2 2 JAN 2007 WD 2004/029012 PCT/ EP2003/ 010709 PROCESS FOR MAKI NG A LI NEAR
ALPHA- OLEFI N OLI GOVER USI NG A HEAT EXCHANGER The i nventi on peEtalns to a
"process for neking a |inear alpha-olefin oligoner in a reactd é%ﬂ@?lSlng a

Liquid a”@v@ztﬁﬁ S.qpase, conprising the steps of catal yt if,%il}ﬂp)iﬂog}oﬁ@,%rerl zing
e a

.ethylene int presence of 5 an iron conpl ex of

2, 6=bi s(arylimno)pyridine derivative, to the al pha- olefln oligonmer with an
"average nol ecul ar meight betmeen 50 and 350 under rel ease of heat, and.
removi ng the heat_with a heat excha é i_ous Erocesses are knomn for

the production ofPRgcﬁ%ShFﬁﬁeMAKFH@a Igf Roﬁé?ﬁﬁs EESHN k4, . Vvogt,
O i gonerisation of ethylene toMiHer dlEATBRHAMGERppl i ed Homogeneous
Catalysis with O ganonetallic Conpounds, Ed. B. Cornils, WA. Herrmann, 2nd
Edition, Vol 240: 253, W/ ey-VCH 2002). These_ 15
commer ci al processggﬁﬁf%ﬂ%ﬁ%ﬁ%ﬁ%gp%ri%}ggoﬁoo? @%HEPES gPBr?agFPSOﬁer
product distri s AIZpMC@l@fﬁﬁo@Pﬁéom@r yhde. reafgerotoRprdeaRLS al S
typically made. In WDO'02/00339, WD 02/12151, WD 02/06192, WO 02/ 28805, WO

01/58874, and WOBUIDHRP Hoyes Fea dasc@oBPhiF e Qbeoﬁtgﬁﬁepfzatu on

Covar b 11 near S pHE o h SR P B VY RHCAR. PP REBRRER X1 1y

ref er ense, areéﬁﬂﬁﬁbﬂﬂb¢mﬁﬂbﬁoﬂﬁ|£X256951§ sﬁyE@m@ﬂozpﬁxldlne
pyri-di nedi car boxal dehyde bisinine or a selected 2,6- 25 di acyl pyri di ne

bi si mine. In th%erp'lr‘@si@n*ten nventRenatpeatetafipi @HQ@?PFW%? 2Py BVEILREE i s
used to descrihe, %m@fbé{wSSO a3z gl §hhBrOLLYRTBES 3 ©

COFTpOUI’]dS or m Xt ure
heat, and removing the heat with a heat exchanger.

:%ij Various processes are known for the prdduction of
10 higher linear alpha olefins ((for example D. Vogt,
Oligomerisétion of ethyleﬁe to higher a-olefins in
Applied Homogeneous Cafalysis with Organémetallic_
Compounds, Edi B. Cornils, W.A. Herrmann, 2nd BEdition,
Vol. 1, Ch. 2.3.1.3, page 240-253, Wiley-VCH 2002). These
15 commercial processes afford either a Poisson or Schulz-
Fléry oligomer product distribution. In such a process, a
wide. range of ollgomers is typically made
In WO 02/00339, WO 02/12151i, WO 02/06192, WO 02/28805, WO
_ 01/58874, and WO 99/02472 novel Fe-based ethylene
i%%j’ 20 oligomerization catalysts are described that show high
. activity and high selectivity towards linear alpha-
-6lefinSu Thése catalysts, which are inco:porated by
reference, are based on iron coﬁpléxes of a selected 2,6~
pyridinedicarboxaldehyde bisimine or a selected 2, 6-
25 diacylpyridine bisimine. -
In the present invention the term "bis-(arylimino)-
pyridine" is used to describe both classes of ligands.

Alpha—olefiﬁ oligocmers are compounds or mixture of



2 2 JAN 2007 WO 2004/029012 PCT/ EP2003/010709 2 conpounds wi th the general
formula H2CG=CH (CH2CH2) nH wherein n is an integer of 1 or greater. In such
ol i goners the al pha-olefin oligoner is usually a m xture of amw%fi n
oligomers with a nmean nunber n from1l to 5 20, preferably from2 to 10.

Al pha- ol efW8 2014/0g¥1d2rs prepared accordi ng to. the proceRCTHEPAPIBHEsent

i nvention preferably have an average ndl ecul ar wei ght between 50 and- 350,
nore preferably between 60 and 280, even nore preferably between 80 and -
210. 10 The reacwommpugfdsetiydlenshe rgarer pr eSermel a ol ) CHeH- éBdy@Hp F i conpl ex
is usually run in a well-mxed reactor in the |liquid phase, typically using
an aprotic orgaMi@reddl vents arhilntegst ivh herreraxeater| afgesadbunt of heat,

uhi ch shoul d be naupyede A5 deseibed I VO 2L 00492,1 1,8, 9 PLeerEedt o

install a plurall sma ors i co on~w Severa
exchangers to helfp alphd-da e Suf fdlci Ritepolitly £apesh tyuhidert Hefrémctioto
system The process tenperature, which usually is between about 35C and

