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WD 2004/ 029011 PCT/ EP2003/ 010710 - 1 PROCESS FCR
MAKI NG A LI NEAR ALPHA- OLEFI N OLI GOMER USI NG A HEAT

WEXOHAMBER The i nvention pertains to a processPEDEP2003/010710

maki ng a linear al pha-olefin ol ilgoner in a reactor
conprising a |iquid and a gas phase, conprising the
steps of .catalytically oligonerizing ethylene in the

presenegotktsd FORNMEKENG palllTAGARMAICERAIOLE RN @NTEWOMER

zirconium hafnium _vanadium chrom um nol ybdenum

or tungsten conpl ex, U$BG theBADHEX SN FBR ol | goner

wi th an average nol ecul ar wei ght between 50 and 350

under rel ease of heat, and renoving the heat with a

heat exch@hgefinvédt¥ani pasteahal ysts pmdcpsecéssesaatiag a
n_of higher |inear _ al pha

f th t ‘
o|e$?ﬁ§8%FoP?8Q§ gg% IoOkéﬂPﬂ?Elena ffactor comprising a

Arndt 1 Basenadd thabcﬁhaBQQKQBQﬂBQshH? 6ﬁﬁ|b%@ps of
Honmogeneous Catal ysis w th organoneta npounds,

Ed. BatééyﬁnpéllvvOA@gP@erwahng QhHYEﬁhﬁléﬁ tms yoksence of a

1, 21 VCH 2002 and_D.
vonglEﬁng %%%g ?gﬁ’o O%?g§rzﬁé% thlrconlum’ hafnium,

al phaanhdf imms chﬂoﬂmﬁhyeﬂokbhﬂgﬁﬁﬁQUSrCBhﬁb¥$bﬁ wohPlex, to
organonetﬁlllc npounds, Ed. B. Cornils, W A
Her r MBRn21BARE~ Eé?FFBn01196W6r1WlEh ap gverggepmgeecular

240- Z2a3gn W beyy¥Eh 2802\ EB@ aﬁdQQ 5@5@13 BEOREIEES and

afford either a Poi sson or ry ol i gomer
pr oduemodisyr tbet heat Wmtbuehhaaprexehengar wi de range

of oligoners.is t For instance, BH

at ent apBFFLREPOHEERT 385958 BESRPPRGS FRE khowh E0r the
prepprati.enieh 64-k2Ghkineaheakphapphebl BEindS (BY¥r example W.
et hyl ene ol igonerization in the presence of a catalyst

conpbaninskycenprMsi AgndtdRoaeeat, nferRBLC84Al Backgbenod in
hydrhgss ; 83dn8nbELAEBLY LLIRNIRDESRNLLUS SONBRNRY 1 ¢

Compounds, Ed. B. Cornils, W. A. Herrmann, 2" Edition,
Vol. 1, Ch. 2.3.1.1, page 213-230, Wiley-VCH 2002 and D.
Vogt, Oligomerisation of ethylene to 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
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
descfibes the preparation of C4;~Cyy linear alpha-olefins
by ethylene oligomerization in the presence of a catalyst
composition comprising a divalent nickel salf, a boron

hydride, and a tertiary organophosphorus compound.
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al pha-ol efins conprising the r&aétion product of .a.
bi s- tetranethyl cycl opentadi enyl netall ocene and a
bulkyntérhablbnalapdt@mn gppl ticaat ongi@anb6n25416 discloses a

International patent applications WD 96/27439 and, WO
00 OB HEcPTBEOR EPECBhe oL bhT COREPR S8t G Coo. Linear

cat ahyshS-608P{hSi BEnBrPEi Hgeehdi Scacfi o FOURcE of a bis-
(I UPAC 1988 notation) netal conpound, such as

{1, 2t%té%mebhyycﬂﬂi@@§m@@daﬂ@yhym@t@ll@ﬂ@@@|an@nauhulay,

di be r I t t |

actlggg%ng a%%ﬁf%ggcgo% ?fﬁéffﬁ?oéﬁfoxn Pn%gfégplgnal patent
| abi &pl anst homns CWOr 86 NAaT 4By and ono sa¢52a3186é56518e a class

