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wab@4iogopent i on pertains to a process for maki NBCHEP2003/010709

i near al pha-olefin oligoner in a reactor conprising a
liquid and a gas phase, conprising the steps of
catalytically oligomerizing ethylene in the presence

of 5 apRoéﬁ@s Cpapl ﬁ%K?ﬁGaAZLﬁﬂ@Aﬁ(ﬁiB‘ﬂ{A%ﬂQﬁ’PNrOﬁt@@MER
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exchangerThékﬁﬁv&mt1wmx¥%&&@§lmﬁet&nmwmrd@éséhﬁor making a
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ol i g@é@iv@ﬁpﬁélpttﬂl%éIQL@hﬁbléﬂlﬁtkﬁhl@o@é@Cﬁﬁﬁh @n average

w de range of oligoners is tyg@cally made. I n WO
02/ ou3Beculgy ggeioh s b e eR/ 98 132d WP omPBBOLelewse of

01/ 4 F h
ollégﬁééizatlon ca ?£$€ §62$%§%e5§$?g%gﬁ %% g£ ﬁlgh
activity @mﬁ1@mghps@¢e3$ey|ayethQWMSférneme pr@@actlon of
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2, 6- di acyl pyridine bisimne. Int resent
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commercial processes afford either a Poisson or Schulz-
Flory oligomer product distribution. In such a process,
wide range of oligomers is typically made. |
In WO 02/00339, WO 02/12151, WO 02/06192, WO 02/28805, WO
01/58874, and WO 99/02472 novel Fe-based ethylene
oligomerization catalysts are described that show high
activity and high selectivity towards linear alpha-
olefins. These catalysts, which are incorporated by
reference, are based on iron coﬁpléxes of a selected 2,6~
pyridinedicarboxaldehyde bisimine or a selected 2,6~
diacylpyridine bisimine. '

In the present invention the term "bis-(arylimino)-
pyridine" is used to describe both classes of ligands.

Alpha-olefin oligomers are compounds or mixture of



WO 2004/ 029012 PCT/ EP2003/ 010709 2 conpounds with the
general fornmula H2C=CH (CH2CH2) nH wherein n is an
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al pha-olefin oligoner is usually a m xture of

al pha-olefin oligoners with a nmean nunber n from1l to
5 20coppetedablvy thr eme2gbact@l Abphaial ghtercali(gasens)
prepared according to the process of the present

i nventhieoripr ef ésabhy ihaegeanodvér agegmekéeul. ainweinght

bet ween 50 and, 350 re ferably between 60 d .

550, CLagEN=as, 5ok BBRACPY Chetvaan V8BS o t0ua gy TR Ature
reactiroa1phasbhylreneciigbherpr @seace Akahh8umdBeVe from 1 to
iron conplex is usually run in a well-m xed reactor

in tRE/| Pgeit@rpRaTe frefpLcaPl Ousi AdrhA- Qépégpcollgomers
orouBrepp2h, FBbopatny EBOERLOD.BBASEELES he! AilSent

anou heat e renoved. escribed
in VWh@éh@ﬁ&ﬁmeEféSabiyphaheraedaﬁerbgstabﬂeaular weight
pl ur I|t [ on Wt

mal |, reactors in nat
seveP&"” %@ éxéﬁgnagﬁs WSrﬁePﬁe%?69 ¥ §EWF?E|éHtand 280,

COO'bQQnCﬁB§EMEYeE€Eab@ b%@%&@h syskem 21be process
t enper at ur e, usua ly is between about 35C and

about 90CTheoreapkébar abl gtbriwneniabbbe BE5€sande20f the

abou ffe the ¢ost of nufacture of .the.
2 onao 0¥ Phe Fhieads, ER°hala LA YR PRat Rinea reactor

tenpehatueelﬁhaldspabber theibeat yexehaggehsaphbehc organic
have to be ap glled to the reactor(s), which generally
| owePSl¥E8E . ThéSdEeagtern PRBSARLFTelolPgERRATPEPEORT heat,

