROBL LS W NEREE 0T F tHeA cRY HE PLHATRONS
and all or mpst Jm 34 ?%anaﬂl[eactorr ﬁﬁ'écﬁu%ta‘i‘ity' 8{ %ﬁlbdcase

h oy RREAThAD |
Irgaigfonam xf’ﬁag d%*élrr%‘tlrﬁﬂﬁ ?ﬁfp dé7°car rGae, ot e‘?eerd&lgll?e‘éoa%

wei ght, at aAptpedyred fintpethegqastoroabra H]fur& is¥cebrraimtcade-9s e at
any poi nt of theefiestctfiixed bedisicadde Eipwe@mﬂ:tlmnoofletha/\medstlohenlxture
reci rcul ati oan@fot hetweetd thy diraliaridaal nextalyst Fiked bsednnanobhhelogaith
that the ol i g9@BAtion Céﬁh@@& Wed R iagnyerd £ Jreeakbade mviﬁéf@etﬂées ”Ot
exceed 25 3‘5’ %m._-FcM‘PA acihggiﬁ&f:gf %t Qar("%%’ o bé‘t EE& td

reactor, L cascade 1S e reac OI’

cascade and &HESBI’FW @&ntRtC a&cafiﬁe°ﬁolh‘?/éflts§51¥8g%‘%lacﬁ?ng xture on
| eavi ng the ABHéviduak reactars eofttdhe caseadr Vie aspdurality of feed lines,

as described for the case of an individual reactor. After leaving
the single-stage or multistage reaction zone, the oligomers
formed are separated in a manner known per se from the unreacted
Cs-hydrocarbons and all or most of these Cy-hydrocarbons are
recirculated, in each case in such an amount that the content of
oligomers in the converted reaction mixture does not exceed 25 %
by weight, preferably 20 % by weight, at any point in the reactor
or, if a reactor cascade is used, at any point of the reactor
cascade. Expressed in other words, the recirculation of the
Cs~-hydrocarbon mixture is to be controlled such that the oligomer
content of the converted reaction mixture does not exceed 25 % by
weight, preferably 20 % by weight, at any point in the reactor,
or if a reactor cascade is used, at any point of the reactor
cascade and the oligomer content of the converted reaction
mixture on leaving the reactor or, if a reactor cascade is used,
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7 on | eaving the reactor cascade is advantageously not |ess than 10 %
by weight. To achi eve such an oligonmer content in the converted reaction
m xture, the weight ratio of recirculatipn streamto fresh hydrocarbon

feed stream ich 4eRGLRd |thes@kadtof r%caﬁe ig é&aé’lQ’a QBﬁéf%armtth 1668Mdad 0 7

in particul aryf go e St action

system R 3 él:/)aeh%' ng, g‘?‘ﬁle S :ggcnoa?lﬁgygfrsﬁ%ﬂtqr& lPhégsl i gomer
content in tﬁé’nygﬁ )¢ oﬁ?arﬁtﬂ‘PHr’Elx%Hrteﬁoﬁaﬁ Yekah gagde B%c‘iﬁﬁ"éé"’?éatmn
unecononi cal SHYEAMaLR iteshovdregrrhon £endesitrdan dsogererdldyagst at f£iam
recycl e striedwmdbteoh®s nrefessbiel frdmigeo Forin lpastieatam, from ttheood goner
content in thbasednveriled steadyi oratd BEUERe | feacti@@N8yatéy. kept above a

lower Iimt of 10 % by weight before it is wor ked up. 15 For the
pur poses of the gresent i nvention an adi abatic reaction procedure is, in
contrast to &% tBetHStarendeatherm isr Beclimit ias suchhfen thee oRégomer oduced

i n an exot hecontentain ithe reactiwvadxttyré) abiddugh bie nErotesefl becohésig or
t her nost att% npedenomizmalswtbnas very hewmosigéherd JoakBit £ UHIREN), ABKELEs"
heat exchannghg Qééiyéﬂf«‘ strehf"HEGHd4’ @xb@sﬂ\?elryeel%&'g 'Esog}]q:lllﬁ.skﬁgg on,

const ant , gﬂqﬁa c%?&e € ﬂPq-_‘% 0 Og‘p%iaetd zeac go? H%lxrtélé'gt A8 i xture
i1

Ilberated |n an C reacti
in the 25 rez%PSFa]a cgbﬂ"ﬁga é;f’wﬁEa Mt %d‘|ol RgPRs i peferp| By ds.

