2 2 MAR 2007 WD 2004/029011 PCT/ EP2003/010710 - 1 PROCESS FOR MAKI NG A
LI NEAR ALPHA- OLEFI N OLI GOMER . USI NG A HEAT EXCHANGER The invention pertains
to a process for naking a linear al pha-olefin oligoner in a r 3382007

conpri si NOwd 200k/644bf4 and a gas phase, conprising the stepgcofep20abadydically
ol igomerizing ethylene in the presence of & 5 mnickel, palladium cobalt,

titanium zirconium hafnium vanadium chrom um nolybdenum or tungsten
conplex, to the alpha-olefin oligonmer with an average nol ecul ar wei ght

betveen 50 and 350pHBARLS! EhRAMAANNAALNAG AIPHAGIkIHE diofioi h a heat

exchanger. 10 Various catal ysts and processes are production
of higher linear al pha ol efins (¥®INexanpLaT VEXCHKAREARKY and M '
Ar ndt - Rosenau, Chem cal Background in Applied Honogeneous Catalysis with
organonetal lic Conpounds, Ed. B. Cornils, W A Herrmann, 2nd Edition, 15

Vol . 1, Ch. 2.3.1.1, Prgeigddne3Bn Mehey:¥eH:2092 30 25 ¥Q0tnaking a

A igonerisation of ethylene to higher alpha-olefins in Applied. Horfogeneous
Catal ysis with olfyapenesiphécolé&bfnponidgomEd. iB. aCoericdter Wombr ilkemgrenn,
2nd Edition, Vol. 1i Ch. ,2.3.1.1 hgage 240- 2531 W | %V%—( 2002). The 20
conmerci al processEAf 137 0% eFERePPa5Boi SSBRTIPIEENGIE. SEES OFi i goner
product distributiomytdcgueh @19?%@%&21@@, wtHe1eaBge noft Hel 'fﬁ‘é@%rn%é ®f a
typically nade. For instance, Brifish patent application GB 135,873

descri bed t he prepekati opabladiug20chrbadar &bphaiohef izdgcopd vy driyliems

ol goreri zat1 on | 1L Lhe fr eseRce; Of, 4ng2lBLYAnS CBROTLELL FOWAET DY 2o
the alpha-olefin oligomer with an average molecular
weight between 50 and 350 under release of heat, and
removing the heat with a heat exchanger.

10 Various catalysts and processes are known for the
production of higher linear alpha'olefins {(for example W.
Kaminsky and M. Arndf—Rosenau, Chemical Background in
Applied Homogeneous Catalysis with organometallic
Compounds, Ed. B. Cornils, W. A. Herrmann, 2°¢ Edition,

16 Vol. 1, Ch. 2.3.1.1, page 213-230, Wiley-VCH 2002 and D.
Vogt, Oligomerisation of ethylene tc higher alpha-olefins
in Applied Homogeneous Catalysis with organometallic
Compounds, Ed. B. Cornils, W. A. Herrmann, 2" Edition,
Vol. 1, Ch. 2.3.1.1, page 240-253, Wiley-VCH 2002). The

{ 20 commercial processes afford either a Poisson or Schulz-

Flory oligomer product distribution. In such a process, a
wide range of oligomers is typically made.
For instance, British patent application GB 135,873
desciibeé the preparation of C4-Cz linear alpha-olefins
25 by ethylene oligomerization in the presence of a catalyst
composition comprising a divalent nickel salt, a boron

hydride, and a tertiary organophosphorus compound.



hydride, and a tertiary organophosphorus conmpound. 2 2 MAR 2007 WO
2004/ 029011 PCT/ EP2003/010710 2 International patent application WO
94/ 25416 discl oses a catal yst systemfor the preparation of &4-MAR0N0% near

al pha- ol ef | |S|ng the reaction product of a bis-

tetranethyV@&%ﬁ%ggﬂ adlenyl net al | ocene and a bul ky, 5 IaBCFg?Q%ﬁQu”H'

non- coor di nating ani on. Internatlonal patent applications WO 96/ 27439 and
WO 99/ 52631 des be a class, of ol |za L on taly onpri ing a

br 1 dged bis- am IO o1 UPRESAb ROt G FOS 0t 37 e haSu i A
{1, 2-bis(t- bUtY'@é‘ﬂéjP))éteté mrhyf@lrsw@npiépé@@ﬂwm &6 dibenzylinera di net hyl,
in association wth suitable activating agents, capable of providing a

bul ky, | abil e @@Wk@&l@ﬁ r@f@mmglahmgmthguéﬁa§§1chswayigc@r OFI\/@ZMiMﬂ
L omeon ] iy ot Dl RLARPES L PO LEL OREL 2ALLOD BLCRLNKLENE b

