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METHODS OF PREPARATI ON OF AN OLEFI N OLI GOVERI ZATI ON
CATALYST CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s

w@ppsiogrié on is related to U S. Patent Appli capdDosNos/005416

10/ 783429 (attorney docket nunber 210453US01
(4081-04401), filed concurrently herewith and entitled
"Met hods of Preparation of an Aefin Qigonerization
Catal yst," which is hereby incorporated herein by
reference in its entirety for all purposes. FIELD OF
THE | NVENTI ONIE'RHOBYScQE RREPARXARIOMOF AN OEEFIN
preparati on of caQRIGOMERIZATION CATALNSACess for
produci ng an olefin oligoner. Mdrre particularly, the
present i NnvEROIYREERHENGE 70 REIAI®D APPLICATEONgat i on
catal ysts conprising a chrom um contai ni ng conpound, a

Py I OlrRis GEHc Ao i1 O Patedt APRlicdtioRNKY10/7888Eb @ttorney docket
hal i de- cont ai ni ng conpound for use in a process for

RLRYECI 1G5 AIS0a| (PiRa-0aker)] Hle@lchtarBy GRVihSing SnikitddeN@aRods of
from et hyl ene. BACKGROUND OF THE I%VENTICN AQefin

P dGRREE bEAL RN OREGhABhFondC RallNOWRich Bs b yahdorpd?Mbd herein by
sonetinmes | ack seleéectivity to a desired product and

aLRRn&aY s Ghit QYR LPPUBSsey | €l d. Enhancements in
preparation nethods tor oligonerization catalysts to

i mprove productivit ye1ag ciehge hvelyighe the desired

product can reduce catalyst cost and I nprove

Ie:S: ogo&ﬂef ﬁgeaé%g r?a X()Inr?géla-él;elglcl?ca)l {pg%%éli{&?glf %}%@Jtﬁo ?]o? qlSQ i gi Iﬂocess for
olrgonerl z

Bri<BRE b ISP oPBores s BRI, B PR iamionapisy o preparie
%Qrgpr?z%{}gﬁ ca?al;r;'s?st caolmprising a chromium-containing compound, a pyrrole-containing
compound, a metal alkyl, and a halide-containing compound for use in a process for
producing an alpha-olefin oligomer comprising 1-hexene from ethylene.
BACKGROUND OF THE INVENTION

Olefin oligomerization catalysts are known in the art, but sometimes lack selectivity
to a desired product and also have a low product yield. Enhancements in preparation
methods for oligomerization catalysts to improve productivity and selectivity to the desired
product can reduce catalyst cost and improve economics.

SUMMARY OF THE INVENTION

Disclosed herein is a method of making a catalyst for use in oligomerizing an olefin

comprising a chromium-containing compound, a pyrrole-containing compound, a metal

alkyl, a halide-containing compound, and optionally a solvent, the method comprising

contacting a composition comprising the chromium-containing compound and a composition
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al kyl, a halide-containing conpound, and optionally a
sol vent, the nethod conprising contacting a

W@ 20908381 on conpri sing the chrom um cont ai ni NBCT/US2005/005416

compound and a conpositionconprising the netal alkyl,
wherei n the conposition conprising the

chrom um cont ai ni ng conpound is added to the

conmposi tion conprising the netal alkyl. Further

di scl osed herein is a method of making a catalyst for
wwewmprisingothg ersted rlkzl, ndhersin GF epinposiiomyempiisieg the chromium-containing
chrom um cont ai ni ng conpound, a pyrrol e-containing
compawd ds, addedtetlzl coaipksition camiprisingibe owtat dkyli ng conpound,

and optionally a solvent, the nethod conprising

abat i Ryrtler disclpded htreinkiya vwothbdof malgngsa catalyst for use in oligomerizing an
ni trogen-contai ning conpound with a netal al kyl prior
todefocvngeiting @ tHremivet-aintaddibgy tormpanhd, t fh@yrrole-containing compound, a
chrom um cont ai ni ng conpound, the pyrrol e-containing

apaR kR a hhlide-deanmingtcampbald] shd-opaeially Bkélgent,ahgpmethad comprising
the solvent, or conbinations thereof. Further

dbsGig@sRibithe beiconthing a Aitfolatcontainifkdofpodndoitiad ystal dlloyl prior to
use in oligonerizing an ol efin, conprising contacting
tdofrafling el rGetRlyAlKy0 Weth AR FBsHAmWohflinghg compound, the pyrrole-containing
chrom um cont ai ni ng conpound, a netal alkyl, a

Q@iﬁ%&ﬁlﬂ?tﬁ@hcﬂi—lﬁ'btﬁglaﬁ@ém%ﬁng @niPY e 63 5610¢ht, 0 boriithatiodd thereof.
i nati ons thereof Further disclosed hereinis a

et hogty@fer IBKbLARA heremat Aéibd bPMalisea édfal@k fod AR IoTiE$tBerizing an
an ol efin conprising a chrom um contai ni ng conpound, a

Wéfﬁlo t&nf R aloRiabiehgCRIRANRME  pyRro RED Apodldkiith a@hebnBium-containing
hal i de- cont ai ni ng conpound, conpr|5|ng contacting the

Cciafn Bﬂnldméoﬂ'ﬁal eh) QC}TSE@?‘MtanM’ge ¢ E&ﬁ’lhe acﬂ}ﬂfr@ddﬂ)'oﬂ Osolvent, or

ound met’al or conbi hations thereof

| d ol t t al yst
V@"L‘B’“g“‘?“ﬁ‘“e%ﬁﬁrtyhg?63?2,3 O A R
t b ¥ethedeflis MG HoR 0Pl i b,
ggn%??sﬁeé al égn oged h?lreglrls y%ﬂ%H‘l'OH 09&51912%? {e{tﬁ%s@ fbr %Qe ol o%%&gerlzmg an

rrole cont nln conpoun and a, met al a %
ol%' 1§1|n§ ap ar 0 dco&m mg cOmpo PI oA Em?l cont 1Xmg compgund a

metal alkyl, and a halide-containing compound, comprising contactmg the chromium-

containing compound, the pyrrole-containing compound, the metal alkyl, or combinations
thereof with a previously prepared oligomerization catalyst composition.

Further disclosed herein is a method of making a catalyst for use in oligomerizing an
olefin, comprising contacting a Chromium-containing compound, a pyrrole-containing
compound, and a metal alkyl, with a previously prepared oligomerization catalyst
composition.

Further disclosed herein is a method of oligomerizing olefins comprising (a)

preparing a catalyst by combining a chromium-containing compound, a pyrrole-containing
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conposition. Further disclosed herein is a nethod of
ol i gonerizing olefins conprising (a) preparing a

w@ 21084082816 by comnbi ni ng a chronm um cont ai ni ng CPEPUS2VA;/005416

a pyrrol e-contai ni ngconpourdd, a netal alkyl, a

hal i de- cont ai ni ng conpound, and optionally a sol vent;

and (b) contacting the catalyst with the olefin wthin
about 1000 hours of preparation of the catal yst.

Furt her disclosed herein is an ethylene trimnerization
camapyist a sstab pikyl Adiabidecton@imingmoopeenda ardoptiongbiumeblveat, and (b)
pyrrol e-contai ni ng conpound, a netal alkyl, a

trahtacimg dherratalyst widh the el within abaiit 6§00ihons of preparaiiviné the catalyst.
wherei n 1- hexene produced by the catal yst has a purity

of at Fhwtlzes tisclbspd her@B. iBanagthydent imreenigatidmi catab/bioempgieifg a chromium-
hours after preparation catal yst. BRI EF DESCRI PTI ON OF
ToelitaDRAWONGESuITE, gpyrble-dohtaminghcolpoudd, ashetalt adky,aa hdide-containing
enbodi nents of a method of preparing an

alongounely ardadptianallg atalvetst witedipt-heiengprlodhded dd dietchtatystdfas a purity
catal yst conponents. Figs. 2A through 2D illustrate

Ve fai 18asSabeuigsds dra it withirfabo®itsloo oroafteapp irigpnwataBat. i N

the preparing of an oligonerization catalyst. Figs. 3A

through 3B il | SIEEIESGRIPOION @FiPECiDEANSNGS a et hod
for abating water in the preparing of an

ol i gomgski ZAtthOighC Bb allskhte vEHES -enfhbOditRAOWIR A&hod of preparing an
illustrate various enbodi nents of a met hod of

RAEPRAEAGorPAaBk I GRHPBEIhZ Biklk dbifoAtoR bMS st CORIness.NY
si nul taneous addition of catal yst conponents. Fig. 5

is a g{aP BfouzheDANRHALY SRl Y SdimbRSs AEAGRod fofBbating water in
(i.e. catalyst age) versus the purity of hexene

REOSHHSEHE o DR TALLEDRESGRLET ON As used herein, a

catal yst conponent i ncludées a chrom um cont ai ni ng
c OWDO*F{EQ., 3 through 3B illustrate various embodiments of a method for abating water in

the preparing of an oligomerization catalyst.

Figs. 4A through 4E illustrate various embodiments of a method of preparing an
oligomerization catalyst comprising simultaneous addition of catalyst components.

Fig. 5 is a graph of the average catalyst residence time (i.e. catalyst age) versus the
purity of hexene produced.

DETAILED DESCRIPTION

As used herein, a catalyst component includes a chromium-containing compound, a
pyrrole-containing compound, a metal alkyl, a halide-containing compound, a solvent, or
combinations thereof. In the various embodiments disclosed herein, contacting of catalyst
components may occur in one or more contact zones. A contact zone is a zone in which the
components are commingled and/or combined, and thereby contacted. The contact zone

may be disposed in a vessel, e.g. a storage tank, tote, container, mixing vessel, reactor, etc.; a
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pyrrol e-contai ni ng conpound, a netal alkyl, a
hal i de- cont ai ni ng conpound, a solvent, or conbi nations

wo bmsegdsid n t he vari ous enmbodi nents di scl osed PET/E82005/005416

contacting of catalyst conpbnents may occur in one or

nore contact zones. A contact zone is a zone in which

t he conponents are conmm ngl ed and/ or conbi ned, and

t hereby contacted. The contact zone may be di sposed in

a vessel, e.g. a storage tank, tote, container, mXxing
leags ef pipe,ear tiade, inkt,dnjpctih eongtdn heddepfop egmisnigg campanent feed lines
inlet, injection port, or header for conbining

HePp@naidn linepd ahi tiler suftdbte fparatmton bhingie theconspoyerss in@rcontact.
sui tabl e apparatus for bringing the conponents into

20 NtedtereirAsheus@ dota&ebdandt ddmbined referao Rhasddittbnanghience, order, or
conbi ned refer to any addition sequence, order, or
EaRERMAti¢A Tdr Qdniating CNdoabininpO @y o RBkd chtdhgt tuvp@ienteDIEhe term
catal yst conmponents. The term added to refers to a

fidde8 to eattalty St ieORANE RbmPsidRdadded, & g, Puddde anto iandebord catalyst
second catal yst conponent. Where a first catalyst

CRRRBRNtWHee ARALELAIR BoriRmeRds fRied toySiectRNRANSNEomPohent, the
initial concentration, or nolar ratio, of the first

fRtaR L AR En 0P AP & ldlar GRIBPEH BE fitsP cdidifst SN CRBhESE to the second
conponent typically is relatively small and increases

9&{61%9%_ ﬁ'nﬁgﬁ%?tt%)%ll?fls td1RivB0 dintdOhd InBre8RBver the duration of the

ntacting of “conponents may occur in one

QAdifiBa eInuP(ﬁltlJ @rﬁﬁ%dﬁﬂa{tsacc%mﬁflﬁg(o?)co bﬁ’eﬁts )E HEJup‘:fﬁ one or more

contacting wt er cata t conponent In one or

srtr%alg %EMEE‘& rz%g) él%}t tg%rth%ro O a%% g \)A%\'? 5tﬁeracaﬁly9tr (%H#){ﬁfen%) n one

ntact Zzone d, COﬂ

Fn(%e 3({%%3&]% o eon %C? zonegg' er% QC ur%lﬂn %% ’cofﬁ;gcq Léglg a"fl% e1¥1ployed

zon suita
nbodi d
6%{?2&: %; In?aé(oﬁctcph Eﬂgﬂl&tanep%gye ggrossgglel %n@ﬁ Car rl %ﬁue yglly Ber&s the
i nbodj d t t l i
ST SR IE AR T n'%%%%@%?gg“ﬁ%ﬁ%md
Optlonall m xed b a nlxe%ﬂ%%sgosed i.n the vessel and

HHAD A OR £SO Brog ey % T EYER SEPodgpe néubsequent

proceSS|ng In enpodi ments utilizin a tee or otﬂ
means nffglpbodlments utilizing a vessel for contacting the components, the components

may be optionally mixed by a mixer disposed in the vessel and the formed mixture may then
be removed for subsequent processing. In embodiments uﬁlizing a tee or other means for
combing lines such as a header, an optional in-line mixer may be placed in the commingled
catalyst feed line to ensure that adequate contacting of the combined components takes place,
and the mixture is thus formed as it passes through the commingled feed line. Where a
method of making a catalyst recites contact or combination of catalyst components, such -
may be carried out by contacting or combining all or a portion of such components in various

embodiments. ,
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conbing lines such as a header, an optional in-line
m xer may be placed in the comm ngl ed catal yst feed

wo pows/08B1€nsur e t hat adequat e contacti ng of thBCT/US2005/005416

conbi ned conponents takes @ ace, and the mxture is

thus fornmed as it passes through the conm ngl ed feed

line. Wiere a nethod of nmaking a catal yst recites

contact or conbination of catal yst conmponents, such

maybe carried outby contacting or conbining all or

apor t Aomsedthersing i caopvioe ndreprisimg\aaaiatystiscosnphnsit imelutss. the catalyst
,As used herein, a conposition conprising a catal yst
conpsBedlonernt| it dembinfx®norittabnesir maamddidatal adropends, solments, or
conbi nation with one or nore additional conpounds,

$6thV @S, sodtfe, BOAIN of MHeRBntagBEBtepOMafbt c@tied B8t in the presence of a
contacting steps may be carried out in the presence of
30156 BRIkt &QORIrEAR s i beioh@dolvent A vhash ngdgtble Gitedduced to a contact
solvent), which may be introduced to a contact zone

Vb DR MSbR Withohé 0 OMBre o mPBXitRnE B Bink i aARIYSORMPoREnd Gr may
a catal yst conponent or may be introduced separately

40 ifroafl aearfi8P 8o af Qhta8XRANB! Br EANPISHI ¥ &Went 1iRE 0P bs @B initial
an initial charge to a contact zone. Disclosed herein
IcBare (BBLHRSL 9bnemaki Ng a catal yst conprising a
chrom um cont ai ni ng conpound, a pyrrol e-containing

COMPOPNLhysed HERIAL a fleliBl of Raid d SN EPHNRIRInRY SRR Shtaining

and optionally a solvent for use i'n oligonerizing an

ghlrﬁ%duﬂd, ﬁ{cﬁé-gorﬁ’ai i %‘g&ﬁﬁc}uﬁl@rﬁ nedPhik ! ?gigﬁ&%econtainin%t cao(r:r{pound,

m um cont al ni ng rrpound IS contac InN a Co
i Ltian .conmrisir kvl y
<PIA3, SRR 0 5 EAEIR RO S ok

GBS AR S Fr BB R ek g e i
al kyl .in a cantact i Llustrated, Ei I )
Ehrtsiieh, SrEnahe fe GRAEREC M Fedy L §bodindHE B ofacing the
representations of, enbodi.nents of the pre t ..
P BRI D00 SO E (b (h T S PRE e § I BRRD, Witk the compositon

comprising the metal alkyl in a contact zone are illustrated. Figures 1A through 1D are

included as illustrative representations of embodiments of the present disclosure and do not
limit the disclosure.

In an embodiment as illustrated in Fig. 1A, the composition comprising the metal
alkyl may be disposed in contact zone 115 and the composition comprising the chromium-
containing compound may be contacted with or added to the composition comprising the
metal alkyl present in contact zone 115 via line 110. The final catalyst composition may be
recovered as a product via line 170. The composition comprising the chromium-containing
compound in line 110 may further comprise the pyrrole-containing compound, a non-metal
halide-containing compound, the solvent, or combinations thereof The composition

comprising the chromium-containing compound may also comprise an amount of non-halide
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In an enbodinent as illustrated in Fig. IA the
conposition conprising the netal al kyl may be di sposed

WO ososasact zone 115 and the conposition conprPGI/IRIDFI@S416

chr om untont ai ni ng conpound may be contacted with or

added to the conposition conprising the netal alkyl

present in contact zone 115 via line 110. The fina

catal yst conposition may be recovered as a product via
l'ine 170. The conposition conprising the

chetd il dvate prrepigpdowsiero agidic iprotdrisner Mot asedjscloged memore detail
conpri se the pyrrol e-containing conpound, a non-net al
Hgraind dhe Gl edtaly 1 gorapasision may be Aetheralilutervtith agolvent (which may not be
conbi nati ons thereof. The conposition conprising the
dentind] tmthe oatal gt piepgyatiomrsplyemtpiprima o wk $the oligoniesgatiamreaction.
anount of non-halidenetal al kyl to abate undesired

wat er ,Thacbupesipmotamsisingrthéd mten] alg] girsedtois edbniant paeel 15, may
detail herein. The final catalyst conposition may be
faomiphiger thelpyrulecontditingcmglousd) the(hahidecdontaiyngt@inpbend, the solvent, or
identical to the catalyst preparation solvent) prior
tcomb@tidng thdie £0IThe hatkiel cofthindg coMPSind Gay bENEmetal halide, non-metal
conmposition conprising the netal alkyl present in

dalidgot carapigatibid therdY CORPEIGDsitite cifris@lgeth€ dibtRialkdyNehay also
conpound, the halide-containing conpound, the solvent,
@om@hisehi malialkybhdliig neeh-hdiik niadl mﬁ; £ Ant-Akkl RGJE Qe Rslide, or
may be a netal halide, non-netal halide, or

GofBina@ink eeseol NEREREITAIR) GANTRAS tHid £ FIRMRMbSdiASnts ARy comprise
metal al kyl nmay al so conprise a netal al kyl halide,  a

N9dihy T rhiel@m Nedlotide IDKKL) aRd BRMABLAde Rdhi SRy lﬂa){‘r?%rg#)riisg etr1'ethy1

hal i de, or conbi nations thereof The netal alky

[ A ot her..e i t rise
A (R s i SR L B el CATP T Che

L RS MUl | o
hal i dg; GPEMBLAEE SANRAUAG in Fys 'lﬁgyrpgggﬁ—cg%ﬁnp Ipiﬁtuéehmay be

hal i de- cont ar ni ng conpound an

I SN trated. in Fig. .I1B a .. L
AR BBk 2o B Rk <biriiRsaprim e aerols speining
F%:)%/l?l cg%g?fgecg;t? ;cltolmqgtggon%o Ok tﬂng ”zz%oﬁﬁr tlhglcrc])gapgsqgon comprising the

chromium-containing compound fed to contact zone 225 via line 210, which may occur

halide-containin
| de &

about instantaneously or over a first period of time of from about 1 minute to about 12 hours,
alternatively from about ! minute to about 6 hours, alternatively from about 1 minute to
about 3 hours, alternatively from about 1 hour to about 2 hours. Introduction of the
composition comprising the chromium-containing compound and the composition
comprising the pyrrole-containing compound to contact zone 225 may be sequential (e.g.
chromium followed by pyrrole or vice-versa) or simultaneous. Once the pyrrole-chromium
mixture has been contacted in contact zone 225 the pyrrole-chromium mixture from contact

zone 225 may be contacted with or added to the composition comprising the metal alkyl
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conmpound fed to contact zone 225 via line 220 and the
conposition conprising the chrom um contai ni ng

wa@ eovposesds f ed to contact zone 225 via |ine 210PCTMISZONS/005416

may occur about instantanecdusly or over a first period

of time of fromabout 1 mnute to about 12 hours,
alternatively fromabout 1 mnute to about 6 hours,
alternatively fromabout 1 mnute to about 3 hours,
alternatively fromabout 1 hour to about 2 hours

preseno duahiaonzont 21 heiadinaPaesiviliichnmayosgand sbonginitieaneously or over a
chrom um cont ai ni ng conpound and the conposition

sanfd peiod @f tilme op fivmaibeutaomingiensd dghue Iha) ditdroativelytiaet about 1
zone 225 may be sequential (e.g. chromumfoll owed by
yifutOloebalt 6\ho i altemaid)elyoffors alitut 1 ANMEGIS abdud 8 otk @o form the final
pyrrol e-chrom um m xture has been contacted in contact
Z2QNest 2&lut i doptaEtOdoge 25 OMhel Mhdrickfalykteprbdi@M@P B adithdrawn from
zone 225 may be contacted with or added to the

COMTROShilel 0B vROIRIA78] MUe HRA ARIyS cotlpkditidt @FEM fulrther dilute with a
contact zone 215 via line 240, which nmay occur about

L8154 OV RBLRHS hyt B idGHRAL B tl%&@d%gt Pepdr@fbn AbivEABri&to use in the
fromabout 1" mnute to about 12 hours, alternatively

LM AR rdacfidiUt € to about 6 hours, alternatively
fromabout 1 mnute to about 3 hours, to formthe

LT TSR R O S ARE UL 8
SO PR AR R A o,
FAETAPL Rt T i, BPOASh PP QR 970 o

conposition.c rising the pvrrole-=contai ning. conpoun .
S et L

g%{ﬁ%"g@]ﬂ? &?9 21. lgel P%ggg?l%gﬁ%yl Prr%tér?n%%o&%?a&éz%% 9?5?/ IH%’/e thgﬂ beaci,?ntacted
ot PR G Feep P e Pt Tt 0 iG] AT pEs o et zone
formthe rrole-chrom um m xture in contact zone 225.

The VByF 3. Rl LY AT RECSER] Tk GPEE POTEHS 8138 ahguf constant

t hen be contacted _ . _
Py:Cr molar ratio, for example in the range of from about 1.0:1 to about 4.0:1. Alternatively,

the pyrrole-chromium mixture in contact zone 225 may then be contacted with or added to,
e.g., over the second period of time, the metal alkyl present in contact zone 215 via line 240
at a variable Py:Cr molar ratio. In an embodiment the variable Py:Cr molar ratio is
decreasing over the second period of time where a decreasing Py:Cr molar ratio refers to a
general decreasing trend in the molar ratio from the start of the addition sequence to the
finish and occasional increases in the ratio within the overall decreasing trend are acceptable.
In an embodiment a decreasing trend of the Py:Cr refers to the specific situation where the
ending Py:Cr ratio is less than the beginning Py:Cr ratio. In an embodiment, an initial Py:Cr

molar ratio at the start of the addition may be greater than the final Py:Cr molar ratio of the



10

15

20

with or added to, e.g., over the second period of
time, the netal alkyl present in contact zone 215 via
wo povs/ 0280 or alternatively al ready present i nPCDOSR0$/005416
zone 215, at an about const&ant Py: Crnolar ratio, for
exanple in the range of fromabout 1.0:1 to
about4.0:1. Alternatively, the pyrrol e-chrom um
m xture in contact zone 225 may then be contacted with
or added to, e.g., over the second period of time, the

AR andlak ¥hdikY BEENholaFraG® MMRCdnd 20 he addifiorMhay Be 188 tRAGhe final

at”a variable :Cr molar ratio. In an enbodi ment the
pY&k iArCrafidy oEtheRdMst. M8 tan Qenitd dRRAT, SRS i FME mbRE ratio of the
Second period of tinme where a decreasing :Cr nol ar

chalds Qndl'yq;e_eiﬁ S rhife dr@ORLIBL A8EIEADUNG0 N BRGnitiAl Fyl® molar ratio
nolfar ratio fromthe start of the addition sequence to

ﬂ\ﬁ??ﬁ%{e Frﬁtgalge\[/ﬂ)gtru}fllc, ARERIRLLY LRGlL@RESDH N ﬁlt&ﬁ‘attiV@lP/ geater than

n decreaSing trend are acceptab In

al?(glt ?ﬁ,ogfsggﬁalfggﬁg ®@P et 60 £l e (‘Iﬂﬁ%g BY: e md18 8l Smay be

I'c’situation where the ending Py:Cr ratio

gléa%;gio gﬁaﬁ Slhgéﬂla% I?c? na??l?;@nggégl&g‘ye% g'fé%e& othanl Br @Qual to about 0.1:1,

I'ment, 'a [Far ratio at the start

pf the addjti.0 , r . ' ,
8y 06 PR G, G0 55, AR BBkl

atig at. the end of the. ition . may.be |ess tha .
ohThR oy T apmP g TR IO RS ahRgpleD B hdFry-cr
enbodj t, e final : molar.ratio .of th . _
TR et e et SR o GO P A st e pn GRS the gnding Py-Cr
about 4.0:1; the initial Cr l.ar ratio be

R aitiors R0 e sgeopd st sl Ee e, pprepyji fnal PyCr
about 20:1, alternatively greater_ than abqg% 4?:1, ,
molar gatielithrnalalgt e it arnghefrifoabahopt b 10 abont e Ibpdpgiign of a
PyCr nolar ratio nmay be greater than or equal to about
pyTolgiceRINAE FUBPANG ARh3 O EIRCOBINER FRMPPYNAP 3 gontest FoE (e.8.
alternatively greater than or equal to about 0. 3:1,
formatien efet REET vattyrehpedisdesed [ayprighs epkpsiments mpybe carried out as
0.6:1. In an enbodinent, the initial :Cr nolar ratjo
disglosggdm thistpar ageaph Haclpdipghut pot linpitedyi the emhedigerss shopa i Figs. 1D,
catal yst during a first about one-half of the addition
286nD e amii-Bg Py: Cr nolar ratio is about O during a

second about one-half of the addition, wherein the
f i nalThéyonGrosition comprising the chromium-containing compound in line 210 may

comprise a non-metal halide-containing compound, the solvent, or combinations thereof.
The composition comprising the pyrrole-containing compound in line 220 may comprise a
non-metal halide-containing compound, the solvent, or combinations thereof The
composition comprising the chromium-containing compound in line 210, the composition
comprising the pyrrole-containing compound in line 220, or both may also comprise an
amount of non-halide metal alkyl to abate undesired water, acidic protons, or both as
disclosed herein. Alternatively, the non-halide metal alkyl may be contacted with or added

to the pyrrole-chromium mixture, for example in line 240 via line 230, in contact zone 225
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nolar ratio of the catalyst is in a range of from
about 1.0:1 to about 4.0:1. Introduction of a

w@ososmic€ont ai ni ng conpound and a chrom um cOPCEUSINE005416

conmpound in a contact zone Ye.g., formation of a PyCr

m xture) as disclosed in various enbodi nents nmay be
carried out as disclosed in this paragraph, including

but not limted to the enbodi nents shown in Figs. |ID

2C, 2D, 3B, and 4A-E. The conposition conprising the

Glor strowaintaz drethaionalrate weleped rvdhternacidinpro®bf) ardpthc Ol ¢omgosition
a non-netal halide-containing conpound, the solvent,
csm3imgitiamhetaindkyl hesenin cohectconpds, tiap noramisp rtheshatide-tdn@ining
pyrrol e-contai ning conpound in line 220 may conprise a
B@hpoiRd, athe BEdn€ eor cotib diatidnd Ghet €T Olthd Ctompbitichdoneptising Qlie metal
conbi nations thereof The conposition conprising the
giRY1aHAYUBoCR Rpaibeh M@taC AR Gulidd, i flor-hdlige ZikQA1 alk¥1€a metal halide, non-
conmposition conprising the pyrrol e-containing conmpound
bf3tal hdli@e, 82 Ebmihatiofd feré®y al so conprise an anount of
non-halide netal alkyl to abate undesired water,

aci di g aReRbONMentQE sMN &%, OF S yASRANIARBY Nmixture may be formed
Al ternatively, the non-halide netal alkyl may be

GOBdrAst SndVsh ) 19 cRERBEE 1R §dMoRMbE RbBpRdHeL meuﬁmole-contammg
n1xture for exanple in line 240 via |1 ne 230,

AR A Cordace ORL 323 NWNe 320 rwﬁoché‘ corﬁﬁ%sﬁ@ﬁtc@mprlsmg the metal

esired water, acidic protons,

91 $ It doﬁﬁct%ﬂgﬁiﬂlﬁ‘ tnd 518 Mﬁ&ﬁnﬁ?&%ﬁ{ abgﬁ@lﬁﬁﬁtadeﬁus Ly or over a

tact zone may conprise t e-cont al ni
?%ggaogﬁcfl gaﬁ}g% Sﬂlriélﬁg% ’ofotﬁe c%)[@b{t?otn] E&]ﬁpr sﬂmg %%S%y-%fe -containing
g?rﬂ undc' (ﬁ‘g{e TOH}PQF‘F‘%% CO‘?P& isin nétetg? n},ﬁe%? |al§¥fj‘ ?ontarngone 325 may be
R LRI MR T R
O Teih g P HE YR 0B GRS e e BBEc fE@pgle metalalky
gg)%%lct 11}21881?2}?2%%@;/ .’Iaq% rln!a)p Ee ?hspos Q/Q 1}n2e368 qmggtggtlzco)ge 335. The
composition comprising the chromium-containing compound may then be contacted with or
added to contact zone 335 via line 310, which may occur about instantaneously or over a
second period of time. The composition comprising the chromium-containing compound is
thus contacted with or added to the pyrrole-metal alkyl mixture present in contact zone 335,
to form the final catalyst product in contact zone 335. Addition of the composition
comprising the pyrrole-metal alkyl mixture and the composition comprising the chromium-
containing compound to contact zone 335 may be sequential (e.g. pyrrole-metal alkyl

followed by the chromium containing compound or vice-versa) or simultaneous. The final

catalyst product may be withdrawn from contact zone 335 via line 370. The final catalyst
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al kyl fed to contact zone 325 via |line 315 which may
occur about instantaneously or over a first period of

wo 2ovs/0828d&li t i on of the conposition conprising PEEUS2005/005416

pyrrol e-contai ni ng conpoundodand the conposition
conprising the netal alkyl to contact zone 325 may be
sequential (e.g. pyrrole followed by netal al kyl or

vi ce-versa) or sinultaneous. Once the pyrrol e-netal

al kyl m xture has been contacted in contact zone 325
tdmepopiion wmheberfurthér dillitey Wwithiayoluens (Wiidrmayomit he identpnabto3ikcatalyst
may be di sposed via line 360 in contact zone 335. The
peppa®nsoleent)qoivp td e mght dlEgonkrimibureaciont ai ni ng

conmpound may then be contacted with or added to

cont agithonginthe 33bodimant| shoven B1lfdg. Mhsholvs may cottizonabbeitig used to
i nst ant aneously or over a second period of tine. The
parpashe dddilion Ssnéncsd, g ddtidocdey Wdiitestoeld Alta@hativelg be performed in a
conmpound is thus contacted with or added to the

Pilg1E OdractBdngd) fobtaytiplayinkdotfact BhE€SHNtIn kiis E@abvidatdnt, ZRN@mposition
335, to formthe final catal yst product in contact

ZaRRisd ke AYEI mk an)f fifsNBe FRFAACH ithd NtaGOIME] Th AGeddA@ step the
pyrrole-metal alkyl mxture and the conposition

SIS HiSH EfnfrRfg Gy o B R s RbRSo e EH&? YO EorftR 1S hdded to
zone 335 may be sequential (e.g. pyrrole-netal alKkyl

frel o RPEGH Y coipisin g Rl RN tRdsRit N (eOfBRRNEIne (or visa-versa) to
vi ce-versa) or sinultaneous. The final catalyst

9([6892“&% Rt BRI Nt e b Av8le-beRMIcA A6, Z0N@iird §ép Vth@composmon

[tne 370. The final catalystconposition may be

Atemlﬁg tqeﬂyérﬁlorﬂmﬁpéo\aamn o W fond By Rt cRBicled SR slahdﬁe to the

st preparation sol vent) prl or to use In

&Qﬁ{ai@hhﬁgge%ﬁ%m i & wggﬂg;oagg{s enbodi ment

OWs two conta zones being used to

gg[l b a0 SR HE PRSPt O PR FRCED

orned con

f tact 32 : o

égpgpgﬁ? e P e B B RO o R Orn@frivrnag?wfwreof
first b d in the contact d

$Pe oo B RTEGe BTRF PET A TRETBYRY B ool omyre

be contacted w.th or added t
non—metaln %alrgae-contam?ng compound, the so? ent, or cornbmatlons thereof. The

composition comprising the chromium-containing compound in line 310, the composition
comprising the pyrrole-containing compound in line 320, or both may comprise an amount
of non-halide metal alkyl to abate undesired water, acidic protons, or both. The composition
comprising the metal alkyl in line 315, may comprise the halide-containing compound, the
solvent, or combinations thereof. The composition comprising the metal alkyl may also
comprise a metal alkyl halide, a non-halide metal alkyl, a metal halide, non-metal halide, or
combinations thereof.

