“The invention relates to a process for preparing Ilnear a-ol efins by

ol i goneri zing ethylene in the presencq of an organi c _sol vent and of a
honogeneous |iquid catalyst in 5a reactor. A process of this T ﬁ
preparing |linear a-olefins by oligomnerization of ethyleneﬂﬂHWWﬁ@mmmw

for exanple, in DE 4338414. According to the prior art atlon
takes place in the liquid phase in the | ower sectlop of an olngmﬂerlzation
reactor. Since 10the reaction is exotherm c and too

tenperature would lead to a deterioration in the product quality, the heat

of reaction has to be renoved. Accle@sriglono the prior art, this-is-——
acconplished by a cooling circuit by neans of direct coolin aseo

ethyl ene as a cool ant. Gaseous ethylene fromthe ethyl ene cj ,ﬁmjﬁm ﬂmﬁﬂ,””l,”m I;

conducted into the react onmeinsh i spalivigd lihdartdSefidsqui d' phas
mai nt ai ns the 15et hyl ene concentration required for the—oligomerimation |

reaction. The excess of ethylene is used to control the reaction
t enper at E‘ t F e reactlonfls stron Iny €exo gl i a | arge anount of
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for direethylenelir thg ppésenbe of eaoiganic.soMehyaiy sMehdmeganedts Mfuid baeagthivl ene
used reacts in the actual oligonerization reaction. 20 The prior art wll
now b eQﬁaaCKHed in detail with reference to Figure 1. ‘The gaseous ethyl ene
1is supplied to the base region of the oligonerization reactor 2. In the
react or i S an i c.sol vent th a h eneous |liquid catal yst. The
Gaseous Begreaner TNEE 8 Herbng o o B T OBOREAFHIte e e 4

cat al yst disuebsezh falexgmmes, irzBE 43584 SImaktorgmitib die ror bhethgamgomeriitbyl ene to
’ f the olj ization reactor 2, a mxture

i near a: Ief ‘Near the to oner i
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t her mdyn%r:eacteqm éi(ch![‘lérum: and tdaeugreapetamﬁn m@r@mwmg %abwe@; I ea\ées : he

r eact or i.S Ss. mxture js cooled in e cool er an ransferred into

t he sepapatﬁﬂ?rag nip Iprfb‘FLq‘f?rcqg'sk‘eg"%P{:rﬁaFQﬁWﬁtH%FH%mebedjr- $€cdingool i ng
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into cul ation ressor t he downstream heat exchangers 6,
1 g { hylene concen?ra n requncged ?or the ohgome%zatlon reaction. The excess of g

ethylene is used to control the reaction temperature. Since the reaction is strongly
exothermic, a large amount of gaseous et'nylene is needed for the removai of the heat
of reaction, i.e. for direct cooling of the reaction. Only a small amount of the ethylene
‘used reacts in the actual oligomerization reaction.
20 : _ - _ _
The prior art will now be explained in detail with reference to Figure 1. The gaseous
ethylene 1 is supplied to the base region of the oligomerization reéctor 2. In the
reactor 2 is an organic solvent with a homegeneous liquid catalyst. The gaseous
ethylene 1 passes through the solvent containing the liquid catalyst, which oligomerizes
- 256  asmall portion of the gaseeu_s ethylene to linear a-olefins. Near the top of the
oligomerization reactor 2, a mixture of the majority of the ethylene, light a-olefins and,
according to the thermodynamic equilibrium in the reactor, some organic solvent leaves
the reactor. This gas mixture is cooled in the cooler 3 and transferred into the
separator 4. The liquid phase 9 which forms in the course of cooling consists principally
30 of solvent and light d-olefins, and is drawn off from the bottom of the separator 4 an.d
conducted into the reactor or to further separation (not shown). The majority of the
gaseous ethylene leaves the separator 4 via the top and is-.conducted together with

fresh ethylene 7 into a circulation compressor 5. in the downstream heat exchangers 6,