-or [ Me2PhNHl + [B(C6F5)4] Another process is the

trinefi ot IOReBE 2Rt h9N et 2 HYSES COMPRAREAE. @ bridged bis-
Chr o, Uiy bgss g, cat @W?Aé A5 €3 kﬂ&wtwnreﬁ@{al' eomw&nd such

principal formation of 1-hexene wth nore or
poIy@$hyle&ebl$hb—bmbpbaml@a bétbmmahbgl@ndlb@h@hesrcnnlum
the roduct beln

b BTPOEHE 5 ety o Bdbe Yttt R SRt asLe
20 C&@@ivéb nagéﬁﬁg abgpgbledof ep L6 €NELSY - 2 Gahakyst Sabile
for nore or |less selective ethylene trinmerization

havea%e%ontq:%@ﬁ%ma%mge&@mme FAcly, &5 PhEEin 3 N5, [Me,PhNH]*
5, 198, P63 b5, 288, 823; and 5, 382, 738; and in European -

pat ent %&bf?cat|on Nos. 608447,.611743, and 0 614

865. Suchazbtleat abystssar s ptiepat etinér boaai chr ofil @bhylene to

salt_and a netallic amde, particularly a rrol e.
C het %&%%%??stg BT oWt AP S P A HeA LTS Brara ERPBRI b result in

conptiex M ?pl_ ghetathag; PROSPN Mge £ LS: 5y POR. ROPe 254 jLess
WO 02/04119) hese catal ysts, which are incorporated
by redbyepneelere e 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, 197 and J.R. Briggs,
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
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
inter alia based on nickel, palladium, éobalt} titanium,
zirconium, hafnium, vanadium, chromium, molybdenuﬁ, or

tungsten complexes.
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PCT/ EP2003/ 010710 3 Al pha-dlefin oligoners are
conmpounds or a mxture of conpounds with the general
formul a HRIHGH ¢ BHROHX) hiyorndies edre ncdompaundsteyer mixture of

1 ter. | h ol j t he, al pha- o] ef |
ol § GO T e 958 ST o DB B b HhcHz) o
ol i gm@Fsimit hi @ saeamegderon Iremdrdsdte20 In such

preferably from2 to 10. Al pha-olefin oligoners .
pr epRt BEPBREDrdhhg? RN el pr e e’bl GIMe el priegemt ly a mixture

bt vobr BParer w50, Srdekh SYEEF I iRt ket Obkom 1 co
280,200 prvefermsky pfederabty bet weehplBd-ahelf 21001 Themers

reaction of ethylene in th resence of _one of the
DOV T e P BT HRTIaTP y EH P TR SE St i g diresent

r eaCi@&eﬁ@iérh%féP@fébP{‘%@ve tyPi LA FNgdIShETe@Mar weight
aprotic organic solvent. This reaction generates a
| ar gectinerimt SA5awd hedit ,mows chrshotall hebeenesredoO Agnd 280,

described in WO 02/ 92 it is prefer oinstall a
ot ur s e SRRy da e BTAAATTRO i O

several heeé exghangerst tochedme prioviite stkféctendt one of
cool ing capacity for the reactor. system The fr ocess
t enpet @t Ve VTR ¢RI 15 FSUBRE B! 207 abotiR B5RL A%

about 90G, - npy e 1k ef £5.3P) Vel aveen, aboid 1 %?Q.ﬁc{i'ﬁaén aprotic

about 75C, affects the cost of nmanufacture of
al phargdeic nsolveseyvellal s wagasct ite degdeatehea large amount

tenperature the, snall er e heat exch ers which. have

Lo b B cte TS FAcr (21O VA ch GaRartiga T o

| oves s/ @91 80stt Thepdecayred theidstd Ve a plurality of small
ol i gonerization catalyst increases with increasing

t enpe?atees 17 ¢ePbigigiemarith several heat exchangers to
help provide sufficient cooling capacity for the reactor