9atakﬁ§gh'Bﬁb@ééeﬁem&éﬁogéd'”ﬁéeéébﬁgébéﬁpﬁhak?r92/b%192 it

is found that maximum volunetric production o
al phasobebifrsredotpl edswaih gopdurabsblyubé small reactors in

produgt Xlt o% th cgtal & su%IIX ccurs i h .

angeoBP aBbiena8EtPo SRBshe L7 R Cs 6 P RRGOPBRpEPaltR PoOVide

rangeuirsipreher eediihgnabp¥citherbenppeatrdb@tor 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—élefins.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

pressure needed to maintain catalyst selectivity, which
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pressure needed to maintai M catal yst selectivity,
whi ch WD 2004/ 029012 PCT/ EP2003/ 010709 3 increases

capi it rensds ofap Nita MecwBCs Irt g rvd it a DECalis® pDdnt because
for exanple, the need for thicker vessels, and |arger
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react or onIy or to one or nore subsequent reactors In

ser i BaX 1D f e FGE Bed U st eerhingtCcarachey adliddne o

. . . . . ) .
about-Sae T ol B o LrFCH LI M S A G SR e g o
suchtheobd dqund wha sels uad t 1 et appyf i led dddédieto the first
reactor(gﬁjéto 15 mai ntain the desired process

t enpEFA LB WHY €T el rRRS P hg Pt Yo Vo EMER R | creactors in

producti ¥it ypPfrd Neng rEACELEL Sdr ¢ NEs PO 1B tadded to
cooling is acconpllé%ed by running cooling tubes

t hr cegh theadtoui dThe ehegéomeeiiatiof bhnedulite cexaphernic,
of the re r o _cool -the contents. Another  nethod

of ot hgtd o RalR et BRI R R ernd as such
ext et in® Wwhel reasd pI¢ wadasennedties tige theadeaet oy sto

by a liquid loop to cool the reactor contents. These

ext dhdbrtHbat tek chRmberd PESCHRS t YPTRAraShet | Wiyxhte t ube

25 SXEIRDORE ng THEGH CRAST QRS IRY Bodubest Ackeledyith
reactor(s).

In the prior art cooling is accomplished by running
cooling tubes 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 liquid 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 the 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
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reactors. Al these liquid4cooling nethods, however,
suffer fromthe di sadvantage of 30 wax and

pol yet¢hy¢enel éoel fogl ohg tthay cooteesse whhehparaffinicity of
necessitates regular shut down of the reactor to all ow

cl eahifg® %f Vehb- cool ers. Furthernore, wax and WO

2004/02901@ PET EEROB3 H191 080 dc oYy e hyt gaep FoskhAg

may increase the paraffinicity of the solvent. It is
t her e oot Hen ob? edevveeof PHeCpPesehthovhvenei | JoYe
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has now een Tifear a pha gone
can @Beﬂﬁﬂeolﬁgaméﬁa0¢@m sonpadsi hy a réaquoﬂ G@Mpﬁlslng a

gas phase, conpr|S|ng t he steps of . cat tical
onﬁﬂw%%e%%%@%%%%%%m%%gh@%ﬁ

conp&s%a9§t§c;1 bb§i?6ﬂétﬂ%ﬂ§%pafh§l@§e19nd§EéV§£é¥§mce of
to the alpha-oletin o omer with an average

nDIe@MIQIOMe¢@mPl©étQée® 06 alpts 850y Lirideno f ey eadenef

heat , and enDV| he h a heat exchan

iy e FT L RoE B AR Bl et Sl S P haSIF T b caverace
usi ngodécul gaste Pt BEtidben gas PHASBS@SuAdEDOr@Néase of
medi um 15 Thi s net hod g%OVIdeS a, cool i ng system

havi RRet t san@ obPT YL Y chPt Bedbt i b ? HeSat gerghanger, which
reaciéoﬂogegﬁuglreé%nggn taﬂgtﬂoﬁﬂgtyygggg Eﬁggeb'ﬁglng at