2 the gaseous ethylene is warnmed back to the input tenperature, for exanple
10C, and conducted as a feedstock back into the oligonerization reactor 2.
In order to regulate the input tenperature of the gaseous ethylene, two

. heat  exchangers 6 are needed here. The two heat exchangers 6 are regul ated
to constant and different tenperatures. The input tenperature of the
gaseous ethylene is regulated by the relati-ve proportions fromthe tw heat
exchangers 6, the total anobunt of gaseous ethylene as the input into the

reactor ﬂﬁ@'g&ge&@éthﬂéﬁék@lﬂérmeﬁ DERk kA eanp i RethpdraRE et dkampRf 1d-Reg@@seous
ethylene 1 1s needed to keep the reaction tenperature constant even in the
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ol i gonerjzation reactor 2 together with solvent. - qwd m xture 8 drawn
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conducted into the reactor 2 as an input can be re ed wth'a heat

exchangef® ’@edﬁﬁtq kgep tha sractinn iRmraratufs, eonséms even rt eéﬁsetﬁé’a'h(é@t exchanger 6
must be ¥eHverdibh® anddHae vQF}lPnger%%a@Hto\‘h@ﬁdTﬁ&S&DQ'd?&dJcP?Bhﬁepr'Or art has a

series of disadvantages. In order to renove heat of reaction of the
ol i gther Pligomesizatiarn@gstion ig drawmef Bieralit frem thpglasmerigaling repdomds to be

~ Circul at gehetrfeP Wit SBRBAK THE Yquid Rextdic & BN @fsuBQs%uﬁht'i)péépoFa'témanmpr essor
~have to bé very large., Secondly, the control of reaction tenperature
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conpl i cat ed. hese di sadvant ages, pr oposes uglng, as
a feedstEEbﬁthﬁf%W@flnﬂargéﬁearate@tm@rth@m@ral oplefirainotgheumt of gaseous
ethyyene and a large amount of inert gas. The inert gases proposed here ar e
- principally hydrocarbons such as 30net hane, ethane, propane and propyl ene,
and al soAHV@ﬁ%\g@h thetemperatare ofthe gasposs silepet wlich isutoatiected Inir e anount  of

gas. ’%%cﬂorbda% HORpG S 5&3@5ul§te@%ﬁ1e§ ﬁeét@xoﬁér@%ﬁé' R9nit LARAhoRaiel i ns by

ol i goneri zing ethylene, 1n which of thereactor is ¢coo e by means
of a Coop’@ﬁ@mp@[qttpfetqﬁg]e heat exchanger 6 mus be variable. _

-20  The process outlined according to the prior art has a series of disadvantages. In order
to remove the heat of reaction of the oligomerization reactor, a large amount of -
gaseous ethylené has to be circulated. Correspondingly, the dimensions of the
circulation compressor have to be very large. Secondly, the control of the reaction
temperature via the input temperature of the gaseous ethylene with the two heat

25  exchangers or one regulable heat exchanger is inconvenient and complicated.

To avoid these disadvantages, EP 1 748 038 proposes using, as a feedstock for the
oligomerization reactor, a small amount of gaseous ethylene and a large amount of
inert gas. The inert gases proposed here are principally hydrocarbons such as

.30 methane, ethane, propane and propylene, and also hydrogen. Here too, it is necessary

to circulate a large amount of gas.