It is obvi %u§’°F 88 YPopurely adiabatic reaction procedure in the
theoretlcaﬁ academ c sense of the term "adi abatic" coul d be achi eved in

i ndustry onl n I 0 e.apart, even if a
negligibly s)ré{a a?éh%%%? Bph&%lt %Sgkggerrg%ée oR ?ﬂe SR E T 82T i on
is virtually u tg in CaREN? Bya?h’es‘?tétff |1 B~ 4t PEPoedurs fin nt o
the environn¥h tlc “Pfy I’rﬁé‘éngrﬁ‘f‘u%tmcéﬁdﬁ%‘?‘imﬁdrﬁé@thfamsaremwed bt he
i ndustrialyg cogdhrg by meeaboef, cenliadi abathermesiatidng pdedciedsr suck awde of
operation ‘s taernas:ttauﬁaadpbaendurcﬁ:dlflng‘vgi@cloéts)w AbhONestdhaideeh. ak® @RArt
fron1th$ pa{keﬁﬁef@@nﬂﬁ%ﬁ Qﬁerféﬁaﬁdgn g'yﬁﬁh(ﬁg t 8ohfEa t qnglronnen; by
nmeans of na heat; cgn a cfor.
t he total heg'%8 E it %oﬁglsé (?P O%% até%‘% %"{hﬁ‘gl‘h séé%ﬁ? &Fﬁ?'é
renoved f r omeeREFERG FEAF5HE h’esr takew PR Bhithe zgactiep rﬂlk‘ttHFé llTh*iahet erm

" pseudoadi za;baﬁﬁetOJF At PN 20 Hid AWdBrans sof iracdfipgederiresudedenployesi.
i ndustrial s&hsésagbuious thabny puredyaadbabatbat reacehon ipocedaecedin echeAn
adi abatic  theart¢timalpmeoadenie sshsenpkoyies ddint hadpasseni coueathon t hus
cor responds heha@v@diI1abahaﬁs£§ﬁfdd19nw@£90£@L{In%c'oﬁofnb@au 5}1*1 QheoHEr d{#' bed

ot her mal T oaee Arbaf“c?gt Eﬁ‘?{é 38 ?ﬁgi@ﬂ?t%“f?ﬁ Leecile hgeﬁce the
renoval of3ot E%% 8t PR f?%‘ét’roé’ad‘ﬁof’lﬁ'gr“?@é'némBV%‘SéfPhhg or

t her most at t i i1 ﬁ’é\/‘f‘bé’? t"—Beaﬁea‘“’é’}& ORdY spri i Fiven PLf brtedthebenvirorment
resul ting f r Bth AeAns #f heat conduadd®e/ 48536at radiation. In the industrial
8 sense, therefore, an adiabatic reaction procedure or mode of
operation is a reaction procedure or mode of operation in which,
35 apart from the part of the heat of reaction given off to the
environment by means of natural heat conduction and heat
radiation from the reactor, the total heat of reaction is taken
up by the reaction mixture and removed from the reactor together
with this reaction mixture. The term "pseudoadiabatic” reaction
40 procedure is therefore also used in the industrial sense as a
synonym for an adiabatic reaction procedure. An adiabatic
reaction procedure as employed in the present invention thus
corresponds to an adiabatic reaction procedure in the
above-described industrial sense. In contrast to this adiabatic
45 reaction procedure, an isothermal reaction procedure involves, in
the industrial sense, the removal of the heat of reaction from
the reactor by means of cooling or thermostatting devices to an
extent specifically forced above that resulting from natural heat
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conduction or heat radiation, with the heat of reaction generally first
bei-ng taken up by a heat-transfer nedium the cool ant, before it is given
off to the environnment or, for exanple ghen usi ng heat exchangers,
utilized for cgﬁé’ﬁdmnrr%}eﬁéﬂ Srafiat6np WA Yhe RELY B rebbt EON Getherdly
| sothermal 1 83¢Ld QL sRGOEERUE Gy 1Y BT fEZt Lkl LB I 2len8 581 o
I sot her mal gag I on, E s‘?ﬁf'l c%e ni
part, even iPeTO%f &yl gﬁb It°p§P? eNEIORRERE 9T rof °Fe§5?‘f‘%
virtual ly uﬁa%mf@m pXehpRgexs outinized tier heatéug rl@éﬁﬁléhsw&tﬁﬂre f or
10 whi ch r Saspergheerevary psefduiugseheamalsothezpal oregrtdoadprecéedure
synonynous!| ydefpésy e itheaindukbiSlali 8énse€nGenf ah idethearddaneraattion eaction
procedure. pro&idie Ehetﬁéoéﬂ'&fﬂ@tgcﬁfa&éd%ﬂcnséﬁ@e C@ﬁﬁ:e()fa b’é‘@t r&é%ntlfw