boil1ng points, deposit wax and poly yl'ene can
no | bagset pacUrofaDUef@m$|p@a@é ahea heatlanthmageuni s
' e_heat , exchange

ccor di ngr b L EAP VAR T oA o7 of o kR BngERE PBaFving 1t
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The Qfgéeeéggagggrpéfyégﬁ§{ggélgaggogfghméégllng points
r
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 is internally cooled with
conventional cooling fluids, like water, ammonia, Freon®,
and the like. The reactlion 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 préferred
that some condensation occurs on the heat exchanger

surface. When the heat exchanger is placed outside the

reactor, it is preferred to apply a forced circulation of



conventional cooling fluids, |ike water, anmoni a,
Freon(r), and the like. The reaction heat causes the
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which are present in the r®action nedium to

evaporate and subsequently to be cooled by the heat
exchahgerecaatber cobiiahti hedbtsfasmatheoghanphaedi UM the
for the reactor. The heat exchanger can be plac

| aced
i nsi G826FCButEFraBIRhBCREABEGRENYREAST hEORBAESEOT (S) /pump (s)

exch@ﬂaeapt§oag§§9daigégdﬁiaegdrgég595tbk bacRr ebethgdiiquig
that some condensati on occurs on the heat exchanger

sur f abeseWhénthherheatoexchhhgeviis pfidtedonalidydempheve the
reactor,. it.is, preferred to ly a forced circulation

o VBT358) 555615 FETFER30037 B850 EAFEnF BabEarEof coolant
cool agigrdi HnmchienMbbge, gasmphasadehsebeonr €agt Bkcur. This
through heat exchanger (s) conpressor(s)/punm(s) and

opt i Bh&PYS 8PBASCREHANdOSeparaPBFabackasoanflelLfgbfidreturn to
phas f a hi, S oW diLi [ ;
Phe B8 ST Rg P e Ehe Pedorar L hpp el sbpRFaL Yy TBEHEmore, it
reacierpcesihhe toedelmbenatblyg Fempyesdpert of) this liquid
condegsatign caghoccur. his, allows ggglicgtion of ﬁ'

sepaP RS ghECBna P R TLEEHA PoPethe"redt oF?HE?nE as

gas- hi gdbd1§epar aher prbahitherdPkeupi bect $oROSBERLEILO if full
del i berately renove (part of) this liquid 10 phase

f ronrenfigngasipngarduseparaternapl Fouselifnsd to the reactor

di d _ j Final ly, if .
LRI TR U TR0 6 P,

the Leaetsrcosan.behashresedobycaopanp medtandisf salected
conpressor, which |lowers costs. This reactor coaql ant
medi bhPTs28eP&CBBA- 181 KPDRT aAndI REAB2 T AFKERBPORAE, and

ar ongt Ly, ¢eaPeHBAe o 8NUpr BEXLLE S LDEHERE, RLBLALAALY
propane, n-pentane, isopentane; ethylene, 1-butene,

o-, heorantapexytthglennd ltbhtene, and mixtandsp-xylene, and
ther%8£Uene, and mixtures thereof.

An additional advantage of the present process is
the possibility to apply only one reactor, because the
efficiency and the lack of fouling no longer necessitates
the use of a plurality of small reactors. This adds
considerably to the lowering of costs of the
oligomerization process.

The iron complexes of the 2,6-bis(arylimino)pyridine
type that can be used in the above process are known in
the art, and are described in WO 02/00339, WO 02/12151,
WO 02/06192, WO 02/28805, WO 01/58874, and WO 99/02472.
Any of these complexes can be used. Best results,
however, are obtained with such iron complexes wherein
one of the aryl moieties of the 2, 6-
bis(arylimino)pyridine derivative is 2, 6-disubstituted