In an embodiment as shown in Fig. 1D, a composition comprising the pyrrole-

containing compound in line 420 and a composition comprising the chromium-containing
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the conposition conprising the netal al kyl present in
the contact zone (or visa-versa) to adequately contact

wa@eashgesne t he pyrrol e-netal al kyl m xture. |n BCT/082005/005416

step, the conposition contdining the

chrom um cont ai ni ng conpound nay be contacted with or
added to the pyrrole-netal alkyl mxture to formthe

final catalyst product. The conposition conprising the
chrom um cont ai ni ng conpound in |ine 310 may conpri se
@mpomdiptliat 4hanaylbe siondtaienustgcontiaied widl or added 3@ Iwhéghtmay occur
or conbi nations thereof The conposition conprising the
abpntr nitentaeotsly oi ogr egqrepodind time, Vitne c@@Posiey @oPpEing ¢heametal
non- et al hal i de- cont ai ni ng conpound, the solvent, or
diyHpresatti iorsnittezone 41 3,hand co fiped siatal ystinpro dunp mayi begwithdzawn from
chrom um cont ai ni ng conpound in |line 310, the

oanpiont # tnvie tng470s i Thg finhlecapiyst @ngpositnt manbafprtbaniiloted dvith a
in line 320, or both may conprise an anount of
sobwenth@ihictlenayedcaa lbe addati¢al tootha kathigstipnepasitioe solvat)girior to use in the
acidic protons, or both. The conposition conprising
dlipemeitadibn seattioh. Mhe borgosBidh corising AMghir@&Riufnh@ntaining compound
hal i de- cont ai ni ng conpound, the solvent, or

&k ddaiposiiien ¢dngrieial thERBmeRPAGIning @BmEAHR iaFibeGotithRed with or
metal al kyl nmay al so conprise a netal al kyl halide, a

e halthed orfifsflon &okiptising tHeein@lal ARYI g€ Py 0@ NndT&t fitios described
hal i de, or conbi nati ons thereof In an enbodi nent as

sleawiy n Fig. ID, a conposition conprising the

pyrrolecontaining conpound in |ine 420 and a

C ONMP O tdo @B oG onipliBiflg tREchedthil it Bt RLPORHECRANMRRWNY may
in line 410 may be sinultaneously contacted with or

aRgREe b Gon Mtk MaR®YcoR it @&%hnd MR NP USIYinQtions thereof

over a period of tine, with a conposition conprising

’hn:eco bé& 1o@édﬁiﬂnsﬁé e roldkoh@RHiRGonpORE ift Ime 486 thad comprise a

|na cata yst product” may be withdrawn from contact

%tﬁ‘ll Ttk @oﬂtélﬂﬁ% i egoﬁﬂae el MenP%aJoYrﬂnaﬁﬁ{{pﬁﬁ%ﬂer ONy the

further di a sol vent may not

Qﬁo&dgﬁem klﬁ)@n ih %1@{ Eg, ﬁl@tcgrlnf{o%EUOH cglﬁﬁlrls‘ﬂé & nﬁ%ll Xlﬁﬁtl)l contact zone

prior to use In

415, may comprise the halide-containing compound, the solvent, or combinations thereof,
each added to contact zone 415 through various input lines not shown in Fig. 1D. The
composition comprising the metal alkyl may also comprise a metal alkyl halide, a non-halide
metal alkyl, a metal halide, non-metal halide, or combinations thereof. The composition
comprising the chromium-containing compound in line 410, the composition comprising the
pyrrole-containing compound in line 420, or both may comprise an amount of non-halide
metal alkyl to abate undesired water, acidic protons, or both.

Further disclosed herein is a method of making a catalyst comprising abating all or a
portion of water, acidic protons, or both from a composition comprising the chromium-

containing compound, a composition comprising the pyrrole-containing compound, a
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ol i goneri zati on reaction. The conposition conprising
t he chrom um cont ai ni ng conpound and the conposition

wa@eupnssidg t he pyrrol e-containing compound nMeERCDES2005/005416

contacted wth or added tol12zhe conposition conprising

the nmetal alkyl at Py:Cr nolar ratios described

previ ously. The conposition conprising the
chrom um cont ai ni ng conpound in line 410 may conprise

a non-netal halide-containing conpound, the solvent,
ampositity natriposisg t ther eaf-méthle halidep@siainingn comppunids i angrotrpesition
pyrrol e-containing conpound in |line 420 may conprise a
coniprising de soblentder @atimtitrsnbered ppaut dpnthd ehesalf wethta, coaposition
conbi nati ons thereof. In the enbodi mrent shown in Fig.
toyprising tleomalshalid© contamipg t@hpognd. hAb st avata) doydic protons, or both
contact zone 415, may conprise the halide-containing
sayholide neityiziag lavidiet prototis, aysivialakéntovengt Waee physicalg lemoving
added to contact zone 415 through various input |ines
avidic gk, dhemically binBing bh ecactigpei witarsuclothat theiwigertihi@o longer
nmetal al kyl may al so conprise a netal al kyl halide, a

e oh@hibiiatiomttadrecd] K am@uneet adternatid ietond) 0nbdtRtedoved from the
hal i de, or conbi nati ons thereof The conposition

CRIRRY Emhpddedt Rty ©b IdeiniARdCR i &h&v M EhehOds) & Rearngle tnifaRd analysis
410, the conposition conprising the pyrrol e-containing

©RRAIASWBr donfeat. 420, or both may conprise an anpunt
of non-halide netal alkyl to abate undesired water,

aci diif eRHOdIRRSs PpreP Rt B-catiiyéil HiRNor e bOHE @atﬁ@£teéo&Fbl$en% may
nmet hod of making a catal yst conprising abating all or

SonRaT 18N fo?@xéﬁﬂ}lceﬂhe pﬁﬁﬂdéiti@n BarrRMg ’the%rol?xﬁﬁlﬂ—ct)ﬁtgimng compound.
conposition conprising the chrom untont ai ni ng

W%{Ep%ég‘_%g éﬁesgﬂni'ﬁ%séaul}gpc fujl,sﬂaln@c f& as a contaminant or as a co-

pyrro tal ni ng conpound, aconposition conprising

}Bllagucp Nadeelh @Ln%g%u{: @ﬁ%ﬁ{&h%kﬁl‘e anl%f @%P&glg.ngor examglﬁ,s water may

conmposition co e solve I nat i

11(3:%&)[ ) 88\109& h%ngtpﬁg%%%ﬁgf Ithg Qﬁlroﬁf?Jm—%r{tﬁniﬂ% gﬁ’%@ﬁﬁg’t é.inﬁr%uch water

I SI ng e-cont al ni ng

fﬁgf‘tc'bﬁi&ep‘!‘%ﬁ{ theacqflr(ngnﬁnp F LR pro?Jns k}{?&}h also be present, for example

carboxylic acid (e.g., ethylhexanoic acid) remaining from production of the chromium-
containing compound (e.g., chromium tris(2-ethylhexanoate)). This free water as well as
acid present in the chromium source can subsequently react with a metal halide present in the
catalyst, for example the metal alkyl halide such as DEAC, to form corrosive compounds,
e.g. hydrogen halide compound (e.g hydrochloric acid). Such compounds may cause
corrosion in downstream equipment over time, in particular when heated, for example in
downstream fractionation facilities. Accordingly, it may be desirable to abate water, acidic
protons, or both, when making the catalyst to prevent downstream formation of potentially

corrosive by-products.
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may include neutralizing acidic protons; physically
renovi ng water; physically renoving acidic protons;

wa@b@siogalid y bi ndi ng or reacting free water suchCT/lI81005/005416

the water is no |longer fred3 or conbi nations thereof.

The amount of water, acid protons, or both renoved
fromthe catal yst conponent maybe determ ned using

known net hods, for exanple infrared analysis to

determ ne water content. In enbodinents to prepare a

cat al fusthermone 1o embgstimens§ of hmebed af yrepariop asatabypt gnpuaijies in the
contain water, for exanple the conposition conprising
théwﬁhomnn@nm@mnpanﬂngnnmw@mwﬁdmcVwm@nmmﬁymseoﬁwd@emmmnof
in a catal yst conpound, for exanple as a contan nant
precigBates. cOlmse ghuecipitpien dugad lehdrto rgriich enprigghreattiions ©f example
the catal yst conpound. For exanple, water may be
polypercfdmeatidn chuthe ngneoizajpandtthgenedd 1thlagene. Water may be an initiator of
chrom um cont ai ni ng conpound, and such water nay
denpieepitarioh hretdtions nd nthereforeAaiagli e desirbiolip Sabaeeyd  fidra othb ecatalyst
present, for exanple carboxylic acid (e.g.,

edrhydnhex enaiptovaceledtivite roai-héxang. f Alaiing vadt) atidioprabnst breboth may
chr om untont ai ni ng conpound (e.g., chrom um

akd S ednbfydidl empna asnedalalysil bifisiefidye evenaiBdre @srryditel comgpounds are
acid present in the chrom um source can subsequently
pdadedWi R edlarfifiie,ain dnatrhigtelirpeng Seqiér is mbhtb® fioat ey sit mofeodatalyst
exanpl e the netal al kyl halide such as DEAC, to form
CETifRENY By GORPaUREISe ®itl) a doydsiagsiatdidhi cenpanPeudtdas a halide-
(e.g. hydrochloric acid). Such conpounds may cause

COMtifiRE BFmpIUnEOMMISH FeaRENWEE lih@ ABIMs (BY Ghtef. | RBactibik of water with a
particul ar when heated, for exanple in downstream

tomBive Opateinet ERGiobhd is€h as e ARLEH Qllathing Eoﬂﬁ%ﬁn@@nay produce a
desirable to abate water, acidic protons,

WheRiveR KPS nEl h§% Cﬁtﬂlaﬂc‘{s §ucﬁ Qhogﬁcﬁﬁ/@taﬁenqm%dhﬁtaimthe overall design
fornatlon of entla y corrosive

BY e, Mt %xgﬂ‘fﬁl&h@ﬁ diRAtte hzlxh'ae %mﬁglﬁlﬁ%ﬁoﬁ&s I%r qgatch&pw% water

prepafing a catalyst, inpurities in the catal yst

ﬁgg@g Q%Htcﬁ hglﬁt{e}:, ?‘Me&zﬂ kagﬁﬁaggé,r& ﬂ&ﬂ%ﬁﬁeetqetﬁ' ﬂlgll aﬁ@gtxﬁe%] ﬁahde, a

Ing to t or nat |

non-metal halide, or combinations thereof. The use of a halide-containing compound to
abate water may be used in place of or in addition to other water abatement embodiments
disclosed herein such as the use of a non-halide metal alkyl to abate water.

In an embodiment, water, acidic protons, or both may be abated by pre-contacting
one or more catalyst components with a non-corrosive abatement compound, which is a
compound that does not form a corrosive compound such as a hydrogen halide compound
upon contact with the water, acidic protons, or both. Non-corrosive abatement compounds
include, for example, a non-halide metal alkyl such as TEA. Corrosive abatement
compounds are compounds that can form a corrosive compound upon contact with water,

acidic protons or both such as (i) a metal alkyl halide, (ii) a metal halide and a metal alkyl,
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preci pitates. These precipitates may to lead to
further unwanted reactions, for exanple pol yner

wo eoosmsisod i n the trinmerization of ethyl ene toPCT/US2005/005416

1- hexene. Water may be an ithitiator of the

preci pitation reactions and therefore may be desirably
abated fromthe catal yst conponents to inprove
selectivity to 1-hexene. Abating water, acidic

protons, or both may al so have beneficial inpact on

eut @lilys noremetachadide pnd evental wha' eTlororresive abatemgnd aeitieounds also
are produced. For exanple, in an enbodi nent, water is
atvhide dnyf athencombinationnficempeaitnds {hatt foon apemesive sompoundripai contact
thereof with a corrosive abatenent conpound such as a

kath incheet,caatdid protog, awbnthound, which reacts with and

abates the water. Reactions of water with a corrosive

abat elmemt eotboghiownt] @wcdr asrea citallyst denmpomengs michgas a composition
conmpound may produce a corrosive conmpound, e.g., HJ,
andprisinghths hitsntduheotitaikmg  dontpouralc @owvnipositiort bhemaisérzathe pyrrole-
design of the system Exanples of suitable

haltiifiag canpaindi Nngnane hahidiscohiningedaipbamd, whdlbhentyat @ombinations
include a netal halide, a netal alkyl halide, a

ol akd ebataoRed alithal doylhaRddmeralnaitydko fbate wier, acidio profab,adr both.
hal i de, or conbi nations thereof. The use of a

rat helehgide htan hIRG GO FROLUWIEh frée wiad scidvBioehs,MoRBotheobised in the
in place of or in addition to other water abatenent
QifodicompdieniH) k@ prRAohAEE 1 Hhte lvaks, Aide pisenYbr Both. The non-
non-halide netal alkyl to abate water. In an

AR A EBINAkyIWaAE be pAEinthcd iRr0EdARSt z6te Wit ftheBe br fore catalyst
abated by pre-contacting one or nore catal yst

COTPARANT ThbrelniR ¥ beGRIde BF ek fer ABEHE I8 Mon-HATRAKAS alkyl to the
mhlch is a conpound that does not forma corrosive

HT?Q UBEpSHeRits) S vite AR 0GR NN BRlinbSdimeRP e rﬁ@e h'lB(oﬂlay be made by
cont act mnth the water, acidic protons, or

Iﬁ'&mrﬁ% £ 58§hz}ﬁﬁe ﬂﬁ?&ﬁ 9@% ﬂﬁ%gﬁgf%gﬁpbrﬁﬁ gdﬂ'lesef ﬁdltlons can be made

exa e, non- hal 1 de net al such "as

$£%§;M&B@QQ&£H§ﬂ%eﬁgnpounds are conpounds that can

rma corrosive conpound upon contact with water,

In an embodiment, the non-halide metal alkyl in added to or contacted with a
composition comprising the chromium-containing compound. Given that the chromium may
react with the non-halide metal alkyl to form a gel, it may be desirable to maintain a low
concentration of non-halide metal alkyl by adding it to the composition comprising the
chromium-containing compound, so that there may only be an amount available to react with
the water and acid. Conversely, with a high concentration of non-halide metal alkyl, such as
can occur when adding the composition comprising the chromium-containing compound to
the non-halide metal alkyl, more non-halide metal alkyl would be available to react with the

chromium (and thereby form a gel) after the water and acid were removed.
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acidic protons or both such as (i) a netal alkyl
halide, (ii) a netal halide and a netal alkyl, and

w@ poosjpsmicion- net al hali de and a netal al kyl. TPeT/US2005/005416

corrosi ve abatenent conpoundls al so i nclude any ot her

conmbi nation of conpounds that forma corrosive

conpound upon contact with water, acidic proton, or

both. In an enbodi nent, one or nore catal yst

conmponents such as a conposition conprising the

c hr oninugack embedimemigthe ovaten wn deid abgmgpolsianco (e &.0npemi-kilidg metal
t he pyrrol econtai ning conpound, a non-netal

laBdyl) derydendoniarted yvith emaddeddp cae spmpeNtatalst cooprdnemain angmount
t hereof, are contacted with a non-halide netal alkyl
efectiba tocabaztsebsfanadlydilldresfapailabls ,wager, dowlidpro®he or both from some or
non-halide netal alkyl can react with free water, acid

pH of dresqonpondntst ¢ontioted avithatie non-bdiide et lalkyt  boapemeottimgnt, the
when pre-contacted to abate water, acidic protons, or
hobimt of en+helieainttdiealky t @htaetkd withnayaddel pr srchicempornentsas small
contact zone with the one or nore catal yst conponents.
Téigivprie the amommy ob the matdystbyongiohdngs toawlhicinds it being contacted with or
non- hal i de netal alkyl to the catal yst conmponent(s) or
vitlded tv.elmSam, enabiddinhent, ale partiod b e thon hhiglephealniliky] vaytad@l with or
made by addi ng the non-halide netal alkyl to the

aadedlty 5 tat A PEARINERLS) may BERS Bairleh@i S Hatt 30y digt Pertdnt of the
various rati os as descri bed below In an enbodi nent,

tchelyi@BmpPéleh@s th®hidh itad dntacled wit @€ Bdded td) lt&RANvAIG U&E than about
Wi th a conposition conprising the chrom um containi ng

Q0 RRUMD Percéat b€ het dAgilyst EnpfoREnRE) L INBY it i€ 8dHtacvdtvith &€added to;
non- halide netal alkyl to forma gel, it may be

ARShaRBly Gest %aﬂadbﬂﬁtaﬂonwéi%{t QekcER e Ja@dtl}‘SQEbrﬁ’Eonent(s) to which it is
non-halide netal alkyl by adding it to the conposition

%Qx{fP&édS\!vfﬂlg of chde& h; Ol AR e BN e ﬂﬂ!n{‘ Gbdu® BRALEH ,pel%emtdme catalyst
t here may onl Yy be 'an anpunt available to react wt

LhRp NRAERY toe\l?ﬂcl@ﬂ; ison GV GIIPSH Mdedb ! By & dtbSBiment, the portion of the
concentratl on of non-halide metal alkyl, such as can

9181? HiTideReRl Qﬁigl QbR WHATPY H 't(Pé‘ AP Ebriip Hniksh hay be less than

hr om um cont ni ng conpoun

or equal to about 120 mole percent of the catalyst component(s) to which it is contacted with
or added to, alternatively less than about 80 mole percent of the catalyst component(s) to
which it is contacted with or added to; alternatively less than about 40 mole percent of the
catalyst component(s) to which it is contacted with or added to; alternatively less than about
20 mole percent of the catalyst component(s) to which it is contacted with or added to. The
non-halide metal alkyl may be contacted with or added to a catalyst component(s) in an
amount such that the non-halide metal alkyl to catalyst component(s) molar ratio may be less
than about 1.5:1, alternatively less than about 1.2:1, alternatively less than about 1:1. The
non-halide metal alkyl may be contacted with or added to a catalyst component(s) in a molar

ratio sufficient to abate at least about 25% of the water, acidic protons, or both associated
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the non-halide netal alkyl, nore non-halide netal
al kyl woul d be available to react with the chrom um

w@ 200d/0838e6 eby form a gel) after the water and BCT/USWes/@5416

renoved. | n each enbodi nent 16t he water or acid abating
substance (e.g., a non-halide netal alkyl) my be
contacted with or added to one or nore catal yst

conmponents in an anount effective to abate

substantially all free/available water, acidic

pridtthnsatalpst compenent(D mpresentan dre prkicoicting eoantpones pltgmatively at
contacted with the non-halide netal alkyl. In an
deastoehiowe rf0% tofigharmasert aciflicnprotong| odbothetsadciaédk with the catalyst
contacted with or added to such conponents is snall
rcethpdnenés) pesdnha theyprasebntadting bentacatak ydternaivehon deastsabow 100% of
which it is being contacted with or added to. In an
ehiebedenreadic ptdienspar tidtlo assodiatéheitin dre- daal ysdeonipehealt(sppieyent in the
contacted with or added to a catal yst conponent (s)
ivegydoatakbt@gscohtaanzone, adtemativetyoin o cuiouBOthuwengyhbe peesemtiouoi 0% in
the catal yst conponent(s) to which it is contacted

\wkdebs dranaddent sifficieat foesbmatat leadt ybdue $80% b the s} acRic protons, or
wei ght percent of the catal yst conponent(s) to which

ibbthi s8sociatet aditheitle \hthiRst @ompoekas) tpdesend | ih eiienmticythoting @Si®tact zone;
t han about 10 wei ght percent of the catalyst

QRTRONERNtL S) arheuntktiachay be dtdeaSOdbacioesinvdxtdls of arodalalt sufficient
to; alternatively |less than about 5 wei ght percent of

td @b akailt Byt Sbout 0003 BEIME Waler, taBidibhiribhns ér both HeIttad@itv@th the catalyst
with or added to. In an enbodi nent, the portion of the

REMpdiRhi(sY Brebddt Al thehréebnte@ing @&ft&dzdﬂe 1 'ﬂteﬂlﬁtl@@dlﬁ% b ot that may
cat al yst conponent (s) maybe | ess t han or equal to

%@ Qﬁ»‘feasl 3l%ufr9d)% P BXe &N aR b ek RAMS b £ APERE kP 100bPof the
whi ¢ is contacted with or added to; alternatively

l&&s, ch@l?cf‘pr@t%ﬁé‘ bor §9th @E’Qo%a@& WG he Qkaldsh @orﬁ;ﬁﬁx@ﬁtéé? ergsem in the pre-

conponent S) which it 1s contacted wth

tac"ﬁh% @(fn@EF ko‘ﬁ@l aYtellngt%z%lyt if Qﬁ‘aﬁ%ﬁ%’ Ihafltgam & 169& raﬁ:(ﬁl@tl 0(5% n excess

e ca yst conponent S I's contacted

; Itclllp arﬂBulﬁ‘qgﬁigle#lt 0 39th af f%%tt'aﬂﬂt)iod)%%sf tﬁmget?gagkipgﬁmllsf or both

e percent o the cata yst conponent S
{5 e A i AT B s o
%R&R&Ei@?l%( f‘n) ar})(ﬂmia{ﬂat may be at least about 200% in excess of an amount sufficient
to abate at least about 100% of the water, acidic protons, or both associated with the catalyst
component(s) present in the pre-contacting contact zone.

Upon abatement of water, acidic protons, or both from one or more catalyst
components, such abated catalyst components may be stored until needed for preparation of
a catalyst composition. Such storage may or may not be in the presence of a solvent. The
pre-mix comprising a portion of non-halide metal alkyl and one or more abated catalyst

component(s) may then be contacted with the remaining cataiyst components including the

metal alkyl halide to form the final catalyst product. The remaining catalyst components
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amount such that the non-halide netal alkyl to
catal yst conponent(s) nolar ratio nay be |ess than

w@bwmansBib: 1, alternatively |less than about 1.PCWPS2005/005416

alternatively |l ess than abatut 1:1. The non-halide

nmetal al kyl may be contacted with or added to a

catal yst conponent(s) in a nolar ratio sufficient to
abate at | east about 25% of the water, acidic protons,

or both associ atedwith the catal yst conponent(s) .

e slsp compriserpddipral omhalide metpl eyt ta complsghe total non-halide metal
alternatively at |east about 90% of the water, acidic

phok eomepositien bothh fiaslsetalyst del apiembodimentcthe afldiienal non-halide metal
conmponent (s) present in the pre-contacting contact
2Bpemaybe de nand sscthyt used inghspreabounrligd@iebt theladditianak non-halide
acidic protons, or both associated with the catal yst

owatgd elkem{yde dpifesed fromitimt néed ipthepeonikact i ng cont act

zone; alternatively in an anount that may b e at | east
about Fig08s 2A - @Rcregrsseof vaainuscambodimests fion abatmet wdter, adidi¢ grotons, or
at | east about 100% of the water, acidic protons, or

bothhin ales amipabicon worhirisitgethe aliramjust-concaininn entysoung) rtbs esrbiposition
in the pre-contacting contact zone; alternatively in
aompuigingthe piratle-oayaitieg edmgoaad tor Akib ptio20 donhtactexitheths cafiposition
an amount sufficient to abate at |east about 100% of
tchi@prigiriged meat halide-cpiit@ihing £ ompsunt o thiguaG AT el 21 tle ihdheled as
cat al yst conponent (s) present in the pre-contacting
conRirait rgpaentaiddn if RAbbdimkps o thprésemudiscldsh@t and®ly 1€ limit the
at | east about 30% in excess of an anount sufficient
daclefiné e Fatthdr@as! vaidod emBYered for RBatibgtvedter, addiblipgotons, or both
protons, or both associated with the catal yst

GRHYBE Batit &) o RicRSQ velal eff@iviiie@CONt act i ng cont act
zone; alternatively in an anount that may be at |east

about TROBYAIRitieX @@@%ris]gﬂig ﬁ@h@ﬁﬁh&ﬂ&o&ﬂﬁiﬁé edrBfunll S ALRt @ntacted
00 |

at | east about 100 the water, acidic protons, or

RathhassREat GlaMhid bhhEme 2hAthEthricP IPQRERELSthe B{iﬁl&% Rith the

in the pre-contacting contact zone; or alternatively

'(_r)?nﬁﬂné‘@t‘dﬁ%t {;;, i nEfY klﬁ Al grtlﬁﬁlﬁﬁen@kéﬁwn %9‘%‘1@' 1.\ ei(g% sition

an anou lcient to ate at east about 10

;E nt&iﬁﬁg \g?e;&%mﬂﬁ]i-(%in&in?r{ggoﬂg)r%und)ﬁla)b?% B%sﬁig%@%{' Bt WikS10, the

e Ca st conponen esent

%Ea@érﬁ&@gﬂﬁﬂitm&af ot ﬁl%e v?ié’fﬁﬁut line 505. The composition in contact zone 510

may optionally contain solvent, other catalyst components, or combinations thereof,
provided that contact zone 510 does not comprise (i) a metal alkyl halide, (ii) a metal halide
and a metal alkyl, or (iii) a non-metal halide and a metal alkyl. Non-halide metal alkyl,
optionally in solvent, may be added to the composition containing a chromium-containing
compound in contact zone 510 via line 530. The non-halide metal alkyl may be added in an
amount less than or equal to about 30 weight percent of the composition containing the

chromium-containing compound to which it is added or in other amounts as disclosed herein.
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Upon abat enment of water, acidic protons, or both from
one or nore catal yst conponents, such abated catal yst

wa@eovposesnd s may be stored until needed for preper/asi0051005416

of a catal yst conposition. 1&uch storage nay or nmay not

be in the presence of a solvent. The pre-mx

conprising a portion of non-halide netal al kyl and one

or nore abated catal yst conmponent(s) may then be
contacted wth the remaining catal yst conmponents

i ncl ubherrgsuithng mixttizg|in edritack zdvalSil @may theif be passddefroni epatact zone 510
catal yst product. The remaini ng catal yst conponent smay
aladme Soinand sptiomalthi fedgntala filten Shl dothprisieg diy (flek pf amywater) filter
conprise the total non-halide netal alkyl conposition
medinmefof fitering@ay pieyigitate that may tewd Gdinedfiom thelnaixture. The precipitate
addi tional non-halide netal alkyl nay be the sane as
trhatbeudecedi adt the fpirae may. beApdseadnds ilmelS5y3 ibthecontact zone 515 for
addi ti onal non-halide netal alkyl may be different
tomatibdaith teaemaining ketalystecompanentsiigpludigg 2éompogion comprising the
represent various enbodi nents for abating water,

atiatlilkyl pheparsde-cataiting tonipoutid) ehe halideo®hntaingiy comppuridge pga metal
the chrom um cont ai ni ng conpound, the conposition

aaldp ok aomghetahRaligy)y; 12l selveaNirdy reinfiging dop-aalidd, mawl alkgt, netal alkyl
prior to contact with the conposition conprising a