EP 1 749 806 discloses a process for preparing linear a-olefins by oligomerizing
ethylene, in which the top of the reactor is cooled by means of a coolant, with the
35  temperature in the top of the reactor kept at 15 to 20°C and cooling by means of a



‘35tenperature in the top of the reactor kept at 15 to 20C and cool i ng by
means of a 3 condenser, the coolant gsed being propylene. In this case,
propylene is liquefied at the top of the reactor and vaporized in the base
region of the reactor. This process has the di sadvantage that an increased
extent of deposit formation occurs on the cold surfaces of the condenser,
for exanple as a result of polyners introduced. 5 The present invention is
based on the problemof alternatively configuring a process for preparing
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ethylgne is introduced into the reactor at least partly in the liquid

state. This significantly increases the capacity to absorb heat of the
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ol i goneri zati on reaction. ption capacity of the
ol i goneri zation reaction is increased by the anmount of heat of

vapor i ZaAiftﬂ‘fhethobile?ntaBHr%SE%/’(?E.%glﬁ?r%%n@%%%nt@%a?@frr‘;edg%g?’p% Mofigaf of the

ol i goneri zation reaction a signifrcant r-anmount of

et hyleneethyiangin the ciowit- t he anount in the ethylene circuit to be reduced
significantly conpared to the 25prior art, and the tenperature regulation
" of the oligonerization reaction to be sinplified significantly. By virtue
of the sieddditiorodenosi fermatian éuthedigndpants fsde atrédusceds al so reduced in the
-particular plant parts, since a significantly snmaller anmount of potential
deposit formers is also circulated. By virtue of the significantly smaller
anount ofhepieperirpsoiamsiare solved byithatfeatureasind GiaiobhlFiutthenadyanteaeousi ned

dr opjt scdrgmatibes & thD ARihtid YR spREifd DR the dependent claims.

According to the invention, the ethylene is introduced into the reactor at least partly in
the liquid state. This significantly increases the capacity to absorb heat of the ethylene
introduced. In the case of introduction of the ethylene in the liquid state, the ethylene
20  can absorb much more heat which arises in the oligomerization reaction. The heat
absorption capacity of the oligomerization reaction is increased by the amount of heat
of vaporization. It is thus possible to absorb the same amount of heat of the
oligomerization reaction by means of a significantly smaller amount of ethylene. This
- allows the amount in the ethylene circuit to be reduced significantly compared to the
25  prior art, and the temperature regulation of the oligomerization reaction to be simplified
significantly. By virtue of the small amount circulated, deposit formation is also reduced
in.the particular plant parts, since a significantly smalier amount of potential deposit
formers is also circulated. By virtue of the significantly smaller amount of ethylene
which is circulated, the probability of entrained droplets from the biphasic layer of the
30 reactor is also minimized. As a result, a éigniﬂcantly lower level of potential déposit
formers passes from the reactor into the circuit. In addition, supply in the liquid phase
allows g_dod mixing of the ethylene with the catalyst material present in the liquid

phase. Therefore, the oligomerization reaction proceeds with unreduced yield.



“30reactor is also ninimzed. As a result, a significantly lower |evel of
potential deposit formers passes fromgthe reactor into the circuit. In
~addition, supply in the |liquid phase allows good m xi ng of the ethylene’
with the catal yst material present in the liquid phase. Therefore, the
ol i goneri zation reaction proceeds with unreduced yield. 4 In an _
advant ageous configuration of the invention, a liquefied inert gas is
additionally introduced into the reactor. An inert gas is understood in the
cont ext gf al B ARARRbGE bR BARe HVE 4
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catal yst materi al he case O fene Vi a the

nechani cal
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si gnifi C%Bﬁﬂg)ﬁré’tﬁh%fﬁ{éclh%rﬁu% ‘Particularly the use of a hollowshaft

introducing stirrer Is appropriate. The holl owshaft introducing stirrer”
sucks in the gas phase of the reactor, which further inproves the mxing in
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- and the liquid catalyst material. In the case of supply of ethylene via the mechanlcal :
- stirrer, no further internals are required, and the mixing becomes significantly more
efficient. Particularly the use of a hollow-shaft introducing stirrer is appropriate. The
hollow-shaft introducing stirrer sucks in the gas phase of the reactor, which further
improves the mixing in the reactor. ' '
25 ,
in a further configuration of the invention, the ethylene, or ethylene and inert gas, which
leaves the reactor-in gaseous form is only partly condensed. In this configuration of the
invention, the dimensions of the condensation are such that the complete gas stream
from the reactor is not condensed. The result is a biphasie mixture. The biphasic
30  mixture is separated in a separator, and the liquid phase composed of ethylene or
) 'eth'ylene and inert gas is recycled directly into the reactor, while the gas phase, after
compression, is recycled in geseous form into the reactor. In this configuration of the
invention too, the apparatus complexity of the compression is reduced significantly
compared to the prior art. In addition, the additional supply in the gas phase leads to