system. The process temperature, which usually is between
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
temperature the smaller the heat exchangers which have to
be applied to the reactor(s), which generally lowers
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
temperature range is preferred. Finally, the temperature
also affects the bubble point pressure, the amount of
ethylene in the liquid phase, and the catalyst
selectivity. The higher the temperature the higher the



maxi mum vol unetri c production of al pha-ol efins coupl ed
W th good absolute productivity of the catalyst

wa@swalokop11 occurs in the range of about 45C t o BODEP2003/010710
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75C, so this 30 tenperature rangé Ts preferred.
Finally, the tenperature also affects the bubble
poinprpsessaraeedhé aunmainbalnethyhkpetiaelhetﬁvmuyd which

phase, and the cat €e9£f Vlt% ghe hi her he

t enpel Gt GPESThERi ﬂ Pﬁ 50847829 &Etur ng plant because
PCT/ EP2083£04Q44014 tﬁéeﬁééaefagegﬁﬁck@rnaésgéna and larger
cat al yst select|V|ty whi ch increases capital cost of

t he- ﬁﬁmnﬁaéﬁgrﬁn@opﬁbh@lbebh@s@lgbﬁr ¢bhyésaapbeesshee.

need h S c ssors to
attaH%8§ﬁé h%gg Pygtafﬁene p?%%gu engrafgﬁgrgpressure

al so |ncreaseSmenﬁtgyfcssh§1eﬂhe(aﬂnuﬂé 061@§bmégmgatlon

(et hene) ollgonerlzatlon catalyst used in _th

r eact# bl MPFIuﬁ?gféFth9 B%aFFéonnﬁk%ﬁuﬁ¥%§?ﬁ??@édb8ythe

the Goolhng 5@9ﬁ§’c’c¥d°ﬂ3¥t{‘ﬁe £68eing (83 éeﬂtghﬁf the

et hyl ene mass transfer tromthe gas to h ul d
phasecaChvallgst andythe atbedene mhesftrsnsfeeafrom the gas to

only_or to one oy _nore.s equent reactors i ries.
oV eBF d PaRn g Bk R ot TR v 82 h R0 B BBE PRt
react@sctdheocnl i g@ﬂﬁtbzéﬁéoﬁrlﬁoﬂél5@b§é@ﬁ@ﬁ£nkéactors in
about 100 kJ/ nole of ethylene oligonerized, and as

suchSa5iepel PhELAF 119 U3DARNYS bef apptaedst omekebe added to

»reacé95£3}658 oPal@ﬁ@'Qligﬁ?gg§%£§ﬁoﬁr?§ﬁé§1te exothermic,

t enperature mai nta
prodalcbuti 190okJrheler efictohys¢nel aliyempripedarand as such

CooLL1g: L8 SrepIPLLEDER By Ty 19, 20 cool Lng Lubss,

the reagtoIS tReCQOLiLbE £OPLERESteMPOLhehre TihDOE Of

cooling is to have one or nore heat exchangers
malntaining high volumetric productivity of the
reactor(s).

In the prior art cooling is accomplished by running
cooling tqbes through the liquid in the interior of one
or more of the reactors to cool the contents. Another
method of cooling is to have one or more heat exchangers
external to the reactors and connected to the reactors by
a ligquid loop to cool the reactor contents. These
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 fhe reactors. All these liquid
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



external to the reactors and connected to the reactors
by a liquid loop to cool the reactor contents. These

wQ200emt®inal heat exchangers may be typical shetT/ER20d3/010710
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tube exchangers. The reactors miy al so be jacketed

with a cooling jacket. Sonme or all of the feeds to
sonepolyathylefiet heul tagtoanyg imyrbesceovhedpdpafifinicity of
t he senS|b£§ heat of the ingredients to cool the
reactoT sSO APt hese |iquid 30 cooling methods,

however, suffertfcpardhe ghsagyant age of tM@Xpél@Qent
polyethylene fouling of the cool ers, which