A&ida) or Bahbid@ioad terb ) iWhh eRRPeprckd iftb Goites zehd St hkiaughous input
2D are included as illustrative representations of

a8rdaadi SMBWh §1 [Af. AN e RLBSERbARL S} @& EwitHiehvdOfrdi® torltdciEdne 515
the di sclosure. Furthernore, various enbodi nents for

ahafidengronatvelere dteGheC isPbMItRASthe GEmBiBInE JARKRE c6APdleME dnay be
to increase overall effectiveness. The conposition

GRIRAL & Bht Rt Tt ddMomeBi@i ni ng conpound may be
contacted with the non-halide netal alkyl to forma

M Xt UF1e Rbdp8eitidroconPritiag bipdolbREntihing uérﬁ%wna Phaly/B@ contacted with
remai ni ng catal yst conponénts. In an enbodi nent shown

kH2 Iﬁn_gnaligeo‘néta? %fﬁ?f-’%d fdrRANa GRRLA ﬁjid?gtotc%ﬁtacting the mixture with the

chrom um cont ai ni ng conpound may be di sposed in

G, 4908 Sippie TRty LEATRY LR opusion
%8‘9&18%% pyrrole-containing compound may be disposed in contact zone 620 via input
line 607. The composition in contact zone 620 may optionally contain solvent, other catalyst
components, or combinations thereof, provided that contact zone 620 does not comprise (i) a
metal alkyl halide, (i) a metal halide and a metal alkyl, or (iii) a non-metal halide and a
metal alkyl. Non-halide metal alkyl, which may be in solvent, may be added to the
composition containing a pyrrole-containing compound in contact zone 620 via line 630.
The non-halide metal alkyl may be added in an amount less than or equal to about 10 weight

percent of the composition containing the pyrrole-containing compound to which it is added

or in other amounts as disclosed herein.
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may optionally contain solvent, other catalyst
conponents, or conbinations thereof, provided that

wa@onsagisieone 510 does not conprise (i) a net aPCEUK005/005416

halide, (ii) a nmetal halidg%and a netal alkyl, or

(iii) a non-netal halide and a netal al kyl. Non-halide
nmetal alkyl, optionally in solvent, nay be added to

t he conposition containing a chrom um cont ai ni ng

conmpound in contact zone 510 via line 530. The

non- Mk irgsaltang tattura lirkgontanteapné 62 Cardaiettieri e mssed fomniontagtszene 620
than or equal to about 30 wei ght percent of the

vohpo$2t awhomonilli filtenggl nhesholvnp i rwmoeo atyapmadipigpte that may have
conmpound to which it is added or in other anmounts as
isal nshamivdurel rMTheéhesuttas miktaret may thewbe fedninmoctingct zane ¢S for
510 may then be passed fromcontact zone 510 via line
&hthcdngdvidpthe oeradihiyg taayst ndropaeits irtchiding bomposipion sinpgising the
dry (free of any water) filter medium for filtering

eyl gkydcthpich@trdurb-oaritainiay corapemd,otherbaidercontaining avimpburde(e g, a
The precipitate may be filtered and the filtrate may
eaaliatidedr nonandtalralide),3hd sulvent ami eetaimnt@enSihbdd @etal alkyl, metal
contacting with the remai ning catal yst conponents

ARG hattieNg cambmafds tHeteo ) whivhpridy Sk plhcédigtorsehtadt zamdd1l via various
t he pyrrol e-contai ni ng conpound, the hali de-containing
GANRENEbLt (sBovin in BignEs &l chiadldt peodast mentheebalvitha@hwsl @bm contact
t he solvent, any remaining non-halide netal alkyl,

st 8l 5 ah kid 602l ies fileking BBRia! the Renaidiey @fyst ddipehents may be

maybe pl aced into contact zone 515 via various input

AleAREyeMPEonEBRWM doRtabi Bne @B-vidVabidhs3hpi$ lindd mOCHR6{vn (B, 2B.
then be withdrawn from contact zone 515 via |line 570.

VWher erptichinBsditte doshpREhd th8 dhrofifn E&IBAIRE BnFRh@ES be contacted
conponents may be alternatively contacted in contact

%G edrfpositids cHATRA thd ﬁ%ﬂof&%a{nﬁfgrégrn?ound to form a mixture prior to
pyrrol e-cont ai ni ng conpound ybe "contacted wth the

m
Qe lthgﬁ]i{fﬁxre %'vithathgxén-ﬁaﬁid% Q{eﬁl A )ﬂl%%m%&iﬁ&llttag illustrated in

contacting the mxture wt e remal ni ng cat al yst

@g%% ) 1e—c!h§br§iﬁmerﬂﬁg1gé. be S il Ebn’t:d.cgzo% B,8 b(\)/ lflgllatacting a

npdsi t’i on conprising a pyrrole-contalning conp

MOgﬁorpéo%Qﬁﬁg tﬁ%ﬁx%ﬁbt—&ﬁ{alr&%nc%ngggn&/ %ea t(g Q(mﬁct zone 725 via line

720 and the composition comprising the chromium-containing compound fed to contact zone

725 via line 710, which may occur about instantaneously or over a first period of time.
Feeding of the composition comprising the chromium-containing compound and the
composition comprising the pyrrole-containing compound to contact zone 725 may be
sequential (e.g. chromium followed by pyrrole or vice-versa) or simultaneous and at constant
or varying Py:Cr ratios as disclosed previously. Once the pyrrole-chromium mixture has
been contacted in contact zone 725 the pyrrole-chromium mixture from contact zone 725
may be placed in contact zone 731 via line 740. The pyrrole-chromium mixture may

optionally contain solvent, other catalyst components, or combinations thereof, but does not
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i ne 607. The conposition in contact zone 620 may
optionally contain solvent, other catal yst conponents,

w@eoososdsidat i ons thereof, provided that contacPCRUS®05/005416

620 does not conprise (i) aonetal alkyl halide, (ii) a
metal halide and a netal alkyl, or (iii) a non-netal
hal i de and a netal al kyl. Non-halide netal alkyl,

whi ch nmay be in solvent, may be added to the

conmposition containing a pyrrole-containing conmpound
romprise{ixe tmerad alkybRdide,i (&) b inretal 880le aithe nmegad -aHal, iod éiiihre nerl-metal
al kyl may be added in an anobunt |ess than or equal to
biddatndOmer] gktl. plen-telnte nodtal aliel, whith owiytbie ansode@nt, aiapbagdded to
t he pyrrol e-containing compound to which it is added

the pymoletchremiwmmouxitrs iasontlicszine 32dvih &éne?30. Tie noedalideamndtal alkyl
m xture in contact zone 620 may then be passed from
cenbeacideddnan GROumi less Ithaneor Ggdal anabanptl O eveiht yerbénk b the gyrrole-
(not shown) to renpbve any precipitate that may have
tloomimeh mixtirb@ whixh itrie addEl er irecthdrtaaointiiax diselesedtyretnh exithough
b e fed into contact zone 615 for contacting with the
nanhown g ig aCatosict caeTof end @niattClhkdl? I1gmay o el dodfact zone
conprising the nmetal alkyl, the chrom um cont ai ni ng
promding nich the hadiial degencoodstdaschb eihbo coreMkIASIthe €arfle., @

nmetal halide or non-netal halide), the solvent, any

I emai Thergsuf@i nhigtitede coiictlona 7Ky nay mei Bé pabddyfonhadntdezone 731
or conbi nations thereof, which may be placed into

GiaNheos2 #NaPdiionals beaTlieRdIndt RRHn)ltd AdSovE Ghy SlaeMaté that may
Fig. 2B. A catal yst product may then be w thdrawn from

AR UGEIed 2R NR Bikfrd/ | Bhe hixBir&dly bdArifo fcohth@ZbRAI7155for contacting
omtted, the remaining catal yst conponents may be

Rlich elenahliMigl Xatin?ﬁtcé‘rﬁf)&Qntis theRARE %Qt)mé&gﬂtg)é&g%ﬁﬁe{élﬁ’g the metal atkyl,

var i ous | nput i nes not shown Irn Fi

, " 2 i O L
e TRRR. hﬁﬂnr%&h%{@ga Q&Mn‘?.ﬂ htgl WP R BB BLiid), the solvent, any

conpouna may e conposition

. . ) .- i . '

S0 B0 AL ORI T o
_ i | . : ' af.

Pﬁgfkggltﬂlr) 'g?lg%{}?‘?%ﬁgl 8“&%)&1:101}3 My X pll&?@&gﬁg@ﬁ]& M .r%C).( tAUcrd'éllySt P;oduct

I 1 g. rro romu

Ry 1n2h BB ich Bak @ Bb A% AR 260 A3 viiinE 996 3% hlorftionally be filtered in

a filter (not shown). Where filtering is omitted, remaining catalyst components may be
alternatively contacted in contact zone 725 or 731.

The composition comprising a chromium-containing compound may be contacted
with the non-halide metal alkyl to form a first mixture, the composition comprising a
pyrrole-containing compound may be contacted with the non-halide metal alkyl to form a
second mixture; and the first and second mixtures may be contacted with the remaining
catalyst components. In an embodiment shown in Fig. 2D a composition containing a
chromium-containing compound may be disposed in contact zone 810, the placement of

which takes place via input line 805. The composition in contact zone 810 may optionally



10

15

20

conposition conprising the pyrrol e-containing conmpound
fed to contact zone 725 via line 720 and the

W@ 20908381 on conpri sing the chrom um cont ai ni NBCT/US2005/005416

conmpound fed to contact zoneé 725 via line 710, which

may occur about instantaneously or over a first period

of tinme. Feeding of the conposition conprising the
chrom um cont ai ni ng conpound and the conposition
conprising the pyrrol e-containing conpound to contact
@oté sORsniatheb eatapsy wemporehts,(@ . qgmbivhticmsitheneof ot cumsact rgne 810
pyrrole or vice-versa) or sinultaneous and at constant
dures wa@cympigse Py @meta tikpishalide, (i) sichavd deliderapd h gl ylkylOpr(@i) a non-
the pyrrol e-chrom um m xture has been contacted in

went latite z@inemé@baliyie Noprhabiiemetal dkyluwhioh xtaybe i savent, may be
contact zone 725 may be placed in contact zone 731 via
dddedto AHOcondfoeitiply contding b cloroininm- odnxdiniigec omppundini coniattl zgne 810
contai n solvent, other catalyst conponents, or

wipmhd geat honisg b et atfture THe mda-dslideahda0 akyi mey §é dddad feiaimount
al kyl halide, (ii) a netal halide and a netal alkyl,

R§s thin dr)eq@al 1@ Bboel @lvelghd ped@ntdTdhecoiplogitioritdtyining the chromium-
Non- hal i de netal al kyl, which may be in solvent, my
oataattednipeuddie whichiah &ided 60 6hER Ahoahty hedikdlose® Réraiat

zone 731 via line 730. The non-halide netal alkyl may

be addedoidmafiréfmbRiforh8 $h doRAbt 2fie EPUthe tOMBRAIL cdfprising a
wei ght percent of the pyrrolechrom um m xture to which

hyfrroleScoafieh@fth @hpbindhiEte A§FasHALIE c@fiact Lsie 808 aRe Pla¢edicht of which
Al t hough not shown in Fig. 2C, contact zone 725 and

QRALARE via ARt KREL80TRYTHR orhp&itid 8 MBmE ey @& ntaining compound
providing that the addition sequence as described

APOY Rl SORd 90 L8y IRWBnaly N nfafS Wit @Rt owtch'tﬁf?sti Bomponents, or

contact zone 731 may then be passed from conftact zone

goﬁ%b\}'\%ai)ﬁ&%s' thd€o £ /g AR %{‘Mgﬁgﬁt ("ti)oilﬁét&m{}?hﬁ%yk}(ﬁ)’ fﬁll]gt(af‘lﬁﬁide and a

O renove any pre ate tha have forned

Bt ﬂ@igﬂr Zi‘(i)irﬁ fon-thB&] ;g M B 2861 ‘i\)%ﬂ-ﬂaﬁ‘&e%&&’%ﬁ@g, :which may

zone contacti ng enal ni ng cat

RGP LA S BURRS ST O conponn
(%%Ea%é zollﬁ%éJl %b(ﬁj Gia Bhe 991 T’o%&%lthehs%lcoinqef‘l)lixm}eh The gcl)n\fﬁarl]itde nf2 Y alkyl may
be added in an amount less than or equal to about 10 weight percent of the composition
containing the pyrrole-containing compound to which it is added or in other amounts as
disclosed herein.

The first mixture, second mixture, or both may optionally be filtered (not shown) to
remove any precipitate that may have formed in the mixtures. Optionally, either the first,
second, or both mixtures may be stored. The first and second mixtures may then be fed into
contact zone 815 via lines 811 and 821, respectively for contacting with the remaining
catalyst components including the composition comprising metal halide. Alternatively,

although not shown in Fig. 2D the first and second mixtures may be contacted separately in
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remai ni ng non-halide netal al kyl, netal al kyl halide,
or conbi nations thereof, which nay be placed into

wa@oensagasieone 715 via various input |ines not BEDUA2DFI005416

Fig. 2C. A catalyst product2may then be wi thdrawn from
contact zone 715 via line 770 and may optionally be
filtered in a filter (not shown). Wiere filtering is
omtted, remmi ning catal yst conponents may be
alternatively contacted in contact zone 725 or 731.

Finghee oonpant izeneqios empeing fed giana cdmmoimglgdnfesd inaiimip wgntact zone 815,
conpound may be contacted with the non-halide netal

adepth ¢capmhingled feed linesmayheaptiowsly fitered wirposvetanp precipitate that may
conprising a pyrrol e-contai ning conpound may be

bonrtierotedd Conthidt zbteeB 1A amtidi byl majeb erpeinptised [oK y korhposftion womprising the
second m xture; and the first and second m xtures nay
retat el ia @t ledidevc dritaining compaindi(pg , eamethlystlide onmonereta halide), a
In an enbodi ment shown in Fig. 2D a conposition

sdving ithei rergaiaing hoehdlideneahslikylrhetg atlyhipdide,dr naybibions thereof, all
di sposed in contact zone 810, the placenent of which
bakeish phvadee pacddripatcohtatteofOBLS vihearas st firie®nol shown in Fig.
contact zone 810 may optional |l ycontain sol vent, other

eBt Al yasdlyse proon afdyStherd be Gatfiiata tfiodn Soritdee b@@f §15bul4 line 870 and
contact zone 810 does not conprise (i) a netal alkyl
balonal®; fiftbred @ lteehad sivain) den anenaiveedntodmhdalsl re@iining catalyst
(1ii) a nonnetal halide and a netal al kyl. Non-halide
Bahbnedd H)y be whiacldd MBdonfag ok Soloyet , may be added to

t he conposition containing a chrom um contai ning

C ONMPOopKRdadditiof QM tRCEondREiBord ddhptistg| thd Byrfb3é cninThd) BorBpound and
first mxture. The non-halide netal alkyl may b e

B A8 bINicA oA the @BfontilARoiniBE Yethpdufd: @b%tomm Figs. 2C and

wei ght percent of the conposition containing the

S mR4Yibd ﬁrae@ﬁl%ﬁatﬁﬂommy{}dch@um 8Rclbded bieviadggd or in

ot hef ampbunts as di scl'osed herein. A second m Xture

can bygref RJBY rkfo @RS theZARMIBAS Qontg_ﬁﬁé C&ng&g{dtﬂrfap to contact

conprising a pyrrole-containing conpoun

%t pﬁgeﬁl efal! f&ﬁ@é &)(fl{an eco?h%gtggt Q@of& We%o{?sf vM‘érC Qbatement

es place Vvia |nput I ne onposi t

886%&1&1[ NfsFosBY rhregzll £- Cﬁn&?'eﬁlbg&m%f?m%fl rlgromlum-contammg catalyst

feedstock may be contacted with an azeotropic solvent such as an aromatic compound,
paraffin solvent, chlorinated solvent, other solvent, or mixture of solvents capable of forming
an azeotrope with water. The azeotropic solvent, the chromium-containing compound, and
any water present form a solution and the solution may be subjected to an azeotropic
distillation to remove the water, wherein the solvent-water azeotrope is a lower boiling
component. Optionally, the solvent used to remove water by azeotropic distillation may be
recovered after the azeotropic distillation. In an embodiment, the azeotropic solvent used to
remove water using azeotropic distillation may comprise ethylbenzene, benzene, meta-

xylene, ortho-xylene, para-xylene, mixed xylenes, toluene, octane, nonane, heptane, hexane,
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in contact zone 820 nmay optionally contain sol vent,
ot her catal yst conponents, or conbi nations thereof,

whedosadeesss not conprise (i) a netal al kyl hali decT/(810p5/605416

nmetal halide and a netal akkyl, or (iii) a non-netal
halide and a netal al kyl. Non-halide netal alkyl,

which may be in solvent, may be added to the

composition containing a pyrrol e-containing conmpound

in contact zone 820 via line 831 form ng the second

miset! UbexaneTh eyahabaxdne, catbomedtathleridey Ichloeforte dichieomethanan 1,1,2
anount | ess than or equal to about 10 wei ght percent
oichlotvethewoo sombipations theadofii Ate tatmoupyafrvedte -remotedi it catalyst
conmpound to which it is added or in other anmounts as
cingoines ey anowk rabatinentf metbddsmnay e emosideaindsimg kXhawe analytical
or both may optionally be filtered (not shown) to
metiodssuetras ipireal gpatysis.e t hat nay have fornmed in the

m xtures. Optionally, either the first, second, or

bot h Im at embsdimeyt khoemsinoFgd.3AThecdmpositioardntsamgng chromium-
m xtures nmay then be fed into contact zone 815 via
tanmasngddimpinad 824f be rdésppsed tin valtact fame 9¢onthaplateh@entbf Which takes
the remai ning catal yst conmponents including the

placepds ki irpat Bengsi sTHegorBbsitionhialchftct z6hd eronaby wstoyally contain
al t hough not shown in Fig. 2D the first and second

§51veht) o@Sr 0R3lysh cEmERBhta G @mbiaRRdnAtHRIcYf, biedatabeione 910 does not
contact zone prior to being fed via a comm ngl ed feed
Ldniisé (1 @ nte@N Rt hatidB qiiPd Metak RAlide Uad a GRMNakg], @€ (ifip£ don-metal
line my be optionally filtered to renove any

RAIRE bR 4 Ab@1 AIbAt ARBYeddaYR sI0EMR: | L RMpBSHorZRRBriSik® an aromatic
initially maybe conprised of a conposition conprising

EEpolRd @lch @l KitliberBelt@bdagl l@é Q&FH & Ak @Qm;%gfﬂaﬁ ldqucaitﬁl‘%% 9 chrofhium-

nmetal halide or non-netal halide), a solvent,

ESPRLRY Rngdana Raldnte: 2Bk ko l@lakl}ﬁ'e’%?%? ahec%kagaedhtalswaﬁm 900.

or conbinations thereof, all of which have been place

Ly &e&fbﬁicﬁag{eﬁﬂﬂ% l%la"t_"ldéld a\ﬁ%ﬂogfﬁ ﬁie&R}étto kdrﬁ:a?]l agéebttropic solution

shown 2D.” A catal yst product may t

Witﬁ Iﬁlg I >1/1fr¥1—?§ﬂt§1919% %cﬁﬁ&] eln%}l %m\é h@lvr\lj%ltpﬁlf %gFﬁgg soleent may be

opti ona tere ter not s n a rnati ve

g({gg@ ciiﬂ g;?q{n%umfﬁg};?'af;‘&{g%§ [%t §)|0¥§ foo0 times the weight of the composition

containing the chromium-containing compound to which it is added, alternatively from about
0.5 to about 500 times the weight, alternatively from about 0.5 to about 100 times the weight,
alternatively from about 0.5 to about 50 times the weight, alternatively from about 0.5 to
about 25 times the weight, alternatively from about 0.5 to about 15 times the weight. The
resultant azeotropic solution in contact zone 910 may then be passed from contact zone 910
via line 911 and fed into a separator 900 for the azeotropic distillation of the solution to
remove the water. Operating temperature of separator 900 will depend on the azeotropic
solvent used and the pressure maintained on the separator. The water may be removed from

separator 900 through overhead line 912, optionally the aromatic compound recovered, and



conmponents nmay be contacted in contact zone 810 or
820. The addition of the conposition conprising the
w@ososmic€ont ai ni ng conpound and the conposi t i PET/US2005/005416

conpri sing the chrom um cont¢ai ni ng conpound as shown
in Figs. 2C and 2D may be made in constant or varying
Py:Cr ratios as disclosed previously. Water nay be
renoved fromthe chrom um containing conmpound prior to
contact with the netal halide-containing conmpound
the conahing abged/ asrpansntsvahr bea gt endine HAbine bemdct zone 915 for
di scl osed herein. In an enbodi nent, the
ohtaaing withtiontemiininggaBitabypbnehe erdhidgkhemynpbsition comprising the
contacted with an azeotropi c solvent such as an
At Rty che@ofpLotiainfh@rcaipound S Mgidé-cortdihifg taradordd (e.g., a metal
sol vent, other solvent, or mxture of solvents capable
Hafidd @mbh-f@td Ral 2R GHelcaiaBrstwbivEnt VAl edmainihEnaZiRdiilé @BiaCalkyl, metal
sol vent, the chrom um contai ni ng conmpound, and any

S aled Bdlidpy o2 SembinAtdnEhdres Q witich @y 8B flatddants @bathdt @heMBY vR& arious
subjected to an azeotropic distillation to renove the

W@t Gifies 10 SHoRInNin IS 3201 A @ Mhlyah &lictadSOohEOREwitidravh ¥R contact
boi I i ng conmponent. Optionally, the solvent used to

ZoB8EDVEvMaine 1970 Yan@ dpRdraRP fikerd &iot kﬂo&tn? Oﬂlteﬁ@a&ﬁv&? the water abated
recovered after the azeotropic distillation n an

BHR tdBMsing tRe hAAS L BRhRInE CbMERInd HES Be tRrddPBY® contact with
wat er using azeotropic distillation may conprise

thd Ma&%@zﬁ&‘f&st BER%RAR.  ORtAXIN, %%at@& bhRp NS BBm line 913 may
par a- Xy ene,” m xed Xyl enes, toluene, octane, nonane,

10 YISREiAR&: to REURP R atdh ASHRE%R B%@r%&lﬂl@eﬂh %%Qﬁnplél: @&J@mwnh a non-

tetrachlorlde chl orof orm | "or onét hane

ﬂ;aflaec rPrlle?arl Ofik orb%ﬁt C&np&{{'aﬁ 1oP3 éorﬂ%%? Wl%{rh@a?ﬁp}gﬁﬁgﬁg chitalyst

reno on1é cat a t conponent
g% ?Ent nethods may be nDnltored usi ng knomn
anal'y cal met hods such as infrared analysis. In an

o R o A o
haP(E]e (if rheta]%ah al aﬁcyl or bn a non—me%al halide and a metal alkyl, for
15  example the composition comprising the chromium-containing compound, the composition
comprising the pyrrole-containing compound, the non-metal halide-containing compound,
the solvent, or combinations thereof are contacted with an adsorbent to abate water. The
contacting may occur prior to contacting with (i) a metal alkyl halide, (i1) a metal halide and
a metal alkyl, or (iii) 2 non-metal halide and a metal alkyl. In some embodiments, contacting
20  the chromium-containing compound with the pyrrole-containing compound may enhance the
solubility of the chromium-containing compound in a solvent (e.g. ethylbenzene) as well as
reduce the solution viscosity. Thus, the reduced viscosity and more soluble solution may

enhance the suitability of the solution to water abatement by means of passing it through an

adsorbent such as molecular sieves, to remove all or a portion of any water present. In an
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pl ace via an input line 905. The conposition in
contact zone 910 may optionally contain solvent, other

w@ 21084082816 conponent s, or conbi nati ons thereof , POLIUS2005/005416

contact zone 910 does not ednmprise (i) a netal alkyl
halide, (ii) a nmetal halide and a netal alkyl, or

(iii) a non-netal halide and a netal al kyl. An

azeotropic solvent, e.g., a conposition conprising an
aromati ¢ conmpound such as ethyl benzene, nay be added

¢rob ddingeng ah pgirdle @addedamsyacanistitgteasubhunoinilyu att ontoalyna portion of the
conpound in contact zone 910 via line 902 or directly
e rdgoirgle pa hake rth® @ekalystheongposidbn. opiher &ndwie mieansa Yorbeducing
added in an anobunt effective to forman azeotropic

®isdokity, @fihavtih) séltitglityn 6060 th My et enipld yod sedingastuan clatallsh camponent
enbodi nent, the azeotropic solvent may be added in an
BovO B suftabbenfonbmict Witlbart Mis@ba to rddO@ Wadteres t he wei ght

of the conposition containing the chrom um containi ng
CONMPARRBptién Whisedhdréin kFera Gak@él sepahii®r dpafativiEinywHidodhe component
about 0.5 to about 500 tines the weight, alternatively

b 0% 8PN MixBuré R s@b@ivEly 188indd 8% poh€ oBieditbus or microcrystalline
alternatively fromabout 0.5 to about 50 tines the

¥ aas @ ligBlanAkiuYedoitabis Q%lmtadgbr&ng%néﬁ%ﬁim?e@oh{fﬂﬁﬁt (the
the weight, alternatively fromabout 0.5 to about 15

hdsomste WMARCHA® it)gmauy Then) RAstkd BMe AAERIITAR! 61i8 Ol THhh @Rbddiment,
contact zone 910 may then be passed from contact zone

hlfhsdtbént IaP6e Fkd AR el Vefferib) iR HERREAERT0 S48 ysh @5m]%(ﬁlgnl(s) in

azeotropic distillation of "the solution to renove

Yateh gn@ﬁﬁ{iﬂﬁ HASouRITASY AeHlife AntSGRASEHO LSRRIt the catalyst

depend on the azeotfopi c solvent used and the pressure

TP e TR e SERTATRY AR A I 0F oY, e
RRLERALIY 1. AR e GTPOML [P YR o AN ) caning o

remalning a conponent’'s na
915 .f.or coptggtin

}r‘llgr:;%tgclmﬁ %E glgc‘gi lg ﬁgrgl{ion o %tgﬁ%t%\{e \ ntgll' ral%{ l\lzl]\%gb?ﬁé tl?)? passing the catalyst
SRS B P oL s Bl B, ghovie e
N R T
t leril( }/elrﬁovmngttﬁel, abated catalyst component(s) from the adsorption bed. The adsorbent
may then be replaced or regenerated for the next use. The original adsorption capacity of the
saturated bed may be recovered by any suitable regeneration method, for example, thermal
regeneration, regeneration by pressure swing, or regeneration by purging.