0 :
1- hexene. Chrom untbase S are resul 6giﬁklpa
formati on &f 1- hexene widhd ise-osot€bsat pohyehbyheneéntehaapiepent et it
but anes and octenes in the products being ve nyi k, WE.

val ker, T.P. Wazphicatiensg 40 9 %277743ﬁ76n49‘f?gaﬁ8/§gﬁ318ﬁi€§@§lbﬁo aCirert s s
Commun. 1989 and, £i{£d, %ﬁéﬁ%&gﬁéﬂ lfal £ % C&R{Z gﬁhs gr B&gﬁﬁeﬁe'b%“ve

ethylene trinerization’ have at ent Nos
5,198, 563; 5, 2858823, Gzamb&} 38U FAS; 1988 nutEUiopeamepatLenbmﬁoummbl isgatH on
Nos. 608447, 611743, and 0 614 865, S(gh 25 catalg Es are grepared froma
chrom um sal t aritF al 1mistd i m whamhde t Febrare iyl gy FidprBe ]l BlR&Ondaml yst s

,use an akym noxang. N & ChiOR R FONPheXs¥btafion with suitable
activating agents, capable of providing a bulky, labile
and non-coordinating anion, such as B{(CgFs)s or [Me,PhNH]"
[B(CeFs)q) ™. |

Another process is the trimerization of ethylene to

15 . l-hexene. Chromium-based catalysts are known to result in
the principal formation of l1-hexene with more or less
polyethylene, the proportion of butanes and octenes in
the products being very low (R.M. Manyik, W.E. Walker,
T.P. Wilson, J. Catal., 1977, 47, 187 and J.R. Briggs,

20 Chem. Commun. 1989 and cited references). Catalysts for
more or less selective ethylene trimerization have been
claimed, for example in U.S. patent Nos. 5,198,563;
5,288,823; and 5,382,738; and in European patent
publication Nos. 608447, .611743, and 0 614 865. Such

25 catalysts are prepared from a chromium salt and a
metallic amide, particularly a pyrrole. Other catalysts

use an aluminoxane and a chromium complex with a
chelating phosphine (US 5,550,305 and WO 02/04119).
These catalysts, which are incorporated by reference, are

30 inter alia based on nickel, palladium, cobalt, titanium,
zirconium, hafnium, vanadium, chromium, molybdenuﬁ, or

tungsten complexes.



chel ati ng phosphi ne (US. 5,550,305 and WO 02/04119). These catal ysts, which
are incorporated by reference, are 30 inter alia based on nickel,
pal | adium cobalt, titanium zirconium hafnium vanadi um chrdiiMaRn2007

nmol ybdenumy®iposbtvdgst en conpl exes. 2 2 MAR 2007 WO 2004/ 8298P3003/010710
PCT/ EP2003/ 010710 3 Al pha-olefin oligogrers are conpounds or a m xture of

conpounds with the general fornmula H2C=CH (CH2CH2),H wherein n is an

integer of 1 or great;@rphdibmih_@iic?@ﬁr@w ihe abpbeuplief bp al hgawBkel S+
usually a mxture 5 of al pha-olefin oligoners with a nean nunber n from1 to