necebsyentben reguierishiud powwe o$ yhehoeactloe 2bowt| ow

snoa 3808 ke b D R Fyl B Agf fhens avon-

f oul b ngf tRyol hgowase tdhe parmdde nigi & yrobctdhecomprising a
solvent. It is therefore an objective of the present

i nveht#ehd t NHed i $25 PR DR e sSOMRF hotR T t Hae abbeies 50t

dis f tali r

al pha ol BT b goney S P bl SIS L g presence of
conpmleﬁb,apallq®1mnandomagbs bhh@@;umonplrswmgumhehafnium,
steps ofd cata tically Oli ner|2|n% eth lene in t f

pr esEMte” bty CIT PRBm hl Y Q?Y%%l onfPLex

Zi r copetra r et yi sim a 19, @a@@gtmlgﬂi@m B 1 Dy bgeRt Lt Lve) ,
or tungsten conpl ex (preferably of a

2, 6-B7 sthke y@lﬁaﬁﬁwb@ﬂ@m@@@n@x/a‘v;‘v@)an aveEa@e molecular

al p P%}?E'}S‘e& SOTEY %h 380 @Y gfefé’il?&“&f‘rheat and

wei ght etmeen under ease of ~heat

r enowemgyime tieathewt m:atlheath@a(th@n@leangev\h) chhish nm not in
in 15 direct contact t he Ilq hase usi ng

| easti PRt CHTTHe @A ﬂa Fiat i ot ithanc theast part

met hod provy Q@Zpl@a&@@oéé ng Sysi£m hﬁ‘é’dﬂﬂn' ts cooling
el enents out si the liquid reaction medium
This method provides a cooling system having its
cooling elements outside the liquid reaction medium.
Since wax and polyethylene have high boiling points,
deposit of 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 i1s internally cooled with
conventional cooling fluids, like water, ammonia, Freon®,
and the like. The reaction heat-"causes the solvents,
reactants, and/or reaction products, which are present in
the reaction medium, to evaporate and subsequently to be
cooled by the heat exchanger, after which it works as a
coolant medium for the reactor. The heat exchanger can be
placed inside or outside the reactor. When the heat
exchanger is placed inside the reactor it is preferred

that some condensation occurs on the heat exchanger
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“this

ef fectively prevented. The heat ®exchanger according |

to this invention is of a conventional type, such as a
shel burdadet udkehypae aedt thehbhnler TRepheakd outside the
exchanger is |nternally cooled with_ 25 conventiona

cool FRGFPErdt FPkBrRaeercdakfioAPRIYFReSREFPY gAdCHAation of

| i keghZheeheastl eBoNgaLE- RRHSES EQ%mSQh%e§%§ Phase of th
reactants, and/or reaction products, are present

in tRacteacthonugbdhenat tacbeapgerdse andpsaebsequentbymp (s

to b c by.t he heat .exchan afte
morkgngsggkggng%%yaﬁt ﬁ%d%ﬁﬂ?ﬁg FHSIPESEtBFCkTEQ ﬁgﬁtllquld
exchghgee o@nthe rpkaced.i Meidewsniodtigidechhely 1mFrove the
react or. Wen the heat exchanger is _placed:insid

reachering ia Ehéfé?ﬁéaorthéft§én€0@éﬁ§@n§bﬁSoﬁeé@tgrsCoolant
on theaheat ; gxeRanoep U0 2004/ 8888&915591/ FPe0Q360L0/10mn;

6 surface. exchanger ace
t he a&éawsoappﬂncaslpnebéraedeparapplgaa toadcefquid return to
circghatlon t he reactor ioola t medi um from t he

gas phasé“8f Phe"StBdctoP2Ehr oBYAChEGP2ERERANgERE e rmore, it

conpresperbshipuap(arldpandtepyi eBabl Yy Qﬁgﬁﬁ bE?Utﬁls liquid
separator back to the liquid phase of the reac