In the embodiments, any suitable adsorbent may be used. Examples of suitable
adsorbents include 3-Angstrom molecular sieves, S5-Angstrom molecular sieves, 13X
molecular sieves, alumina, silica, or combinations thereof. 3-Angstrom (3A) and 5-

Angstrom (5A) refers to the size of the molecule the material can adsorb, for example, the

3A molecular sieve can adsorb molecules less than 3 angstrom and the SA molecular sieve
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al kyl halide, or conbinations thereof, which maybe
pl aced into contact zone 915 via various input lines

woedsesmsw in Fig. 3A A catal yst product nay peEOSDHIES/005416

wi t hdrawn from contact zon@6915 via |ine 970 and
optionally filtered (not shown). Alternatively the

wat er abated material conprising the

chrom um cont ai ni ng conpound nay be stored prior to
contact with the remaining catal yst conponents.
@ptadonaojeculthiessathat & dngsonpoNeitcslall sieves hierveys@illersaycties not
subjected to further water abatenent as descri bed

ke spongdsam exalepller wolat Blely havd & s@lidnfbahedorid defimipalirge internal
al kyl , adsorbent, or both prior to contact with the

dagitied Mihag maleallsss tanc beradsoeieds Thése @nitiesThed intedvinnectsdeby pore
or nore catal yst conponents other than (i) a netal

@lekiyigs thedupll @hichimglealesRtmpashabBdcal8e anthei citafline alalayd, the pores
or (iii) a non-netal halide and a netal alkyl, for
adanflie dré the CAAPOiSE, lahd dep2Oding b kHeGide BE the openings, they can adsorb
chrom um cont ai ni ng conpound, the conposition

©66Rds Syt MGvIPY 1T Wt &t SIQNIAI MhdHIn#HE AP eloMulat §i6ves -- adsorbing
non- et al hal i de- cont ai ni ng conmpound, the solvent, or

BOBRIRJIE LM IREWRRS reREhgdRBdrdated W th an adsor bent
to abate water. The contacting may occur prior to

cont ag i RehbBhitdand b9 iBstiRldah B kg, h@lroteohrdrhibh RixiBE fay be

hal i de and a netal alkyl, or {iii) a non-netal halide

i%ﬂﬁied"%n B z3ekohs by SontRIR: ;?569%'51[{@5‘ Eo?mprﬁﬁ@ RGIHBR-dRGining

chrom um cont ai ni ng COfT'pOUI’]d wt

Mpeﬁaldefeeqetc%hta&t%ne QP9 ldﬁdhrm%z@ ruaanﬁ@ c&HﬁosﬁBh %théﬁ(g the

t he chronlun}contalnlng compound in a sol vent

&ﬁJHﬁhﬁ%ﬁﬁﬁ% X‘ﬁgl fed & e%gf“fonte H@ZSSQL Wi %‘1 0 Wthh may occur

Vi scosity viscosity and
a%B{;tuiﬁétﬁltafn%déwa&eréP tﬁge Sﬁéeﬁ ? olf 'tﬁeych%mlhﬂl containing
solution to ter aate ymaaso paSSI

{og{ﬁg%/{g&a@? tl?e%%%gc:a%xl on%t%aﬂlﬁos‘@on%? %n%a(c} %%1%‘1855 m n)(? be sequential

@%g g%oml 15%dweg P/pgx%l(% CH)T wce-veﬁs&??r sbrﬁul &Pe%uﬁ %ncfj a); cons cnét or varying
ke the.c osi.tion. . her

lf?ggrn gartlggrats ?(B%FuogF(}] Sfrevw a1t al Y)nce %henByrrole chromium mixture ngas been
contacted in contact zone 1025 the pyrrole-chromium mixture from contact zone 1025 may
be passed to contact zone 1000 via line 1040. The pyrrole-chromium mixture may
optionally contain solvent, other catalyst components, e.g. a non-metal halide, or
combinations thereof, but does not comprise (i) a metal alkyl halide, (ii) a metal halide and a
metal alkyl, or (iii) a non-metal halide and a metal alkyl. The pyrrole-chromium mixture is
contacted with an adsorbent disposed in contact zone 1000. Contact zone 1000 may be a
fixed adsorption bed as described in a previous embodiment, sized accordingly to the
volumes of materials being adsorbed. The pyrrole-chromium mixture may be passed

through the adsorption bed comprised of an adsorbent, e.g. 3A molecular sieve, allowing for
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vi scosity, enhancing solubility, or both may be
enpl oyed such that a catal yst conponent becones

waosmgdses f or contact with an adsorbent to renP@BUS2005/005416

wat er. Adsorption as used herein refers to the

separation operation in which one conponent of a gas

or liquid mxture is selectively retained in the pores

of a resinous or mcrocrystalline solid. A gas or

liquid m xture contacts a solid (the adsorbent) and a
thexad soresiop prgrossenocqur heer adsenb atrind oftimeto iadsotby gssangihllyyall of the
wat er) adheres to the surface of the solid. In an
éebodicnfon, thapyreds drivenm mixybe Gosack with thbatrheat @rcobyict zone
addi ng the adsorbent to catal yst conmponents) in a

Vegedy tervdrried gutragedrdiog tughidus khown medodsat e cont acti ng

of the adsorbent with the catal yst conponent(s). The

m Xt uTlee watyr dthed higtuad Inosvathct wns t1 a0 may theafliegrassed from contact
period of tinme, the adsorbent settles to the bottom of
tére \WO8 sl line3Op&nad camced withethe oampligtige chtdiyst deapoientign contact
or filtration (e.qg., suction filtration).

£brieet(1at invialiyig thatcempesitionbengiviaing dthd ymgud selkylg at dide-containing
cat al yst conmponent (s) through a fixed adsorption bed
canfnithé 60, of magal letide boesit metéall Hatidd).NBe EdPeentyiany tentining non-halide
adequate contact tine for the adsorbate to

sigfal hiRiiemklay alrgdalige, o cdrisinAd SOMBRAE whith dna?rhﬁrblaced into contact
renmovi ng the abated catal yst conponent(s) fromthe

aslorops vy ees npheliRd$6f #eih R BREA O@il¥sePlAGR IS  then be
regenerated for the next use. The original adsorption

GAR@GWH YroM cbilSctSAheINSl £9ibRE 1Y AR ERRANRY ﬁﬁer@a/ (R%hown).
sui tabl e regeneration nethod, for exanple,

NGORRARRLthORatef HURH ﬁ{aﬁﬁlb%meﬁsﬂig fhe %M[)ﬁm%’(vkﬁlgalmﬁé compound may
regeneration by purging. In the enbodi nents, any

ﬁé‘%t%féﬁ ep%oﬁgﬁwn%f] it R J%ﬁlamﬁ%dcatagélas@apgﬁgﬁ Vg)giléraﬁy Ghe water

adsorbents include 3-Angstro

foé&% %d?@oﬁlcéblnﬁ& z% Y& m%";'t? %EE eEtEd! #oaﬁl%tﬁér%ya‘?e? abatement as

um na, or CO I nat | ereo Angstrom

(ig%'al)lbearhgre f&r&%é %ﬂté&%lﬁlglfrﬁﬁ%aﬂ% &1&&1 r%“a‘a.zggtrohl?:ethst111at10n

m)IecuIet e nmaterial can adsorb or exa

or both prior to contact with the remaining catalyst components.

Embodiments for abating water, acidic protons, or both as disclosed herein, for
example the embodiments shown in Figs. 2A - 2D and 3A - 3B, may be applied alone or in
combination to other processes and catalyst compositions known in the art, for example,
water, acidic protons, or both may be abated from the catalyst compositions or components
disclosed in reference U.S. Patent No. 6,133,495, U.S. App. No. 2002/0035029, WO
01/83447, WO 03/053890, and WO 03/053891, each of which is incorporated herein in its
entirety. Likewise, embodiments for preparing catalysts, for example embodiments shown
in Figs. 1A-1D and 4A-4E, may be applied alone or in combination to other processes and

catalyst compositions known in the art, for example those set forth in 6,133,495,
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3A nol ecul ar sieve can adsorb nol ecul es | ess than 3
angstrom and the 5A nol ecul ar sievecan adsorb

wordososdses | ess than 5 angstrom Mol ecul ar si eREBUS2085/005416

crystalline structures not 28inli ke sponges on a

nol ecul ar scale. They have a solid framework defining

| arge internal cavities where nolecules can b e

adsorbed. These cavities are interconnected by pore

openi ngs through which nol ecul es can pass. Because of
1002003502y, sVal 01/3BH4AaMD €3/083890 pardew Cand0T391.t Waen appdying the
the sane size, and depending on the size of the
waenibagment ddycacdyst aobpantivnn@hleditheas toetheke| cptalys! comhppsitions or

or not at all, thus functioning as nol ecul ar sieves ~
aaponidtsiiscintdia uéferen@fiU. 6 R dieat No 4, 38 819\ B.eApe Nec2002§035029,
| arger ones. In an enbodinent as illustrated in Fig.

BB oa/spaa7r WE-03h5e890y Mndi WOU0F0IB8Y 1, bifte fappriaprdhaté Rubstitutions and
contact zone 1025 by contacting a conposition

SIEERdnS sHOG1dtbREN Y FErQdothpEisahdd g Lmipauaettibe e ¢ ubstitution of
contact zone 1025 via line 1020 and the conposition

e ARMtidRhtAg Heh@ls PTIVROT 03705880t Ad WO D3EBIPDURE tHegHmo® compound
contact zone 1025 via line 1010, which may occur about

588 h@bih ANE fSder®d ofANElgadd T (p5troR @Adogfiur) mélitios to account for
Feedi ng of the chrom um containing conposition and the

Y ' flbE- o€ BqtivlditsNSf ﬁg&ﬁ@ﬁ; bkl Bidlel 6F BRMARA ZOMBerhd2ZD catalyst
maybe sequential (e.g rom um foll owed by pyrrole or

WnfpB3iM&Hs SR )coRporn¥HidcRREPHSreRRAcAD. S PRSHERNS. OT33VBEYUIRY App.
Py:Cr ratios as disclosed previously. Once t he

b{fz"ogb/ﬁos%'héé) rwwmm&# WO fo@ﬁ)sb@@nmﬁowwmgmnmﬁp Bt 8Ghbined
zone 1025 the pyrrol e-chrom umm xture from contact

%glﬂgthégﬁaﬁal%?)éorg osﬂ sc‘gfj 9511%091%5 A Let %%ﬁhe}gg Qo gr?a?e vhﬁb%s final

rro romu m xture may option

ct oep&s@ cﬁé’ h%ﬁ)r%inol%t é?l%ro dﬁ%&lé ldXs%hb e?rp %H# alatblﬁrglg)a%egag ated from

or CO nati ons

%ngltong orRS 8 f Slgclh cm%p %T or com}é?nenl )by%g%or(ei oir ore %Eeﬁjlegtemethod

on-ne

t.al al kyl. The pyrrole chromi um m xture is
@8%Fgégeﬂnmnth an adsorbent disposed in contact zone

1000. Inggrét %Ctthmzegtn (\:"Na eg Oa%dlc B’rog)ns or both may be abated from the catalyst

composition for producing an alpha-olefin oligomer disclosed in US Patent No. 6,133,495.
A chromium-based catalyst is prepared by bringing a pyrrole ring-containing compound, an
alkyl aluminum compound, and a halogen-containing compound into contact with each other
in a hydrocarbon solvent, halogenated hydrocarbon solvent or mixture thereof, and then
bringing the mixed resultant solution into contact with the chromium compound, wherein
water, acidic protons, or both are abated from the catalyst or a component thereof prior to or
during preparation of the catalyst. In an embodiment, the chromium-based catalyst is
prepared by bringing the chromium compound, the pyrrole ring-containing compound, the

alkyl aluminum compound, and the halogen-containing compound into contact with each
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fi xed adsorption bed as described in a previous
enbodi nent, sized accordingly to the vol unes of

woredosnsrie bei ng adsorbed. The pyrrol e- chr om uPeTUS1005/@5416

may be passed through the a#isorption bed conprised of

an adsorbent, e.g. 3A nolecular sieve, allow ng forthe
adsor ption process to occur over a second period of

time to adsorb essentially all of the free water from

the pyrrol e-chromi um m xture. Contact with the

abladn hantrotabandoleat halogumated GRdromyboheolvart ror @dxtotet thereof in the
according to various known nethods. The water abated
iBsedckllof alpha-oRifih amtierz ok alERAitioR hat hien cheepatsedf tireochromium
contact zone 1000 via line 1018 and contacted with the
¢ipRii MgheRbBlayishixed E@Rans shounl>clor et mottite, al@rhatively about
i ncl udi ng the conposition conprising the netal alkyl,

e« ndlth det Conb i, ABerf QNP9 WIdfiste® 1@ not BordRhal abbad 8>ck@~ ahol/liter,
non-netal halide), the solvent, any remaining

NRAbRY, 36t MBieahanddbloid 0.4 BBh@ ICr/allk Whereial Wl€, adMic protons, or both
conbi nations thereof, which nmay be placed into contact

£#0NBatd D ESmMh@ cHAydt Q¥ S doRPbitent HBRST HYr 6 RO Wi prip-Bation of the
3B. A catal yst product may then be w thdrawn from

ERINsAC tn ZANEnbEAkRenY | Pardrl B8dit BFQoRNdr @Bt 48abht¥d from a catalyst
filtered (not shown). Alternatively the water abated

SRR R borfRERIE a$hRle B 6N Reiiied B HRIgBhM rGRAMQHN

may be stored prior to contact with' the renmaining
cat al yst conmponents. Optionally, the water abated
conpounds from contact zorne 1000 nmay be subjected to
further water abat nt ag described herein, for

exanpl e contact wt -halide netal alkyl,

azeotropic distillation, olgothxpraor to contact wth

t he remai ni ng catal yst.gQnponents. Enbodi ment's for
abating water, aci di®¢ prolons, or both as discl osed
herein, for exanple the enfhodi nents shown in Figs. 2A

- 2D and 3A - 3B, may be applied al one or {n

conbi nation to other processes and cat al yst

whErpAH' ttd M srelangdrogematbineor aninear fod bragatr bl dro catbdregroup having 1
acidic protons, or both may be abated fromthe

fatoaaboh aaRPASHidhdtSnd R eRNPAERLllySorm a ring; X is a halogen atom; M

is an element selected from the group consisting of those belonging to 3-Group, 4-Group,
6-Group (exclusive of chromium), 13-Group, 14-Group and 15-Group of the Periodic
Table, m and n are numbers satisfying the relationships of 1 <m<6,0<n<5and2 <
m-+n < 6 with the proviso that the sum of m and n is identical to the valence of the element
M, n represents the number of Rs; and R is a hydrogen atom or a linear or branched
hydrocarbon group having 1 to 20 carbon atoms and when n is not less than 2, and Rs may

be the same or different.



di sclosed in reference U S. Patent No. 6,133,495, U S.
App. No. 2002/0035029, WD 01/83447, WD 03/053890, and

w0888 BEB891, each of which is incorporated hECBUSRWFI005416
its entirety. Likew se, enBddi nents for preparing
catal ysts, for exanple enbodi nents shown in Figs. |A-
I D and 4A-4E, may be applied alone or in conbination
to other processes and catal yst conpositions known in
the art, for exanple those set forth in
6, 133IndMSen20dvin ) 3T 9acidlDpfdion8 34 4 6th MEY BS AMBSRIBHE tieenchtalyst
WO 03/053891. Wien applying the water abatenent and
cahpdsitish dpelegesriatlSoPatariNad 0EA1085029. tThasenbatialeyst catalyst for
conpositions or conponents disclosed in reference U S.
Raheittiodof efhylddkodphsesU. S. App. No. 2002/ 0035029, WO
01/ 83447, WD 03/053890, and WD 03/053891, the
appr oy i atad @gdnsinefallici iplearttviagjisdurenubidethtel ligend having a
made for conponents that have a simlar function; e.qg.

5 #ipedbiniciré, egpr&tntedisy tefollowmptt@halal (igands of WO

03/ 053890 and WD 03/053891 for the pyrrol e conpound
used herebﬂwénd adj ustnments of the ligand: Cr
(pyrrole:c fMium) nolar ratios to account for the
nunber of equivalents of |igand(s) per nole of the

Whg@ﬁdA iy 6 D8 TR mft@deRladShigah® Wﬁ%ﬁ'tgﬁbﬁ qucture M may be a
nponents disclosed in reference U ten .

ggﬂsﬁ%n“x%gtat bor f‘\tg.% Moy, é%qgmt%ogg%gper&é@c 0t%141§3ﬁa%ﬁ %%y be

05389 and WD 03 0538 conbi ned w t
1o} SOREP RN R SOTRARETFS 1HR0REL o0 L g wom. o
10 g%!t%h? gﬁ?ﬁ 'UP %gingﬁeﬁt aﬁkﬂ Sl ' lpa%g)]g hle [oe ’car@&{j at‘é@g Qwhléﬁa%flag? Bave a

romany one O SUC conpositions

tiuen% natétS% ?‘/g;éoauﬁ%aizﬁg 6% l(ggg\}l%naa?&{t & V\gi mr@h;bv%% dsubstttuent and n

ose n-an e
bot ab ted ontthe catalyst

g it gﬁe{e%lﬁ“f)g n&ngéc{fﬁ%al% 9" eme F‘ﬁa fS1efin ol i goner

dlsclosed in US Patent hb 6 133 495. A chrom um based

catal y§t i3 JHyBRANRSkaR bringing a pyrrole

ri ng-contai ni ng conpound, an
said neutral multidentate ligand A in formula (1) being a tridentate ligand represented by the
15 following formula (2) or formula (3):

@

DJL—LI
RI__GJ_Dkl._Ll

Dy —L!

wherein j, k and m independently represent an integer of 0 to 6, each D' independently
represents a divalent hydrocarbon group which may have a substituent, each L'

independently represents a substituent containing an element of group 14, 15, 16 or 17 of the

M



al kyl al umi num conpound, and a hal ogen- cont ai ni ng
conpound into contact with each other in a hydrocarbon

W@ 203082816 hal ogenat ed hydrocar bon sol vent or nmPEL/USE05/005416
thereof, and then bringing3the m xed resultant
solution into contact with the chrom um conpound,
wherein water, acidic protons, or both are abated from
the catalyst or a conponent thereof prior to or during
preparation of the catalyst. In an enbodi nent, the
phmdnﬁdﬂebaﬁeﬂepaWaby&naﬂ&fmmematédshylbtcmgmm@ﬂyhsmmumau
chrom um conpound, the pyrrole ring-containing
cogionmnah eletnentadfkeydupal duon 1y IG ceprentnd ,cadonl ot kilicon atom, and R
hal ogen- cont ai ni ng conpound into contact with
epobaitsheliydrogea aloyd moalRyllpsupdalMgnte 10 adrbgenahedhich may have a
hydr ocar bon sol vent or m xture thereof in the absence
afbsathgpfar al &1 oupttieig SUE 0 @rtantintsivdichtrthdthath@substituent;
concentration of the chrom um conpound in the
resultant m xed solution is about IXIO7 to 1
mol/liter, alternatively about 1*10 5 to 3¢l Q2
mol /liter, alteynafively adjusted to not fe than
about 8c | B fblTFiter, alternatively, not nore than
about QrYEe=cr—Ly2fAl2, wherein water, acidic protons,
or both are aba}ed fromthe catalyst or a conponent
t hereof prior %o < of during preparation of the

S catalyst. In an enbodi ment, water, acidic protons, or

both are abated froma catalyst conponent conprising a

m&&qlaeb 4Ry & Matich&enll§ pépee%,aﬁtaﬁ%@ér SN0 N8ERLseh® LiltHier of 0
(1): wherein RL to R4 are a hyd rogen atomor a Iinear

lbéa@l?‘ﬁq%eBMﬂE Rgarepe&ngraomaam %Ftﬁg%g%%téﬂ% have a

atoms, in which and R4 may I nt gra rin

gﬁbktﬁu&t %Llpgeﬁdg)teﬂ{gn %ég?es g lsﬁﬂﬁtmnt %8%9@%%%%&% &egroup

group consistin onglng to

ﬁéi Q&? e ’or §7 ?f%%o%é%él%l EV iého{._lg ﬁ)%\gsmctﬂ afi) g'tsﬂlgtﬁ’rgg Lzs are not
10 @n%uﬁe%ﬂ?? sébsgﬁgﬁt%éﬁaﬂﬁg E%le&%{t]taotfﬁpouéq4%§ lprflth[rese]hts a gitrogen

rovi SG
§r Igﬂo htoruﬁ/l%p%n xr;vg%nr lé se ri?otsrlafq1 spthg 8§m\éah n\? & lo%miaﬁerepresents an
)yy%cr:no esrt]lltﬁr atom. O{Na%r aci 1ecaprrot(o)1§s or rbaorh(f may be abated from the catalyst or a
component thereof prior to or during preparation of the catalyst.
In an embodiment, a catalyst for trimerization of ethylene comprises:
15 (1) an organometallic complex having a neutral multidentate ligand having a
tripod structure, represented by the following formula (1):
AMQ,
wherein A is a neutral multidentate ligand having a tripod structure, M is a transition metal

atom of group 3 to group 10 of the periodic table, each Q is independently selected from the

20 group consisting of a hydrogen atom, a halogen atom, a straight chain or branched alkyl

()
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hydr ocar bon group having 1 to 20 carbon atons and when
nis not less than 2, and Rs may be the sane or

waledosesmnd . | n an enbodi nent, water, acidic prorPONES2005/005416

both may be abated fromtheé2catal yst composition

di scl osed in US Patent No. 2002/0035029. In an

enbodi nent, a catalyst for trinmerization of ethylene
conprises: (i) an organonetallic conplex having a

neutral multidentate |ligand having a tripod structure,
greyy estatiad 10 ¢abbeatbmb wvbivh gy haveradudsttdent, aAMPh gfodp having 6 to
wherein A may be a neutral nultidentate |igand having

B tdib@ogtomb mdfidhumay hddeTagulidituant] b siit iadNintegdradqualt 0r formal
of group 3 to group 10 of the periodic table, each Q
sadatibevdiadepevidat |y sel ected fromthe group

consi sting of a hydrogen atom a halogen atom a

st rai(ght ﬁb@kﬂm@ﬁmﬁ&ﬁﬁcﬁﬁd al kyl group having 1 to 10
carbon atonms which may have a substituent, an aryl

gr ougiifavh elofenh@d Hirgank ROph@ms Wwhi ch may have a
substituent, and n is an integer equal to a fornal

QK &a&mmw&h@m@aﬂf Min %ﬁulﬁ l(i))oeﬁ%a@hd@x aft! 1&%%@@?@5&ted by the

said neutral nultidentate |igand fornu

Rab @n&ﬁhqgn}@&ﬁmhlgﬁnd represented by the follomnng
fornu%a (2) or fornula (3): (2) whereinj , k and m

i ndependently represent an integer of 0 to 6, each D1

i ndependently represents a dival ent hydrocarboﬁ)group

whi ch may have a swidsti'tuent, each L1 independently
represents a sqbst{tug_; containing an el enent of

group 14, 15, B o A7 bf theperiodic table, with the
provi so that all oDmthlthree L1S are not concurrently

a substituent containing an el enment of group 14 or 17,

Gl represents a carbon or silicon atom and Rl

wherein j, k and m independently represent an integer of 0 to 6, each D' independently
represents a divalent hydrocarbon group which may have a substituent, each L'
independently represents a substituent containing an element of group 14, 15, 16 or 17 of the
periodic table, with the proviso that all of the three L's are not concurrently a substituent
containing an element of group 14 or 17, G* represents a carbon or silicon atom, and R

represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms which may have a

substituent, or an aryl group having 6 to 10 carbon atoms which may have a substituent;

3

wherein a, b and c independently represent an integer of O to 6; u represents an integer of 0

or 1, each D? independently represents a divalent hydrocarbon group which may have a



represents a hydrogen atom an al kyl group having 1 to

10 carbon atons which may have a substituent, or an
wa@eops/ogpsoalp having 6 to 10 carbon at onms whi ch PERURROE005416

a substituent; (3) wherein3d, b and c independently

represent an integer of O to 6; u represents an

integer of O or 1; each D2 independently represents a

di val ent hydrocarbon group which nmay have a

substituent; each L2 independently represents a

sabibifieht wehtL’dadep aidaitlygremaseats enmbitinght gmetiningldn eldfhent b6 group

or 17 of the periodic table, with the proviso that al

1@f 15,hies sthreef the Pedsdic mble, Gt ahe poRisd Yhad all Wiskd thoenit’s are not

contai ning an elenment of group 14 or 17, & represents

@BndireitBgebatiudhasphbigism dtmdm vhgbupi14 & 10, Gbrepfesents a nitrogen

phosphorus atomwhen u is 1, and R2 represents an

DPUGPROrRY atSial Wieh vads @or ¥Bh@phor@cCitéth Gviigh @tioNSandoR” legredents an

may be abated fromthe catalyst or a conponent thereof

5 d‘;t& elor k@ AR fatoft I Wagr, REERGbrsO8 Bofh tBEb € salld im the Ratdlst or a
odi nent, a catalyst for trimerization of ethylene

&ﬁxﬁ@ﬁehﬁtﬁ@reof(ﬁrﬁ)r RNr ARt dGhLRmpsex having a
neutral multidentate l'igand having a tripod structure,

r epr esanfbdYent, AR athiQdt i bimeri 88 B ethyledd cond¥iaks: (1)

wherein Ais a neutral nultidentate i gand having a

tripeg stip Grtg'dﬁcﬁmeteMrd §orﬁp1££ ARSIt b QBB LRI RhAR Hgand havmg a
group 3 togroup 1 the periodic table, each

&Q%%rrsea&h@ﬁrﬁ%ﬁmrg&Hﬁlrg(l?up consi sting of a

hydrogen atom a hal ogen atom a straight chain or
1o branched gpfyl group having 1 to 10 carbon atoms which
may have a substituent, an aryl group having 6 to 10

\)9}%;@191@ 1959 amluﬁfae Xh \ﬁ%a@i Idt c%re Iém? f\r/lﬂaliras?]ti Metal

I nt eger eq to a OXI n va ence o

a(dnh of ggupai %Syé,r&lp% &%%ﬁbdl@&g le, each Q is independently selected from the

group consisting of a hydrogen atom, a halogen atom, a straight chain or branched alkyl
group having 1 to 10 carbon atoms which may have a substituent, an aryl group having 6 to
15 10 carbon atoms which may have a substituent, and n is an integer equal to a formal
oxidation valence of M,
(i)  an alkylaluminoxane,
(iii)  a halogenated inorganic compound, and
(iv)  an alkyl group-containing compound represented by the following formula
20 4):
RyEJq
wherein p and q are numbers satisfying the formulae: 0 <p <3 and 0 £ q < 3, provided that
(P+q) is in the range of 1 to 3, E represents an atom, other than a hydrogen atom, of group 1,

2, 3, 11, 12 or 13 of the periodic table, each R independently represents an alkyl group

M

4)



10

15

(ii1i1) a hal ogenated inorgani c conpound; said neutra
multidentate ligand Ain fornula (1) being a

wo eoodesasat € | i gand represented by the foll owi npCT/O81005/605416

(2) or formula (3): (2) whé#ein j , k and m

i ndependently represent an integer of 0 to 6, each D1

i ndependently represents a dival ent hydrocarbon group

whi ch nmay have a substituent, each L1 independently
represents a substituent containing an el enent of

Gaong 1 14,10 Idarbot Gitamms, 37d edchthindgpendentdy cepreabriie a hyiltogert item, an
proviso that all of the three L1S are not concurrently
alksxibis griotpikavingclotatl Qicaibog atemms, eh @ryindy godupgraaiug 6 1et1®cartion, atoms,
Gl represents a carbon or silicon atom and Rl

ne priybsrewd savingléytol il @ gelbonattony or ahalagdayatongr oup having 1 to

10 carbon atons which may have a substituent, or an

aaiy heugrabmpltilawite igafid tAcin Fonmar (boeirgt :omidentdie Ggnndwaprdsantel by the
a substituent; (3) wherein a, b and c independently
feljorvargehitman(2) ot fegarla@Gh: O to 6; u represents an

integer of O or 1; each D2 independently represents a

di val ent hydrocarbon group whi ch may have

asubstituent; each L2 independently represents(Q
substituent contai ppjhglan el ement of group 14, 15, 16

or 17 of the ngL%QL%,Lque, Wi th the proviso that al

of the three L2S axe hot concurrently a substituent

contai ning an el emelyf—af group 14 or 17, & represents

a nitrogen or phosphorus atomwhen uis 0, or a
phosphorus atomwhen u is 1, and R2 represents an

SgigEIN> &rand n findepeRdgiHy ippeasnt am djteick 05569 @nsachol” jpdengndently
may be abated fromthe catal yst or a conponent thereof .
pIPresents ;@ shivagpnt jhygrogeepmaraupoivhish niae baveap yspbstitpentggach L
enbodi nent, a catalyst for trinerization of ethylene
aslepnidensly represgnta  subsdfaens petaning en dempit ekerheiy14ad>.al6 or 17 of the
neutral multidentate |igand having a

periodic table, with the proviso that all of the three L's are not concurrently a substituent

containing an element of group 14 or 17, G' represents a carbon or silicon atom, and R
represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms which may have a
substituent, or an aryl group having 6 to 10 carbon atoms which may have a substituent;

©

/DaZ _L2
(R)==G?—Dy*—L?