about 90C,® nor e 28 eferedisitpibet igem sbdt BbC hy-eboiin 78EigameEet s t he
cost of manufac I - fd ' r S i gher the
tenperature theblf;eﬁgl%lfeér @&%%g}g géxogﬁaﬂr%éir%%%/%h a%@é/t r%ggﬁgm led to
the reactor(s), intviech igeneraflerdbinwertsmwosin Fherageayodécul be aeighe

ol i goneri zation_ catal yst _increases with 25 increasin erature. |t i

ound hat e B RS S B T A P ST ey OTRFYHRS | BBURTEA2iPE b

good absol ute RrARAUEIN LBt FAA WS Updiadhy PEgUrs in  the range of
about 45C to about 75C, sO this tenperature range is preferred. Finally,

the tenpetture The reaction of ethylene in the presence of the

| above iron complex is usually run in a well-mixed reactor
in the liquid phase, typically using an aprotic-organic {:)ﬂf
solﬁent. This reaction generates a‘iarge amount of heat,
‘which should be removed. As described in WO 02/06182 it

15 is preferred to install a plurality of small reactors in

. _combination with éeveral heat exchangers to hel? provide

sufficient cooling capaéity for the reactor system. The
process temperature, which usually is between about 35°C
and about-905C, more preferably between about 35°C-and

20 about 75°C, affects the cost of manufacture of the alpha-

| .7 olefins‘in'several ways. The higher the*témperature the
smaller the heat exchangérs-which have to bé applied to
the reactor(s), which generally lowers cost. The decéy oﬁjjﬁii
the active oligomerization catalyst increases with

‘25' inéreasing témperature. It is found that maximum
volumetric production of alpha—aiefins.coupled with gobd
absoclute 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

30 also affects the bubble point pressufe, the amount of
ethylene in the liquid phase, and the catalyst
-selectivify. The higher the femperature the higher the

pressure needed to maintain catalyst selectivity, which



30 also affects the bubble point pressure, the amount of ethylene in the
| i qui d phase, and the catalyst selectivity. The higher the tenperature the
-higher the pressure needed to nmaintain catalyst selectivity,? diAdHilZ 2 JAN

2007 w¢>gggg&ﬁﬁggﬁg PCT/ EP2003/ 010709 3 i ncreases Capi%%&]ﬁg&&nﬁﬁmﬁhe
-manuf acturing plant because of, for eﬁanple, the need for £ CRer vessel s,

“and larger conpressors to attain the higher ethylene pressure. Higher
“pressure al so chreases energ% iosts 5 T?ﬁ anoun& o% ethﬁle e %e%hene)
ol i goner i zat i on*"EAFAF§Et CAREHAInCPRE PEatfFoRe Ui RCHPERR aBﬁ?n e EREV=e
maxi mum permitted, byothexsmpl éngtEapaektlyretr theckeeagbakkl),aaddt harger
et hyl ene mass transfer fromthe gas to the liquid phase. Catal yst may be

added to the fi¢empiesgenstbe ahtgiorthe bheher sbhpleubspgesstiIeeactors-in
series. Differi n f catalyst _may be added to  -each reactor. The
Ao e dnrf o fire indpEates 05 S rkore®EF ot ot ene

ol i gomeri zati on gui Te-exo

ol i goneri ged, and asTB&CAmoEeR®! bAgevhiletsuaktyehe)apphigetieta zblke oneact or (s)
to 15 maintain the desired process tenperature while naintainin% hi gh
vol umet ri c prode@iayyely esedhen EbBacedrrsion| Hitherprisrakity &6oltihlg is

acconpl i shed by | i ‘yb t t Lgui,d .i-n e interior. of
one 20 or nnrém% ﬂ@ﬁﬁg?%%@?géggt%ycggF ?hgyggﬁtE%PéngkoPEeF%%ethod of
cooling is to hewecooe(9r andetheattbytbaageass extssfiak faotmheheegatornrs and

connected to the reactors b a liquid |loop to cool the reactor contents.
These external “Pea l%&%ﬁaﬂ%@?%-nﬁ§t%gyﬁ§ éﬁlb§h@ﬁﬂe§nHOtG§§ 33X&kchanger s.

The reacygrs nmye@beQrbenl #ChLtEd YhtNoR more subsequent reactors in

series. Differing amounts of éatalyst may be added to
¥f¥ ﬁeach reactor. The oligomerization is quite.exothermic,
éi) about 100 kJ/mole of ethylene oligomerized, and as such
cooling will usually be applied to the reéctgr(s) to
15 maintain the desired process temperatﬁre while
maintaining high voluﬁetric prbductivity of the
reactdf(s). ' .
In the prior art cooling is accomplished by running
cooling tubes through the liquid in the interior of one
20 or more of the reactors to cool the contents. Another
method of cooling is to have one or more heat exchangers
external td the reactors and connected to the reactors by
5%%3* ' a liguid loop to cool the reactor contents. These
external heat exchangesrs may be typical shell and tube
25 gxchangers. The reactors may also be jacketed with a
cooling jacket. Some or all of fhe'feeds to some or all
of the reactors may be cooled to allow the sensible heat
of the‘ingredients to cool the;reactorsm All these ligquid
cooling methods, however, suffer. from the disadvantage of
30 wax and polyethylené fouling of the coolers, which