35  better mixing of the reactor contents compared to recycling of a pure liguid phase. On



30m xture is separated in a separator, and the |liquid phase conposed of.
ethyl ene or ethylene and inert gas issrecycled directly into the reactor,
whil e the gas phase, after conpression, is recycled in gaseous forminto
the reactor. In this configuration of the i nvention too, the apparatus
conplexity of the conpression is reduced significantly conpared to the
prior art. In addition, the additional supply in the gas phase leads to
35better mxing of the reactor contents conpared to recycling of a pure
liquid pRASEINtMe réact@mh%agraﬁsglatce@tﬁeemooﬁhastehgncg% B AsBid he 11 quid
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reactor is controlled by the control of 5 the volunme flow of the liquid
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"~ significantly reduces the amount of ‘cool ant required. is allows the

circulation conpressor for the cooling circuit to be designed for a much

smal | er maaés.a@ob.tﬁ@néo&egémr%ﬁﬁormcﬁeébﬂehﬁrwtﬁ%@hﬁk greﬁa%mlen

addition, 1n the case of supply of ethylene int ase, a heat
exchange@pp@'@tqsé@mpé&w%w t5e PeReMEDCH 9 8 pf@@ﬁéfcmpmr@rmg ha@ﬁrtq-@lafmsOby t he
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significantl his si ficantly reduces the costs of such a
process @b@\%@ré?@t'@'bret% fﬁ&QP@PafﬁWtredqqf?Sé%ﬁfﬂ"Pbﬁ of goplanigeatieageThisf deposi t
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associ at ed cl eani operatlons are reduced present i nvention forns an
al t er nat isn@llgiryeewy apg tq prerepiaced by Atsimple Cﬁp@pﬁgmur@m lp@ddition, in the

case of supply of ethylene in the liquid phase, a heat exchanger for'regulation of the

20  input temperature is omitted, or the regulation of the inlet temperature of the ethylene is
simplified significantly. This significantly. reduces the capital costs of such a process
compared to the prior art. In addition; a lower level of deposit formers is circulated, and
so the risk of deposit formation and the associated cleaning operations are reduced.
The present invention forms an alternative process to the prior art for preparation of

25 - linear a-olefins by oligomerizing ethylene.

The invention will be illustrated in detail hereinafter by a comparison of a working

example of the invention with the prior art.

30

The figurés show:

Figure 1 a process for preparing linear o-olefins by means of
oligomerization according to the prior art

35 Figure 2 : one configuration of the invention



25l inear a-olefins by oligonerizing ethylene. The invention will be
illustrated in detail hereinafter by & conparison of a working exanple of
the invention with the prior art. 30 The figures show Figure la process
for preparing linear a-olefins by neans of oligonerization according to the
prior art 35Figure 2one configuration of the invention Figure 3a further
configuration of the invention Figure 1 shows a process for preparing

| i near a-ol efins according to the prior art. The prior art process

shown inffgygige 1 uses @hﬂmhee&ﬁéuhﬁohQ@ﬂﬂﬁﬁ@?ﬂ@nphase and has 5al ready
been expl ained in the introductory part of the description. Figure 2 shows

one configuration of the invention, in which ethylene la is conducted in

the Ii qUF U 23 Bolvdh BrddBss R bpaRhg aﬁéér%@m&&d?ng thhRe BlibraMEHEZat i on

react or as a nmechanical stirrer 2a in order to ensure optiml m xing of
the Ii unﬂOfethQ’IOé?fé dewndn Figvee 10ees alhy'spe i'dn theeasequs Bhgsease.hasr om t he top