D 02 __LZ

wherein a, b and ¢ independently represent an integer of O to 6; u represents an integer of 0
or 1; each D* independently represents a divalent hydrocarbon group which may have a
substituent; each L* independently represents a substituent containing an element of group

14, 15, 16 or 17 of the periodic table, with the proviso that all of the three L% are not



10

15

20

tripod structure, represented by the follow ng formul a
(1: AMN (1) wherein Ais a neutral nultidentate

wo p@angksh@vi ng a tripod structure, Mis a tranBCT/USW05/005416

metal atom of group 3 to gBdup 10 of the periodic

tabl e, each Qis independently selected fromthe group
consi sting of a hydrogen atom a halogen atom a

strai ght chain or branched al kyl group having 1 to 10
carbon atons which may have a substituent, an aryl
cgnawrpnthaadubgitént eonlihirgarbdement ofigowhl £dr Iﬁ‘agiy tepneeends a nitrogen
substituent, and n is an integer equal to a fornal
omph@kahommatvml velren et i9f0lVbr ¢ phosplamusadtdy ebleni i i) dXandeR® répredehts an
a hal ogenat ed i norgani c conmpound, and (iv) an al kyl
yygeur cdfit afoni. NWaten rpidi¢puotorepordsennedb dyb atel drobnihe 0xmblng or a
formula (4): RPEJqg (4) wherein p and q are nunbers
comporhiythereo fiphier toor duting@rep@ratorpoftheXadhgt. 0 < q < 3,
provided that (P+q) is in the range of 1 to 3, E

r epr @s&dnsbodiment, @ Gataldt e tridratién dTethyRgetondirioey  of

group 1, 2, 3, 11, 12 or 13 of the periodic table,

each Rln ependen nts an_al
to 1 d car %Oﬁr%a ome&allyc cQ pel%{(c avig, nggugreaﬁg%ﬁl]t enta&%hhgancp %avmg a

re r nts_a hydr n xi de group having 1
%ucemrgbr 195 te(rlrgg%grgoa}é)r”y falﬁnugarégp having 6 to 10

car bon atons, an aryl group having 6 to 10 carbon

atoms or agpepl ogen atom said neutral nultidentate

ligand Ain formula (1) being a tridentate |igand
represented by the following formula (2) or fornula

wh3jein A2Y a neutral multidentate ligand having a tripod structure, M is a transition metal
atom of group 3 to group 10 of the periodic table, each Q is independently selected from the
group consisting of a hydrogen atom, a halogen atom, a straight chain or branched alkyl
group having 1 to 10 carbon atoms which may have a substituent, an aryl group having 6 to

10 carbon atoms which may have a substituent, and n is an integer equal to a formal

oxidation valence of M,
(i)  an alkylaluminoxane, and

(iii)  an alkyl group-containing compound represented by the following formula
(4):
RyE]q
wherein p and q are numbers satisfying the formulae: 0 <p < 3 and 0 < q < 3, provided that

(P+q) is in the range of 1 to 3, E represents an atom, other than a hydrogen atom, of group 1,

2, 3, 11, 12 or 13 of the periodic table, each R independently represents an alkyl group

(1)

Q)



wherein j , k and mindependently represent an integer
of O to 6, each D1 independently represents a dival ent
whyasogmibon group which may have a substit uenPCT/E@82005/005416

L1 i ndependently representséa substituent containing
an el enent of group 14, 15, 16 or 17 of the periodic
table, with the proviso that all of the three L1S are
not concurrently a substituent containing an el enent
of group 14 or 17, Gl represents a carbon or silicon
hivarg 1 andlo Rirboe proase ands eah Hyiddspegrelentiyt cpresauts alhkyriogen atom, an
group having 1 to 10 carbon atons which nay have a
slutpsdd growgriiavingrl tano asrpbdn gomos) pn higloixn groap havidde aardeirbon atoms,
atons which may have a substituent; (3) wherein a, b
angyleroupdapag dentd salroapioasent halogenatoager of 0 to 6; u
represents an integer of 0 or 1; each D2 i ndependently
represents a dival ent hydrocarbon group which may have
sniGpAygali g adantateligapd Aon foyapeled hdweg|ayridengtelkigand sepeesented by the
substituent containing an el enent of group 14, 15, 16

5 tlowingdermube2perrfpimgila(3:abl e, with the proviso that al
of the three L2S are notconcurrently a substituent
contai ning an elenment of group 14 or 17, & represents
a nitrogen or phosphorus atomwhen u is 0, or g
phosphorus atom whef_u;is 1, and R2 represents an
oxygen or sul fur atrdm Water, acidic protons, or both
may be abat ed K'rofij-thé—dat al yst or a conponent ther eof
prior to or during\pagggration of the catalyst. In an
enbodi nent, a catalyst for trinmerization of ethylene
conprises: (i) an organonetallic conplex having a
neutral multidentate |ligand having a tripod structure,
wepeiegehtaad nbyndependérolyl repvieseqt froinpagkraof( A Xo 6ABRN 1§ lindependently
wherein Ais a neutral nultidentate |igand having a
tepicpeath ot divalentr @ydidtdrisona gidupnehich omayEliaat at@BItdlent, each L'
group 3 to group 10 of the periodic table, each Qis
inde{RREME e rpleterted aBt@eknt E@Mitikkean element of group 14, 15, 16 or 17 of the

10  periodic table, with the proviso that all of the three L's are not concurrently a substituent
containing an element of group 14 or 17, G' represents a carbon or silicon atom, and R’
represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms which may have a

substituent, or an aryl group having 6 to 10 carbon atoms which may have a substituent,

€)
D,2—1L?
/

(Rz)u—ei—mbz-—lﬂ
Dc2 _L2

15 wherein a, b and ¢ independently represent an integer of O to 6; u represents an integer of 0

or 1, each D? independently represents a divalent hydrocarbon group which may have a
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group consisting of a hydrogen atom a hal ogen atom a
strai ght chain or branched al kyl group having 1 to 10

wa@ 200508288¢ ons whi ch nmay have a substituent, anPer/yk2005/005416

group having 6 to 10 carboB7atons which nmay have a
substituent, and n is an integer equal to a fornal

oxi dation valence of M (ii) an al kyl al um noxane, and
(ii1) an al kyl group-containing conmpound represented

by the followng formula (4): RpEJq (4) wherein p and
gibstiteent wadhel Sindapendehyy regresdnes £ arbsnithane coaiming ax eRBmamdofQroup
< g < 3, provided that (P+g) is in the range of 1 to

B4, 1E r@pr e3efitr @nodit ashle, otithethe tpravivo athdtyatir efge tlagonis are not
of group 1, 2, 3, 11, 12 or 13 of the periodic table,
@aclireRly fsdpenee vdtyning pii elsmaitsf goupl &yt 171 wphastitngnitrogen
to 10 carbon atons, and each J independently

srabgment Stoth WHEN 0 §e0) odth @ivspastud stk 10isaypndBYiepgschts an
to 10 carbon atons, an aryloxy group having 6 to 10

&BEQ0G salf@dom. aWabdt ydcidg frofend) avbdil nfay be aBdledC @ e catalyst or a
atons or a hal ogen atom said neutral nultidentate

¢ongpaneht thefedf frivk Bdraufidg prifidiion of the talanptate |1 gand
represented by the following forrmula (2) or fornula

(3): (2) P wherein j., k and.m.i ndependentl|y.represent

o § b BTl A S AR EPYP D econt s

a di val ent hydrocarbon group which may have a

subst {if uent ,orgachethllic icomiplpe hdend byneneydreseddntata ligand having a
substituent containing an el enent of group 14, 15, 16
oipod struofurd, Feprepatddaditics fo Adoliag fomniilh (H)he provi so that all

of the three L1S are not concurrently a substituent

AMQ,

wherein A is a neutral multidentate ligand having a tripod structure, M is a transition metal
atom of group 3 to group 10 of the periodic table, each Q is independently selected from the
group consisting of a hydrogen atom, a halogen atom, a straight chain or branched alkyl
group having 1 to 10 carbon atoms which may have a substituent, an aryl group having 6 to
10 carbon atoms which may have a substituent, and n is an integer equal to a formal

oxidation valence of M,
(ii) an alkylaluminoxane, and

(iii)  at least one compound selected from the group consisting of an amine

compound and an amide compound,

said neutral multidentate ligand A in formula (1) being a tridentate ligand represented by the

following formula (2) or formula (3):

M
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contai ning an el enment of group 14 or 17, Gl represents
a carbon or silicon atom and Rl represents a hydrogen

wat@sosame al kyl group having 1 to 10 carbon atpewUStwENS416

may have a substituent, or 3&n aryl group having 6 to
10 carbon atons which nmay have a substituent; (3)
wherein a, b and c independently represent an integer
of O to 6; u represents an integer of 0 or 1; each D2
i ndependently represents a dival ent hydrocarbon group
whi ch may have asubstituent; each L2 independe&%ly
represents a substituept contai ni ng an el enent *of
group 14, 15, 16 gﬁLri‘of the periodic table, with the
proviso that gLl pf 4hethree L2S are not concurrently
a substituent cont\ai ning an el enment of group 14 or 17,
& represents a ni Pr'ogén or phosphorus atomwhen u is
0, or a phosphorus atomwhen u is 1, and R2 represents
an oxygen or sulfur atom Water, acidic protons, or
Ak L. L. rQr
D L A B L Rk B B BT of Y 57 P Hepencenty
Qﬁ%s%hﬁfsg - dibdle AN %‘oﬂeé%tépo Ay fiat g};&gﬁ tgllavgeo gln substituent, each L'

TR reri zation of et ylen npris

LSRRI ShLL SIS 100, 8y LRl b 01 37 o
b SR b, AN 6 B S
SBAREte 5 Tabrbor sRR 6 a7 RubanaB T b Eerouliag Fprna &

the gro consi sting of a hydrogen ato a_ hal n
g8 IDER AT R GBI C T ion Grbtip HaumRghave a
1 to 10 carbogn at%ns whi ch g$y have ﬁ@ﬁUbS itueng,,an.
sybspifuegh B1AS AN N8V 1R%0 0l OCAPBRAOTE FHSH FIFY B SO HHrRs

a substituent, and n is an integer equal to a fornal

oxi dati on val ence of M

3)
/DaZ_L2

(R)==GZ—Dy*—L?

D c2 __LZ

wherein a, b and ¢ independently represent an integer of O to 6; u represents an integer of 0
or 1, each D? independently represents a divalent hydrocarbon group which may have a
substituent, each L? independently represents a substituent containing an element of group
14, 15, 16 or 17 of the periodic table, with the proviso that all of the three L% are not
concurrently a substituent containing an element of group 14 or 17, G* represents a nitrogen
or phosphorus atom when u is 0, or a phosphorus atom when u is 1, and R® represents an
oxygen or sulfur atom. Water, acidic protons, or both may be abated from the catalyst or a

component thereof prior to or during preparation of the catalyst.
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(ii) an al kyl al um noxane, and (iii) at |east one
conpound sel ected fromthe group consisting of an

wapiosessocpound and an am de conpound; said neRCT/EE2005/005416

mul tidentate ligand Ain féPnmula (1) being a
tridentate |ligand represented by the follow ng formul a
(2) or fornmula (3):(2) whereinj , k and m

i ndependently represent an integer of 0 to 6, each D1
i ndependently represents a dival ent hydrocarbon group
whi Cih dif@yhbbéientaa Sdsddgst for tadrizat®aoif ethilenedependent | y
represents a substituent containing an el enent of

group..14, 15 16 . 17 of the. periodic tabl i th the

o ovio g et hation BEnE FEhgar muebe bl bfpe =

a supstituent containi an el e _ of group 14 or 17,
st PR b A FrEl Ty om Sand R

represents a hydrogen atom an al kyl group having 1 to

10 carbomygipns which may have a substituent, or an 1)
aryl group having 6 to 10 carbon atons which may have

a substituent; (3) D 2-L2 wherein a, b and ¢

whe@epe Roefidutril helfid@sfnligand hivideg etpodbnltnir@ M jis dltransition metal
represents an integer of 0 or 1; each D2 independently

atoBPé fes@ipt3sto gralipValo€ tie phiyatio@ible ach Qhividfepatideatty sata¢ted don the
a substituent; each L2 independently represents a

gfdup Tohdidtiag of aaRtiniged AgmAR helogarabtmOl s@sight Rhdid or bPancied alkyl
or 17 of the periodic table, with the proviso that al

g®up hBand DL dadBnaknsAticlCARNEREVE @ Bt sktuantSaHsVl dréi®Having 6 to
containing an el enent of group 14 or 17, & represents

18 ditloh Q@R RhicRROSPRRE USsuBdkitienh@l Hisl $n iteglf edhal to a formal
phosphorus atomwhen u is 1, and R2 represents an

oRMIRR aRhceTM Ur atom Water, acidic protons, or both
may be abated fromthe catal yst or a

(i)  an alkylaluminoxane,

(iif)  at least one compound selected from the group consisting of an amine

compound and an amide compound, and

(iv)  an alkyl group-containing compound represented by the following formula
(4):
R,EJ, 4)
wherein p and q are numbers satisfying the formulae: 0 <p £3 and 0 £ q < 3, provided that
(P+q) is in the range of 1 to 3, E represents an atom, other than a hydrogen atom, of group 1,

2, 3, 11, 12 or 13 of the periodic table, each R independently represents an alkyl group

having 1 to 10 carbon atoms, and each J independently represents a hydrogen atom, an
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conponent thereof prior to or during preparation of
the catalyst.ln an enbodi nent, a catal yst for

wo eoos®sisr@t i on of et hyl ene conprises: (i) an  PCT/US2005/005416

organonetal | i c conpl ex havidtdg a neutral nultidentate
ligand having a tripod structure, represented by the
followng formula (1): AMN (1) wherein Ais a neutra

nmul ti dentate Iigand having a tripod structure, Mis a
transition netal atom of group 3 to group 10 of the
Al@kide gioup hadihe] teBCiutQniabrisndepandesblyhastigectd @d chrbeimitoms,
the group consisting of a hydrogen atom a hal ogen

BN Erodp Biviid @idt1 0GhBbMatemhs B AkRedatehKkyl group havi ng

1 to 10 carbon atons which may have a substituent, an
aryl group having 6 to 10 carbon atons which may have
saidgeigsl mulidmtate digghdm insformmla () bejeg a tigenibtefligand represeated by the
oxi dation val ence of M (ii) an al kyl al um noxane, (iii)
fallowism®tmdn &) cofpoula@)sel ected from the group

consi sting of an am ne conpound and an am de conpound,
and (iv) an al kyl group-containing conpound

represented by the followi ng formula (4): RpEJg)(4)
wherein p and q arBLanbers satisfying the fornulae: O
<p<3and 0 <qgK 3 provided that (P+g) is in the
range of 1 torRS3—@&—mprEsents an atom other than a
hydrogen atom of rQ%ﬁ 1, 2, 3, 11, 12 or 13 of the
periodic table, eacCh i ndependently represents an

al kyl group having 1 to 10 carbon atons, and each J

i ndependently represents a hydrogen atom anal koxi de
vieeuinD j, Hawidg ihdépenddltly adpbeaent ah dndger i 0afoyd,ceayh OF dndependently
having 6 to 10 carbon atons, an aryl group having 6 to
réQeeat DONdidl @B hykodrbbal @oaN vHlieMmay have a substituent, each L'

independently represents a substituent containing an element of group 14, 15, 16 or 17 of the
periodic table, with the proviso that all of the three L's are not concurrently a substituent
containing an element of group 14 or 17, G' represents a carbon or silicon atom, and R!
represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms which may have a

substituent, or an aryl group having 6 to 10 carbon atoms which may have a substituent;

3

/Da2 __.L2
(Rz)u=G<—Db2_L2

Dc2 _L2

wherein a, b and c independently represent an integer of O to 6; u represents an integer of 0
or 1; each D? independently represents a divalent hydrocarbon group which may have a

substituent; each L* independently represents a substituent containing an element of group
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said neutral nultidentate ligand A in fornmula (1)

being a tridentate |ligand represented by the foll ow ng
wo eoossmi1€ 2) or forrmula (3): (2) wherein j , KPEnUS1005/005416

i ndependently represent an4integer of 0 to 6, each D1

i ndependently represents a dival ent hydrocarbon group

whi ch may have a substituent, each L1 independently

represents a substituent containing an el enent of

group 14, 15, 16 or 17 of the periodic table, with the

10r D i16 @rtivadf taé pertddid tablef Wite ehelgrSviey thangil of GeCbifee @3¢ kg not

a substituent containing an el enent of group 14 or 17,

cEkufr&fiiyQSendtifueat @atb@y Mreldiehi cfptowt 1ar 141G Bresents a nitrogen

represents a hydrogen atom an al kyl group having 1 to

ol BhoptioR@ atéh Qien \Whis ONoryhobshofus autch Gt & e Ntand GC réplesents an

aryl group having 6 to 10 carbon atons whi ch may have

oRygeh B hilfubl @0k Wilkkr, Whigit §tdfors, orBoffaythd ALY EBAEARE tatalyst or a
represent an integer of O to 6; u represents an

chitp ABRIh@EorBrict to &5 A BRE PrePRatiddERRRAEGRE! Y represents a

di val ent hydrocar bon group which may have a

substituent; . each L2 _independently represents a

S ubs b P TSECEERE A 11chh HEROr B bS Gy S Theormpeates fehalogen
or 17 of the perjodj.c, tapl with the proviso . that al
saires e ampats 189 Srischatt e Sr e pdav A rstdig RigRps: or both
contai ning an el erent of group 14 or 17, & represents .
ey §E BhaRGFPIR the SRS B B Otz SFPARTEhtherepiprigr togyr dyring preparation
phosphorus atomwhen u is 1, and R2 represents an
obibgsaialyyr 18 an ergbodimerth Wapg: asidic profoas©r Bptapmabated froppa patalyst
may be abated fromthe catal yst or a conponent thereof
compasenticomprisiog @ hlepypeledigangt i%’ﬂ ceflyst gestenn ay gnprise g chiemium
enbodi ment, an olefin oligonmerization catal yst system
spwes p prstehalisy, andrbe kdeyrrels ligwd and mgy he pilized i pradyeingl 1 Aigxene
di scl osed in WO 01/83447, and water, acidic protons,

by trithwizingethylsee.abat ed from the catal yst systemor a

conponent thereof prior to or during preparation
In an embodiment, an olefin oligomerization catalyst system incorporates a mixed

heteroatomic ligand with at least three heteroatoms, of which at least one heteroatom is
sulfur and at least 2 heteroatoms are not the same, as disclosed in WO 03/053890, and water,
acidic protons, or both may be abated from the catalyst system or a component thereof prior
to or during preparation of the catalyst. In an embodiment, water, acidic protons, or both are
abated from the catalyst system or a catalyst component comprising a multidentate mixed
heteroatomic ligand, which includes at least three heteroatoms of which at least one is a
sulfur atom. The catalyst system may comprise a chromium source, a metal alkyl, an
aluminoxane, and the multidentate mixed heteroatomic ligand and may be utilized for

producing 1-hexene by trimerizing ethylene.
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of the catalyst. In an enbodi nent, water, acidic

protons, or both are abated from a catal yst conponent
wa@eupnssicilg a hal opyrrol e |igand. The cat al yst PGYBES®N5/005416

may conprise a chrom um sodece, a netal al kyl, and the

hal opyrrol e ligand and may be utilized for producing

1-hexene by trinerizing ethylene. In an enbodi nent, an

ol efin oligonerization catal yst systemincorporates a

m xed heteroatomc ligand with at |east three

het dnaatmhsdimeiit, whtkrg hcidit ptogastor bnth rvetberabattd firinghe ligand and

sul fur and at | east 2 heteroatons are not the sane, as
thdiligldasseicomy¥3ed 3f 16 8BBRingadigshdgiesr , aci di c pr ot ons,

or both maybe abated fromthe catal yst systemor a -

com@nRM(REBEN@IERY vtereit R', B addiRP ey bl dipdriogéni @ninddpendently

the catalyst. In an enbodi nent, water, acidic protons,
b&deldort ol tBe @oaisednsistiagot ey, Qaﬂadms;ty, ﬁadsgeﬁmlﬁds atkoxycarbonyl,

cat al yst conmponent conprising a nultidentate m xed
cAVBIr9TORAL MEIxG, drhifdaebonyih tborynalingd agliglarli®g ok defivati€es thereof,

het eroatons of which at [east one is a sulfur atom

o4l sGKIANAASYithSahg o8 tResBRYib SRIERIE] an@ REHaPHE thes &SGR fferént and
nmetal al kyl, an al um noxane, and the nmul tidentate

ardio efanlet &L %&a&lbc;lsl A gangogef 6r pR¥phBusilahd B2EE CTagd sulfur, and

produ0|ng 1-hexene by trinerizing ethylene.In an

embog @R(RZBM%RSCQW Fhé&eiRRt G08, ROT aIORN Y b®@ydrogen or
abated fromthe ligand and t he Ilgand may be conpri sed

m‘aEpeBﬁ@ltlgf 9[3 |s<9¥8té?lgfrdrh %"gqoﬂpy Qﬁﬁlstlﬂé‘af A (RABRIERA G ken, nitro,

wher ei n” R1, e hydrogén or

al'k§5§€ @SW n&lr n?ﬁ) xg € Llﬁ&;lye danflﬁ&%gm SRR B ER) Sdifik{1RFino, or

ary | oxy,”” hal ogen, nitro,

car@or@‘f@ é&?@f'm IR ﬁt‘aﬁélvafﬁymy%khl%erll)ﬁl?ﬂeﬂ@cﬁ‘ Wlme?y be the

am no, rnino vati ves thereo

sarrrle aoarrI_L\}itjferenltI Q%& ér% Fl‘ & & abW{ltt é] is %g%?c%rb?lltégg %Sd %pes ﬁlhlgﬂ‘tﬁl{ﬁéﬁmﬁﬁ%n or

Sane O are
p %#%O%n@%%’lgﬁéﬁbmn ' ;ﬁd”'(éi "RIA( %Bﬁgﬁiﬁﬂgéﬁéf
Wher&: A(I@]B’RZI@&Z CE% wherem Eﬁ, @%dq{s )ybderho reorg];elg) br independently
be selected from the groups consisting of alkyl, aryl, aryloxy, halogen, nitro, alkoxycarbonyl,
carbonyloxy, alkoxy, aminocarbonyl, carbonylamino, dialkylamino, or derivatives thereof, or
aryl substituted with any of these substituents; R! and R* may be the same or different and
are C; to about Cys hydrocarbyls; B is nitrogen or phosphorous; and A and C are sulfur; and
(d) AR'BR*R})R*CR’R®) wherein R? R} R’ and R® may be hydrogen or
independently be selected from the groups consisting of alkyl, aryl, aryloxy, halogen, nitro,
alkoxycarbonyl, carbonyloxy, alkoxy, aminocarbonyl, carbonylamino, dialkylamino, or
derivatives thereof, or aryl substituted with any of these substituents; R' and R* may be the
same or different and are C; to about C;s hydrocarbyls; B and C are individually nitrogen or

phosphorous; and A is sulfur.
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i ndependently b e selected fromthe groups consisting
of al kyl, aryl, aryloxy, hal ogen, nitro,

w@bdoengasas bonyl , car bonyl oxy, al koxy, am nocarPonyk2005/005416
car bonyl am no, di al kyl arni #», or derivatives thereof,
or aryl substituted with any of these substituents; R2
and R5 may be the sane or different and are G to
about Cl15 hydrocarbyls; A and B are individually
nitrogen or phosphorous; and Cis sulfur; and (c) A(R
1 BRARIXRAGE ) nendthe Biand My cBBprisabik(Rethiieyl fabel- iyt D6ied) bis-(2-
or i ndependently be selected fromthe groups

MRS Ein i I0Ghy@F andihK Y bis-(Zouylisul fady-b@yly-amiR] e debyldulfanyl-ethyl)-
al koxycar bonyl, carbonyl oxy, al koxy, am nocarbonyl,

aGiE BRI Ruanyl Qingl) ltli@m no, bRrQdedyisvfidyyesyl-aeiRof ,  bis-
or aryl substituted with any of these substituents; Rl

BMh IEarhing S BL2Qhytu ST sihyaskine! € K3k-(A &hylsulfanyl-
about 615 hydrocarbyls; B is nitrogen or phosphorous;

e C 9, 006 R2 c
SPS4rI0E, il 00 L LA A HGER

pn&%p&ﬂﬁkﬁat | BN ﬁaetﬁylﬁﬁl(@ %tn@gulfmtetmemﬂﬁpup%ze@@wmyl Bllyl)(3-

al kyl, "aryl, aryloxy, "hal ogen,” nitr o

etﬂymﬁmqﬁmﬁ)x{m& ar(@ ‘E!Wﬂs&i(a}(lyl-ét‘ﬁ)}f)giﬁ;{ BRGRL RN imine, (2-

car bonyl'am'no, di al kyl am no |vat|ves thereof

etﬂﬁsﬁﬁw aa%gz; ik msﬁo%h&t@@ysuﬁfdet hese Subétetﬁa;{éeﬁm-e&)(z-

e sale or different and are

di%@l Mﬁllngleﬁiawgl::lllﬂga%pdl | esthy%u -ghzﬂghqn?@lééhlﬂb'g#yﬂ -sulfide, (2-

rogen osphoro

W%hgfe,% )?Eﬁ;@ﬁ% 1@@3@%&&% (:sthylsutfanyl-ethy) -
d%E' P%{—% gbigﬂﬁg%]y%p ?qunge,t ﬁrr: )Flgsa ?n dlethylphosphmo-ethyl)-sulﬁde bis-
(%}ﬁ%}}’ %B]iggg%ﬂi 1{)(? Tdéﬁwphéewjeﬂg}?p (élethylammo -ethyl)sulfide and
bi s- (2-.dec ul fan

d?rglapl glﬁrelo eI W Tr_ % éc{}g/ ]H)gtons opboth may be abated from the ligand.
bi s- Isulfanyl

bi s- Zan gxaﬁnf éﬁ)ﬂ eé?nH&g; EF?GE%?%YSt system incorporates a mixed
h%;ergeteélcg{g% %ﬁ\ll ffltgg%/;l @fee:q%éeroe%%)gfﬁ}p oSl :lﬁaﬁ@eteroatom is nitrogen
N- net hyl bi s- (2- et hyl sul fanyl -et hyl) -
aI(dZ@tIWE/ 50 Ifeéeﬁ%tor@t #y |n5)f( the same, as dlsclosed mn WC) 03/053891, and water,

acidic protons, or both may be abated from the catalyst system or a component thereof prior
to or during preparation of the catalyst. In an embodiment, the ligand may be a multidentate
mixed heteroatomic ligand for an oligomerization of olefins catalyst, which ligand includes
at least three heteroatoms. At least one heteroatom may be nitrogen and at least two
heteroatoms may not be the same. The ligand may contain, in addition to nitrogen, at least
one phosphorous heteroatom. In an embodiment, the ligand may be selected such that none
of the non-carbon based heteroatoms are directly bonded to any of the other non-carbon

based heteroatoms. In an embodiment, the ligand may not include a sulfur heteroatom. In
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et hyl sul fanyl - propyl ) - am ne,
(2- et hyl sul fanyl -et hyl) (2di et hyl phosphi no- et hyl ) - am ne
WQ 2(02/082816 PCT/US2005/005416
et hyl sul fanyl - et hyl ) (2- di ewhyl phosphi noet hyl ) -sul fi de,
(2-ethyl sul fanyl -ethyl) (2- diethyl am no-ethyl)-am ne
and
(et hyl sul fanyl - et hyl ) (2-di et hyl am no- et hyl ) -sul fi de,
(2-
alekxlﬂwdﬁrﬁ&ft,awkr, ety proRel, o hyihphes phiabed frbiyl J Highdsnabing the
. (2-ethyl sul fanyl -ethyl) ( 2-
stﬁicﬁﬁ@‘w@@ﬂz Bmﬂwowﬁf)h\)éh@HﬁS{ihRﬁeR R® and R’ may be hydrogen or
bi s- (2-di et hyl phosphi no-et hyl ) - sul fide, Dbis-
m(i h&‘etnh basdisr@edetdiy the-gdallpt t6lBisting of alkyl, aryl, aryloxy, halogen, nitro,
-di et yIphosphino et hyl ) (2-di et hyl am no-ethyl)sul fid

alﬁoy@@ngéiﬁfl | ¥2bdnyRRy,t AREEOfamiR@HEAYN Vath @Fyland, (iglkylamino, or
protons, or both may be abated fromthe ligand. In an

d&NRQAS FRAbLE, ofBryPluBbiinite®hitB MYRITitHeS §uBtEEHARY Sid BYS¢ @B%kame
i ncorporates a m xed heteroatonic |igand with at | east

ot AfEenhRl 82840 Qi?but ef; hWo@ﬁbﬁJ ah®RtashBL B bPetiPMirbEn with the
nitrogen and at | east fwo heteroatons are not the

rentailider 3, @ a%ﬁlCQ)Seﬁ‘% lhd}vﬂgllgﬁfnggé&%:bho neoy@ter, acidic

pr ot ons, both may be abated from he cat al yst

- syst l%rgnoé'mb%dfé oRe 'ﬂgt Hf}ﬁe{ﬁ&fmp%é Bis- (i &e@l&po&k?hlﬂg-ethyl) amine,

preparation o he catalyst. I'n an enbodi ne
l l 15-
P 0L L B N

one be ni en and "at east t'wo

dgagwﬁé?sﬁhmo ethggél cp 8%%;?? (glg}ﬁnll%t T @-arﬂﬂ? l}lé—gﬁncgcﬁgg?{lexylphosphino—

P ISR APl o s o
[ f h

NEGE wﬂ-ewiﬁéaﬂdﬁtéﬁ@aoaél%ﬁ@mgx L e

(i Ehgt%ﬂlgh élgt n?lgm%lr ecast i E)o é@ %rp'ﬂ@ré@hg mgsethyﬁt arJuﬁéaSt (2-

| i gand not . i ncl het er oa
CiSBaeeR Saber . AGPEREY pafﬂmpgmp PGP pamino-ciby)-
abated from a Ilgand haV|n structure

apng REBREHA e Ry - e{pbspoRRliners. A Fopitablg ﬁlﬁlﬂld???a‘ﬁawed
be hy droggn or |ndependently be sel ect ed from
heiersaipaticc daa1ds s fds-Grdigtinirhosphiogathyl)ming apd %}V@%ﬁ thereof ,
nitro, al koxycarbonyl, carbonyloxy, al kox %
veiemoEATT I proloas Borfh By brabated SPRyhelkiean
In an embodiment, a nitrogen-containing compound may be contacted with the metal
alkyl prior to contacting the metal alkyl with the chromium-containing compound, the
pyrrole-containing compound, the halide-containing compound, the solvent, or combinations
thereof, to make a catalyst for use in oligomerizing an olefin. Typically, preparation of
catalyst can result in undesirable reaction products of metal alkyls, e.g., aluminum alkyls,

with water impurities. Water present in the catalyst components at the time they are added to

the metal alkyl compound may be a source of precipitates that can lead to polymer formation
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derivatives thereof, or aryl substituted with any of
t hese substituents; R2 and R5 are the sane or

waledoSesmnd and are CL to about C15 hydrocar byl BCT/EHRZHOR005416

least A, Bor Cis nitrogedswith the remai nder of A B
and C being individually nitrogen or phosphorous. In

an enbodi enent the |igand may conpri se

bi s- (2-di et hyl phosphi no- et hyl ) - am ne,

bi s- (di et hyl phosphi no- net hyl ) - am ne,

B e (Aigtineidaydip hasgm NBughhgagipi)ateanthaiebe bbavet by e sddition of a
(2-di et hyl phosphi no- et hyl ) - am ne,