~with the group CHpR or CpHgR, wherein R is selected from
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necessitates the use of a@lurality of smal
reactors. This adds considerably to the |owering of
cost 8, 0f", t had subgatenitzdt benupsobesstu2bdTheyil,obreferably

conpl exes of the 2, 6-bis(arylimno)pyridine _type that

can BEL1GSERT |ﬁrPWeHaBBQe%pr88€s§h§r€¥kﬁ6wﬁrwﬁ mpﬁ@ty is 2,6~
art, yasdpatecdeseri e%dwherw@nO%QQSé%yl\ﬁQo%H%%S!;f the 2, 6-
WO 02/ 06192, WO 02/ 28805, WO 01/58874;

99/024$2aryAnw1@p pﬁ@@élﬁénﬁE€X§§tcaﬁ beeugeﬁ.dBesbstltuted
results, 30 Qog&ver are obtained with such iron

conpl exes erein one of the aryl noieties of

the. 2, 6- bhagtacylbmigohpyriudi Beedernkvatlicve is

2, 6- dlsubstltuted with the group CH2R or C2H5R,

wher BiLA (REVS 184Ne)PYAL A1 BfM WO PUBHLY290YAEE the formula:

PCT/ EP2003/ 010709 6 H, F, and substituted or

unsubstituted aryl, pr ably selected fromH and F

and the other aryl nnlﬁty is 2,6- unsubstituted, or

wherein both aryl

bi s(arylimino)p rlddne deri
2, 6-di subst it ytey wth Fho g ticularly usefu

are the 2,6- I rylimno) pyr e derivatives with
the fornmul N NI \ RXNR R2 15
wherein Rl 1s Hor CH3; R2 is H, eﬁ% butyl or phenyl;
and R2

wherein

Rl is H or CHs;
R2 is H, tert-butyl or phenyl; and
R3 i1s H, tert-butyl or OR’ wherein R’ stands for CHsz,

Si(CH3)3 or eicosyl (CopHg1): and

The term “aryl” means an aromatic group, such as phenyl,
naphthyl, thienyl, pyridyl, pyrrolyl, and the like.
Phenyl is the preferred aryl group. Preferred phenyl
groups are substituted with CHj;, tert-butyl, F, or OR’
wherein R’ stands for CH3 or Si(CH3)3.



R3is H tert-butyl or OR wherein R stands for CH3,
Si(CH3)3 or eicosyl (C20H41); and F YONY F / N N/

WO 20042D0The term "aryl" means an aromati c gr oupCT/BR2o3/010709

as phenyl, naphthyl, thienyl, pyridyl, pyrrolyl, and
the like. Phenyl is the preferred aryl group.
PreferredIphénytefgr@agseabedsmbstiauteaumﬁnhmebesed co-

S (RSB p0BRF 6560037 P EPI0S B0 70829 | hogauded to the

pr ef eigaddephadenenhean al ugi-suanbgsedseen gatahyst,.
preferably a net hyl al um noxane, is added to the

i quitdk 5ﬁaéémlvﬁ@r50§peanéaﬂa|y§ﬂuéaeﬁ a5 preferred for the

10

15

20

25

30

a'kyEékHUbnHQ%SQ?E@UEBeE§e§ethrE?oﬂchﬁEEE%ESQ gOQ 6-

the 5 active catalyst species, aniro
2, 6-bbedgayyinmmnoppyiddhaeddeivaativee, ssuhhaasaacomplex of

f h b d . d
COMLE 2he-H1E 35 Lelalu melrucielae derYalivee, )
COMPEUNG BE ShELIELY A1 SLVDLRREDE, cbRohOh B orabiy on

al kyhahmimonenepnpouidsni anl sdeiveetbylabtigl 00XgbRerization
(which is an gligoner with the general fornula

( MeAPBFR}ES¢ C2PB 2£&€1al&zisk&@&9um(@9@59@%98ahaclude
((CH%&@ﬁbEk@hﬁéﬁoxén@ar&hgghaigyaﬁrsﬁ§P5ﬁgrahyﬂhneﬁénseneral

nmet hyl al um noxane. The ratio of um num (as
al kyFarumlaufiiedhponnd) (Eolip) phlChs GoBehApCeéx) i(fArHBE3Al and
l'i gonerization nmay_be about 10_to_about 10, 000.
AnotHé?Hﬁ?é?ﬁ?ﬁéb3%éﬂp@h@ﬁ?téFuiﬁélEaP5ﬁ§§Fr§93€éH§lnoxane s
herein

e R 3SR 0e 2 bt Lag IR Sl gt e, om
Or alkylaluminum compound) to iron {(as a complex) in the
oligomerization may be about 10 to about 10,000.