necessitates regular shut down of the reactor to allow

cleaning of the coolers. Furthermore, wax and



cooling jacket. Some or all of the feeds to sone or all of the reactors may
be cooled to allow the sensible heat of the ingredients to cool the
reactors.. All these liquid cooling nethods, however, suffer erJMZQUEe

di sadvant age of 30 wax and pol yet hyl ene fouling of the cool er%, i

necessi t at¥éQ 2pWPAPUHER shut down of the reactor to allow dIEHERAP/EHTPhe
coolers. Furthernore, wax and 2 2 JAN 2007 WO 2004/029012 PCT/ EP2003/010709 ~
4 polyethylene fouling may increase the paraffinicity of the solvent. It is-
therefore an obP@éV?@gYéﬁn?héoﬁrléwni“ay ARG (i Sl ava e Bl Ipv@ides Wi t hout

t he above 5 di sgﬂgag&gggﬁ It has now been found that |inear alpha- olefin

ol i goners. can be e a‘reactor conprising a liquid and a gas phase,

conprising the stepsiefiscahalrgtfiocal by obijgetdniez gl wid et the
presence of an_iron conplex of a 2, 6-bi s(aryl i-m no) pyridine 10 derivative,
to the al pha- ol eRVANBEPHoREr ARVEECaR RFOCESE WAtINEEH Arhswalftite bet ween 50

ndono0; uBger 18k ganeantaghenl re ol IRV HS e teR i h St prghancer .

which 1is not indirec ntact wth the using a part
of the gas phaselasia cbhdbenermediannbel mabki slnrret hrech qiraay | etesp Al cioad i ang
system having i ol i Hg el enents outside the |i UI d reacti on nmedi um

Si nce wax and pﬁ)??@%ﬁy?@ 2hEFE Fi ﬁeboFIOF“ﬁﬁlﬁ&lnﬁt he fHFRS 1°%f wax and

pol yet hyl ene ca@aeglgemlsm Ceus oﬁ\@‘i_llzl(ﬂ'él ) eﬂé‘%rpe@ﬁe 4
effectively prevente e hefaJ exchanger according to thi s Lnvention is

of a conventi oaal irypecogpd;hxasfaasﬁeIGI-blariderb@quj@yJartﬁmet he like. The.
heat excqﬁnger égrigg iggll¥ocggledlwha-olefln oligomer with an average
molecular weight between 50 and 350 under release of
heat, and removing_the'heat with a heat gxchangér; which ijﬁﬂ
. is' not in direct contact with the liguid phase, using at ‘
least part of the gas phase as a coolant medium.
15 This method provides a coollng system having its
_ coollng elements out51de the ligquid ‘reaction medium.
Since wax and pplyethylene have high b0111ng-p01nts,
deposit of ‘wax andApolyethylene can no longer occur, and
fouliﬁg of the heat exchanger is effectively prevented.
20 The heat exchanger according to this inverntion is of
a conventional type, such as a shell- and tube-type, and

the liké. The heat exchanger is internally cooled with

conventional cooling fluids, like water, ammonia, Freon®{:§ﬁﬁ"

and the like. The reaction heat causes the solvents,

25 reactants, and/or reaction products, whiéh are present'in
the reaction medium, teo evaporaﬁe‘énd subsequently_to'be'
cooled by the.heat_exchanger,.after which it works'as a
coolant medium for Ehe reactor. The heat exchanger can be
placed inside or outside the reactor. When the heat

30 exchanger is placed inside the reactor it 'is pféferred
that some condensation occurs on the heat exchanger
surface. When the héat exchanger is placed outside the

reactor, it is preferred to apply a forced circulation of



conventional cooling fluids, |like water, ammonia, Freon(r)c “y~: and the
| i ke. The reaction heat causes the solvents, 25 reactants, and/or rﬁﬁction
“products; which are present in the reaction nedium to evapoZ&b@NJ

subsequen ' cool ed by the heat exchanger,, afte i I rks as
a coolanb*%%ﬂ%@%ﬁﬁ%r the reactor. The_heat exchanger ca%c@@ﬁgg?g%g i nsi de

or outside the reactor. When the heat 30 exchanger is placed inside the
reactor it is preferred, that so condensati on_ occurs on the exchanger
surface. Wen t%&h‘é&?%%h&ﬁ_&é?rﬁi%s“‘_‘EE&&‘%%&&%F&& tre Hhask o e <
preferred to appk¥c@okoreedughr Gkat eginahge2lAN20RQfhp A48 A0 I2RED s)

PCT/ EP2003/ 010709 J the reactor coolant nmediumfromthe gas phase of the

‘reactor throughaRdaPPétenander fsyasonparddosesprpines Prckane s ddaluid a
gas-liquid separ Cc o _the. liquid._ph of, .he reactor.._ This wl]l
20d i onal 1y | mBRESE BhetabnrRARsor] Thasr BadtoRoditRar Ay, et Yihct or

cool ant ®edi umniRitBi $nl ebp, reerkogondeEnsat conlealy ACEW reliitvr Adolamht
application of _a separate gas and liquid return to the reactor using a
gas-|iqui d sepalgHdrm For tRéEnBPEP i £OMREs CRALSNERE 108 &N &atlel Yhdénove