20, preferably fGERPNG IO LA Pra- e Tl of PBRbR sH2(Epat@beoiding to
the process of t %}i?g,g&sléwemﬂg&g(ﬁsi Eg%ﬁgﬁggﬁfpngxgég?ﬁ nol ecul ar

wei ght  bet ween nor e prefeéera a 10 even nore
preferably between finears 2HH. a Thea +ebetiwnoDigahdy| eaeuvsnalbe prasencecof
one of the above complexes is usually run in a well-mxed reactor in the

liquid phase, typi GIER2 IRITHRPHHIITES BHgand Qe vBHTLeThis Trgtcti 6/
generates a Iargg)a@%gyegékf§cﬁfgﬁzzm@gc?oghqy%gggeoi@ Megi-égmgggcribed

in WO 02/06192 it' i's preferre o install a pl ity of sma reactors in
conbi nation w tlprsvaereal dmatrékohangetise tprotesp pf ovhdepsabénti ent cool i ng

capacity for the reactor system. _Th rocess tenperature, ich usually is
bet ween 20 aboutl%ﬁﬁﬁﬁﬂﬂpeﬂﬁ%ﬁeﬁﬁﬁiy %9p?%f%Y%%??eb@?&EEHYgﬁoHFlg 5C and

about 75C, affeqisfdis cptad Ienufpetare-ofcrdibey abobazehebbnankn2gever al
ways. The higher the tenperature the smaller the %eat exchangers whi ch have
to 10 even more preferably between 80 and 210. :

The reaction of ethylene in the presence of one of
the above complexes is usually run in a well-mixed
reactor in the liquid phase, typically using an aproctic
organic solvent. This reaction generates a large amount

15 of heat, which shcould be removed. As described in WO
02/06192 it is preferred to install a plurality of small
reactors in combination with several heat exchangers to
help provide sufficient cooling capacity for the reactor
system. The process temperature, which usually is between

20 about 35°C and about 90°C, more preferably between about
35°C and about 75°C, affects the cost of manufacture of
the alpha-olefins in several ways. The higher the

o temperature the smaller the heat exchangers which have to

be applied to the reactor(s), which generally lowers

25 cost. The decay of the active oligomerization catalyst
increases with increasing temperature. It is found that
maximum volumetric production of alpha-olefins coupled
with good absolute productivity of the catalyst usually
occurs in the range of about 45°C to about 75°C, so this

30 temperature range is preferred. Finally, the temperature
alsc affects the bubble point pressure, the amount of
ethylene in the liguid phase, and the catalyst
selectivity. The higher the temperature the higher the



be applied to the reactor(s), which generally |Iowers 25 cost. The decay of
the active oligonerization catalyst increases with increasing tenperature.
It is found that rmaxi mum vol unetric production of al pha-ol efi | ed

wi th good absol ute productivity of the catal yst usually ﬂ} %ﬁ range
of about 4%E€ 1%8¥ ﬁﬁﬂﬁt 75C, so this 30 tenpergture range igeg éﬁ%&@é 8
Finally, the tenperature also affects the bubble point pressure, the ampunt

of ethylene in the liguid and.t he.cat al sel ectivity. The higher
Che termer atur o RHES R ERePe PR ot o RARID045 iR S0ua 06O FE tPCTEPa00 G10710
4 pressure needpgtOas8ENEapt At ab¥st ogetpet vhifacthirGhy NERARSCause
capital cost of the manufacturing plant because of, for exanple, the need
for thicker vessefs,fandexamnges, Ebﬂpﬂé@ﬁof@rt@haﬁﬁﬁﬁnVﬁﬁ@ﬂﬁ%ﬂuﬂndﬂﬂﬁﬂ@me
pressure. 5 ngheé ressure Iso chegﬁes gng %yeﬁ%s% Thee%pnunt of

et hyl ene (ethenéﬁ |g rlza?l%ﬁ tat ysP gye ¢ & Fe &S W 1 |

pref erabl ysbe thelgm@xl axpergi 41 ed bictbeseeoknegggapasittsy of the
reactor(s) and the et ene mass transfer fromthe gas_to 10 the |iquid
phase. Catal yst may bﬁg%d@@@uﬁﬁ @ﬁethYéﬁneré&é@@ﬁegnp}lﬁpmﬁikﬂﬂikﬁﬂnDre
subsequent react S S e u o] added
to each reactorggﬁiey% |S%%%r%%g}$%n£éggtg§?eag§%tEggﬁ%%%%a outt%Sb