Another preferred component of the catalyst systems
herein is a second co-catalyst compound selected from
formula ZnR’,; wherein each R’, which may be the same or
different, is selected from hydrogen, optionally
substituted C;-Cyy hydrocarbyl, phenyl, Cl, Br, I, SR’’,
NR’’,, OH, OR’’, CN, NC wherein R’’, which within the

same molecule may be the same or different, is C;-Cog

hydrocarbyl.
In preferred catalyst systems herein, the second co-

catalyst compound is ZnR’; wherein R’ is Cq1-Cpg
hydrocarbyl, more preferably C1-Cog alkyl, even more
preferably C1-Cg alkyl. Suitable alkyl groups include

methyl, ethyl, propyl, butyl, and the like. It is
especially preferred that the R’ group is a C1-C3 alkyl,

especially ethyl.
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within the same nolecule may be the sane or
different, is Cl1-C20 hydrocarbyl. 25 In preferred

cat al yst EySteaBomer € Featdey SECONb Lo Gt @t Vptvaluable in
conpound is ZnR 2 wherein R s Cl1-C20 hydrocarbyl,
nor PR ety Witioobhe aduminiigihated ¢retakablst for

Cl- : 14t ab vl .gr oups, J daﬁmg@t - -

et h%n@%é:%éply?ggu%%%y%&%%‘y\h%I%eliﬁi#s J;yéflns Hh
espezilaf lenerel syomer i hat 1 dherddcigiraup, iand d&lecftBasing the
al kyl, especially ethyl. WO 2004/029012 ,
pm/%%/%ﬁd%@n%ee?@%% i Co- Tt hI 3R Py gnched olefins,
particidafdy yadeable 2 m-coiiidatd dedMd e e, and dienes.
al um ni um based co-catalyst for increasing the

sel ectivily s |hemarnelghatltefpat icnlathy | lehgh selectivity
ol i goperi zatj o eacti o and decreasing the .5 a nt .
of ot by B SR AT S SRR A L e YR ratio
i Nt eshatholedids, o, 2hdli subhsiniuti-ash d@fddscatedilyst to the

dienes. _1t_has been noted that_ partjcularly high
sel 8834 t9F oFDe | TREPNAI PR Hs 15 HeHils SePRdferPt from

the 40f ar, rald o Péféf‘éoiﬁft f3ihe &l um nijgun b
co- cat al yost 0 the 10 ne aj?ll%r? the second co-cata ysEtara]Oly
i s ifreme rhnge bf2 famindsdedim Ul B, 1preferably from

3:1to 1: nore preferably rom2:1 to 1.2 d
cspeci al 13t 113 5 flhom b TUHGIRT Oy Tieh potpents to
conpeenist 4 Dyst hey Sodmd Ysd r St eftr hetfiglle f Oewis acids and
exanpl e, Lewis acids and 15 bases such as those

di s ¥R/ PB8es. digrel azed v FH G 445186y st em

2332’, g_ebif g{%@%?&%ﬁ%?%%%#éﬁg%merﬁ Ny "D £ E% P mixing -
together the iron complex of a 2,6-bis(arylimino)pyridine
derivative or a mixture of the iron acetylacetonate
complex and the appropriate 2, 6-bis(arylimino)pyridine
derivative (ligand), first co-catalyst compound, second
co-catalyst compound and any optional additionaly
compounds, preferably in a solvent.