Bit® gdnleottipatenil thh akpihialkol, eielepl ent@inting the(sdtubility of the undesirable
di et hyl phosphi no- et hyl ) (3-di et hyl phosphi no- pr opyl ) - am
FRctiddl Srofutts ahdC pidvertiin ythéph oo iphRplitigtg) outp@hd €yrther minimizing
N- benzyl bi s- (2- di et hyl phosphi no- et hyl ) - am ne,
PbipmerbduCion in the oligomerization reaction.

di et hyl phosphi no- et hyl ) (3-di et hyl phosphi no- pr opyl ) - am

ne, (Brediitedgbylpipsiptinageé tyrhprisét of amines, pyrroles, pyridines, substituted
di et hyl anr no- et hyl ) - am ne,

ésmﬁl:h észmdble; hlY lafdn @5 it B 1R MYy 1622 -ofl icbiythtai MRt N In an

- am ne and

@ﬂnﬁdcﬁrgelﬁh @t vt Re-bantuhy Mg they] Rapsahit éﬂrﬁoleAw%iéhtlﬁ‘bﬁl@ case the

nul ti dentate m xed het er oat oni ¢ i gan

mu%gén%omp%ﬁrtwéaﬁf@a%pm R BGY R RC RN HE Tdnt@fidn/tShe active
her eof wherein water, acidic protons, or both may

Ql?e ift %tcgtql £i's ?ﬂ%ﬁi h&d lt\lvcg %vénﬁn?tﬂe Ex@ﬁf?a{tﬂﬁ B the ﬁroducﬁ of trl]le water

nltrogen don ai ni ng conpound may contacted wit

gﬁf %eﬁr St rPLchON (£soacs%m) 8&4?)6 IHeziria%m%ciﬁ%ntV\”tﬁehmtrogen-

m cont dl ni ng oun

QyI{t&I? L 8 u%h rﬁ r&% %‘?ﬁéﬂd] gm %ﬁﬂugx? 9 [Pﬂlgll (Qllt rfgg;.l product is
8 I na at

Ive or  co I ons t ereof

%:ragllnrlsg? ﬁfaﬁgﬁlyaﬁéut oY1 Saﬁo o'lﬁ%l Qﬂf %Ighg%oqg rn[% af f.a;lltcgl‘natlvely the

preparation o resu

zpt {gf ?}]prP?&; ascéolm%?lﬂ rc?td IlIJo ut O to abOL\/éyrlnglbs glh%%en to mole

wat'er ter

ifng dﬁ ﬁeé'?agllvglﬁltﬂ]&f? nE%%aggu Ry {lrcé;shcg)gltpgs l§ %8\8/1 %)fout & 9 go zg)out 0.5

g{? i tates hat can | ead to polyner formationin the
%98 ﬁmﬂfgf‘ﬂﬂePeactlon Such precipitates may be

abated by t addi t j f a nitrogen caq ound to.th
ot a1 MRy AMEOG R I GG riGAbRE COBPURIE & gk gomaining

undesi r abl e
compound, a pyrrole-containing compound, a metal alkyl, a halide-containing compound,

and optionally a solvent for use in oligomerizing an olefin, the chromium-containing
compound, the pyrrole-containing compound, and the metal alkyl may be simultaneously
contacted. In an embodiment the simultaneous contact of the catalyst components occur via
addition to a single contact zone. The simultaneous contacting may occur over a period of
time of from about 1 minute to about 12 hours; alternatively from about 1 minute to about 6
hours; or alternatively from about 1 minute to about 3 hours. In an embodiment, the

simultaneous contacting may occur over a period of less than or equal to about 120 minutes
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reaction products and preventing them from
precipitating out, and further m nim zing pol yner

w@emdogasion in the ol igonerization reaction. TPET/US2005/005416

ni trogen- conpound may be ceapri sed of am nes,

pyrrol es, pyridines, substituted pyrroles such as

i ndol es, di and tri nitrogen heterocycles, or

conbi nati ons thereof. In an enbodi nent, the

ni trogen- conpound may be 2,5-di nethyl pyrrole, which in
tohfiosn @ astelydtipeodoctt Mo ge embaipey,ohe camosarf\ie datlysivmmponents may
di fferent functions: one, in the formation of the

be fed e theicbmadt notiche ntat Adw sdtesif Stoangboatrtd]l Kby ta about 500 Kgs/hr,
preventing the precipitation of the product of the
Wedredtivelp droredbaht Kkt tor bactA50 K gsag atteramivebi frarh wbout 10 Kg/hr to
enhancer). In an enbodi nent, the nitrogencontai ni ng
ISP 050N B gi/Bir; taltérRatively Asfnm®out! 0N &g/he nd asbiuiB00 KebME alternatively
final catalyst product is conprised of from about 0.01
fromadpoutt 0. 1 X gmel te SOrH dsIegaftrmveliBloth MRLAD.S Kg/hr to 25 Kgs/hr; or
alternatively the final catalyst product is conprised
@lterdtioely aRnltabSut 000 tiyy/1@breuto HgoBi. eSudh IaggRGw tritefag also be
nmetal; or alternatively the final catalyst product is
cRpBYddS®Eh Gther érpibdaR@it dderbell Re@PO UL af) embb@IN@S, the simultaneous
nitrogen to nole netal. In an enbodi nent for naking a
eetiRliYS s FeRFRhES NG cAntBGRMProtFCENeRININE HeATBPURE m# be an
pyrrol e-contai ni ng conpound, a netal alkyl, a

f@;@éﬂd@@ p&RALR M) 9r SRARAVAH in @?‘th%&ée@snh alth ¥in @mBEYiMERY the metal
or e

use in oligonerizing an olefin, t

. 5 _ ] i
GIRYIGHA MR &%%ﬁlt{dh r&gmglg%ﬁﬁg;g E& mePhAPYE bR & nfeRNLRLD a Mfktal alkyl

compound, he ne yl may be simultaneously

ﬁ@i&%a&h%{il hdife 3 GHRAH! BN tor LG AT h%ﬂ:%?”ﬁl §OOhRSEment, the
of the cata ySt conmponen s occur via addition to a
Rl Sn &Rk %%hag%&ﬁema '3[30 Ye' 'ijfnﬁlfaﬂ%{l‘é% &o%{&tcc%&%ﬁlg%h@ Bohromium-
occur over-a period of trne of Trom abou mnute to
about. 12 hours;, alternatively fromabout 1 m pu to
Bt e e e aPhat Ree bR st B frrsympte by
%?n%ﬂatmeg’usha%glrtigﬁ toI tﬁe l?y%roecg;%grq Iso verr]}. . the

In an embodiment as shown in Fig. 4A, the composition comprising the chromium-
containing compound may be fed into contact zone 1100 via line 1110, the composition
comprising the pyrrole-containing compound may be fed into contact zone 1100 via line
1120, the composition comprising the metal alkyl may be fed into contact zone 1100 via line
1115, and the composition comprising the halide-containing compound may be fed into
contact zone 1100 via line 1180, all compositions being fed into contact zone 1100
simultaneously over a period of time. In an embodiment as shown in Fig. 4B, the
composition comprising the chromium-containing compound may be fed into contact zone

1100 via line 1110, the composition comprising the pyrrole-containing compound may be

fed into contact zone 1100 via line 1120, the compositions comprising the metal alkyl and



10

15

20

si mul t aneous contacting may occur over a period of
| ess than or equal to about 120 m nutesto forma

wa@ 2008/0§28t6 pr oduct. I n an enbodi nent, one or nOPET/U820051@05416

catal yst conponents may be4fed to the contact zone at

mass flow rates of fromabout 0.1 Kg/hr to about 500

Kgs/ hr, alternatively fromabout 5 Kg/hr to about 250

Kgs/ hr; alternatively fromabout 10 Kg/ hr to about 150
Kgs/ hr; alternatively fromabout 0.1 Kg/hr to about

he haKdpsdontajnirg doerpoarid mey Ye preanom@atredi tnddfed idfg/cbmtadt @ofe01100 via
Kgs/ hr; alternatively fromabout 0.5 Kg/hr to 25

Kags1hr7; therfinal ¢oatpositionsedeyngf fed i@ bentict o KGO himitlandlsly over a
Kgs/ hr. Such mass flow rates may al so be enployed with
périvdrofeimizodh aRe ainbodi@sa ras Bealviner Big 4 C,| the asm@siniond caanirising the
t he sinultaneous contacting is perforned in a
clasinluftionsifigeapsudne telprrd lbe ofteihing dorafouhnd fay beyrekoftacted
an extended period of tinme), or alternatively in a

Rat 8 b 06125 zohe1 180 veiTixed] MR Nthe cohifosiidh @bmptidingd themyetal alkyl
be in a solution conprising a non-netal halide and a

Ry ak fad kitd comadiebmd 18J0kyth lin@llil 5,and theetethp dbitibhsd@rdling the

a nmetal alkyl, or conbinations thereof In an

gfedbiBiithg coMBolidl hlebe Gt RionéditheC 25HRAU0G vilBlneal K0, BR final
si mul taneously contacted with the chrom untontai ni ng

CANRRILORL beiMdere® s BdifRact SsHeal1 00 NehukMHEPRUNSher aRekidd 8T time. In an
metal alkyl, for exanple by sinultaneous addition to
tiGodinel As RRANINSAL VAL the LompditB PSR tRS cIfB@WMM-tdhtaining
Fig. 4A, the conposition conprising the

ESHRITh BRORE Bl 1860 fE RS B oFRY nlly Be petbohtbid &RNfed o contact
zone 1100 via line 1110, the conposition conprising

L0e 1RY6 LRl §retqbs ahd iR Lol BEREIY gmﬂﬁs@emé el 'afkglnand the halide-

contact zone 1100 via |1 e conposi ti

S A ST a0 o
EQAI Ic(ojxﬁ_(%glgbslall)a erillﬁnfg% &Yo?_%%&@ta %OF\? Y1 Oka%mﬁuef eloﬂgly(’) B\ge? ﬁé)gr?otéi CPf time. In

—

Zone n conpositions
i,nt o,cont act, zone 1100, ,S] | 1t aneousl over a.peri od. of
e SRR B0 Tnc ST BRSSP Lo

zone 1100 before, after, or concurrently with addition of the various catalyst components.
Contact zone 1100 may comprise a single vessel, for example a storage tank, tote, container,
mixing vessel, etc. A catalyst product may be withdrawn from contact zone 1100 via line
1170 and optionally filtered (filter not shown). In the embodiments shown in Figs. 4A-4D,
the addition of the composition comprising the pyrrole-containing compound and the
composition comprising the chromium-containing compound may be made in constant or
varying Py:Cf ratios as disclosed previously. Additionally, the water, acidic protons, or both
abatement embodiments set forth in Figs. 2A-2D and 3A-3B may be combined with the

simultaneous addition embodiments of Figs. 4A-4D.
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conposition conprising the chrom um contai ni ng
conpound may be fed into contact zone 1100 via line
wd 18/08a8ine conposi tion conprising the PCT/US2005/005416
pyrrol e-contai ni ng conpound8may be fed into contact
zone 1100 via line 1120, the conpositions conprising
the netal al kyl andthe hal i de-contai ning conpound nay
be pre-contacted and fed into contact zone 1100 via
line 1117, the final conpositions being fed into
CONt RChn ZARDAFND (i AhHkingN e Odatdipét QUMPricind & icR@m@fm-containing
time. In an enbodi nent as shown in Fig. 4C, the

c6APRAG,] 4 pRTTe-ENIHINS catEpdul® LHE@MAIYT § BARLIdhABIng compound,
conpound and the pyrrole-containing conpound may be

gﬁfé 92[]%@% RentaBlusk 86loligdhRrigiR hRETkfird, ML ohibBaLMs Rompikng the
e conposition conprising the netal al kyl may

cm@mflﬁdcdﬂ%ﬁngc QgdhpelindZ Ofme %yh%@b bhRididg  Rothpdund, aRE hdif alkyl,

conp05|t|ons conprising t hal i de- cont al ni ng conpound

allpﬁthé Relide RbRABAB t&HouA R c&ﬂ@@aﬁbh@thkﬂe@ﬁnéy%@on&&@d with a
i nal” conpositions being fed into contact zone 1100

pfelvm& AREHS] mg&ﬁénzalo%eeatggist OdonipotBon. | NTAY ﬁs@@m ﬁsfbbared

as shown in Fig. 4D, the conpositions conprising t

oﬁ n%éfﬂhc‘cgﬁfay?t' s%!u@lgn %W%@%e%ﬁ@%hﬁ%r different chromlum-contammg

rrol e-containi ng COfT'pOUI’] e pre-cont acted and

cérﬁ ulrlﬁltp?lrrglgr&ﬁtgﬁu Jtﬂig%éﬂl%llég lia:hﬁg &Eﬂmﬁ%@ompound The

osi'tions conpri g the net

DRSS 085 RCITRY, D BSETL ARE P, o

C&ggpﬁﬁhghggg bei ng fed into contact zone 1100
aneous y over a period of time. In the

embodi men}uiy ¢ é boglénen%%mclo ed Ffemaforh %%{f}?ﬁ%a a?og may be carried

solvent e STace con zone
g . conc# )y addi tion of th%

‘tV WE ‘6‘}%8 Jna c%%l’rg%%r e Bt 1O JBOTREY MRS rFBP‘?S "é’“?mmg

i ngl e ves exa a a k, tote,

éfw%awﬁwus FPiepiEd gauE Gmalset For R ile 5 Jie ¢ SOy o
b e wi_thdrawn fron1oontact zone 1 via line 1170
Figst HoRalcPyattizPie! & iy P% aholipe tér#ot%ﬁ)%wﬁrfa{afvét i '5e £3% an
enbodj nents shown in Figs. 4A-4D, the addition of the
OHHIZIHON SRR BT 08 |CH‘§P‘{1%% oh Previghdly PEAA] AligRMeEigHion sAGYSt
’I‘%Q(\j/alrtiorlll(se catalyst compounds in lines 1110, 1115, 1117, 1120, 1122, and 1180 may be

simultaneously combined with the previously prepared oligomerization catalyst composition
i contact zone 1100.

In an embodiment as shown in Fig. 4E, contact zone 1200 may be a holding tank for
active catalyst to be fed to an oligomerization reactor and comprises previously made
oligomerization catalyst. The chromium-containing compound in line 1210 may be
combined with a hydrocarbon solvent in line 1250 forming a first solution in contact zone

1225. The pyrrole-containing compound in line 1220, the metal alkyl in line 1215, and the

~ optional halide-containing compound in line 1280 may be combined with the hydrocarbon
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conposition conprising the chrom um contai ni ng
conpound may be nmade in constant or varying Py:Cr

wo 2005082886 di scl osed previously. Additionally, P€ES2005/005416

wat er, acidic protons, or B®th abatenent enbodi nents

set forth in Figs. 2A-2D and 3A-3B may b e conbi ned

Wi th the sinultaneous addition enbodi nents of Figs.
4A-4D. I n an enbodi ment for naking a catal yst

conprising a chrom um cont ai ni ng conmpound, a

s@lVent & @né OPS1atoRinkg £ SRl Btution iBjoatactadoky 11238 The hydrocarbon
hal i de- cont ai ni ng conpound, and optionally a sol vent

s§10¢nt 1SR 1 P500MMOITRE dagicdd differedl I8k SRarbbh @ AR BSE 12N The first
conpri sing the chrom um containi ng conpound, the

sONtidhGh Ro/QAIRBhO 1 NG HRAMROLIE] $MRioABE dbnt@t k¥he 1235 may then be
optionally the halide-containing conpound, or

cGRRINRYL!, Afult-Reus9for @E(}’uehtleﬁ?ly Pofuask QideMah@' & iterative addition
previ ousl'y prepared oli gonerization catal yst

s&RERES iiiiofe prehRufly O YL IMmPLARACREIyS dosPOBRIfidrZAt doffact zone
catal yst solution may conprise the same or different

156 O M{&C%B%{dl 81 3C QEPERELy, BY infaRt 8h& YBK AEAUIRG composition.
conpound, net al alkyf and hal i de- cont ai ni ng compound.

o%h@nah@a' HEecRd Bk ais&g;e& R BY 2 6OERArSEhE) B BL new and

, a netal alkyl halide, or conbinations thereof

oéatatlﬁ? c&“p hgBR §in s SRS h(ﬁft‘ﬁé NofuBbsitBKE rlsmg the
I ed P

cat | yst's may be car out erein the new cata

Qoenta%l g£ I%g?dnﬁ €O o %B(gs iofi Oy %mé cfll?ee%hromlum-contammg

nprisin I'ng, previ y prepare

c%%%o%'nma L ——

ARl fEY BB R priGed™s ?t%?%%r%ﬂgr%od%y%ﬁgs Efjrh s 24-

g T e T o%rfarg orBigu e
I.mul t aneousl d with t

1180
pr ev??ﬂ}%ﬁtg}g B? glﬁ SRSt qogné)gﬁfél?sl c‘fg{bp gﬂnec%ﬁdgf Wtcondltlons sufficient

tion contact zo
to thorougllly contact the components. I’]Ieyplca{'?y, contacting is performed in an inert

atmosphere, such as, for example, nitrogen and/or argon. The reaction temperature for the
disclosed methods of making a catalyst for use in oligomerizing an olefin can be any
temperature. For ease of operation, ambient temperature may be employed. In order to
effectuate a more efficient reaction, temperatures which maintain the reaction mixture in a
liquid state are desirable. In an embodiment, reaction temperature is maintained at less than

about 120°C; alternatively less than about 100°C; alternatively less than about 75°C;

alternatively less than about 50°C; or alternatively less than about 25°C when contacting the
compositions comprising the chromium—containing compound, the pyrrole-containing

compound, the metal alkyl, the halide-containing compound, or combinations thereof to
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In an enbodi nrent as shown in Fig. 4E, contact zone

1200 may b e a holding tank for active catalyst to b e
wo eds0ges8a ol i goneri zati on reactor and conpri SBST/US2005/005416

previously made ol igoneriz&0ion catal yst. The

chrom um cont ai ni ng conpound in |ine 1210 may be

conbi ned wth a hydrocarbon solvent in Iine 1250

formng a first solution in contact zone 1225. The

pyrrol e-contai ning conpound in |ine 1220, the netal

radkeyhe daralysi. rhe b2dparatiamal thdreatadyt §yoral athddw cepemntraimiy figrease

conpound in line 1280 nay be conbined with the

dayatls e avihoing edduentevelso flundesird2bch-Frodutt pudynersecond

solution in contact zone 1235. The hydrocarbon sol vent

i n | iThe rda2féh prydae o @hes disEosed nebitHode o€ Miakihg i O4&AYRTr use in

solvent in line 1251. The first solution in contact

dAigoRerizZngbanastelid b teefgiflessit wihidhdoed n1Qidt@edly E@6e theadRtion.

may then be contacted (e.g., simnultaneously or

SeetaRitgradshrys withil tiélirdhge af okl ot ¥nRbpheki® pRkdu¥eeto about three
addi tion sequences) w th the previously nmade

RETRY dre adckib 1€ BbdaYSdf op QRRAShrhdsPRericprané Aad bZ@RRoyed
126% via |lines 1216 and 12 resﬁgctlsély, to maéﬂgﬁ g

the naw reatiod ede f&nﬂﬁ@ﬁiﬁclo@é& nfeolP BAIrhakinga MataBkt MRYuse in
be di sposed in contact zone 1200 to thoroughly m x the

JH2¥aNsheMl S1éfinGn GRtady ¥sburf OMRAR &t San &R kibstahfBly all reactants
contacting of the conposition conprising the

(RY &R G&ﬁgoﬁblﬁé)ngep%ﬁﬁﬁﬁg gh %&@Qtaﬁlﬁeasc\%fp%sﬂhé kéaetlon temperature
conprising the chrom un¥contai ni ng’ conpound b

mqﬁesklﬁe Cf%Qgtfoﬂglm@rcanVQ { U aﬁy fithed 8t '1e9§ é@% ﬁ)'oﬁtc Qﬁ?dcan be

previously t1onal e’ wat er, aci proton

gglcﬁaﬁ{ ?%‘%Q%Eﬂm{‘nbﬁmoldfn ﬁttg' abc‘o%i Ilé ﬁ(ﬁﬁb fn %r%%dlm%é reaction

ned neou

t%get aI og’{]ab%mo Pglln{nt:’e{]tto a%gutFl }%ugd'gtem%\zf}e 3‘? Ilnna%m(l)tfl dltn nute to about 3

onen can be dbne un any con

Y1 g ime no RY PG Yo SARHGRHbER S TRRRE RS may notatow
for exanple nitrogen and/ or

fﬁﬁﬁgﬁ&“$ﬁgipiﬁggfgﬁal8nperature for the disclosed

an OI fsz’ F%rﬂ&%ﬁ kfﬁﬁlg 8%%1%%%%11%3&3& sl)'lfsstgm Ip?epgrleh %gqescrl edna%ove in
any of the embodiments can be collected and kept under a dry, inert atmosphere to maintain
chemical stability and reactivity. In an embodiment, it may be desirable to contact the
catalyst with the olefin within about 1000 hours of preparation of the catalyst; alternatively
the catalyst may be contacted with the olefin within about 800 hours of preparation of the
catalyst; alternatively the catalyst may be contacted with the olefin within about 600 hours of
preparation of the catalyst; alternatively the catalyst may be contacted with the olefin within
about 400 hours of preparation of the catalyst; or alternatively the catalyst may be contacted
with the olefin within about 200 hours of preparation of the catalyst. In an embodiment, the

olefin oligomerization catalyst comprising the chromium-containing compound, the pyrrole-



tenperature. For ease of operation, anbient

tenperature may be enployed. In order to effectuate a
worRos/08f8fié ci ent reaction, tenperatures whi ch nBECTIUSI005/005416

the reaction mxture in a ISiquid state are desirable.

In an enbodi ment, reaction tenperature i s maintained

at less than about 1200C, alternatively |ess than

about 1000C, alternatively |ess than about 750C,

alternatively less than about 50C or alternatively

cbigifiing RempaneUhe 2kl WRAN the QAL &Cdonfghite @nHRIRD Shd btfdSally the
conprising the chrom um contai ni ng conpound, the

sEIyért lag pRalttaipidduet (6 2REkANE) hatifEa Pt lof @l 1kl 99.4 B& time within
hal i de- cont ai ni ng conpound, or conbi nati ons t her eof

ab&uTBlEhduReafepprapatstion of e cRESRAiIRI a8l Pthe E)'flﬁiu&aﬁ@' M9 a purity
systemat a |ow tenperature may increase catal yst

0BGt ie¥dt ta¥or @ 3 RAUERe WaHE Soolf 400NRIRS R |pBepritt O M eatalyst;
pol ynmer. The reaction pressure for the 5ISC|OS€

5 af&hdiR usefprsai@t My Rave AlatidSIr af Rist S bgM1 @ 4 Qfﬁmmlﬁlaﬂ&u 600
an ol efin can be any pressure which does not adversely

&bt 66l p‘éﬁ@raﬁ@rﬁ&ftth@&taly% r&ﬁérﬁét V¥Ig R SRR gy WivkR gﬂn{yl'b? at least

range of from about atnDsp eri pressure to ab

abdii 6€3 al MpsP Q@tﬁﬁ%b@&t%O@ﬁ&ﬁp Sﬁek? bx%gar {tn &t aga]i st; %f] alternatively

operation atnospheric pressure be enpl oye

t}{e (9 cPrHa}I hdVE . ai)glrltytorfl gfh%&b%ﬁ?é%.grﬁtan%%‘?itermla'B ut¥00 hours

al yst for enrrn O I goneri zi ng an In can be any

ggM%gmg&l&l B¢ that can react substantially al
ants (1.%e., catalyst conponents). Dependi ng on

1o the *’rﬁea%r@&hﬁn-f&?anw % ouﬁlﬁ%e{ 9130%%9%{ HE&?P%F%%W& A0 anic
pressure, reaction t I
#:%%?urﬁ goarlnrﬁogﬁ 1t1:1|' dl% m%:uan b atlilggt%tlsci‘ gom la?]oug{)t Hpé ‘As used

roma *m' Nt & ] urs.
i 05y Lises ﬂl&%ré’%ﬁflwgﬁﬁ%i rf\?&bf? SRRt detfhoRita ¢ Goromium

about .3 _hours. er. ti nes usua i.de no

c S S T F g surias <ornbelngl e Adpres of Cre
uff|C|en£ time for é? npl ete reaction. The resultant

Wi X, <8 by Biarme & SireAnd oy be SyLTBiRiG paEut sacal, and n

descri bed above in
15  may be an integer from 0 to 6 Suitable organic radicals can have from about 1 to about 20

carbon atoms per radical, and are selected from alkyl, alkoxy, ester, ketone, amino radicals,
or combinations thereof. The organic radicals can be straight-chained or branched, cyclic or
acyclic, aromatic or aliphatic, and can be made of mixed aliphatic, aromatic, and/or
cycloaliphatic groups. Suitable inorganic radicals include, but are not limited to halides,
20  sulfates, oxides, or combinations thereof.

The chromium-containing compound may be a chromium (II) compound, chromium
(III) compound, or combinations thereof. Suitable chromium (III) compounds include, but
are not limited to, chromium carboxylates, chromium naphthenates, chromium halides,

chromium pyrrolides, chromium benzoates, chromium dionates, or combinations thereof.
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any of the enbodi nents can be coll ected and kept under

a dry, inert atnosphere to maintain chemcal stability
waeasngaed i vity. I n an enbodi nent, it nay be deST/US®&005416

to contact the catalyst with the olefin w thin about

1000 hours of preparation of the catalyst;

alternatively the catal yst may be contacted with the

olefin within about 800 hours of preparation of the

catalyst; alternatively the catal yst may be contacted
Spedifit Chem@inefdm worhpundabRlide 66@ heuns whitdd eRachadrhiam (I11)

of the catalyst; alternatively the catal yst maybe

iS660iRalkLrothili (1)@, 204 8 teramwhkplundliontic, $MOmRMIIE) Rbhthenate,
preparation of the cat al yst; or alternatively the

c@hidny ElI) RRYride cBfiak (81 t(2-Bthiiheafd )] ehrivaicbréimidl fomic
200 hours of preparation of the catalyst. In an

cRBRdi BRBhic tMRried, efchidn@lnh 9aNRr bgas- b@ﬂh@)&h@dté/Stchronuum (11D)
conprising the chrom um cont ai ni ng conpound, th

dRMR)fdé{h‘?ﬁl%@étE“ JREGERRRAY ety O orAR! éﬂroﬁlulﬁytlllzl h&@ate chromium
hal i de- cont ai ni ng conpound, and optionally the sol vent

BYuiifaRdbEima 6henfzBofle, chidBXANAIN) RaMteNEhrémRHT (i1
(Hr? at eastmggmlﬁ%% 15gnt i Er)nae\,/cvl thin gb%)ut 200 rhour s(II Wtearate,

cﬁ{)ﬁﬁfm PlfP q{x@fa{eo nch?(fmltnlﬁe (Bft @éﬂéoﬁte lrbRhmat ('Ilpe pgmuﬂﬁ(s), or

product may have a purity of at |east about

c&rhﬁﬁ tM IEH o@%%t@abléqgﬁoﬁl%fﬁzﬂ Jn‘g; ufP({sq{?ﬁ{l 'bgpargfnol Hﬁuted to,

cata yst; ter nativ ave a purit

ﬁ\fom%s hlg)?lﬁg c%%tus gl%m:l'd }F&né] srﬁoﬂ{\f‘d% tHnQ) ka.? td1£ \?'II 1f1m (ID

ours ter preparati on’ e cata yst er na

sp@etﬁ)){lﬁ)&g&oateﬁ}fhrm%ﬁx%l 8(112%16&%% %1‘01% z it cgr%m an

ours a re ara’tlon 0

o 4T A G LB " 4 neCE,cPfeoa Y ot
58 3 B, S A SO A il et 1
-DhiBRriRbsrRbo %elﬁ%ec%%“w%‘{l“w?ﬂ?%@%t‘fﬁmaﬁ% (Iilgaﬁfhyg‘ex%{gate
used. in this, disclosure, chrom um netal

rl otk ePhOgeD. P dioralenoh, R ol (excess)

General ly, the chrom um cont ai ni q npound wi | | have
rogiqals, axs, PRLIBEG Y, SEHIS value 1s designated by the ratlo moles Cr:((moles hgand X

number of coordination equivalents of the ligand/mole of ligand)/Cr oxidation number). In
an embodiment the ratio moles Cr:((moles ligand x number of coordination equivalents of
the ligand/mole of ligand)/Cr oxidation number) is from about 0.9:1 to about 1.1:1,
alternatively from about 0.94:1 to about 1.08:1, alternatively from about 0.97:1 to about
1.05:1.