a

| h h
B L
region of thBRAYRL 58 rig é"‘rteﬂéf'*‘oﬁhe gr ﬁfﬁ?telq%mﬁﬁﬁu’é%‘t a‘iy%fst bed

and t hus 3Pswhi¢k xeasear sherteym “psghéoxmmaéénm#tpwnn@rﬁ%dw is
control |l ed bgyhtmynouslydenployedfin?@nt irdustadiednsensd hiiprmhe bsdehermadact ed
over the cat gb¥6tiod RRocef@r€. the tenperature increases in the catalyst
bed, i.e. the hi gher the reaction tenperature becones. Since no heat is
renoved via cooling devices in such an adi abati c node of operation, the
heat of reacfiiBpe prhed gZehernitcegctionein Adts 6aSPsof ity ®Fes8nYirtual |y
only by t e paagomerrizaitionr prédass hgkehrplage omdy by ceordlagst obethe I n such a
node of oper Bhtenesvivitbuthadsli igoiedlizatid®atitadyswhend Usdatg ishehdweligrear bon
feed m xture)fBePsrdbely iRCORY dddohOof NIRRT ENYst & k8B, ré&?hon

throughput a %‘P utx}éeln £he et £ HH GrikME: - pAsEd 8 8?§td’ Fi
AR oA b s AL e b o

si nce
reaction ter‘rﬁéﬁaﬁ#@anf\#ﬁl -cEheuuaxre basgne W\aqtﬁ’@r @Hgédth%mﬁllbﬁt they

by- product s andei the hempersturasincreabes | fmd-heo cahalysturheght Lokl ethe unaway
reaction resuligheg the pebytbén zinpeirathré fectneldUt sDRGe and hewer beatdmgedand
i rreversi bl edgnags iy WRei684 &y Such an adladmcnﬂ&e@ew wadi bhatehe
il °“%Qafg‘3§§%eacl% on n;éf@éﬂée%”' fﬁ"? én{}%o&i\@&‘ié&{ Q&ﬂ&‘?&é‘r bons

P o A RISy oy B P Soduet TA AT QUi gone L e S

enabl es the F@saiyesh heshpapasiel 3 H‘O@ﬁeOEaﬂ%ﬁ%ﬂéithBeﬂlﬂéP‘He agdigionalyj t hin
t he desired memperes whenr asjeg etvten hydrecarhpn figednpixtuerboebei vsednd
enabl es a hi gbceedfrtd itd thei présapednvehtide, £heleRrboeshpit @aaethasitihe
products to RendePifperShiee LR, SHa88A on dife WBLEAS LGS tCHENYHEOCAr bons
recircul atsed o&?g&ﬂ&dfgdtﬁggeéégﬁ)}sqp usedr e&ﬁ&]’b@%eh?e% Vﬁmﬁ%ﬁt g

a

g
reacti ve butene h d h are | nerthunde
the reaction 88ﬁ8ﬁ’rriﬁ1§ e’ conyEhy° cause a great increase 1n 9

than the freSRaRyEHPRDEAMPSHAERER) é‘thrlé’ﬁ'n?’f’%ldtr@stuﬁé‘ oni ferraased: fepmation

of by-products and in the worst case could lead to an
uncontrolled runaway reaction resulting in polymerization of the

35 putenes and overheating and irreversible damage to the catalyst.