of 0|5gogﬁééc¥>ﬁééeﬂ%xbﬁﬂﬁ6%tr% intYGRREArg Bt BF el RRErdendr awn of f together with
light a-olefi'ns and a snall proportion of the organic solvent. The gas

m xture drawn off fromthe top of the reactor 2 is condensed together with

gaseous Hgsdoahbvd §ﬁ1§cc7nfleﬁréﬂ'8ﬁ'&$th@fm\lﬂﬁﬂén QKWPI%'H I&@@ls%ﬁéﬁcﬁé@fn 4. The
l'iquid phase drawn of f fromthe separator I s conducted back into the

ol i goner ﬁ%ﬁquﬁprﬁﬁéﬁ@mﬁd@oﬁ@”@t@ﬂ‘l réa@tt)’h%l-@W@"Eﬁ'@ﬁflzqt@nﬁ?a%aaﬁga%ﬁ
ci rcul at inEnBHBER sBRer 24 intdiger to ensure optimal mixing of the liquid ethylene and of the

70  catalyst in the liquid phase. From the top of oligomerization reactor 2, vaporized
ethylene is drawn off together with light a-olefins and a small proportion of the organic '
solvent. The gas mixture drawn off from the top of the reactor 2 is condensed together
with gaseous fresh ethylene 7 by means of heat exchanger 3 and separator 4. The
liquid phase drawn off from the separator 4 is conducted back into the oligomerization

15  reactor 2 as liquid ethylene input 1a by means of circulation pump 5a. If the
condensation of the ethylene is incomplete, the excess gas phase 10 is drawn off from
the top of the separator. The separator 4 ensures that no biphasic mixture gets into the
circulation pump 5a. The liquid products of the oligomerization reaction are drawn off 8
Iaterally from the base of the reactor 2 |

20 N _

The amount of ethylene in the cooling circuit has been reduced significantly compared
tb the prior art shown in Figure 1. In both cases, the oligomerization reaction was -
performed experimentally at a pressure of approx. 30 bar and a temperature of approx.
60°C. In both cases, 10 tonnes per hour of liquid product 8 were drawn off and,

25  correspondingly, 10 tonnes per hour of gaseous fresh ethylene 7 were added. In the
prior art, 200 tonnes per hour of ethylene are circulated for cooling by means of the
circulation compressor. This corresponds to an amount of ethylene of 5000 cubic
metres per hour. According to the working example of the invention shown in Figure 2,
only 47 tonnes per hour of ethylene are circulated in the cooling circuit. This

30 corresponds to 120 cubic metres per hour of ethylene in the liquid phése. This allows a
simple circulation pump 5a to be used, in contrast _’io the circulation compressor 5
according to the prior art. The two heat exchangei's 6 according to the prior art are
dispensed with completely in this working example. The input'temperature of the
reactor is controlied by the regulation of the volume flow of the liquid ethylene 1a.

35
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‘condensation of the ethylene is inconplete, the excess gas phase 10. is
drawn off fromthe top of the separatgr. The separator 4 ensures that no

bi phasi ¢ m xture gets into the circulation punp 5a. The liquid products of
the ol i gomeri zation reaction are drawn off 8 laterally fromthe base of the
reactor 2. 20 The ampbunt of ethylene in the cooling circuit has been :
reduced significantly conpared to the prior art shown in Figure 1. In both
cases, the oligonerization reaction was perforned experinmentally at a
pressur eF@LreaIPQﬁd?/Vs a ﬁpthg%orﬁl'@gra%oﬁ gf%%rr;f\;elr'lflsn qf tr%)e{)r??@uragggof Ha both cases,
10 tonnes "per hour i qui d “product wer e drawn of f ~and,