(part of) this Lieui : f.romet hi by %?er t.Or. t hi s
directly to theg%ggggc%gagggﬁgﬁgéegkigngeggﬁgkky?k#% ullii gﬁggﬁggggbﬁx}
occurs, return bhetheacktbguidihg thgaseddtinid ceparatachi ewadHayrm@reynpt

i nstead of a conpressor, _which wers costs. This reactor_coolant, mediumis
. Q ei Ly d!

g |
selected 15 fro aﬂoaﬁ&gﬁ@,tangﬁéPeéﬁﬁ Voﬁﬁ@PEecdﬁﬁGGn&anﬁﬁlﬁﬁ
thereof, (prefer gRh¥ePESBANEL1B- BEBLARGuidl SERERERRS: Sl WRAR thilutene, . o-,

m, and p-xylene, and toluene, "and mi'xtures thereof.
directly to the product work~up_section. Finally, if full
fi; condensation occurs, return of this ligquid to the reactor
(j) can be achieved by a pump instead of a compressor, which
lowers costs. This*reabtor coolant medium is selected
15 from an alkane, alkene, and aromatic COﬁpound, and
Amixtures thereof, preferably propané, n-ﬁentane,
isopantane, ethylene, 1l-butene, o-, m—-, and p-xylene, and
toluene, and mixtures fhereof.
An additional advantage of the present process is
20 - - the possibility to apply only one reactor,;because the
efficiency and the lack of fouling no loniger necessitates
the use of a plurality cf small reactors. This adds
S considerably to the lowering of costs. of the
(jj dligomeriZation process. '
25 The iron complexes of the'2,Gfbié(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 02/2BB05, WO 01/58874, and WO 99/02472..
Any of these complexes can be used. Best results,
30 however, are bbtained 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 CyHgR, wherein R is selected  from



An additional advantage of the present process is 20 the possibility to
apply only one reactor, because the efficiency and the |lack of fouling no
| onger necessitates the use of a plurality of small reactorg.7 JAN H(fadds
considerably to the |owering of costs. of the oligonerization process. 25 .
The iron soopleexemipf the 2, 6-bis(arylinno)pyridine tyRETEPR00302670De used
in the above process are known in theéart, and are described in WO
02/ 00339, WO 02/12151, WO 02/06192, WO 02/ 28805, WD 01/58874, and WO
99/02472. Any gf Fhesedcemp=iesitean die uisatbstBaaitd@sat$s, Sfehovwayey, are
obtained with such iron conplexes wherein one of the aryl npieties of the:
2,6-. bis(aryl PRLREFEFr itdioHe lend dti vrd $he @W%’Ub@fy{ Bty wh g 2t fre
group CH2R or iy R /929012
PCT/ EP2003/ om%HéB% s\m%ﬁ%e?nd dﬁt@%ﬁ%ﬁ%gﬂﬁ)@@ %srg%%gdg acr’%\ﬁg%%‘r %r abl 'y
selected from I-ﬂaaadaEylandntoh@yoimhmearqarmtah;e isre, B o-udibulisdt tittedd or
wherein bqgth ar |et|e of the 2, 6- bls(aryllnlno)pyrldlne derivative are
2, 6-di substitut @ a 5 FWPEhCR-or O . Particularly useful are the 2, 6-
bls(aryllmno)pyrldl@g_,_,Qe_,;lgjlu\_/@li:xllg,:é;‘élS\@;f_t]ﬂtaf]:eeffg{'emgas_r 10 4 iNNN\ R2 ft2
Rl 1 R3 15 wherein R is Is H tert butyl or -phenyl ; and
‘bis{arylimino)pyridine derivatives with the formumla:

| =~
' =
10 N |
N R2
R1 R3 | | S5
R2
16 ﬁhe:ein
Rllis H or CHs;
R2 is H, tert-butyl or phenyl; and _
R3 is H, tert-butyl or OR’ wherein R’ stands for CHs,
" Si(CH3)3 or eicosyl (CpgHgy):7 and
a
=
F N F e,
N N (O
'F F
20 ' The term “aryl” means an aromatic group, such as phenyl,

naphthyl, thienyl, pyrldyl pyrrolyl, and the like.
Phenyl is the preferred aryl group. Preferred phenyl
groﬁps are substituted with CHs, tert-butyl, ¥, or OR’
wherein R’ stands for CH3 or Si(CH3)s3.