It has now been found that the abovementioned measure of
recirculating the unreacted Cy-hydrocarbons separated from the
oligomeric product to the oligomerization reactor or, if
applicable, to the reactor cascade used for oligomerization
enables the reaction temperature in the catalyst bed to be held
within the desired temperature range even at a high butene
conversion and enables a high selectivity in respect of the
desired oligomerization products to be achieved. Since the stream
of unreacted C4-hydrocarbons recirculated to the oligomerization
reaction has a lower content of reactive butenes and a higher
content of butanes which are inert under the reaction conditions

40
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reactor, the recycle streamm xed into the feed streamdilutes it wth
I nert butanes which nake an additional contribution to renoval of the
heat of reaction fromthe catal yst bed.9Thus, the 5 oligonerization can be

carried out iyl ReeOklgoTalyatabhPBok AL re i U&ld 34 2Ret bFi goMediibheon
|.e. w thout use Of f;ﬁg'%é&c & bEFSam d-@(ehhgnJéga&%eorfe%ﬁ Q{zﬁe&ﬁ%{ﬁ%gs' [y the
case of an |s,oaﬁ1err'ra node of T 0 eraﬁlon, X,rem)val of € heat o
reaction wi t'HithdneTEbREanss Fﬁh}f’ﬁr’ﬂﬁ S Gn ag et nady CePEEIBREOH £t he
reaction procempved of the hnadsefit rea¢tiomiron the taatalyRbtbedhe ThugeetBe can
be carri eds oeiligomesémabimh aant beatayriesl woae ihetleharlggomerizampiematreaetom
the react Oinded adgab@id Won@dtasnslesi feRdwitRotthaisd bt 681 Mg ldewidbs
butene wi th {hqHeeboctbAtAd fah%dw&@{m 1%t ERENe A d¥Y ahNEsotne¥pla§Chbqe of

t he anount anp t%rlr_g%r.a ur.e E)?%?Og{ rtgl%rrheTQeo% %e;ag:q__liggu f{ﬁc{__htydr ocar bon

stream can, %efoé)r_e b(la?n brX x&q h res rocar bon feed stream
or, in the cR¥OIPIPEEE®: jntroduction into the oligonerization reactor,

before it1Ps 20 introduced, have been cooled to a relatively |ow
tenperature, o patiichi gk f @5l 1aBradfl QR ohTBEQVEIRY ofNthdSprddntal of
the heal of J&aGHHORs JIf RAGHIPAL Shaldse ARG OTcORSEAILED al SO
enconpasses a process, contigurati,on Focess of thnhe resent
Cnvent i on i PIFHRCEARSELTRYS | §10F TH TIAPERCLR | TPGPEERFE S | s

di stri but ed ¥Raqtox Fanckdrcadgeaded canplasirrg viw tdhe sdduation of &her abl y
two ol i gokBrbureomitbatherecindul dteddtdrackybon sieasr aed beadte on
mxture is, séiejtionaviNthemotA8Chnd tiiberatlitd b€ tHilsesthgarh herteol | owi ng
reactor in th&GRRAaU8d FRRREBYN stPBATan] GORYARDHeqng! mERA IiREdeKL CeS

such as cool 1ng.,| [.3 at. ex ers. ed qQ.apn isothermally
operated pr o%:’éegssﬂ, %g'%%%%%?%%ﬂ ae%t(a i Et?r%%ﬂgog:qo% §lo}élgér)a a?!c?n qfegﬁge?tb a
consi der a?éelntrqdé‘&G&PPoW‘?% e 6%?‘%3?’&“&%%%‘1‘?}%9’: + PSIRRR Yfedi®rcul ati on
of the unfatnpdvgedncBave theemheopded i a redatbegast dowhsempexpiweizat i on
react or achievish iffectisi an zatdignonal | imgrowenengoirertheatrenaval dfhehleut enes
fed to the chégOIBY irdattOdh. ThecpBbRdoddigRaRet mMbdd dhepbydt demrdied feed
stream Furt gl Gces alfiodiaaudsasi ion"BEe il LAk 8P {IRK¢Resent
possi bl e a hi gh. 40 BU% NG LAMRESLAR, L QetNel YhI gt dNedh sREL S otk s