kJ/ mol e of ethyhﬁmwammmgparmitedd Bpdths suomlﬁﬁ capkicig ywiolfl tisual |y be

applied to the reactor(s) mai ntain the desired process tenperature while
mai nt ai ni ng hi ghF S¥Fkeve 7 carb%ia%tﬁwwee? PRES tEapfdeEsyrom the gas to
10 the liquid phase. Catalyst may be added to the first

reactor only or to one or more subsequent reactors in
series. Differing amounts of catalyst may be added to
each reactor. The oligomerization is quite exothermic,
about 100 kJ/mole of ethylene oligomerized, and as such
15 cooling will usually be applied to the reactor({s) to
maintain the desired process temperature while
maintaining'high volumetric productivity of the
reactor(s).
In the prior art cooling is accomplished by running
20 cooling tubes through the ligquid in the interior of one
or more of the reactors to cool the contents. Another
method of cocling is to have one or more heat exchangers
external to the reactors and connected to the reactors b
a liguid loop to coel the reactor centents. These
25 external heat exchangers may be typical shell and tube
exchangers. The reactors may also be jacketed with a
cooling jacket. Some or all of the feeds to some or all
of the reactors may be cooled to allow the sensible heat
of the ingredients to cool the reactors. All these liguid
30 cooling methods, however, suffer from the disadvantage of
wax and polyethylene fouling of the coolers, which
necessitates regular shut down of the reactor to allow

cleaning of the coolers. Furthermore, wax and



In the prior art cooling is acconplished by running 20 cooling tubes
through the liquid in the interior of one or nore of the reafé% g 69 cool
the contents. Another nethod of cooling is to have one or ﬁ el
exchanger sywexdogb@i: t0 the reactors and connected to thepcesapbamidrio a
liquid loop to cool the reactor contents. Thése 25 external heat exchangers
may be typical shell and tube exchangers. The reactors may al so be jacketed

with a coolingj 6%§%§%h¥§@ﬂg Péuﬁiﬁgoﬁayhen&eeggeteheo?ereEfehHC1Qf v dre

reactors may be o all ow the  sensi bl e heat he ingredients to
cool the reactorthe Add¢ivémese |iquid 30 cooling nethods however, suffer from

t he di sadvant age of X, an ol yet hyl ene, { e |_er whi ch
necessitates regul ar ut® dowR™ ¥O¥%ea?e%% §§£ PFOEEE:'l %%% % % of the

cool ers. Furthermy&nt Nex @@ddévﬁseﬁﬁ;@985e§€>8@@ﬂb@29th BGE&%P2003/010710
- 5 polyethylene fouling may increase the paraffinicity of the solvent. It
i s therefoPe an ®bjadtaneaeest hkt phasenev bﬂeenﬁpeﬁdteheevﬂeeeerped@@@§

wi thout the aboy §1e5fﬂ’658‘9¥ Q:_g§SCa1]1tb ARad8Wy HeS“rE%% E%Enéa' gﬁ’{ adj pha‘
S can

ol efin oligoner in a réactor conprising

phase, conpri5|rmnq&mds&ﬁ@SaOQascpmaegt|eambylehngonaeleme@sebﬁylene |n the
presence of a nlckel pall adium cobalt, titanium zirconium hafnium_10
vanadi um chr omi &% 2 h5F YBREYINg L BFORERYEERE EBRYILERE (Pr dher BEBPeFCe O a

2, 6- b's(ary"m'H?é&%id'ﬁ§%9§%idﬁt'Hgﬁalttot%95n§h haz@&%%h&uﬁlfgheatdﬂtf’

an average nol e wei ght between 50 and 350 un er release o dnd
vanadium, chromium, molybdenum, or tungsten complex

{(preferably of a 2,6-bis{arylimino)pyridine derivative},
to the alpha-olefin oligomer with an average molecular
weight between 50 and 350 under release of heat, and
removing the heat with a heat exchanger, which is not in

15 direct contact with the liguid phase, using at least part
of the gas phase as a coolant medium.

This method provides a cooling system having its

cooling elements outside the ligquid reaction medium.
Since wax and polyethylene have high boiling points,

20 deposit ¢f wax and polyethylene can no longer occur, and
fouling of the heat exchanger is effectively prevented.