R3 is H tert-butyl or OR wherein R .stands for CH3, Si(CH3)3 or eicosyl
(C20H41); and FNF NN F F 20 The term"aryl" neans an aronatic &rou
-such as phenyl, naphthyl, thienyl, pyridyl, pyrrolyl, and the2lJAK@W Phenyl

|s the pr | group. Preferred phenyl groups ar ?%2% W th
CH3, tert%{ﬁ?&figz@w or OR wherein R,stands for CH3 orgg% %@ﬁgﬁ% JAN
© 2007 WO 2004/029012 PCT/ EP2003/ 010709 7 In a preferred enbodi nent an

-al um based co- dtoth
al um num based co C%hahy Eef@&%%%r%@%%dﬁnﬁﬁﬁh¥?€;#H%39%ﬁP%mééﬁf%UKE o the

| i qui d phase. Where a co-catal yst su as an m num conpound i s
requi red or prefetreégstor prieEeFabdlyi vemedhallypdiurspeciags:, ars isrdated dnplishe of

a 2,6- bis(aryl no).p i di ne_derivative, such as a ex of "the

2, 6-bi s(arylini ;116):1551, i \éﬁ‘ﬁéedefﬂ?‘\%ﬁ e S tcl"i‘%lé‘glé' sr‘rﬁ?f‘ %e Feacted with an
al kyl al'uni num camRoUAdumRhehetakbyual 13l li@qﬂh@i:%@ﬁort QPN A e

et hyl ene ol igonerization 10 species. Specific al kylalum num conpounds

i ncl ude ndt hyI akotiimex aagalwsitc kresias  okingdmem wiomp lisve Og‘ieraer-%iIG for mul a

parti cul bf |y pr BN PEN MHRREABY MBS CREATE Atam R Re TRk

al um num (as 15takkygl al-bmsrqumw@_ﬁmumgmtlemreordez&a:etax@omw)Féoth henay
ol i goneri zati on may be about 10 to about 10, 000. Anot her preferred conponent

of the catal ystbsystansedhetehnans ad ky@admeicmnc aioalpraind, onpefwd: 84l ecired
from foreula ZQE%%l%@%Q%E? %gcgoﬁﬁ a%hggglq%ye% ;fg%eﬂg?iégﬁerlzatlon
10 .species. Specific alkylaluminum compounds include
) mefhylaluminoxane (which is an oligomer'with the general
@ | forr'nula-(MeAlO)n), (C2H5)2A1c1, CpH5AlCly, (CopHg)3Al and
b ((CH3) 2CHCH2) 3Al. A particularly preferred aluminexane is
methyl aluminoxane. The ratioc of aluminum (as
15 alkylalﬁminum cempound) to ironm {as a compiex) 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 selectedrfrom
formula ZnR’,; wherein each R’, which may be the same or

20 different; is selected from hydrogen, optionally
substitﬁted C1-Csg hydroearbyl, phenyl, Cl, Br, I, SR;',
NR’’,, OH, OR’’, CN, NC wherein R",-wﬁich'witﬁin the

'E:) . same moleCule may be the. same or different, is C3-Cop
hydrocarbyl. |
25 In preferred catalyst systems herein, the second co-

catalyst compound is ZnR’, whe;ein-R’eis C1~Coq
hydrocarbyl; more.preferably.C1*C20 alkyl, even more
preferabiy C1-Cg alkyl. Suitable alk?l groups include
methyl, ethyl, propyl, butyl, and the like. It is

30 especially preferred that the R’ group is a C3-C3 alkyl,

especially ethyl.



20 different; is selected fromhydrogen, optionally substituted Cl-C20
hydr ocar byl , phenyl, d, Br, I, SR', NR "2, OH OR , CN, NC wherein R
which within the sane nolecule may be the same or different, hg (i R0
hydrocarbyl. 25 In preferred catal yst systens herein, the second co-

cat al yst mﬂ/ﬁ%?Qil% ZnR 2 wherein R is Cl-C20 hydr ocaPSJIEP2{#5{0a0709
preferably Cl1-C20 al kyl, even nore pr&ferably Cl-C6 al kyl. Suitable alkyl
groups include nethyl. ethyl, propyl, butyl, and the like. It is 30

especi al |y preferredihihasechrd REogeatplystai€lpr@3takkybrlyeypduiadilley iet hyl .
2 2 JAN 2007 WO 2Q04/029012 PCT/ EP2003/ 010709 .8 The second.co-catalyst is
particul arly vaf® ¥9F+Pnc%ﬁ%gn§£%oﬂf&F%ﬂlPﬂébﬁFﬁaiﬁPGﬁFB&&gétcngatalyst

for increasingiidheselestinet yeDbctipeay akphanekef kghhnolethnisens
ol i goneri zation reactions, and decreasing the 5 anmount of ‘unwanted

by- product s sudthasignanchbgomeet tasioni neachabnsl ekhdsdezreagisngbstiet ut ed
olefins, and dignes.., |t. has been noted.that particularl i ah selectivity
of Iineargalphf@ﬁ%ﬁ?r%ﬁi%P%%%?%@eﬁywﬁﬁﬂdFﬁgsngPSb Pgtggaxggeghgﬁﬁgﬁﬂskﬁ.
the al um ni um higsea- 0t cal & V154, 1 B, 2 heisiPsAetakedf ol BEigeGoRACEicald yst
is in the range of from5:1 to 1:5, preferably from3:1 to 1:3, nore
preferably from 2: 1% das 2oegr eabedi Bhey paxtirnlpglyobiphl eedecadaity

b B R o

cat al yst syst erafirebhebandtor Ireslf byhen x1wginiegebheedt he-crbalgenpltex tofe a

2,6-bis(%5y|iMﬁg@g%ﬁéfﬂ{E% second do—éatalyst is in thé range of from
5:1 to 1:5, preferably from 3:1 fo 153, more preferably -
from 2:1 to 1:2 and especially 1:1. ' | : f:jﬁf'

It is possible to add further optional components to
the'catalyst-systems herein, for examﬁle, Lewis acids and

15 bases such as those disclosed in WO02/28805.