e oligoggrs are’s g raged I n a manner Know per se,eby ractiona
di stillations SYHTIENFGY| N £hECAEEPT KRSGRLENEOHRISINIIEHR B act i ons
whi ch serve Beefgrablyngweasrbidoresiratiomaesstpyeridrithel Rerbhald t he
preparati on oénterted asactigemixtovhols, afteondeavimgoner rdectemwlandOM ng to
the | ow degreefsde Rhteehhgkid following reactor in the cascade, cooled bylO
the startingm@ii YR EEnveNE dHaANeboll QRIS BECRRER hd RRLEHHG M ack@ e or

excel | ent 3pr QeI 14,83,.h9E L N RipSRAEALS Ofh Vs oRh@ShAFI¥ Ypdrated process,

the adiabatic method of operation leads to a considerable
reduction in the costs for apparatus.

The recirculation of the unreacted butenes with the recycle
stream to the oligomerization reactor achieves high utilization
in the oligomerization of the butenes fed to the oligomerization
reactor together with the hydrocarbon feed stream. Furthermore,
the pseudoadiabatic mode of operation makes possible a high
butene conversion together with a high selectivity.

35

40

The oligomers are separated in a manner known per se by
fractional distillation, especially into the desired octene and
dodecene fractions which serve as starting materials for the

45 hydroformylation for the preparation of the plasticizer alcohols
nonanol and tridecanol. Owing to the low degree of branching of
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The foJ | owi ng exanples illustrate the process of the present 5 invention.
Exanpl es 10 Exanples 1 to 4 ‘The experinents were carried out
continuously in an isothernmal reactq@o (|l ength about 1.5 m dianeter 30

8 20 DoneladOl e d figonerd ke YR Ka VoS0 1R prBpkld B ckbmhavi ng
n- but ane: Wave f%ggggéﬁw%ﬁ rtles fD‘R'Iueﬁe preparat /‘% vvel glht tz§65

1- but ene: 30 %by wei ght trans- 2- but ene: 32 % by wei ght

Ci s-2- but enerhe b3 1%whig v@iagiples 2D1Udiratet ahySproteed vEsthe rmtesenal which
had been pBoflussdida. described in DE-A 43 39 713 and converted into 5 mm
X 5 mm pellets. Conposition in % by weight of the active conponents:

50 % by weight of NO 12.5 % by weight of Ti2, 33.5 % by wei ght of

Si 2, 4 % byExwmipgles of A1203. 30 The follow ng results were obtained

(on reaching a steady state): Exanpl e 1 (Com
2 3 4 pari son)

Thr oughpu0 EXamples 1 to 4 0.75 0.75 0.5  0.375 35
kgRaffll/(lcat[err]h)) C4- Recycle/Raff. Il (wt./w.) 0 1

1.5 2 Théh ekl hERes iireOdhkied out contifidodsly inZén3isotheZhald
20.0 ( /OP aé/’éor) (1en%§§1 aggﬁ\ﬁerlsfiolﬂ Q%Sa?rgtgg 361911“@ at %0 B&r %r} 05 2
% ec

6(?/0 gy M/Zfé 'f} (%mralss gc Sx?snetd Iwrést hera 1nate II h V;Jé" t e fo%]lo hg t|8\{| tSy
81 4 2°°mP°Slt1°n' 18. 4 14. 8 14.9 15.1
45 Cl6[ err] 4.7 3.5 3.6 3.5
C8- 1 s0- I ndex; _putane: 3 % by inc?rYt 0.95 0.94 0. 93
11 Exarpl n§5utane. 15 % by weight

i-butene: 2 % by weight

20 1_putene: 30 % by weight
trans-2-butene: 32 % by weight
cis-2-butene: 18 % by weight

25 The catalyst used was a material which had been produced as
described in DE-A 43 39 713 and converted into 5 mm x 5 mm
pellets. Composition in % by weight of the active components:

50 % by weight of NiO, 12.5 % by weight of TiO,, 33.5 % by weight
of 5i0;, 4 % by weight of Al,0;.