Thi sPhRFE AdEMt Fbhal Dgsihpabye ﬁﬁEarﬁthngndnrDhee this
t
fe?°&$%35€i§e£o°98é ggogghﬁ wS?EtS CU§OL$§PS 5PF§3§ if full

one condensation can O

appl coatiennabion separa}ergasrandf! tHUsd1EgLuaNtEOtAR reactor
t he reactor using s-liquid separator. Furthernore,
it ?@angsFBPéeY%dde|%eP%WEI?nF ABUeOf par EOBPYSERPE, which

||qulgwePQa§8s£5onTBBESrgéétbkquglﬁﬁgaﬁQHQEmaﬂg EQYLEreq

this directly to the product work-up section
Fi nafrgm ah @ykénegohdensahébarogtamsgontainhngf grbip

llquégb£91£hgereaf£ane, alkene, and aromatic compound, and
mixtures thereof. The terms alkane and alkene mean an
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 heterocatom containing group, such as an O-
or N-containing group does not reac¢t with the other
components under the conditions used. The term aromatic
compound means a homo- or heterdaromatic group with at
least a 5-membered aromatié ring. Phenyl aromatic groups
are preferred. The aromatic groups may be substituted
with the common aromatic substituents such as alkyl,
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.



15 can be achieved by a punp instead of a conpressor,
which lowers costs. This reactor coolant nediumis

w@edogoe®mdlt from an al kane, inert heteroat om coPCHEPI0N3010710
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group substituted al kane, al kené,~and aromatic

conmpound, and mxtures thereof. The terns al kane and

al kene nmegn add 201 $HHI aREHLe: & b ANERE o £ds&8: abkahess is
and C2-C8 al kene, respectively. The al kane nmay be

substhe upessiWpihlien Faeaprlhetelna®omm EontEPRI Ngecause the
ngUfoygféﬁé égg.ﬁﬁéniaéﬁeéf f%gffgé ﬁ%aioﬁggr necessitates
het er oat om cont ai ni ng group, such as an 0- or

N- cotlvai ns@gofraupl doesitwtof esrcd 1 WM tdadher ot heli25adds
conmponents under the conditions used. The term
aron%??%lg%ﬁgﬁﬁﬁhﬁon%%%s W oI oF FREE? ot oheti ¢

gr oupl Wdhe Bl zat £8StpRoSagBMDEr €ed aromatic ring.

Phenyl aromatic groups are preferred. The aromatic

groups mayheenseheli tpabledimmh ¢dlea tormbhtambamt i zirconium,

substituents ch.as al kyl, 30 al ko hal i de nd the

ket SRS SRR TS i e BRR e ecrf onyndSten

pr opaditp 1 exPEnt e, chs openisae, 1.t fiyd efteovd -PHdb€88s are known
m, and p-xylene, and to]luene, and m xtures

o-, ,m, . .
t her Bof LA 20047029099 P ERZO031 D107 Previgpsly mentioned
add'ééﬁ%ﬁ%sagﬂﬁnﬁgggnga %ﬁ@ﬁéﬁfﬁ@ﬂg.pﬁ €sh fﬁeséggomplexes

possibility to apply o one reactor, Dbecause t

- ef ficdeney areldt hePtatdkrodd fOort | mge non | Omgeprocess herein are
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necessitate the, use of a pluralit

. f |1
 oactbr S L ThE S I S OREPHEIREY o IR YRFRHeReE . Most

costsrofethed £t APNEKE Zatd 0 PSOCESEpoIEL HhEKEbmprising a
pal | adi um cobalt, titanium zirconium hafnium

vanadi (R erhrohe ke el ybderkeromndyduidst emd a tertiary

oL S e R PRI L FOBIR A 06 5P B0

pr evéoiusl ystrecdronesting the reaction product of a bis-
tetramethylcyclopentadienyl metallocene and a bulky,
labile, and non-coordinating anion, a titanium or
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
anion, such as B(C¢Fs)3 or [Me,PhNH]" [B(Ce¢Fs)4]”, and
chromium compleies comprising the reaction product of a
chromium salt and a metallic amide, particularly a
pyrrole or comprising a chromium complex with a phosphine
and aﬂ aluminoxane.