In an embodiment the chromium compound is chromium (III) 2-ethylhexanoate. The
weight percent chromium is in the range from about 10.3 wt% to 12.8 wt%, alternatively
from 10.4 wt% to 11.8 wt%, alternatively from 10.5 wt% to 11.2 wt%. The amount of

chromium oligomers is low such that the chromium compound demonstrates methanol



wherein X can be the sanme or different and can be any
organic or inorganic radical, and n may be an integer

wo easgest® 6. Suitable organic radicals can harer/ismmn5/005416
about 1 to about 20 carbon5atons per radical, and are
sel ected from al kyl, al koxy, ester, ketone, am no
radi cal s, or conbinations thereof. The organic
radi cal s can be straight-chai ned or branched, cyclic
or acyclic, aromatic or aliphatic, and can be nade of
SGTusBieh. alrhg Babug , of FFe@midi i€ ,beBNAS D veighepedédnt, pftainatvely below 30
groups. Suitable inorganic radicals include, but are
Wdht bérUérit edtetnetiRBl UellRs20 GHikhtdeRent. OXiticidSes, dsoluble in hexane, are
conbi nati ons thereof The chronlun}contalnlng conpound

HERYW bew?}ft? tyerRehtY Altdrhdtivels BRRAUOE, w@dht QRiceit) Gdrhatively below 0.2
conpoun or conbi nations thereof Suitable chrom um

Wdidth hec TP OMAES cdntht AR WP Y bwedhe p&ednt; | ditBinh@iyt Bolow 0.5 weight
chrom um car boxyl ates, chronmi um naphthenates, chrom um

ﬂe?éehtdg&maﬁtwmlmmeﬁ@kp&@em chroni um benzoat es,
chronm um di onates, or conbi nations thereofSpeC|f|c

chr orhugfdid- l:amﬁﬁﬁ@@dmﬁna Bmlvedgy %Mle-%&lﬁ gdnhﬂ&lh@mat will

to, chromum (111) isooctanoateachrom um

r@ac with Q-chniRARLPY Bﬁﬁta%ﬂﬁﬁﬂnﬁ' ?grr%hd"é QB&E’Iek‘ nT}{elﬂyl'r))le -containing
1) oride )

napht henate, chrom um ( rom um

Cmp&(n% dﬁcthmék hsirena Pxﬁahdec ¥ Wle&bﬁm\? Qierlgﬂfv%f(i)yrrole as well

ori romc ori de;” ¢hrom um

aglxr%:{ﬁ% djs“g é??@%%%:atﬂgﬁ%ﬁm Waﬁ]&éﬁ %allt of alkah metal pyrrolides, or
?)m%%rgé %% etﬁé% %t A 8&@51?({@ (ﬁ{rle g)w§1%)n§aglggeeﬁ%rl no%ﬁlo?ﬁ& ﬁ&lgmsm%a 5-
chrom st.ear at e

|
%' ' '%rlt :rﬁtﬁ?aéeﬁ SPUAR PEBEREL YT erpER G pie (ot bl
nbj t t f. Sui
Kb AreTe i BRGETEe Bk e G ls ST Fomoug can be

lerr(g}?fgral € (58%]]6 &g %)Iglglle}afg:hr{l%ﬂ%{}wp%?nlo%) {;alltdc%htammg a pyrrohde radical
bIS %%eth¥éhexanoat chromum (11) acetate, chrom um
qr11ig§ndpeR Sprlmations e un1(||) neopentanoate chromi um

Il Iaurate chraom um st ear chr |
E)xal) é}e@er ly, the pyrrole—contangm compoun w111 have %om al oslt 4)to about 20

carbon atoms per molecule. Pyrrolides (or pyrroles) include hydrogen pyrrolide (pyrrole),
derivatives of pyrrole, substituted pyrrolides (or pyrroles), lithium pyrrolide, sodium
pyrrolide, potassium pyrrolide, cesium pyrrolide, the salts of substituted pyrrolides, or
combinations thereof Examples of substituted pyrrolides (or pyrroles) include, but are not
limited to, pyrrole-2-carboxylic acid, 2-acetylpyrrole, pyrrole-2-carboxaldehyde,
tetrahydroindole, 2,5-dimethylpyrrole, 2,4-dimethyl-3-ethylpyrrole, 3-acetyl-2,4-
dimethylpyrrole, ethyl-2,4-dimethyl-5-(ethoxycarbonyl)-3-pyrrole-propionate,  ethyl-3,5-

dimethyl-2-pyrrole-carboxylate



chromum (11) benzoate, chromum (I1) pyrrolide(s), or
conbi nations thereof In an enbodi nent, the

w@ ososasne cont ai ni ng conpound maybe chrom um (PAT/S2005/005416
2- et hyl hexanoate. In an enB3édi nent, the nononeric
chrom um content and the residual (excess) radicals
are optimzed. This value is designated by the ratio
noles Cr:((noles ligand x nunber of coordination
equi val ents of the ligand/ nole of ligand)/Cr oxidation
nunbét hn ehbodimeainthe giyrrelatcohthmingadomponml B2, Cdinfe(hytpdyasle. The
I i gand x nunber of coordination equival ents of the
dohgatnel/ D liencafylplyirgiaricd pre@er tum SR vieipht peicdne ra)ternaivelycgreater than
about 0.9:1 to about 1.1:1, alternatively from about
. OdéightipercakoalfernhtiadBy dreatal thadragasteight perk € NTiB@ALET content of the
0.97:1 to about 1.05:1. In an enbodi nent the chrom um
BRBROtOAChirif EdHiVNhdIm® bdldW )1 Reighthperdta) aneaitdvely Thedow 0.5 weight
wei ght percent chromumis in the range from about

5 peertt, WitdnhtvelZbBow 01 AkicB perbdny €lTihe f o ckOhé pyrdfet @ntaining
11.8 % alternatively from10.5 wt%to 11.2 wt% The

ARYRd @lataih LM 8P EFSow 300; AlerHbteRIyt Btddw 1 I® alternatively
chrom um conpound denonstrates mnet hanol sol ubility. The
ey of free acid is bel ow 50 wei ght percent;
alternatively bel ow 30 wei ght percent; alternatively

bel ow 20 yei ght cSIasRe, - (RAT ot @h@hing Neglpyiie dsed i an
hexane, are bel ow 1 wei ght percent; alternaﬁlvely

QARbAWIAtion Wlﬁhgw&tﬁ{e k&ﬁgﬁéfsesad diRERAS R %nﬁ?é%"ﬁ(?-e%amle one or

wei ght percent. ntent is below 1

10 M&kECERboundd el 9§ ke IR cralh Bies:per cent ;
aﬁ%ern%??Vé%g%ggfomﬁo.z mgﬁéﬁgnpgrcent.sThe
pyrrol e-cont ai ni ng conpound can be any

pyrrole-containkng conpoung yhat will reget with a
chromumsalt toNorm a cifom rrol¥de conpl ex.
The pyrrol e-contailpi ng cgnpound |j s hydrogen
pyrrolide, e.g., rrol e]{(C4HsN)|| derilyati ves of

pyrrole, as well,

. | exes, al kal
nmetal pyrrolide¥,

ﬁyrrolides, or

Structure 1

R R

Structure 11
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conbi nations thereof. A pyrrolide (or a pyrrole) can
be any conpound conprising a 5- nenbered,

WO 40508806 cont ai ni ng heterocycl e, such as pyrredBEUS2005/005416

derivatives of pyrrole, sulsS§tituted pyrrole, and

m xtures thereof Broadly, the pyrrol e-containing
conpound can be pyrrole, any heterol eptic or

honol eptic netal conplex or salt containing a
pyrrolide radical or |igand, or conbinations thereof.
Generally, the pyrrol e-containing genpound will have
fromabout 4 to about 20 carbon atops per nol ecul e.
Pyrrolides (or pyrroles) inc%ude hwdr ogen .pyrrolide
(pyrrole), deriVatives of Aytr ‘Sks 't ut ed
pyrrolides (or py lide, sodium
pyrrolide, potassi pyrrolide, the
salts of substit i de i nations

t her eof Exanpl €5 of Ngyfst i Ruthed pyrrol i dés (or

pyrrol es) include, buf are not limted to,
pyrrole-2-carboxy|iclgcid, 2-acetyl pyrrol e,

pyrrol e- 2- car boxal dehyde, tetrahydroindol e,
2,5-dimethyl pyrrole, 2,4-dinethyl-3-ethylpyrrole,
3-acetyl -2, 4- " di met hyl pyproicbure 111

et hyl - 2, 4- di nmet hyl - 5- (et hoxycar bonyl ) - 3- pyrrol e- propi o

DT RNE g PR PG, Cp S & o
2,.5-di . .The, _
i iy b ey P01 et g Bl oneiors o whiclesiss beed may

| ternativel reater. than_99. 0 wej ght percent;
1R & ALTBIS TP arEtic tEn Vo8 TR CHEs Befe 14pa0 carbon
wat er content of th rrol e containing conmpound is . i
AN TEPRAC Kpsre BCicg P R P IoRE FEADS F fRuiaghevelic
percent; alternatively below Q.01 weight percent. The
PEBITEHC B arpRatiqRmryTes apbmaninglude helgrmimreuch as oxygen or sulfur in
(Platinum Cobalt Nunber) is bel ow 200; alternatively

- theeforpof bipar, hranghed a@t ayglicethss| sdl. Sdfide, suligne. splioddaizngtionality.

t he ?yrrole-gontaining conpound ysed in an_
n an embodiment shown as Structure (I), R', R’, R*, and R® are methyl group, R?

and R’ are hydrogens, and Y=(CH,), wherein n=1-10. In an embodiment shown as Structure
(1D, R' and RS are methyl groups, R-R? are hydrogens, and Y=(CH;), wherein n = 1-10. In
an embodiment shown as Structure (11I), R, R? and R® are methyl groups, R%, R* and R® are
hydrogen, and Y=(CH3), wherein n=1-10.

Use of the dimeric pyrroles may produce a catalyst system with activity and
selectivity to a desired oligomerized product, such as, for example, the trimerization of
ethylene to 1-hexene, as well as low polymer production.

The metal alkyl, sometimes referred to as an activating compound, may be a

heteroleptic or homoleptic metal alkyl compound of any of the metals aluminum, boron,
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ol i goneri zation catal yst system conprises a dineric
pyrrol e conpound, for exanple one or nore conpounds

wo epsessnt ed by the foll owi ng general structurBST/US2005/005416

Structure 1 Structure IIStsecture ill wherein, each R
1-rR>6 may independently be H or a Cl1-C O aromatic
group, or any two vicinal to each other, taken

together with the carbon atomto which they are bonded
may forman aromatic or non-aromatic ring. Yis a
18hiMCinbgmasiui) ordgie. Mhy/ine@l dikyll tnay G @andud alkat kulide &t BBBEAC; a
i nclude linear, branched, or cyclic paraffinic or

1dh QR el 1Betfl alk§DRCR b TE X Cdri combiaktah thele6f QDneddt @ivRé metal alkyls can
structures and may include hetero atonms such as oxygen
Rfus&l iThe!figani(sy Sietht fetdt ©4n Helalipiafic, dddradie @ domBinationg ifie€eof For
et her, % sul fide, sulfone, sulfoxide

dxHRSTE | tﬂmgaha(y) iy B arg QAR insafaitdd AAShaBt Fadedall Mae (ejal alkyl
R1, R3, R4, and R6 are nethyl group, R2 and R5 are

rﬁé/yjd' e%&ﬁﬁ)ouﬂlﬂat\éaﬁ GE20nsidee@ b6th A LRwhs abfdl anti rAdlal alkyl. As used in
enbodi nrent shown as Structure (I1), RL and R6 are

tfﬁ’@tdﬂs}dosﬁE OUPewis F&%rdFi%ayaB@ dBH A Q9 AP co@dpéhnd that may be an electron
CH2), ,wherein n = 1-10 In an enbodi ment shown as

a:%EcrpEb?t NEtﬁlaﬁﬁé Ldmpddhds WRich aRdodde aah&alnmBikyihd Gr O&4AS ,acﬁgnclude
4, and R6 are hydrogen, and Y=(CH2),,wherein n=l-|

eh'%@ L1Rhinkde cGhPRnbS RYIHRL RS ARY ARAARYC Sk ALifAlA &’(ﬁﬁpounds or

temwth activity and selectivity to a desired

L%Hbglg%lrs tHfe ?éii)f pﬁg qu:t?:% a szié%H hawe an &gﬁmﬁé%@'&hﬁom zItFtﬁs However due

trlmsrlzatlono ne to 1-hexene, as wel

%%{c(lja? ta\?aqllglg' O eg!% ofr[Eé EHle ﬁletlﬁlyJﬂk é%ﬁnﬁtsdagg%ompnse less than

er re n ac vat |
t I f
%)f)utte{(])eca re?g{l a om(s) %Frurrrhgtﬁfuaﬁrl]pytl o}egﬁl | n(% % enya 1ve2)gpcps tll‘llgn aboout ?(pé/arbon

el R CH L0, BB 5050 e
contacte&1 wit o@a%tert I’Slgghegsf alk)(f?lummumrrgompogg aldenvat( ¥es Sof® zﬁfgylalummum
compounds, halogenated alkylaluminum compounds, and mixtures thereof for improved
product selectivity, as well as improved catalyst system reactivity, activity, productivity, or
combinations thereof. In an embodiment the metal alkyl may be non-halide metal alkyl, a
metal alkyl halide, a non-hydrolyzed alkylaluminum compound, a hydrolyzed
alkylalumimum compound, or combinations thereof.

Suitable non-halide metal alkyls include, but are not limited to, alkylaluminum
compounds, alkyl boron compounds, alklymagnesium compounds, alkylzinc compounds,
alkyllithium compounds, or combinations thereof. Suitable non-halide metal alkyls include,
but are not limited to, n-butyllithium, s-butyllithium, t-butyllithium, diethylmagnesium,

dibutylmagnesium, diethylzine, triethylaluminum, trimethylaluminum, tripropylaluminum,

tributylaluminum,  triisobutylaluminum,  tri-n-hexylaluminum,  tri-n-octylaluminum,
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be used. The ligand(s) on the netal can be aliphatic,
aromatic, or conbinations thereof For exanple, the

wo p@pangb8s9 may be any saturated or unsat urat edPCT/US2005/005416

al i phatic radical. The net&f al kyl may be a conpound

that can be considered both a Lewis acid and a netal

al kyl. As used in this disclosure, a Lews acid may be
defi ned as any conpound that nay be an el ectron

acceptor. Activating conpounds which are both a netal
dittkyidluraindmacthewdes dathydhlimiohmdehedxidel ahdimirtures thereof  Suitable
conpounds, al kyl magnesi um al kyl zi nc, al kyllithium
raaapaicyh dalideocongotdsniatliden ut fre meo timiibe toyethglahmhikyh dichioride,
have any nunber of carbon atons. However, due to
diahyEuenan aklariiabdikthylylumimnine ds@nidé, disthylatulrenumet @bquichloride,
al kyl wll usually conprise | ess than about 70 carbon
discusylpehintmt ahlorddek yethylshingiauth esesquithkitigr iathiyMRiminine $Bomide,
t han about 20 carbon atons per nolecule. In an
aehndifmnt, iddige, Neh@hluginkinethocRloridd) - Mmad mixfuyes e thereof. In an
i.e., not precontacted wWith water, such as

dbloinatnt) fie ALYl abOfRGH 86lSpoud@ by ed mvmﬁlal@ﬁmﬂﬂrrkw al um num
conmpounds, hal ogenated al kyl al um num conpounds, and

m Xt wwies 4 Redeeigdtion WatalyPEyo@0maY Belthetdesifldanbduet, ke me@l alkyl
wel | as inproved catalyst systemreactivity, activity,

REOBRI G ledsk boMe né- hﬁﬁ@lgieﬁadlkyllil\.ﬁmhﬁ}ﬁ r8Ribolr, etpr&sduosl He Ndeneral

the nmetal al kyl may non- hal i de metal alkyl, a neta

Biie RE,I dGR,> Alm:z W QIR ZEH X RK YA B XT] B D EOHRDHE Ghereof,

a hydrol yzed al’kyl al’'um mum conpound, or conbi nati ons

WRSGS RS maySwﬁbAl@yl rg%phﬁidl ﬂqnmeah halob! Stofnn @h%ﬁ% cdiPounds

are not limted t , al kyl al um’num conpounds, al kyl
lﬁ%ﬁ%ﬁaﬁﬁm‘f*ﬁﬁﬂ W@%@%ﬁ%‘%ﬁm&%‘%ﬁ“@% .%lh*%ﬁfu%um
ré &g{/lglg 11}§H1mt tag df?c% Qﬁwlaﬂn till grfl nﬁqr?il%? aﬁ%lb’&utr{)lflnlc tr#‘-ﬂ%b%ﬁﬂfmmum

hj di b |
ci]ftg)ki%ﬂﬁnmut fll ‘in&r‘? elt ﬁ;:&y thnﬁggn%lsl’urhhn%m?(ri; Sx ﬁ;ly ?ﬁglﬁ?r)leﬁmmmmethomde

&ietil)ﬂarth? xllur%l lf)r}rxlerpo%ge ethylaluminumethoxychloride, ethylaluminum dichloride,
diethylaluminum chloride, diethylaluminum bromide, ethylaluminum sesquichloride, or
combinations thereof In an embodiment, the activating compound for an oligomerization
catalyst system may be a trialkylaluminum compound, AlR3, for example triethylaluminum.
Additionally, hydrolyzed alkylaluminum compounds, aluminoxanes, may be used.
Aluminoxanes can be prepared as known in the art by reacting water or water containing
materials with trialkylaluminium compounds. Suitable aluminoxanes are prepared from
trialkylaluminium  compounds such as trimethylaluminium, triethylaluminium,
tripropylaluminium, tributylaluminium, trlisobutylaluminium, trihexylaluminium or the like,

and mixtures thereof Mixtures of different aluminoxanes may also be used. Suitable
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tributylalumnum triisobutylal um num
tri-n-hexylal um num

wo edaos088¢d yI al um num di et hyl al um num et hoxi de, PCT/US2005/005416

di et hyl al um num phenoxi de, 5&nd m xtures t hereof

Sui tabl e nmetal al kyl halide conpounds include, but are

not limted to, ethylalum num dichloride,

di et hyl al um num chl ori de, diethyl al um num brom de,

di et hyl al um num sesqui chl ori de, diisobutylal um num

Infdr dyzed elkyltunyihah gompewrds mslydé, bt aeindelimited to methylaluminoxane,
di et hyl al um num brom de, diethyl al um num i odi de,
mbdhifitdainethylalumbtolaney gid ethylathenin@atespand tuikteess thesoéof . 1 n

an enbodi ment, the al kyl al um num conpound maybe

t ri etThelcddfnmiligomerizdfi@ncagalyst syvems zar futhec@impriyss catylgdt eupport.
may be the desired product, the netal al kyl may be at
Aeagtorted ehrorainnhgacii et $yyemcan bk pilepdrethwithi anycsoppotuseful to support a
expressed by the general formulae Al R3, Al R2X, Al RX2,
AbbBOR, cAMRXORitaBle2 BBatyst soppoet® ritdiludef bonsret e ri@gnited to, zeolites,
wherein R may be an al kyl group and X nay be a hal ogen
mbEhic Sxidésabitier slofieUR desmbingiod qshosphted aoezanio toxldes)iahd®shixtures
to, trinmethylalum num triethylal um num

theldepf, GPYY bainipd BiliEA, silfch-Atundind, Valuakibk)i fidftied alumina, silated alumina,
tri-iso-butylalum num tri-n-hexylal um num

thoHa, Nal@inyp REpHIN Wilmitling tRydpadte| pHduHaRE Osilicd € phosphated alumina,
di et hyl al um nunbrom de, di et hyl al um nunet hoxi de,

diiet divlial copreapitdananaxian, fluoridedssilated alumina, and mixtures thereof. In
et hyl al um nunet hoxychl ori de, ethyl al um num di chl ori de,

sH Ghyovindnt Mendimlyst S drdR aluehifipRdpBAe!m num bromi de,

et hyl al um num seésqui chf oride, or conbinations thereof
I n anmenBRYTRE be 4 RRIr&GIHoN R0 LEA, £RUTPRUAET hRfro@Rbon solvent, or

ol i goneri zation catal yst systemmy be a

Lo R ACTRS s o LT st s o
%:eléglk/a{tymag W R" @‘Hiﬂg and ﬁicgmc%ﬁl?ﬁ&ishydmﬁgﬁs defr gs isobutane,
as n the art Yy

um noxanes can prepare nown i
G e 0 B PLBHIR PO, Bl
Bﬁs%ﬁgz{t%g lhgﬁqrg?rﬁrlgﬁrnh ﬁ,%ulé lr;}asle?%?egl?{? ﬁ}cf:cﬁc?ﬂ) %Jnre]:dgr Scl)'lrc Ig-o% ene, aromatic
hydrocarbons such as toluene, benzene or xylenes, othro-xylene, meta-xylene, paraxylene,
chlorobenzene, halogenated hydrocarbons such as carbon tetrachloride, chloroform,
methylene chloride or chlorobenzene or dichlorobenzene, or the like. In an embodiment,
the hydrocarbon solvent may be an aromatic or a halogenated aromatic compound having
between about 6 to about 20 carbon atoms; a saturated or unsaturated hydrocarbon having
from about 3 to about 14 carbon atoms; a halogenated saturated hydrocarbon having from
about 1 to about 9 carbon atoms; or combinations thereof ~ The solvent may be a

hydrocarbon such as cyclohexane, isobutane, n-hexane, hexanes, n-heptane, heptanes,

pentane, or mixtures thereof In an embodiment the solvent is ethylbenzene. In an



10

15

20

tripropylalumnium tributylalum nium
trlisobutylalumnium trihexylalumniumor the |ike,

wapmsos2star es thereof M xtures of different PCT/US2005/005416

al um noxanes may al so be us$ed. Suitabl ehydrol yzed

al kyl al um num conpounds i nclude, but are not limted

to net hyl al um noxane, nodified nethyl al um noxane, and

et hyl al um noxanes, and m xtures thereof The olefin

ol i gonerization catalyst systens can further conprise
eanbodithehtytbe scdveppio tdiradederseu fp axr érstebdirhiong ripharotefihayg be used as the
system can be prepared with any support useful to
sslypppofdr exampleolvhexene atlalay sdmboBimeng the sela¢rdlny8t comprise normal
supports include, but are not limted to, zeolites,

and/or gramiedic oxikides, ofdhitdner hademn evctehe,i decaemdodatne) Metradecene, or
phosphat ed i norgani ¢ oxi des, and m xtures thereof, for
cewainptiens sherdofa, silica-al um na, alum na, fluorided

alum na, silated alum na, thoria, alum nophosphate,

al ummum ¢pitodiphat, ethe Myt pditdne corBpduhd ased BOIPEM R can be any
alumna, silica-titania, coprecipitated

cBinbinGiut bt &t & mbleU@bingked 1S hllphbRdubidfitddahydadtdrbon compounds.
m xtures thereof In an enbodi nent, the catalyst

VBHIRAE tvishing tl dibuROPNASIH At Bay bEMRIIERH WRNn UiBMulBRd Bydrocarbon
hydr ocar bon sol vent, a hal ogenated hydrocarbon
oﬁxﬁ)'bnent, or
e

cBRbY Bl acts U R BHaR Al oRBE, hfiesB Ok a ﬂé%k,laystm{%ggc
nore than 30 carbon atons. Specific exanples of t

bR, R Saurmy, dBSdHER & bahatd fordfthnddd &Y alvkive alathiRt efktem.

hydr ocar bons such as i sobutane, pentane, n-hexane,

REAANEsatEhel ORRIGARon NS e or . ot
and al 1 cyclic Eﬁ%atupgtg%ﬁﬁﬁggoggig%ngﬁ%agﬁﬂggkh b rbon

cﬁf;@%@'}ﬁat CWQIQH%QH@CQ lﬁsﬂf)';ste 1. %Eﬁ@ﬁboﬁ&%gﬁaﬁc compounds

rocarbons such as tol uene, enzene or xy1enes,

h%%iF%ﬂ‘bﬁ‘l% %ﬁc))/ ?‘Fo%@%q(%ak%ﬂ%ton%ﬁk%&leaﬂ as acsjaivgﬁtqg ?F g%%g’élsed in

genat e ons such as carbon tetrac
SR L ATLRASIE S 15y R SLRIRRESRS oo 2
P SRS BELmEPHE e TR RS- LT PRl v -
h%%&%gg%&’Btgﬁe v g\r%?cﬁ &iﬁﬁr%ﬁere%ﬂ Sir? teuliI re%lﬂ)ggim%lrlt, ﬂlrésl?nts éfltlrlr%%e daliphatic
hydrocarbon compound may be ethylene, which may be both a solvent and a reactant.
Specific unsaturated aromatic hydrocarbon compounds include, but are not limited to,
toluene, benzene, ortho-xylene, metaxylene, para-xylene, ethylbenzene, xylene, mesitylene,
hexamethylbenzene, and mixtures thereof.

The halide-containing compound can be any compound contaming a halogen, for
example organohalides (including those listed as suitable solvents); non-organohalides;
metal halides (including metal alkyl halides such as those previously described and non-alkyl

metal halides such as tin tetrachloride and magnesium chloride),; non-metal halides; or

combinations thereof Suitable compounds include, but are not limited to, compounds with a
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fromabout 3 to about 14 carbon atons; a hal ogenated
saturated hydrocarbon having fromabout 1 to about 9

w@ 200508288¢ ons; or conbi nati ons thereof. The sSOPUBIS200E§05416
be a hydrocarbon such as cyel ohexane, i sobutane,
n- hexane, hexanes, n-heptane, heptanes, pentane, or
m xtures thereof In an enbodi nent the solvent is
et hyl benzene. I n anenbodi nent the solvent is
tetradecene. In an enbodi nent, al pha-olefins nmay be
gl f@fulah® RSO, Wetitkein R @an BXARPRILnit t&ioat idrganft radical, or both, X
enbodi nent, the solvent may conprise nornal and/or
chu$ BETR I e[Tiexdctet Gono fludHde SihoridB e eRle, i0GIHE R coflBiafdAs thereof,
dodecene, tetradecene, or conbinations thereof. In an

BEBOLHITESEh afehRnib¥dreaear B 0C ONRIYRs b 6Fads ralical RVEARS have
can be any conbi nation of one or nore aromatic or

Rt AL 1 fo BBSHoWaoR Ao PePRACHONEAMRM RIS 1 Y0l @rbBRhtoms
wi shing to be bound by theory, It nmay be believed that

PR rdd RSB R € EbniPAHB 0640 GRIMPRIEAHa @R P WherfT & kN BBrganic
a solvent, and can be a reactant, a stabilizing

rEtﬁé'EP QEARY be Q1R Fom SldniBlm, AticbA ggerrﬁéiﬁlﬁﬁ C@Ygen, Yoron, lithium,
both, to formati on of an inventive catalyst system

trRY gatuiﬁtih Cindi9i2 il 38 dnRcs AREGETOR HOTRRIIRE S, GRS h&lﬁie@:Gﬁ{tammg
unsaturated hydr'ocar bon conmpound that can sol ubilize

tﬁlﬁtxsaa ¥§15r1<§¥<§ﬁt mlnglcrb Iﬁf@@ﬁjh BAC cﬁ%@éﬁg ?orldes Spemﬁc
bl R T i

ounds havi ng 6 to about 20 car

09% no Nallc d%g %:ﬁ%%ﬁ%sam&%e" B0t arl H@trl dlﬁeﬁ% Qﬁetﬁ'ﬁ&q %nde ch oroform

unsaturated ali phat'l c rocar

b%l?%mzmofhg ggor%ﬁg'r%zl &agargg %ha%?o&ﬁ@r&?ﬁa@a%ml P%{chlo(rjogthane, 1,2-

unsa ur a ic co

e Bof b Bfosmis R terk bl“tﬁ e o
T AR R fom@tﬁt%ttniddome & o
1%({19(1161%1 i ea f,] ggxa?]lgtﬁrl%tgifgleeh ytgtglg‘g%[&%gtgneg g ﬁg:@ﬁ@grso-a{cgt%lng %exachloro-
ort no- Xylr]legg-ttr%n&ggﬁgllzggee hegz hﬂ)rc))( %lenezgr(lee trltyﬁ1 hlPon €, ore mixtures
thereof. Specific non-alkyl metal halides include but are not limited to silicon tetrachloride,
tin (IT) chloride, tin (IV) chloride, germanium tetrachloride, boron trichloride, acandium
chloride, yttrium chloride, lanthanum chloride, titanium tetrachloride, zirconium
tetrachloride, hafnium tetrachloride, aluminum chloride, gallium chloride, silicon
tetrachloride, tin tetrachloride, phosphorus trichloride, antimony trichloride, trityl-
hexachloro-antimonate, antimony pentachloride, bismuth trichloride, boron tribromide,
silicon tetrabromide, , aluminum fluoride, molybdenum pentachloride, tungsten
hexachloride, aluminum tribromide, aluminum trichloride, or combinations thereof
Specific metal alkyl halide compounds include, diethyl aluminum chloride, ethyl

aluminum sesquichloride, ethyl aluminum dichloride, mixture of non-halide metal alkyls
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hexanet hyl benzene, and m xtures thereof The
hal i de- cont ai ni ng conpound can be any conpound
wa@onsasasicilg a hal ogen, for exanpl e organohal i dBST/US2005/005416
(i ncluding those listed asé6suitable solvents);
non- or ganohal i des; netal halides (including netal
al kyl halides such as those previously described and
non- al kyl metal halides such as tin tetrachl oride and
magnesi um chl ori de); non-netal halides; or
aORBiaNRdlided) SritnbRyecHlorosihd, alibBylcaiTpidomdts dibnel wiadedicHioride, or
are not limted to, conpounds wth ageneral fornula of
coafhtiond@érebm R can be any organic radical, inorganic
radi cal, or both, X can be a halide, selected from

fl um‘armamoeéwllw bitmiuk Eftafleng ERGHodR, B meaNhikMiabl 661%ent can
thereof, and mand n each are nunbers greater than 0.