An important item in the capitél 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 gaséous reactor coolant
medium often involves recompression to feed one or more
of the reactors. Compressors and associated equipment add
greatly to capital and operational costs. In the present
method the coolant medium is preferably selected to
completely dissolve ethylene. In this case the coolant

medium only requires a single reactor and a condenser,

whereas a simple recycle pump is sufficient. Thus
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derivative or a mxture of the iron acetyl acetonate
conpl ex and the appropriate 2,6-bis(arylimno)pyridine
wQ@Qoodeedovati ve (ligand), first co-catal yst conpCI/EE2003/010709
second co-catal yst conpourtd and any optiona

addi tional conpounds, preferably in a solvent. An
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onl y %°&§u

Perfagre G &kt BT O%58 Sa Cortdéndavention.

wher eas a psigplie irLGY Gl MR A %ns %3 a‘?c'a%@s fUlU%e\%?orming

2004/ 029012 "PCT/ EP2003/ 010709

nsive r ecyc

such tas ﬂﬁ@h@§eaNCQ£dh@@p¢@s¢he 1me©m@uedﬂwmﬂh'thesheat

| ong red, - whi.ch furth to the advant ages
L t%ém%%%? it pr?estlr?&é’neijgé’utﬁ\}gﬁt e reaTtoret r at ed by
t he follomh@g 2 EBg@r%&heWEl©ﬁ e apph iRt e |§é?ﬂbrm1ng
the invention-in way, showi ng a schene of an

apparatudethed @%%@ln@s &@ ftbe B@N\e@ftﬁqoﬁg Wifd hecdsat

for

of t%%ch%%%%t'%%81Eﬁ%neﬁ &%s@d%c %@Er% AR apparatus

perform ng accordingto the i nventi on

with the HEeéat. los@pwhaageeapmsktQow&dhoatiu@alwh@hase 3 and a
5 Feactor a schene o par at us for
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iron 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 outlet
9. In the embodiment of Figure 1, outlet 11'is connected
through a conduit 14 to heat exchanger 5a, which is
connected through conduit 15 to gas-liquid separator 6.
If necessary, conduit 15 may contain a compressor 7a.
Gas-liquid separator 6 has an outlet 17 for transporting
the liquid, optionally through a pump 8, to obtain a
pressurized liquid stream 17 that is recycled via conduit
i9 to reactor 2. The gas leaves the gas-liquid separator
6 through conduit 16, which may optionally comprise
compressor 7b and/ox heat exchanger 5b, to obtain a

cooled gas stream 18 that is recycled to reactor 2. If no
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iron conplex of a 2,6-bis(adapylimno)pyridine
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condgepatBtoay 18entai n a conpressor 7a. (as- quuid
separator _6 ha out | et 7 for. transportin

B . CoBtlondl EPH BOGR AN 8 NE8 CoBEAAdAAS to the
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conduit 30 19 to reactor 2. The gas |eaves the

gas- Lngardusepaiater the £RPELEH €ofbtirtabe indkitc A OnaFhe
Opt'g%ghhﬁ g@%’%elnCQggr§§§8EogblgnQQo Egﬂ&gr%um with the

exch er 5 to obtfain a coole as str
IS rgeycpedseo4reambothgabVlmqumm 2004/-@28@122. In the
PCT/EPZ 03/0137gg 10 cgndensa ion, occuBs in conduit

Pa © 8

15, Gas+tHPguf FEEGLOT6CORRAIPNE 81 4r 83FeBliRdaNt, @ heat

and emynhbegdel ebeds bnatbat waaee §anduit i85-68Ract with the
directly bé connected to conpressor 7b.and/or heat

exchahguidsphaise grefbat seetiro edndbet ga5 pPhasRe&cthay

2 bR A R ntrain ara
Fig.xgggﬁggl ngfﬁg%lgn%odgnéﬁ lgggord ngagg e&§‘ The heat
I nveekichangk® b scenkodhaeghst hefreackdrchead lebst part of

intr%ggcggsigggdgggegeggéoghé Eggggghcgggggségé Egﬁls 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
the reactor bottom outlet 9. |