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
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chromi um conpl exes. Mst preférfed are nicke
catal yst conpositions conprising a 15 dival ent nicke
sal t pedibor ofitkydindelvandracbeptreasyon to feed one or more

an sphor co und, a titanium or zirconi um
o o P R a8 sbisk BrHuBeEoRt neoh; Sduipment add

tetr?ﬂEbBY&C¥6|@Q@ﬂté@'ﬁﬁﬁ'oﬁgkékﬁeﬁgmecéggsa ?Hl%ﬁe present
| abi and non-coordi nating anion, -a titani um or

zi r cBAEbarcahal geplaphpneding aprr?@edabﬂs 3ﬁﬂdgted to
G C t t
{10588ﬁ§%% E§ d#%%?éggtg%hg flﬁyl'eLl ISI gé??lrigﬁiﬁﬁplant

di bemzgliunr ondiymethyl resnaassnglat reacwbikhasdi babbadenser,
activ ting a%ents capabl e of prOV|d|ngga bul ky

| abi '8S5RASNENSEBBLEI REEYRGS2BYERi &/, S¥ ﬁcagns ( BbRS)
3 Orekﬁ%gEBQtrLéc&glﬁgﬁFSEuéh as @nd gggreﬁ]gﬁ]expen51ve

conpl exes conprising the reaction product of
chronkarrsal blandra metablﬂonaﬁrdeeqparEdcuwanby adds further

pyrr rpsin omi um co

phosgﬂeE ﬁgg agF n?ﬁogéﬁepréﬁe ﬁ%BPgant%PFeﬁPvﬁntlon
the gapilahseesteaf byhise FBNUbACHYT FRGuRLANt wBRELI Are not
its cost of operation is the anount of reactor

cool BRENFeBPuki Rhht thesinbenteepciedany welie phegésg. a scheme

Recygki ng g%€g§ggﬁsoeﬁa£689£0£ Ceggan£o¥[gé99648§881%he

PCT/ EP2003 nmedi um oft en
recoppoesssonftbhéeEdven91on nore of the reactors.

ressors and associ ated equi pnrent add reatly
cagPtaI 49 opgré?lﬁnﬁF %%@t%g gﬂ ?BBaB?EEgnfornEFﬁgﬂrmlng

the @@@'ﬁ@thﬁ&dééﬂbkélﬁﬁefgr@ﬁéy1§€é§€igg #2t8 the heat
conpl etely dissolve ethylene. In this case the cool ant

nedi ekrbaRyer epasiesonedi agteideather randtarcondenser, .

Fig. 2 is a scheme of an apparatus for performing
the method according to the invention with the heat
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,
vanadium, chromium, molybdenum, or tungsten complex of a
2,6-bis(arylimino)pyridine derivative, alpha-olefin
oligomer, and optionally solvents and auxiliaries such as
a co-catalyst. The optional solvents are selected as to
dissolve ethylene. The reactor contains an inlet 10
through which the reactor feed 1 is transported, a gas
outlet 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



whereas a sinple recycle punp is sufficient. Thus
expensi ve recycling, such as the use of an expensive
WO eayot®ibl ower, is no | onger required, which BCOBEP2003/010710
further 10 to the advantages of % he present nethod.
The invention is illustrated by the foll ow ng Figures,
whi chhareigintconmedrit 1t50 Hd lg’ats—ﬂhﬂ;[djj’d/eiﬁp'ham’a’dd’r eegy If
way, showi ng a sche f_an apparatus that can be
us)édnfe&resrjS ydrrﬁoﬁ]é!@ﬁe%%ﬂ?é’e BRihé GRERSSHPT 3. Gas-