0
’ The following results were obtained (on reaching a steady state):
Example 1 (Com- 2 3 4
parison)
Throughput 0.75 0.75 0.5 0.375
35 kgragfrr/ (lcat'h))
Cs-Recycle/Raff.II (wt./wt.) 0 1 1.5 2
[Cs* JReactor outlet 42.6 24.3 22.3 20.0
(% by wt.)
C4-Conversion based on the bu- 52.0 59.2 67.9 73.1
40 |tenes present in the Raff.II
(% by wt)
Selectivity (% by wt))
Cs 76.9 81.7 81.5 81.4
Ci2 18.4 14.8 14.9 15.1
45 Cie* 4.7 3.5 3.6 3.5
Cg-Iso-Index 0.97 0.95 0.94 0.93
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The experr ments were carried out continuously in a reactor cascade
conprising two adi abatically operated reactors with 5 internediate cooling

(length 2 x about 4 m diameter 80 cm j 30 bar. The feedstock used was
araffrnateél a}ﬁ?gthe fol |l owi ng corrposrtlon 10 i-but ane: 2
% by wei ght A Bubane: 10 % by wei ght | - but ene: 2 % by
wei ght 1- but ene: 32 % by wei ght trans- 2- but ene: 37 % by wei ght

15 ci s- 2- but et .expbfifehys WRirghtarried Uigt eoheliysdudlyednvasreadtirer i al
whi ch had be@ﬁhdﬁd%dEﬁﬁErfgﬁn t@%sﬁﬁiiﬁgtﬂdalQE Spéradd flacedss Ganyerted

comonents: ﬁg%eé% il éhﬁn??‘fﬁﬁgi[ﬂ%’%g okeVs g’r%mgiﬁf?;%ﬁa 85, by

af# Taf Ynﬁrr’egfrtor’rzsm

wei ght “8? % sults were
obt ai ned (onf‘PJe]é?'ﬁ%nﬁgcamB‘P%’é"dfnét ate): 25 Throughput (kg[ err] I(l1[err]))

0. 375 C4- Recycle/Raffinate Il (wt/w) I nl et

t enperat ure, actor ([grd] 38 ~CQutlet terrperat ure, 1st
react or (p.err] dtarnPe 2 {719 WFﬁ % tenperature, 2nd reactor ([err]C
60 30 Qutl et *TRM4t ure, k%d% rbé(ac‘f'fabg '([err] 0 75

[ err]] Reactthutal®iet (% by tuby weight 18. 3 C4- Conver si on
based on t helshntenes 32 % by weigh83.1 present in the raffinate I
(% by wei ght {rans-2Gbatehe 58Y e€tby iweighto by wei ght) 83.3
22 CB'agociéubﬁbutene: 17 % by weight 1.00 40

The catalyst used was a material which had been produced as
described in DE-A 43 39 713 and converted into 5 mm x 5 mm
pellets. Composition in % by weight of the active components:

20 50 % by weight of NiO, 12.5 % by weight of TiO;, 33.5 % by weight
of Si0;, 4 % by weight of Al50;.