The active catalyst system may be formed by mixing °
together the iron complex of a 2,6-bis(arylimino)pyridine
derivative or a mixture of'fhe'iron acetylacetonate- |
complex and the appropriate 2,G—bis(aryliﬁino)pyridine

20 dErivative (ligénd), first co-catalyst compound, second

co-catalyst compound and any optional additional

compounds, preferably in a solvent.

An important itgm‘in the capital cost of this . (:jﬁgf
- manufacturing plant and in its cost of operation is the
25 amount of reactor ccolant medium tﬁat must be recycled in
the process. Recycling of a gaséous reactor coolant
medium often involves recompression to feed one or more
of the reactors. Compressoré and associated eguipment add
greatly to capital and operational costs. In the present
30 method the coolant medium is preferably selected to
completely dissolve ethylene. In thié cése the coolant
medium only requires a single reactor.and a condenser,

whereas a simple recycle pump is sufficient. Thus



derivative or a mxture of the iron acetyl acetonate conplex and the
appropriate 2,6-bis(arylimno)pyridine 20 derivative (ligand), fijthUUT
- co-cat al yst conpound, second co-catalyst conpound and any opt% onal

additi onag‘,sq S@%%M:Igs, preferably in a solvent. An inporjapkpido®iiesb t he

_capital c manuf acturing plant and in its cost of operation is
the 25 anmpbunt of reactor cool ant nmediumthat nust be recycled in the

-process. Recycli Qfs 18 £ e&g;gﬁ'-r ct o JEdi t i es
reconpr essi on tg eeeglor?gq%r mrlerﬁﬁofsq{%lg%ge%eors. (%fr?pér)ﬁess résl{%%

associ at ed equi preyicladdhlogreagt s o Capidead rarphiopsi atvwiningl @bl stutthéhe
present 30 net hod tﬁ]jfe% cool ant medium.is preferably selected to conpletely

~di ssol ve ethyl ef®. tPf @dvantages id 4§ aresshdditfhitity requires a single

reactor and a condenggf, i WRS[SaH & SiiMBh&HBE%L & PUWHL i S s fi ki ent. Thus
25 JAN 2007 WO 2004/ CS00TS BT EbaC0ar 015508 5 Dhene v M N, such

-as the usé of afigapessi whicheeys endd owemt it® Admidngsre riagamieidn wiwm ch
adds further to the advant ages of theIrPres nt met hod.. The .inventiqQn is

il1lustrated by €R¥ Y oWRey 8 Fidy FREM S Faf@Rt® Want"do $4hile t he

i nvention in aﬂ%e\ﬂah‘foﬁ@%\ﬁf%&nﬁfﬁf%@ ot Appanaidis dhdtc L be  used
for performng the process of the lnvention. Fig. 1 is a schene of an

apparatus for perforfiigg 1t He metsmbemec o dim@rienatars fantheort ayming he
heat 10 oxenggh OB 1S AU ALE St A ol S T 21
heat exctianger epesihigerepdsisiddddeutedeleOrthe reactor.
| Fig. 2 is a scheme of an apparatus for performing
fi) the method according to the invention with the heat
h exchanger positioned inside the reactor. _
v Fig. 1 shows a reactor 2 with a Jiquid phase .3 and a
15 gas phase 4 being in équi;ibriﬁm through gas/liquid
interface 12. The liquid phase comprises ethylene, the
iron complex of a 2,G-Eis(arylimino)pyridine deiivative,
alpha-olefin oligomer, and optionally solvents andr
auxiliaries such as a co-catalyst. The optional solvéhts
20 are selected as to dissolve ethylene. The reactor
contailns an inlet 10 ﬁhrough which the readtor feed 1 is
_transported, a gas outlet 11, and a reactor bottqm outlet
; 8. In the embodiment of Figure 1,.outlet 11lis connected
'{:> ‘through a conduit 14 to heat exchanger S5a, which is
25 connected through conduit 15 to gas-liquid separator 6.
If necessary, conduilt 15 may contain a_compreséor Ta. |
Gas-liguid separator 6 has an outlet 17 for tran5por£ing
the.liquid, optionallyrthrough a pump 8, to obtain a
pressurized liguid stream 17 that is recycled via conduit
30 19 to reactor 2. The gas leaves the gas-liquid separator
6 through conduit 16, which may optionally comprise
compréssor 7b and/ox heat exchanger 5b, to obtain a