The heat exchanger according to this invention is of

a conventional type, such as a shell- and tube-type, and
the like. The heat exchanger is internalliy coocled with

25 conventional coeling fluids, like water, ammonia, Freon®,
and the like. The redction heat causes the solvents,
reactants, and/or reaction products, which are present in
the reaction medium, to evaporate and subseqguently to be
cooled by the heat exchanger, after which it works as a

30 coolant medium for the reactor. The heat exchanger can be
placed inside or ocutside the reactor. When the heat
exchanger 1s placed inside the reactor it 1s preferred

that some condensation occurs on the heat exchanger



removing the heat with a heat exchanger, which is not in 15 direct contact
with the |iquid phase, using at | east part of the gas phase as a cool ant
medi um This method provides a cooling systemhaving its coolijoMgl guents

outside th eaction medium Since wax and pol yet pyrps¢ @ﬁgﬂhlgh
boi l'i ng po éﬂﬂg@ epasit of wax and pol yet gyLene can no Fonger occur, and

fouling of the heat exchanger is effectively prevented. The heat eXChanger
according to this ventign is nvent i onal suc Il - and
Cber type, and SHEFFTRe M hB% RaBEnRGEPTRES: APoPRaTTS COb e TR
conventional cooléfgtblyids, iki keereed agmappay Br €o3dd carkctdmticbﬂseof
The reaction heat-causes the solvents, reactants, and/or reaction products,

whi ch are presenth¢nre2feoF egePiaRt nBgRERM féO@vab@rﬁﬁé ahgsuissfeddent |y to

modi am for the. roauarr “HRRONIE, nadls BMBER ) iR AT A AT 0L e

medi um for the reac at exchanger I'ns

t he react 06. vne@nah@pheahalBycaaggeeluqumﬁaee@awnsbdemekrﬁﬁuﬂhﬁ itgusd
preferred that sone condensation occurs on the heat exchanger 2 2 MAR 2007
WO 2004/ 029011 6PIFET? ERDOBRE0IOFEOOT- TBAFT Hdd!l RREH tlﬁélaﬁéa{ Jé%b‘ﬁa‘f?ge? §s

pl aced outside tlﬁfxgrﬁa agf,of e'JI:?!aétBEef gkLed £8.3Rp) yt ifeOneed Gl

of the reactor coo t ne romthe ‘gas phase o reactor t roug
heat exchanger(sﬁe@nmrpriass‘omis)lpupp(s)nmé anddeptslamﬂalrﬂ )taal gasdrd quirkd s
separator back to the liqu hase of the reactor. This w|l| addltlonally
i nprove the nixdhPYH ?ﬁ@l+%% R, OKf?eFeESSPFﬁgg?ﬁl§npeaéﬁﬁﬂq: Jgotiahtn o

medi um i nqphis |@§@ rSOBB-£0RdeAsaLi BRsCARGASEUSeptFaSor. Furthermore, it

is possible to deliberately remove {(part of) this liquid
phase from this gas-liquid separator and route this
directly to the product work-up section. Finally, if full
condensation occurs, return of this liquid to the reactor

156 can be achieved by a pump instead of a compressor, which
lowers costs. This reactor coolant medium is selected
from an alkane, inert hetercatom-containing group
substituted'alkane, alkene, and aromatic compound, and
mixtures thereof. The terms alkane and alkene mean an

20 unbranched or branched C1-C8 alkane and C2-C8 alkene,
respectively. The alkane may be substituted with an inert
hetercatom-containing group, wherein the term “inert”
means that the hetercatom containing group, such as an O-
or N-containing group does not react with the other

25 components under the conditions used. The term aromatic
compound means a homo- or heterdaromatic group with at
least & 5-membered aromatie ring. Phenyl aromatic groups
are preferred. The aromatic groups may be substituted
with the common aromatic substituents such as alkyl,

30 alkoxy, halide, and the like.