Fig. 15 dis B ke amappar %ﬁit%eftorlﬂﬁrofrggcga%pcgﬁng the

met hod according to the invention with the | )
exchadiger posrtiionad lauttdirgmgthe et 6. thi gbtaiirs aa

at ys, f forming .the nethod, . _
5 ccordins o PRE AR =SB 7 Fe¥edr 36 S ktRahgde conduit

posi tli%rned renasitde he Theagtker .1ebives thehews-a ilRaH Jeparator
2vvitg1 liquid phase 3 and a _gas phase 4 being in
equil.E%FaM COGGHIGadhr i HEiEh MeveoPidened 1yTRemprise

i qUichrRhas® GO b3@T o8t ALL@N@x g g SKe! o obtas

pal | adi um cgbal t, at [ f/gni uma Zi |’rxconi l?r% %lg)f’nl l?m? f’paln a
vanadiogrmhe dc lgesnmistime amp [1yb ddrmdimi so retcyiog sde it oc aalcgorof2. I£ no

a 2,6-his(arylimno)pyri.di ne derivati.ve, alpha-ofefin

1000 gé:?r)él*r&,enaﬁtﬁg& Pgﬁii‘rélé’y 8o [V8 &taﬁrgf'aﬁﬁisl“il&ﬂ% Sgoprator
as &,cencatbalyst. athe repiiheRal SolventsHar gesekest.edn that
as to dissolve ethylene. The reactor contains an

i nl e€38¢ SONCRASUGR WRNcRitketdvadreocohaegted o compressor
t ranspor a I 1:..and a r tt.am .
outt e g paat el et st o PEEREhE PR W eepause
connéét.eRReklrtouwgl aaycendiuiatinlédnt opheahadxeharge hrza;:
which is c%g%eg%ed WO 2004/ 029011 PCT/ EP2003/010710 9 .
: 4

5 thr oGgR¢6 15 to gas-liquid separator 6. If
necessary pigQnduishoda BRY+HER! 8BoRiGeHAR! 6888rdffy to the

Gas-invention. In this embodiment the reactor feed 1 is
introduced into the reactor 2 through inlet 10. The
liquid phase 3 in the reactor 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 i1s placed, which is not in contact with the
liquid phase 3. The section of the gas phase 6 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 cooied condensate falls down
from the surface of the heat exchanger 20 into 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



liquid separator 6 has an outlet 17 for transporting

the liquid, optionally through a punp 8, to obtain a
\Nﬁzmmmsmmrlzed liquid stream 17 that is recyclPdI/EPH03/010710

conduit 19 to reactor 2. The gas’ I'eaves the

gas-liquid separator 6 through conduit 16, which may

opt i daakkybednpbbse, conppessbtng7h aadtdorheat, Wthh can

exchanger 5 to obtain a oolgd gas stream 18 th

is ré€ EP@BBFBer@a tgpig. ( 0988ndénsBhreR" Sh inlet
occursoh ntaepd htwﬂ§ch9€ﬁe|kSHb€o§eEééétQi 6¢cafindepunp
8 are redundant and may be deleted. In. that case
condtirengBothfnddi retehytbe b@hh@@tedtﬂ@tcéﬁbressdrat7@east
and/ exgh ng 5 senf to_conduit

> eacﬁ%%tZe%aga g ?5aa% g%ffona %ra?ﬂﬁ%g%ofgd as to
Sepapﬁéﬁénﬁ3dlfégt aoﬁh@ms ﬁmﬁthheemquLﬂEphase (3), and
according to the invention. this enbodi ment the
reac?BFt%@édORthnaiﬁYr%daéédoPE@6ttﬁél?eaEP@PSZ( 8),
throHQﬁpﬁ:QE@Er;O 7ghﬁh hﬂuégtPQi‘ﬁﬁ St Qeﬁgﬁa{:ggct(?@ and/or
is in equilibriumwt e 20 gas ase
gas/hlqasdlnquedfaepaiatotn(ﬁhe section of the
react or containing the gas phase 6, a heat exchanger
20 is placed, which is not in contact wwth the 1liquid
phase 3. The section of the gas phase 6 may
optionally contain an entrai nnent separator 13. The
heat 25 exchanger 20 cools the gas, after which at
| east part of the gas condensates and the cool ed
condensate falls down fromthe surface of the heat
exchanger 20 into the liquid phase 3, thereby cooling
the liquid nmedium The reaction product nmay then be
di scharged fromthe reactor through 30 the reactor
bottom outl et 9. Hence, according to a-further aspect
of the present invention there is provided an
apparatus for performng the process of making |linear
al pha-ol efin ol igoner
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WD 2004/ 029011 PCT/ EP2003/ 010710 10 described above,
conprising a reactor (2), which can accommodate