cooled gas. stream 18 that is recycled to reactor 2. If no



Fig. .1 shows a reactor 2 with a |liquid phase.3 and a 15 gas phase 4 being
in equilibriumthrough gas/liquid interface 12. The liquid phase conprises
ethylene, the iron conplex of a 2,6-bis(arylimno)pyridine dgimitiiie,

al pha-ol efin oligoner, and optionally solvents and auxiliaries such as a
co- cat al ysSWO 20%028¢32i onal sol vents 20 are sel ected as to REFKEERNHILTNY| ene.
The reactor contains an inlet.10 throlyh which the reactor feed 1 is

transported, a gas outlet 11, and a reactor bottomoutlet 9. In the
enbodi ment of FISRAEAS6lRT AU F 1R oPPREEEH LPhr BaG§h1AGNAJGRPRIAtES heat

exchanger 5a whigh 4.5 @r@@%ﬁﬁé@éﬁ&%cﬁﬂ% yiBel Qegagehl q;gdthat

separator 6. |f 'neces may contal n”a conpressor
Gas-liquid sepanaasn ibﬂﬁuntuﬂinmémndﬂﬂééblytbanspnnécngd thecbmnguedsor
, to obtain a _pressurized liquid strean117 t hat

optionally throu
is recycled via "g‘brﬂﬂff}ggd‘%@tt%x%%%? 20 The 55§513@5ve9rt ke §a89Pitduid
separator 56 thrayoikgandyl tz My Wbsta [RYa9RLb08hLY ERRRLEffientOMPI eSSOT

7b and/ or. heat exchanger 5b, to obtain a coo gas. stream 18 that is
recycl ed to reactagaxztdlf hb 2 2 JAN 2007 WD 2004/ 029012 PCT/EP2003/010709
10 condensation occurs, in o duit 15 Yﬁ -liqui,d separator

are redundant and may & B FHe SRR GH uPFcfgd&Bﬂ gPrEEFIy be

connected t0 CONHRSHIon 7bnang»{p§ aRsbd ENeRangRe BBactbrpEesant, jer to
conduit 5 19. Reactor 2 nmy contain an optional entrainnment separator 13.

Fig. 2 shows andiarodmssdindm tHeeoreroiger o t eronghennilen. 1Pn Thes

iemgf“ oMo he reaghol Hised Lis, 400 reduced: i Lo Lhe (8ashet g WiRROYER

gas phase 4 through gas/liguid interface 12. In the

section of the reactor containing the gas phase 6, a héat,Tf}

“exchanger 20 is placed, which is not in contact with the ~
liqﬁid phase 3. The section of the gas phase 6 may

15 . optionally contain an entrainment separator 13. The heat
exéhanger 20 cools the gas,'after which at least part of
the gas condenses and ‘the cooled condensate falls down
from the surface of the heat exchanger 20 into the liquid
phase 3, thereby cooling the liquid medium. The reactioh

20 product may then be discharged from the reactor through
the reacfor bottom ocutlet 9. |

Hence accordlng to a further aspect of the present

invention there is provided an apparatus for performing :)ﬂi?
the process of making linear alpha-olefin oligomer

25  described above, comprising a reactor (2), which can
acbommodate a liguid (3) and a gas (4) phase, an inlet
{(10) through which the reactor feed (1) can be
transportéd, a reactor bottom.outlet (9), and at least
one heat exchanger (5a,b;20), which is positiocned as to

30 prevent direct contact with the ligquid phase (3), and

| further optionally a Qas outlet (11), pumps (B), 7
compressors (7a,b), an entrainment separator (13), and/or

a gas—liquid separator (6).



10 liquid phase 3 in the reactor is in equilibriumwith the gas phase 4
t hr ough gas/liquid interface 12. In the section of the reactor contalnlng
-the gas phase , a heat exchanger 20 is placed, which is not2 1ithJBoHflact

with the »qppse 3. The section of the gas phase 6p Mm%% Epnally
_contain an en alnnent separator 13. The heﬁi _exchanger coo e gas,
after which at |east part of the gas condenses and the cool ed condensate

-falls down fromthe surface of the heat exchanger 20 into the liquid phase
3, thereby cooling the liquid nedium The reaction 20 product may then be

di scharged fromthe reactor through tHhel éactdt Hottomoutlet 9. Hence
according to a further aspect of the present invention there is provided an
apparatus for performing the process of naking |inear al pha-olefin oligoner

25. described above, QOMHIEHRY oy @RALHg (2)1, 1 VU € Ma Gk - SLECOTAOSIRE ®orfe r
liquid (3) and a gas (4) phase, an inlet = (10) through which the reactor

feed (1) can belntaanepetpedcoapﬁeeem@rabd@@nmmﬁnanﬁ qsmaszﬂhﬁ&ﬁrl east one
heat exchanger (5a,h:.20 ich,is p revent di_rect
contact with théOWPuna%ghgg fps CFu é%‘%b 36ﬁh zfﬁﬁ%%%ﬁnlet
(11), punps (8)eth¢lapeessorie( paeblncan ontamiitmEntcagnasater  13)6- and/ or
a gas- I|qU|d separator (6). 2 2 JAN 2007 WO 2004/029012 PCT/EP2003/010709 -
11 CL®RAI is (ATPlaBeES) Py igdken §eg Uviatdaie altvh 406 efinhasialgdidgt in a