Preferred reactor coolants are selected from

propane, n-pentane, isopentane, ethylene, l-butene, o-,

m-, and p-xylene, and toluene, and mixtures thereof.



all ows application of a separate gas and liquid return to 10 the reactor

using a gas-liquid separator. Furthernore, it 1is possible tozrgﬁg{?@zately
renove (part of) this liquid phase fromthis gas-liquid sepa d route

this direwd so0s02900ie product work-up section. Finally, ifciapboosoi1o710
-condensation occurs, return of this liquid-té the reactor 15 can be achi eved
by a punp instead of a conpressor, which |owers costs. This reactor cool ant

mediumis selected fg.0ma &l kane, 2dPehitadet &E08LEONHEARBEALNLRYGLQUR ¢
substituted al kane, al kene, and aromatic conpound, and m xtures thereof.

The terns al kanetlandoed kdmel heant@re ROl yinbrinched brabtanchbdc@hs€8takkane
and C2-C8 al kene respectively.. Th | kape_nmay. be substituted with.an_inert
het er oat om cont a‘?ﬁjn%“g’?%%pa}n%\h‘%}?%i a%ﬁeofé?ﬁlil}ﬂgrfm_ Eﬁggﬁg Pﬁ&?stsﬁgates
het er oat om cont aifd NgsGrOpins SUCHa BSt Ao shEl N eeatabRENgTHR @URgA@es not
react with the other 25 conponents under the conditions used. The term

aromati c 2onpouthFedmsral holk-the heverbag opht Fesgfolp WEh at |east a
5- menbered aro iC_LiNng. enyl ic groups are preferred. The
aromatic gr oupg%r%a%/gir!é%?b{ﬁ ut%%ggé\n@%h the common aromati c substituents
such as al kyl, 30 al kihey,nhetéde, panthdhen) | kebaPeef efteditRactorceaahant s
are selected from _propane, n-pentane, isopentane, ethylene, 1-butane, o-,
m, and p-xyl end:@Hhg ol VRS 1 dhd FHXTLHER, tHet ¥Bgenyny RAR dopzshen

2004/ 029011 PCT/c!%Rﬁ;SS{P%%OJHan dan AD 30dLE T onal , adyantag rBEeEQeﬁgée%%n

process is the po Ity to apply only one reactor, because t
efficiency0and tihe #lackaof, faud i auge nde$ongesd necesket aresiously mentioned

patents and patent applications. Any of these complexes
can be used. Preferred for use in the process herein are
nickel, titanium, zirconium or chromium complexes. Most
preferred are nickel catalyst compositions comprising a

15 divalent nickel salt, a boron hydride, and a tertiary
crgancphosphorus compound, a titanium or zirconium
catalyst comprising the reaction product of a bis-
tetramethylcyclopentadienyl metalilocene and a bulky,
labile, and non-coordinating anion, a titanium or

20 zirconium catalyst comprising a bridged bis-amido Group 4
(IUPAC 1988 notation) metal compound, such as {1,2—bis(t—
butylamide)tetramethyl-disilane}zirconium dibenzyl or
dimethyl, in association with suitable activating agents,
capable of providing a bulky, labile and non-coordinating

25 anion, such as B(C¢Fs)3 or [Me,PhNH]" [B{(CsFs)4]”, and
chromium complexes comprising the reaction product of a
chromium salt and a metallic amide, particularly a
pyrrole or comprising a chromium complex with a phosphine
and an aluminoxane.

30 An important item in the capital cost of this
manufacturing plant and in its cost of operation is the
amount of reactor coolant medium that must be recycled in

the process. Recycling of a gaseous reactor coolant



the use of a plurality of small reactors. This adds 5 considerably to the
| onering of costs of the oligonerization process. The nickel, galladiun]
cobalt, titanium zirconium hafnium vanadium chronium nol¥bY§ahdtly and

tungst en bex@e11t hat can be used in the above processpafgpkeu7i® in
the art, and are described in the previousky8nentioned patents and patent

applications. Any of these conplexes can be used. Preferred for use in the

process herein asediwhCktent iH3BIYEs ZEEERPBFEELALAC RO FL %@Olﬁ%r{bst'
preferred are nickel catalyst conpositions conprising a 15 dival ent nickel

salt, a boron hyefides wedcherert fampressgansophdsplseors atedpemvd,pmertt tadd um
or zirconium catal conprisi t he ,reaction praqduct . of bi. s-
tetranethylcyplo%@%%g e I?%%%ggﬂoégﬂeogﬁaa§185ﬁgyFosﬁgbiﬁ@;t%ﬁHPFesent
non- coor di nat i Ngn&h®d, tRet E6ANEHN AEJAZ20mZi ECRREYRGRIA Vel L@ it NY A

bri dged bis-am do G oup 4 | UPAC 1988 notation) metal conpound, such as -
{1,2-bis(t> butyWempte)eky randsayvedeshyaneezi fookivm didlsenjie gooldintet hyl ,