25cor r espugtiongihe, etm(berteo\mfméfs lggses ﬂi@uea@ior ipgseeus oreshnachypleiey 7 were
added. | BoltdaB b nGhe AE&r exBbhdePBIM%: BEhadiohbudHe il iEREoAGRAGH fif! at ed for
cool i ng by neans e circulation c npr essor . IS cor esponds to an
amount ofCRATAPI énﬁwecﬁassgm)pmﬂd imsemerssped ah@cﬁcyclﬂddoga;ﬂengs fasmtink® wor ki ng
exanpt e V. hour of

et hyléenemaerr%lg@?'lr%u at e |%n®%2th('e:(r§;o %%%P ?:T,lél)t )é_llﬁZoci gﬁﬁ? gge{)onds to 120
cubi ¢ nefeaster getia dboliovoshadt gas-istieducing $ierer Rgul e iishéicbehaseHi2dram thews a si npl e
ci rcul at 5ouL PR ,Sﬁgcﬁqecp@rébﬁ?_qm iR £98LFast to the circul ation conpressor 5
according to the prior art he two heat exchangers 6 according to the
prior art are dispensed with conpletely in this working exanple. The input
tenperature of the reactor is controlled by the regulation of the vol une
flow of the liquid ethylene la. 7 Figure 3 shows a further configuration
of the invention. In this configuration of the invention, the ethylene

whi ch | eaves the reactor in gaseous formis not conpletely condensed in the

* heat exchanger -3. The biphasic mxture formed is separated in the separator

4. The gaseous phase 11 is conpressed and recycled in gaseous forminto

‘5the reactor 2. At the sane tinme, the gaseous ethylene Ib is introduced

into the reactor 2 via a hollowshaft gas-introducing stirrer 2a. The
liquid phase 12 fromthe separator 4 is recycled directly into the reactor



8 Cl-ains 1Process for preparing |linear a-olefins by oligonerizing ethyl ene
(1, la) in the presence of an organicgsolvent and of a honpbgeneous |iquid
catalyst in a reactor (2), characterized in that ethylene (1 a, 12) is
introduced into the reactor (2) at 5l east partly in the liquid state. 2.
Process according to Claim?1, characterized in that a liquefied inert gas
is additionally introduced into the reactor (2). 103. Process according to
Caim2, characterized in that the liquefied inert gas used conprises
hydrocarbons, preferably propyl ene, gdiggane and/ or hydrocarbons havi ng four
carbon atonms. 4. Process according to any of Clainms 1 to 3, characterized
in that the reactor (2) has 15a nechanical stirrer (2a), preferably a

gas- |ntrodu0| stirrer re preferably a hollowshaft introducing
stirrer. opg%%fgggreg@ergﬁ 596 %¢ efgﬁajy(ﬁ/ '9en&l'A'EY ftr\y[]? ’c‘p?é erized in
that the teﬁﬂé@éﬁdettrf%nqirgéﬁ@sdlwﬁtaﬁa oﬁahoh@géﬁgwsah@ra délfal}ﬁslﬂih senickel of the

volunme flow of the |liquid phase ZOSUP I|ed &
(2), characterized in that ethylene a, 12)isi troduced Into the reactor (2) at

5 least partly in the liquid state.

2. Process according to Claim 1, characterized in that a liquefied inert gas is

additionally introduced into the reactor (2).

10 3. Process according to Claim 2, characterized in that the liquefied inert gas used
comprises hydrocarbons, preferably propylene, propane and/or hydrocarbons

having four carbon atoms.

4. Process aecording to any of Claims 1 to 3, characterized in that the reactor (2) has
15 a mechanical stirrer (2a), preferably a gas-introducing stirrer, more preferably a

hollow-shaft introducing stirrer.

5. Process according to any of Claims 1 to 4, characterized in that the temperature of
-the reaetor (2) is regulated by the control of the volume flow of the liquid phase
20 supplied (1a, 12). '