reactor. Co”p“ S{: 88ﬁ1é1le£‘qH':Lghaggh%vg%gg%hﬁ}%ﬂ’ecuﬁ%@pue&dgﬁ: NG LD P

catalytically olig rzing l'ene he presence an iron conp ex of
a 2,6 350 under release of heat, and removing the heat with a

heat exchanger, which is not in direct contact with the
o ligquid phase, using at least part of the gas phase as a
QD 10 coolant medium.
| 2. The process accordlng to claim 1 wherein an
alumlnum—based co- catalyst preferably a
methylaluminoxane, is added to the liquid phase.
3. The procees according to claim 1ror 2 wherein the
15 average moleculaﬁ 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 aryi moieties of the 2;6~
bis (arylimino)pyridine derivative is 2,6-disubstituted
: ﬁ%ﬁ 20 with the groﬁp CH2R.or CoHgR,. wherein R is selected from
H and F, and the other aryi 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.
25 5. The brocess‘aCCOrding to. any one of claims 1 to 4
wherein the 2, 6-bis{arylimino)pyridine derivative has the

formula:



5 bis(arylimno)pyridine derivative, to the al pha-olefin oligoner with an
aver age nol ecul ar wei ght between 50 and 350 under rel ease of heat, and
renoving the heat with a heat exchanger, which is not in direg RarECct
with the Iliquid phase, using at |east part of the gas phase as a a 10
cool ant B} 2/02201The process according to clai m1 wher AGI/ERF003/010709 )
al um num based co-catal yst, preferablyl2za nethyl al um noxane, is added to the

| i qui d phase. 3. The process according to claiml1l or 2 wherein the 15
average nol ecul ar wei ght is between_ .60 and 280, nore preferably between 80
and 210. 4. The process accordi ngnf o~any one of claims 1 to 3 wherein one
of the aryl noieties of the 2,6- pi m no) pyridine derivative is

2, 6-di substituted 20 with the or C2H5R, .wherein R is selected
from Hand F, and the othe is 2, 6pynsubstituted, or wherein
both aryl noieties of the ) 99ri1 di ne derivative are
2,6-disubstituted wth 25 S. The¢ i
claims 1 to 4 wher ei rR1 bi s(arylimngJp

formula: 2 2 JAN 2007 WO 2004/ 029012 PCT/ 3003/010709 12 ONN) NN \
R RL/ RB R2 wherein R is Hor CH3; .

bis(aryli

. wherein
Rl is H or CHs;
R2 is H, tert-butyl or phenyl and
Rj is H, tért—butyl or OR’ wherein R’ stands for CHz,

Si(CH3)3 or eicosyl (CpqgHgqp); or | ' {iiqj

6. The process ac@ording to any one of claims 1-to 5
5 - wherein the coolant medium is selected from an alkane,

alkene,. and aromatic compound, and mixtures thereof.

7. The process accbrding to any one of claims 1 to 6 izji¥
wherein the coolant medium is selected‘from propane, n-
péntane, isopentane, ethylene, }—putene} o-, m—, énd P~

10 xylene, and toluene,‘aﬁd mixtures thereof. A
8. An apparatus for performing the process of making
linear a;phé—olefin oligomer accerding to any one of
claims 1-7, comprising a reactor (2), which can
accommcdate a 1iquid (3} and a gas (4) phase, an inlet

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

transported, a reactor bottom outlet (9), and at least



R2 is H tert-butyl or phenyl and R3 is H, tert-butyl or OR wherein R
stands for CH3, Si(CH3)3 or eicosyl (C20H41); or / F NF N £2§ﬁN5Wﬁ' The
- process according to any one of clains Ito 5 5 wherein the cobl di um
is selected froman al kane, al kene, and aromati c conpound, and m xtures
_thereof. 7. The process according to any one of clainms 1 to 6 wherein the
coolant nediumis selected from propane, n- pentane, isopentane, ethylene,
1-butene, o-, m, and p 10 xylene, and toluene, and m xtures thereof. 8. An
apparatus for performng the process of nmaking |inear alpha-olefin oligomner
according to any one of <clains 1-7, cQ i_sing a reactor (2), which can
accommodate a liquid (3) and a gas (4) phase, an inlet 15 (10) through. which

the reactor feed (J1).,can be . tra r , act or .bottom out | (9), and
at least 2 2 JARF Zlﬂ)%ff eﬁgaﬁﬁeer h@ﬁ?’é?@ﬂan‘%“ 55 B1367Y %’T‘#‘# f‘é‘epl aced
ins,ida the reastorr aamd which is peoditipnrédaastd erevenenditetitr ect ( cont act
with the |iqui .3), i , ep and further
optionally a gggggﬁgfgééé E%%)?ﬂ%ﬁ%%%%%g%,(%2hﬁ%£§%§%§£%%%?%), and/ or a gas;
-1Jjuid separaeprrg®)s (13), and further optionally a gas outled

5 (11), pumps (8), compressors (7a,b), and/or a QaaAlithd

separater (6).