Hence according to a further aspect of the present

injention there is provided an apparatus for performing
the process of making linear alpha-olefin oligomer
described above, 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
transported, a reactor bottom outlet (9), and at least
one heat exchanger (5a,b;20), which is positioned as to
prevent direct contact with the liquid phase (3), and
further optionally a gas outlet (11), pumps (8),
compressors (7a,b), an entrainment separator (13), and/or

a gas-liquid separator (6).
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phase 6, a heat exchanger 20 isyplaced, which is not
in contact wwth the 1liquid phase 3. The section of
the gas phase 6 may 15 optionally contain an

entrai nnent separator 13. TQ@IP%?& %féghanger 20 cool s

the gas, after which at |ea t he gas

condenses and the cool ed condensate falls down from

the surface of the heat exchanger 20 into _the Iiquid .
phasé -3, t RePdIRFeSsolioy ek g Guild nedi ghPimélefin oligomer

reacthon 2Q.praduchgRYy ShRen,be; disghange
react or t%rgugh thgg?egctgraboﬁggégogﬁgeg é%ggghgge’
accorcdinpgisang tpetbEepaspéCCamélyhécpﬂéyenﬂigomerizing

invention there is provided an _apparatus for
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ol i gpHBINaZz91deseb) BosiaRaLe dee@FRELSENItd tBRCHAbNEZhlefin
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liquid phase %3), and further optionally a gas outl et
(11),lﬂﬁﬁsspb Fe, USAPPedSor§2FFaPBYE &h &REr dpsnbhese as a
separaboLntlaktgiapd/ or a gas-liquid separator (6). WO
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3. The process according to claim 1 or 2 wherein 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 one of the aryl moieties of the 2,6-
bis(arylimino)pyridine derivative is 2, 6-disubstituted

with the group CHsR or CpHgR, wherein R is selected from

H and F, and the other aryl moiety is 2, 6-unsubstituted,
or wherein both aryl moieties of the 2,6~
bis(arylimino)pyridine derivative are 2,6-disubstituted
with F or Cl.

5. The process according to any one of claims 1 to 4
wherein the 2,6-bis(arylimino)pyridine derivative has the

formula:
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renoving the heat with a Heat exchanger, which is not
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2. The process accordi p claim1l wherein an

al um num based co-cat preferably a

met hyl al um noxane, 0 the liquid phase. 3.
The process accar di m 1 or wherein the 15

aver age nol ec i s bepher and 280, nore
80 and 210. w
one of clains to

preferably bet he process
accordi ng tRd"any B3 wherein one of
the aryl noieties of the 2,6- bigfarylimno)pyridine
derivative is 2,6-disubstituted 20 with the group CH2R
or C2H5R, wherein Ris selected from H and F, and the
ot hegnarglyoi ety is 2, 6-unsubstituted, or wherein
both aryl noieties of the 2,6- bis(arylimno)pyridine
der i Rat ilwe Hape 2H67 di substituted with For . 25 5.
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t he RBormua: t@Ot20044029012RPCTHERP2003RO18EQAds1Zor CH3,
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Si(CH3)3 or eicosyl (CppHgp):; or
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6. The process acéording to any one of claims 1 to 5

wherein the coolant medium is selected from an alkane,
alkene, and aromatic compound, and mixtures thereof.

7. The process according to any one of claims 1 to 6
wherein the coolant medium is selected from propane, n-
pentane, isopentane, ethylene, }—butene, o-, m—, and p-
xylene, and toluene, and mixtures thereof.

8. An apparatus for performing the process of making
linear alpha-olefin oligomer according to any one of
claims 1-7, 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

transported, a reactor bottom outlet (9), and at least
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and R3is H tert-butyl or OR wherein R stands for
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liquid (3) and a gas (4) phase, an inlet 15 (10)

t hrough which the reactor feed (1) can be

transported, a reactor bottomoutlet (9), and at | east
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exchanger (5a, b;20), which is positioned as to

prevent direct contact with the liquid phase (3), and

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

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

and/or- 5 a gas-liquid separator (6).