. Yot ey Yoo | : oy
bul Ky 1 bt | o ant s SR e B 5 e T S en R B F O g
[ B(C6F5) 4] -, andwhehea ansLeppeexesyedappufmpngst bafifdadeingn mmeduct of a

chromumsalt and a netallic amde, particularly a pyrrole or conprising a
chroni um conpl exe¥RIRS BV HhBSPRFhendan8uah aFuklRoX&fe CL3GTASXRRSGHANt i tem

s S L1 ALl DL puc TV VA0, 20800, K Ol
the proced8. Recyeltilg advanyagesusfrehet presenkankthod. MARN20AAvention
is illustrated by the'following Figures, which are not-
meant to limit the invention in any way, showing a scheme
cf an épparatus that can be used for performing the
process of the invention. |
15 Fig. 1 is a scheme of an apparatus for performing
the method according to the invention with the heat
exchanger positioned outside the reactor.

Fig. 2 i1s a scheme of an apparatus for performing

the method accérding to the invention with the heat
20 exchanger positioned inside the reactor.

Fig. 1 shows a reactor 2 with a liquid phase 3 and a
gas phase 4 being in equilibrium through gas/liquid
interface 12. The liquid phase comprises ethylene, the
nickel, palladium, cobalt, titanium, zirconium, hafnium,

25 vanadium, chromium, molybdenum, or tungsten complex of a
2,6-bis{arylimino)pyridine derivative, alpha-olefin
oligomer, and opticnally sclvents and auxiliaries such as
a co-catalyst. The optional solvents are selected as to
dissolve ethylene. The reactor contains an inlet 10

30 through which the reactor feed 1 is transported, a gas
cutlet 11, and a reactor bottom ocutlet 9. In the
embodiment of Figure 1, outlet 11 is connected through a

conduit 14 to heat exchanger 5a, which is connected



WO 2004/ 029011 PCTI EP2003/ 010710 8 nedium often involves reconpression to
feed one or nore of the reactors. Conpressors and associ ated gﬁﬁiﬁnent add
‘greatly to capital and operational costs. In the present neth &0z ool ant
medi um i s RieHGl/@by sel ected to 5 conpletely dissolve ethytepmosbhnrihis
case the coolant nediumonly requires a si'ngl e reactor and a condenser,
whereas a sinple recycle punp is sufficient. Thus expensive recycling, such

as the use of antpxpelsl vendiheeygle tbl @wer1 iiiRD degngen dreml red, which
adds further 10 to the advantages of the present nethod. The invention is

illustrated by tRECE6SEENy n§ORAGited WRIVCIFORMtE 1F0r REmTeITPY | Tht Ghe-
i ti i - i h f t t . f
nvention Tn any yay: SRRNLOE.B.SRNRR LA AR ARPATALAS, WAl GAN b, el f or

perform ng the CESs 0 € i nvention. g. 1isa

apparatus for penlfiguaiEngopthenaetljodhaec@hdizngung tdhe donvsddion aM th the
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The react d0 cont abnseasatnbet ot@urs in conduit 15, gas-liquid separator

6, and pump 8 are redundant and may be deleted. In that

- - case conduit 15 can directly be connected to compressor
7b and/or heat exchanger 5b, if present, or to‘conduit
19. Reactor 2 may contain an optional entrainment

15 separatcr 13.