wa@2oo4@edodt (3) and a gas (4) phase, an inlet (ROVWEP2003/010710

t hrough which the reactor feed-(1) €an be

transported, a reactor bottomoutlet (9), and at | east
5 one heat exchanger (5a,b;20), which is positioned as
to prevent direct contact w thathey iquid phase (3),

and further optionally a gas—outtet—(11), punps (8),

conpressors (7a,b), an entrainnent separator (13),

ey BranbafoTired < AU (iR MG o1isones

meki ig a keaeabrabbmprQthgnaOUhQQﬁﬁrandnaagégaﬁhﬁ%e,
conprising a liquid and a phase, conprising the
stepgoﬂprééﬂﬁgyFPEaPF?PélP%oﬁﬁﬁ?%Wﬁgcaéﬂﬁypéﬁéomﬁrﬂﬁeng

pres%@ﬁ?l%ﬁﬁagﬁ'Eh@leggggh@g'B?‘acggekgl ng%gggggﬁﬁlopobalt

Zi rconi um ni um I'um chrom um
tungtﬂéancumpleircbniume hbphaunl, efranadalingoaBi-owt th,

an avera nmol ecul ht between 50 and 350 under
releggiyggeﬁggtora Hngé Ui FGOPhEXnesP WehaaPhasgiefin

eXChamggbmeﬂhWQBhl§nngbek9gg'ﬁ@@écﬁ@ﬁkaﬁélﬁhEhbgﬁﬁeég 50 and
I|qU|d phase, using at |eaSt part of the gas phase as

cé6PanndpEdrakease Fhehprbeessdacenpding tbechehin ¥ith a

mher t icke titaniu

or c ?§E1§§$§§ﬁ§F wgﬁcﬁhespP8%ess g%ESFg]ﬁ %SCE|EF the
1 orl2thérphaséheu51ﬂ§ aEELaggtnprﬁUbﬂrtﬂﬁlng bBase as a
betmeen 60 and 280, nore preferably between 80 and

210. ©2°13RE B?@%B@s according to any one of claims 1

to 3z, 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.
average molecular weight is 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,
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, l-butene, o-, m-, and p-
Xylene, and toluene, and mixtures thereof.

6. An 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
~accommodate a liquid (3) and a gas (4) phase, an inlet

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



wherein the coolant nediumis selected from an al kane,

i nert heteroatom containing group substituted al kane,
wQ@Qooaltwne, and aromati c conmpound, and m xt ur eBCT/EP2003/010710

thereof. 5. The process accordi ng t-0 any one of clains

1to4 wherein the coolant nmediumis selected from

propane, n- pentane, isopentane, ethylene, 1-butene,

O-, *an r’@édxyé eRacBHF BOLtSRCou BNk M&f UrSSq at least

thereof. 25 6. An apparatus for perform ng the process

of neike n@eatum@haw%a(mmlmm i'goher becerdlbhfjonred as to

any one_of lal risi react or 2

o St SR T D O R il ) ana
phasgurefet nbptiofd0)y targaghowhi eh (he) ,re@@mpg t@yepl :

(1) can be WO 2004/029011 PCT/ EP2003/ 010710 - LL

tr anSPBPERUSOBS r ALY+ AR t DAY BRATBRNE oJSPAFRICAX (&bt and/or
one heat e e O mhlch is positioned as

to %r%%en?f |rec% é%?ﬁ%%% mnth the liquid phase (3),

and further optionally a gas outlet (11), punps (8),

5 conpressors (7a,b), an entrai nnent separator (13),

and/or a gas-liquid separator (6).