The following results were obtained (on reaching a steady state):

25 Throughput (kgprafsrz/ (lxath)) 0.375
Cs-Recycle/Raffinate II (wt/wt) 3
Inlet temperature, lst reactor (°C) 38
Outlet temperature, lst reactor (°C) ' 67
Inlet temperature, 2nd reactor (°C) 60

30 Outlet temperature, 2nd reactor (°C) 75
[Cs* JReactor outlet (% by wt) i8.3
Cs-Conversion based on the butenes 83.1
present in the raffinate II (% by weight)

Cg-Selectivity (% by weight) 83.3

35 Cg-Iso index 1.00

40
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12-  “ye claim 5 1. A process for preparing essentially _unbranched

oct enes and dodecenes by oligonerization of hydr rbon streans
whi ch conprise 1-butene and/or ZZutene and but Bﬁiﬂﬂﬂ”mﬁ”"””m
essentially free of isobutene, at from30 to 280[err]C ¢ AT RAR N
pressure of from 10 to 300 bar over a nickel-containing 10 *
het er ogeneouse caltadimgst , wherein the butane and unreacted but ene
separated fromthe reaction m xture are recircul ated to the

ol i goners sn~the OE [ ) . t exceed, % by
wei ght at any pofedeqenesnhBy qkigomerization qf hydrogar tS&FeE§§c‘gtb"e° s
used, at any poi¢emRIfisehd-butene anddero?-kutengdand butane ang gF@cess as
clained in cl ai nedsenmttialdynftée ofl iigobetenat iagn from 30 tics 288FCi&at @ut in
the 1iquid phaseprédkure 3f £foIMCRSS306 KdRioWRe hMnididdIMcbntwhfisg n the
gggte ggt of 25h%/94bfo%\%eﬁisaﬁ?'ghems%gnyﬁéf@ﬂl [t%g%heanénraﬂd;hﬁfee@éea\ot o
cascade i s used, b‘é N aenf eB F‘ﬁ’fe_ fpﬁ%eggga%?%%lgasgégg%%aa rt%hg eggrgufa?tae
ol i gomer cont ent t¥fthen O1dGADRT 12aF 0D, LEAGHIR Xy PECh AT ks, fhat the e
reactor or, if amaxkmwmpcophertidef jodigemers on |thgyragverked reactienact or
cascade i s not |mistudeadodt fobyexusieghl5 % by wkighs pt crgspoastcimithed in
claim 1, whereinréieccrmow)t iang actor tes@Rialier ased, tae argt pbinstdEainear e
sel ected 48 that ;L 0& or cascai€dt of the reaction is taken up and the
ol i gonerization Is carried out adiabatically or essentially
adi abati cal | y. 35 5. A process as clainmed in claim1, wherein the
ol i goneri zat Ren A procesiss asaclabuedin olaimal f whedebn dtlvatcdligemer bt isin ng
essentially of Ni&, ca&dr@d dutlimneheonidui® phuke. f desired, A1203.
40 6. A gE)ocess as clainmed in claiml, wherein the oligonerization
is carrie@ out over a fixed-bed catalyst consisting, essential ly of
from 10 to 78-% ByPrRqaeRst asf chpireq dgnriaip 1, whereipokhg qomtght of Ti
and/ or Zr 2, of 6ibgenersoiR0the byornweirgetl reactionofmiAt@Os doed obtSeRfeert t he
bal ance to 100 %bys wat glighé5at anf pbiRtof®Sthedgeabaoftsk, HfCharsadtor
wherein the ol i gegBéddetiisOlsed, at dny pBLht &5k WHe IrBadtdrLadtadeasfdlthe
25 oligomer content of the converted reaction mixture on leaving
the reactor or, if a reactor cascade is used, on leaving the

reactor cascade is not less than 10 % by weight.
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4. A process as claimed in claim 1, wherein the amount and
temperature of the return stream are selected so that the
heat of the reaction is taken up and the oligomerization is
carried out adiabatically or essentially adiabatically.
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5. A process as claimed in claim 1, wherein the oligomerization
is carried out over a fixed-bed catalyst consisting
essentially of NiO, SiO;, TiO, and/or ZrO; and, if desired,
Al,0,.
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40 6. A process as claimed in claim 1, wherein the oligomerization
is carried out over a fixed-bed catalyst consisting
essentially of from 10 to 70 % by weight of NiO, from 5 to
30% by weight of TiO; and/or 2r0O;, of from 0 to 20 % by weight
of Al,03; and of Si0, as the balance to 100 % by weight.
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7. A process as claimed in claim 1, wherein the oligomerization
is carried out in a reactor cascade.