Fig. 2 shows another embodiment according to the
invention. In this embodiment the reactor feed 1 is
introduced into the reactor 2 through inlet 10. The
ligquid phase 3 in therreactor is in equilibrium with the

20 gas phase 4 through gas/liquid interface 12. In the
section of the reactor containing the gas phase 6, a heat
exchangef 20 is placed, which is not in contact with the
liquid phase 3. The section of the gas phase © may
optionally contain an entrainment separator 13. The heat

25 exchanger 20 cools the gas, after which at least part of
the gas condensates and the cooiéd condensate falls down
from the surface of the heat exchanger 20 inte the liquid
phase 3, thereby cooling the liquid medium. The reaction
product may then be discharged from the reactor through

30 the reactor bottom outlet 9. |

Hence, according to a- further aspect of the present
invention there is provided an apparatus for performing

the process of making linear alpha-olefin oligomer



30 through which the reactor feed 1 is transported, a gas outlet 11, and a
reactor bottomoutlet 9. In the enbodinent of Figure 1, outlet 11 is
connected through a conduit 14 to heat exchanger 5a, which id2cARnzgt ed 22
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gas-liquid separator 6. If necessary, condui¢ 15 nmay contain a conpressor
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7b and/ or heat exchanger Sb, to ,obtain a cooled gas stream 18 that is
recycled to reactdP) 2EhFpugh ¥hiebndbRsaerSHoscd@es i )cGrduike 15,
gas-liquid separ d pu e d nd Ry : t n
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part of



t he gas condensates and the cool ed condensate falls down fromthe surface
of the heat exchanger 20 into the |[iquid phase 3, thereby cooling the
‘liquid medium The reaction product may then be discharged‘hﬁﬁm &0t eact or
t hrough 3@ eessmeat or bottomoutl et 9. Hence, accordi ngPCER2008/ATONMEY
~aspect of the present invention therédli s provided an apparatus for
performng the process of making |inear al pha-olefin oligonmer 22 MAR 2007
WO 2004/ 029011 PCT/ EP2003/ 010710 10 described above, conprising a reactor
(2), which can accommodate a.liquid (3} and g gas (4) phase, an inlet (10)
t hrough which the reactor feed (1) can be—transported, a reactor bottom
outlet (9), and at |l east 5 one heat exchanger (5a,b;20), which is positioned

as to prevent direct contact with the liquid. phase ), an urther
optionally a gasioutle PET??SByﬁB§ fgin 3ﬁﬁﬁé§?6k%%€ﬂ515ieéﬁp YNt
separator (13), andjiofea@t8aScbhadidingPar atghilbhnd? a2 gMARZRQE WO _
2004/ 029011 PCT/ EP2003/010710 -"11 CL AI MS 1 - Aprocess for making a
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vanadi ums chr om it an iy DHEAYEH Oim} UREFhEAmE OMBhEY: uln) Uhe oalikid- ol ef i n
oligoner with an average nol ecul ar wei ght between 50 and
molybdenum or tungsten complex, to the aipha-olefin
oligomer with an average molecular weight between 50 and
350 under release of heat, and removing the heat with a
heat exchanger, which is not in direct contact with the
i 10 liquid phase, using at least part of the gas phase as a
cooiant medium. _
2. The process according to claim 1 wherein the complex
is a nickel, titanium, zirconium, or chromium complex.
3. The process according to claim 1 or 2 wheiein the.

16 average molecular weilght 1s between 60 and 280, more
preferably between 80 and 210.

4. The process according to any one of claims 1 to 3
wherein the coclant medium is selected from an alkane,
inert heteroatom-containing group substituted alkane,

S 20 alkene, and aromatic compound, and mixtures thereof.

5. The process according to any one of claims 1 to 4
wherein the coolant medium is selected from propane, n-
pentane, isopéntane, ethylene, 1—butene,'o—, m-, and p-
xylene, and toluene, and mixtures thereof.

25 ©. Bn apparatus for performing the process of making
linear alpha-olefin oligomer according to any one of
claims 1-5, comprising a reactor (2), which can
raccommodate a liguid (3) and a gas {4) phase, an inlet

(10) through which the reactor feed (1} can be



350 under rel ease of heat, and renoving the heat wwth a heat exchanger,
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of the gas phase as a coolant nedium 2. The process accordi ng 2 BAREAT m 1
wherein the conplex is a nickel, titanium zirconium or chrom um conpl ex.
3. The process according to claim1 or 2 wherein the. 15 average nol ecul ar
wei ght is between 60 and 280, nore Tpreferably between 80 and 210. 4. The
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selected froman al kane, inert heteroatom containing group substituted
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separator (6).