cothgs ﬁld%rb\ﬁdea@hﬂﬁg &¥h6 rdadfdh GaknreR FOPY¥ahBeetht hAIMe3B@LE miy be
to about 70 carbon atons per radical, alternatively

al ElQﬁhlilrmerLmzpah@é‘ ERPRahO 1%Rd RE Eorl[jtﬁgh&%tth hiRY1aR8S$tum comp ounds
conpatibility and catal yst systemactivity. \Were Ri

Sﬁ’ﬂlb 1 BRI iGurh AT e knecluﬁ?e WRYarDRot3BlieE Ve QUJoBthdﬁllnHﬁUnm Ufm)rlde
I'icon, germani um hydrogen, boron, lithium tin,

dﬁﬁn'l_gfaluﬂﬂﬂurﬂ NeistBe, | @RHaAREmM séquchﬁﬁrl&eheEtﬁ?lEluhﬁhlﬁp dichloride,

odi nent, the hal 1'de- cont ai ning conpound Is a

d@agﬁfuhﬁﬁ n&l@tﬂylﬁﬁfﬁﬁ}ﬁlﬁﬂgdﬁé’ %ﬁ%ﬁ&u@é’%ﬁer%f

anochl orides. Specific organo halides conpounds

i ncl "H%eamokaHlt feeﬁ& {égﬁdt 'ugg tt@ glhefw it o é}\ﬁ‘keﬁgﬁwﬁ Q%ﬁ{xkt@?stem can

chl orof orm enzy orl car

o PSRk L oL s TS B s
o4 BB FRUPRBID ARG, S RORoL o RO AaRG: of e meal alky
R B BRSPS REKA AT 5P B HLBLBAGS Of FOIE ofnirogen () i
G R SPBOUEHPAREE b FEyl OdHPahs e?p'g?a °u(9fn'3§faﬂ)w@gleast 2 1:150
PSR R R B S BhGE 5 5

chloride, tin chloride, germani umtetrachl oride,
N ol ak yape A3 gpmd@ougkérfalamﬁt 1750, alternatively from about 1:1 to about

1:20, or alternatively from about 1:1 to about 1:10. Generally, the amount of metal
alkyl/pyrrole solution used is determined based on the moles of chromium. In an
embodiment, expressed as a molar ratio, in terms of moles of chromium (Cr) to moles of
nitrogen (N) in the pyrrole compound to moles of metal (M) in the metal alky, ie.,
Cr:N:M, the ratio of the chromium containing compound to the pyrrole-containing
compound is at least about 1:15 and the ratio of the chromium containing compound to
metal alkyl is at least about 1:150 such that Cr:N:M is at least about 1:15:150. In an
embodiment, the Cr:N:M molar ratio is within a range of about 3:3:3 (also expressed as

about 1:1:1) to about 1:3:100; alternatively, the Cr:N:M molar ratio is within a range of



10

15

20

chloride, yttriumchloride, |anthanum chloride,
titaniumtetrachl oride, zirconiumtetrachloride,
wadosiosesid et rachl ori de, al umi num chl ori de, gal PETIDS2005/005416
chloride, silicon tetrachle?ide, tin tetrachl ori de,
phosphorus trichloride, antinony trichloride,
trityl hexachl oro- antinonate, antinony pentachl oride,
bi smuth trichloride, boron tribrom de, silicon
tetrabrom de, , alum num fluoride, nolybdenum
1 penfoacht orinde embodigsiten phepx@ah biigdntkeizativh ¢atalystsystem, about one
tribromde, alum numtrichloride, or conbinations
ntokes fe o B cis the@lorhadhrahiliyl(CHadan e caargrdurnidsabbmdal tu dequt 50
di et hyl al um num chl oride, ethyl alum num
&S @l b eidletdidning tdhpouad witd sbom DicCidlotr 750@olesTo Kiluthiudf as the
non-hal i de netal al kyl sand netal hali des,
elefne e bPUnaBh i frD Sk de@N 6, urtshtiated Wydioc b 6d | T dEide ebubdet why be
tin dichloride, or conbinations thereof. Furthernore,

peBdit G B Aind Xt CRdH abalit N0oCABROLINEholet b€ hARieahs ekdldmenO! In an
sol vent can contain and provide a halide to the

ehB&SIERNTLXT Hlof ofBfonfa RlcBlateddng tadiéiet SRUMESN (@Y, can be
be an al kyl al um num hal i de and may be used in

cSRAYANGiEH HButY {olibhiKY nRl1drar BB 16 OSRAMAE Sompethd; 3BbE 5 to about
al kyl al um num hal i des i nclude, but are not linmited to,

48 Il QR LY Ah A c@iéﬂ‘afeﬁ'a@'fﬂe%méﬂt ahmﬁluﬁi A, AHALKRL ©Td Hout 30

ethylalurnlnun1sequ|c oride, ethylal un num

: eg*am% 'hgﬁde cqhﬁﬁlmgl anpmnrauamcara&mayaemg{tﬁthameqkyrm BYBcess of

m xt ures t her eof he anount of eacCh

uﬁs%&l%@cm dyo% oh %n Rh GRBb SRR ?Ao‘ug&%bﬁ %tflcmemaeﬁ ak Y1t element

systen1can e any anount sufficient that,

@rg ”fﬁhyﬁéj c&rﬁacfte%r\mtﬁ P;V\/I&t 034 }ﬁ% es oY ﬁ%ﬁ?&[&-c?&t#&ﬁg‘%ﬁ]ﬁ&hhom to 2

‘curs upon contac ne or
ers]eor h‘%ﬂugl nEETH]I e Henent @ﬁ)s ang 2 Eo f5 Igglltééa!)f l% ?é/ ! Iaf?’el%?ngrq r%() in

an“e expr
in the pyrrole conpound to

a?rﬁ’f‘:S%g ngmsﬁé‘(aéffdtl.(yﬁ/‘% R&} he metal alkyl, usually at
It ﬁgs & gfio E’ié) l t§|rc ﬁ%ﬁ{ﬂyﬁ{y %ﬁﬁzg&atﬁlg?&rggr%gﬂ%lmn recovered

as product from the various embodiments disclosed herein is referred to as the final Py:Cr
molar ratio. The final Py:Cr molar ratio of the catalyst may be in a range of from about
1.0:1 to about 4.0:1; alternatively from about 1.5:1 to about 3.7:1; alternatively from about
1.5:1 to about 2.5:1; alternatively from about 2.0:1 to about 3.7:1; alternatively from about
2.5:1 to about 3.5:1; or alternatively from about 2.9:1 to about 3.1:1.

The catalyst synthesis prepared in a hydrocarbon solvent may be referred to as a
catalyst system solution. The resultant catalyst system, prior to introduction to any of the
reactant, may have a chromium concentration of about less than about 50 mg Cr/ml
catalyst system solution, for example from about 0.005g Cr/mL catalyst system solution to

about 25 mg Cr/ml catalyst system solution, alternatively from about 0.1 mg Cr/ml catalyst
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N: Mnolar ratio is fromabout 1:1 to about 1:50,

alternatively fromabout 1:1 to about 1:20, or
w@bdososmié vel y fromabout 1:1 to about 1:10. QeeEUSI00¥005416

t he amount of netal al kyl/p§rrole solution used is

det erm ned based on the noles of chromum In an

enbodi nent, expressed as a nolar ratio, in terns of

nol es of chromum (Cr) to noles of nitrogen (N) in the

pyrrol e conpound to noles of netal (M in the netal

sgdtdaly solition. to aigub2s Mg Qrhnd caalystayaém isbleti@l) agrhatively from about 0.5

cont ai ni ng conpound to the pyrrol e-containing conpound

nigS Citinl lceaBht @bt sdlutidn @ngbotih @S mad Condfcafalist SRtediThdIBNoN, or

contai ni ng conpound to netal alkyl is at |east about

alterh@fyeBUEd &vat 1 Qg AWM dagilydt sybteasbluabtstabdiuthS ndbOr/ml utalyst

an enbodiment, the G:NMnolar ratiois within a

systdmgeolefonabout 3:3:3 (al so expressed as about 1:1:1)

to about 1:3:100; alternatively, the Cr:N M nol ar

rati Qata§stiVptdphred an baogEandef Btk présedt: discBbbure lMlayde used for the

enbodi nent, to prepare an oligonerization catal yst

oﬁ Sth@ticAl® lefifd) @ RRAng 18 hipe b RAKsUThe GHfgoinbBza8beHEd ) fins may be
chromium (Cr), can be contacted with about 1 to about

cotiubRd s,; aif suRMI1E Oli@nieARtdh Meldde OmRA il odiRkin@ ROSgometifation
about 75 noles of alum num as the el enent, optlonally

chiAly@ns %5&5&&1 Qfth WRS 8t Mot SERRYHTLEAERA Tone Hﬁdep @hl’ta@ﬁ* reaction
source nmay be present in an anmount from about

St g s I Rp—
afphgoRhR ou IFing OB L Gobe <GP6: B8 GO BRI me@d&%ﬁeoiﬁc

nol es o yrr e containing co

?a lep%s e ﬁ%‘i%{leﬁ? rHE(iJAﬁsluSé g&fég%d E'Bfrle;ﬁg' g%g%{nedl-ﬁ‘e§<ene 1-
og%nee nrflethl utegxel % %eﬁlcy)lm-penr%en%%r%%rp fc)urbghen %fﬁﬁéﬁeaits ugedag's the

an excess o

E%? REE Roblba® BroBiat b oTE s «Rajebe BBk Buthigh i s

to. four noles of pyrrole-containing conpound; 10
}Wﬁpﬂeﬁﬁ}%s of aluninun1 as the elenent (Al); and 2 to

15 s of l i as, an ele
nBl t% c? scrggon above, Tike parts arge markegi amroughout the specification and

drawings with the same reference numerals, respectively. The drawing figures are not
necessarily to scale. Certain features of the invention may be shown exaggerated in scale or
in somewhat schematic form and some details of conventional elements may not be shown in
the interest of clarity and conciseness. The present disclosure is susceptible to embodiments
of different forms. There are shown in the drawings, and herein are described in detail,
specific embodiments of the present disclosure with the understanding that the present
disclosure is to be considered an exemplification of the principles of the invention, and is not
intended to limit the invention to that illustrated and described herein. It is to be fully

recognized that the different teachings of the embodiments discussed above may be
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an excess of unsaturated hydrocarbon. The ratio of
pyrrole to chromum (Py:Cr) in the final catalyst

W@ 0up/08381é on recovered as product fromthe varPOIES2005/005416
enbodi nents di scl osed herei6h is referred to as the
final Py:Cr nolar ratio. The final Py:Cr nolar ratio
of the catalyst may b e in a range of fromabout 1.0:1
to about 4.0:1; alternatively fromabout 1.5:1 to
about 3.7:1; alternatively fromabout 1.5:1 to about

e&r 1Byl seipdritety Badn ang kyitdbleaimalnatitn 12 phidicet desieddaetultS. Spetifically,
alternatively fromabout 2.5:1 to about 3.5:1; or

Rl hresdnatdiseBbite flopm alOYE of Qakind @ et B3 tortactihfeof catalyst
catal yst synthesis prepared in a hydrocarbon sol vent
cHBYonbnt€ sk f®hidi B Hufite@By ang 8f Ak Watious ¥fibedRE Mk Wedctibed. TMgious
resul tant catal yst system prior to introduction to

cADYIRENS B8 HRRGT Rl figufRYmAANE cAnt IO NFd# NexGapIe Sihk Iadtdr Oftidic
of about I ess than about 50 ng Cr/mM catal yst system

pRAEL bOBoth fBhteB&RNRMRIIIAR RP Wi . BES D A DD MndCIA 3BY8ky be
system solution to about 25 ng Cr/m catal yst system

cSfbitdd With thabhRrAakiby Shyoditheil sHrest 18-1D & il taneous addition
catal ystsystem sol ution to about 25 ng C/m catal yst

AW SRS Of MEd PR.4pal ALY Slrbud EABRRRGHK fof alutillB) welet fay be
catal yst syStem solution to about 15 ng C/nl catal yst

1 i s.'r nurhber | | ? i 1 I ow
C&Mﬁhﬁﬁgt%% sk 2‘21 Srng ahd SLhALL V& &@%19%&%9% A AL tEh fTlowed

cata syst ution'to about cat al yst

b§¥§r¥t§mt9'au1{og,9ﬁlﬁsg%mgg )3@%?@%? ontibt @ﬁtﬁg&m@m\yo&hom in

he present disc ure e used for t

| i gomer i zat j. f 108, - .
) ARTEAREAL BT A S s o oo

L e A DL 5L ORI PR T RSl P
tacted with fi in,. '
LHIERE RGNS (R RN RS

pres tc.) to oligonerize the i.near

vk afthen f phaterer e RO e S0 F B &t Sivegin] ond
ogeerabuleS (reu(xjml?esr 4}15] geq?llenecfeiil? gth[erac\e,}/nbo }rr?e%itsal’l“he%e%?oidf c;igclosed herein is for
making an oligomerization catalyst that may be useful in any suitable reaction such that the
reaction is an oligomerization reaction. In an embodiment, the method of the present
disclosure is for a trimerization catalyst for use in .a trimerization reaction producing 1-
hexene from ethylene and the detailed description above may be focused on this embodiment
but with the understanding that the present invention may have broader applications.
Examples
Preparation of an oligomerization catalyst having been generally described, the

following examples are given as particular embodiments of the catalyst disclosed and to

demonstrate the practice and advantages thereof. It is understood that the examples are given
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exanpl es of the al pha-ol efins may include ethyl ene,

propyl ene, 1-butene, 1-hexene, 1- octene,
w@2008088l6 | - but ene, 4-net hyl -1 -pentene or the PCRES2005/005416

When ethylene is used as tl@ al pha-olefn, it is

possi bl e to produce 1-hexene as a trinmer of ethylene

with a high yield and a high selectivity. In the

description above, like parts are marked throughout

the specification and drawings with the sane reference

unsrdlilsistratios ped ire ved iftendEl @ lithiathie sgecificatitmes tlerotaimoto follow in

necessarily to scale. Certain features of the

injveRkdron may be shown exaggerated in scale or in

somewhat schematic formand sonme details of

conventibenambedimemntisr Ppreparingt the eolipbmetization tdalysiber §sivn in

of clarity and conci seness. The present disclosure is

&uspRepl ithloegh 04. emib odinipbt Sseettivdi I-hiexe@néatdlyt MBpregdi@y & various

are shown in the drawi ngs, and herein are described in

@fbahthres SRE ehrbintune KOREMHEBESS Bf exbiBle [, @86dve A iSekbmRSdalByst is
with the understanding that the present disclosure is

SrepR consi degigfi@Ro@Xenbidifidrcat ion OfhrdMBmAsikyehRneS  and
of  the invention, and is not intended to limt the

TENSBA A rioR/ Jtlwenkénl: WS ihe tdr gedlo gslﬁ'%a?@dcaﬁ%ﬂ IR exdnlple 3,

is to befully recognized that the fferent teachings

QfectiRe l%i’é’ﬂéddam%@éﬁ pFpBCH 55 @gngb%1morﬁﬁmh&mh for the first

separately or i'n any suitabl e conbination to produce

ﬁﬁ%f&ﬁ&h&&ﬁm Mpﬁ,nﬁ%&mt)ﬁ G iﬂ}irrotleh&rd?ﬁﬁﬁer%o & 6 Gl UhEsecond

for a nethod meki ng a cat st by contacting o

ﬁéﬁt{cﬁ ltlYeS&ﬂ&Iqm%Rb}ﬁglte de&lh&‘“ éﬁejeﬁﬁltp le Zp ?eléc'tl% § SecY c?cﬁlvyzst &f prepared

e vari ous e ment s scri bed. Vhrlous enbodi nent s

stlmtl te&ls Adti of L UL aYst LB nlg. SF%oﬁmérﬁpounds
Phamifitss e ot s S

acl proto

conpr%bnmlgemgplgés eﬁr?c{uﬁtfs rig%vpiﬁ 5}1&1 d;'h%)?ﬁlurg ol%lae?{] g’e ?iféd%& tlg%?%ﬁon of

Fon & nents o
odi nen

S L ’Y% @a?ﬁwalﬁ% o A RS F GG Higed b
U NG SSTHRS: A DN oBh eSS RoR st
TEA and DEAC. In example 7, selective 1-hexene catalyst is improved when a small
amount of TEA is added to the chromium component and water, acidic protons, or both are
abated. In example 8, water, acidic protons, or both are abated in the preparation of the
selective 1-hexene catalyst by contacting a small amount of TEA with the chromium/pyrrole
solution. In example 9, preparation of the selective 1-hexene catalyst is made by varying the
pyrrole:chromium ratio during the addition to TEA/DEAC.

In example 10, preparation of the selective 1-hexene catalyst is made using high
initial pyrrole:chromium contact ratios when contacted with TEA/DEAC. In example 11,
preparation of the selective 1-hexene catalyst is made using simultaneous separate addition

of catalyst components to the heel of previously prepared catalyst. In example 12,



by contact with a non-halide netal alkyl (e.g., TEA),

contact with an adsorbent, or both in any order;
wa@oensagasieM th a non-netal halide foll owed by cpet/E81005/005416

wi th an adsorbent (or vicewersa); azeotropic

distillation before, after, or between contact with a

non-netal halide followed by contact with an

adsorbent; etc. The water, acidic protons, or both

abatement, bul k addition, and sinultaneous addition

pRPPAGNNENIE RRYBR 1-héxeel ditagstiih iy WS kHeeslidad of a nitrogen
oper abl e nunber and sequence in other enbodi nents. The

cdfRioid odheSAk R S8 indR BPoind t6 YLK Eﬂﬁluaﬂ resulting from the reaction
ol'igonerization catalyst that may be useful in any

oS WalePRhE afuffGiint QkyBUCI dtadblet 1% WARRGCE iaBited Svhéd the pyrrole and
ol i goneri zation reaction. In an enbodi nent, the nethod

cIRbmiube cOhESRAL Ht SOhQSEY ] Ir8duk®rthé chiohdiBf | Baipohr's viscosity,
catalyst for use in a trimerization reaction producing

5 fabilitRRX Sfer [ AV A LRNLERGANE V6. A&l Rldgfle A8S GalePlid Mhted by
above maybe focused on this enbodi nent but with the

a%ﬂf#&ﬁéhéﬁﬂﬂti@ﬂ tb N@hoveBe RIS Gm HRVERGHRAM BRMyHRYFponent.  In
roader applications. Exanples Preparation o¥ an

. o t . .

TR % SIS RO LR, vt e
, i cul ' ] vst discl _
R H R s TR B o 16, 2Bl o Ch T B Ml o
ﬂl% upqq£ &%gd that the exanpl es are givenby way of
Flpﬁs%?a Ion and are not intended to limt the

i ficati th i s to fallowin a _
AL AL L U A -
OBE iR B o SaR IR P IR E Lo f Bt e Rrample oo mi,

' 1 d_chromi trati.
ST S5 T SOR5T 2 BT e
RGP IE? JyTa G R SR GHGTIE: P GAi0) b Eramplt 3.5 gallons,

reviously prepared, catalyst. In exanple 3,
which would besuitable for use in a pilot plant.

15 The lab scale set-up prepares catalyst in a dry box in which the atmosphere inside the
box is controlled with a helium blanket keeping it free of oxygen and moisture, which may
be detrimental to the catalyst components, the prepared catalysts, or both. All lab scale.
catalyst preparation procedures described in the examples below are performed in glassware
in a drybox. Once the catalyst is prepared it is diluted with cyclohexane to the concentration

20  desired for oligomerization reactor tests. The diluted catalyst solution is then transferred into
a 300 cc metal cylinder to provide the means for transport of the catalyst to an
oligomerization reactor under protected atmosphere. Note that any transfer of components

via syringes described in the examples below is done in the dry box.
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sel ective 1-hexene catalyst is prepared by using a
pyrrole: chromumratio of 6:1 for the first half of

wo bsosesosi um pyrrol e addition and a pyrrol e: cPEDDE2005/005416
ratio of O during the secowd half of the
chromuni pyrrole addition. In exanple 4, selective
1- hexene catalyst is prepared by sinultaneous addition
of all catalyst conponents. In exanple 5, chrom um
conmpounds contai ni ng vari ous anmounts of water and
c hr oThepiion blagostele Setampeprepasd catalyithmdgraai@sgah btanked o tdi@rol the
sel ective 1-hexene catalyst. In exanple 6, selective
afind3pheps) Reepitigal fyeetof b Sygpi Rpian&stuley Aslgylar i sdali catalyst preparation
si mul t aneous addition of the pyrrole and chrom um
pERBBRIBECSIb EDin BheScrhriplectieldd ard Eéformed MRACallbireaxandh@rising a
7, selective 1l-hexene catalyst is inproved when a
hasi@dy stedautodlavel Oicttesaanstag plepartd i isCilfe@dd ibid 200 NP NBA imetal
and water, acidic protons, or both are abated. In

coixRieP| eAfbut W @famsasti @ieCprifa@ddonatalysOls et Ba@fred FREe the large
In the preparation of the selective 1-hexene catal yst

chhdeintoaChiangt, 2005dtRMktaPYRkY: af trahfdriell tda Adli@m blanketed dry box
chrom unm pyrrole solution. In exanple 9, preparation

29 HesktitdS8bRC  THEGrdoaht@ cRIAR stGR trdhsYeded iinfio BRCKRYaRY anaiE WINREd with
the pyrrole:chromumratio during the addition to

N RRGo thd d&¥ad bR edfitioR ﬁ“&pt@srtﬁ% I mleoéhgbﬂl%n%bﬁ%abebﬁ The
1-hexene catal yst is made using high initial

de(tEc[ E%{tﬁ%'ﬂ §d?1[ﬂo‘rlrﬁ &a{lﬁﬁgfm@@mooasmm et @§1§1€Eleﬂld\ﬁ‘aﬁs?orted to an

I'n exanple 11, preparation of”the selective

Ogggﬁ%ﬁﬁ%gq akyst is made using sinultaneous separate
ion of catal yst conmponents to the heel of

pr evi on%l aglr ?e@ 3{6?0% tﬁé }' §11ed ca&hﬁ{;%ﬁ%st@d in, el er f’ batch or a

12, prepar exene cata
ddltlon f ogen .conp ound t h
cngu?ugloth menrﬁaccgl nr,s%clﬁor% d T?xo ezto UIEﬁOFI% zat18 Ctgli 15a 1 hter autoclave

rom,t he react,,on of water and

lgf%ii'e%l' Iy SRty ROl BB o i e
E;ér r.| ef ﬂ-g:d 8 maﬁtg]@grgpoﬁgeﬁ?r% tag%sg @&)Begraﬁsgorted to the
L&o&%ﬂz&%&k@a L ’(égcg"gé?lé:aﬂl@;r gSo velnt? %.%!, %}rlclghe)%a\l/ngsls cha?ged to
the oligomerization reactor, and the catalyst is transferred to the reactor by connecting the
cylinder to the reactor and pressurizing the cylinder with ethylene, which conveys the
catalyst into the reactor. The oligomerization reactor is pressurized with 650 psig of ethylene
and 50 psig of hydrogen, and is operated at a temperature of about 115 °C.

In some of the examples below, a continuous oligomerization reactor is used to test
the prepared catalyst. The continuous oligomerization is preformed by controlling of all the
feeds to the reactor by using separate controls for each feed component. Hydrogen is fed to
the reactor at a rate of about 0.5 L/hr, and ethylene is fed to the reactor at a rate of about 497

g/hr.  The reactor is either a 1 liter or a 1 gallon autoclave, depending on the desired
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azeotropic distillation to renove the water fromthe
chrom um cat al yst conponent. In exanple 15, the inpact
w@booshgsecat al yst age on 1-hexene purity is deseeT/DemNs/005416
Several of the above exanplég#s al so i nclude the
enbodi nent for the addition of chrom um and/ or pyrrole
to the alkyl alum nuns. In the exanpl es bel ow,
catal yst was prepared usi ng one of two apparatus
set-ups. One set-up is a lab scale set-up for
reﬁﬁ&ﬁé"ﬁhﬁgn Gttt ReBetdABdnpefitad s dob@st15f°0) afdqsrehe is about
O mM, which are typically used for screening
sdUfRoses. The other set-up is a pilot plant scale set
up typically designed for preparing |arger quantities

of C@ﬁlﬁak Ysghnplef QF pRIRABIInE frém IO bdtAlSus (vﬂgbﬁlenmyﬁ GeRr were

sui tabl e for use in a pilot plant. The lab scale

co?l%&te&' Ry apllicglﬁ’(f‘ EERp 1 talvS tmrdd eRuYb }b Q')élc dﬁ atih Fe@ ot dA€online gas

nDsp I nside the box is control with a helium

cﬂ%ﬁﬁﬁ%&p&ﬁ@rﬁﬁ A gleévfettff’ra%cf)& %8 XﬁSQ SRR d TR bfdHétns Mp@eﬁ were

nental to the catal yst” conponents, the

y%)daﬁ)?@ et f&lr Yitafouft of %ﬁ\gcr : éje%n ﬂ&eﬁ&ﬁjeéaenf: %ﬁ@b}’ﬁgmers and

preparati on proce ures in the exanpl es | ow

h%,ﬁe?aﬁg&%e% gi%pr k nFrghgtﬁﬁ %l%la CIB'II'I ﬁleq ¥ct?fﬁg puw nd Q)ehverswn was

epare ute cycl ohexane to

cu‘f t§d°”$gfé£t§%rp (! re:ad)el%;fel;ﬁe% chelghe ololissH 6#&%%% doBAGE nto 1-

Ion IS

x%fgen Sp %g ?E gF_r}t(% ?efg’rg wn'gl]l?berg%ﬁlt LE (ii %%xetng 1'19 Elfévtjoa?of all Cq

nspor

o T b R LT WU B SRR v
descrlb d in the exanpl es y
WO (D Hiveinor SRse. gt %%P%F%gﬂw 1311 ighexene the
nder a nltrogen bl apket to contral e g
B tocsﬁw%wnamaﬁﬁﬁtgf g PRAFSBRY oy dantified n
- plant scal e catal yst _gﬁratlon procedures descrLbed
unify offgEanesxe{ripheagnaysy &th? hsapipg(gd o8 @5 Iyt bgjgh processes,
reactor conprising a hastel oy steel autoclave, Once
profectiyiy 4 vﬁuareé Peepeginpte tine frame.o (Hher| gyalyatipns mage on the

gal | on et al
oligomerization processed catalyst examples include reactor polymer (Rx Polymer) and total

polymer. At the end of each day, the reactor was opened and cleaned. Any formed polymer
inside the reactor was collected, allowed to dry, and then weighed. This amount was then
scaled up to a commercial sized processing unit of 100,000,000 pounds/year and reported as
reactor polymer, quantified in pounds per hour expected in a 100,000,000 pound per year
plant (Lb/Hr 100MM/yr Plant). A filter comprising a stainless steel pad placed downstream
of the reactor was also removed, dried and weighed at the end of each day for amounts of
polymer. This amount of polymer was then scaled up to a 100,000,000 pounds/year plant
and added to the reactor polymer amount for reporting the total polymer, quantified in

pounds per hour expected in a 100,000,000 pound per year plant (Lb/Hr 100MM/yr Plant).
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cylinder. About 150 grans of the prepared catalyst is

then transferred fromthe large cylinder into a
waeembslogasie 300 cc, netal cylinder and transportBCr/US2085/005416

hel i um bl anket ed dry box as$9descri bed above. The

prepared catalyst is transferred into glassware and is

diluted with cycl ohexane to the desired concentration

for testing in the oligonerjzation reactor. The

diluted catal yst solution is then transferred into a

300 fLadidindte the/preitdley o%%‘fﬂﬁcﬁ'ﬁ%tlﬁ%&@oﬁtﬁe samples an infrared
ol igonerization reactor. In the exanples below, the

ayBR a8 Horfedk Ak ¥ $tandfd tRegipdmb NTIR IRNAKG for h@tceﬁpgkedawater eg,
conti nuous ol rgonerization reactor. The batch

i OB ZAhy @R 1ié: B8 R Fhelband®for cHrbrha (ﬁfét)l‘ﬂ@ﬂs %ﬁ(lﬂél@@lfﬂcﬁlt to
seal ed and i S under a nitrogen bl anket. has

dﬂ@?ﬁ%ﬁﬁﬁ e (B! MHeREBra8Y 5&fe bResSE nbthhlde s&lﬁﬁﬁrﬁt@&tsfoloﬁre&ﬁ?anon of
seal ed container. Prepared catalyst solution

b ARSPA g‘bﬁlgfs_txﬁ?agtéﬁﬁbﬁ’rllédgwﬁaﬁ i# @Hh&ﬁn% ﬁﬁ%ﬁﬁe écﬁhptltEQO GRtermine

(ofe neta Sol vent, e. ohexane,

K t enolh@Qneri zation reactor, and the
tggﬂggﬁg? &héJb g@?erred to the reactor by connecting
t he cyllnder to t he reac%g i pressurizing the
cylinder with ethyl ene, wircit conveys the catalyst

'pr”te;’ ChiFsL BRGS0 dr %D%’ i a2 B S Gy afgpegprpuneee
to:l% 8 en? rga c()jn Iresélc 3P er’l%t e toqune wgsnFc?JegtéérO% %ICh?OQI%HIIh Ity 2-

sone”or 't he exanples

B AL B RATT B R s =
I 1 d
o PP 2 B0 b B S e

Hydrogen is fed to the reactor at a rate of abou %
Wy nge ith I@pr SR brouglt da eppeRTe U tlor AMmixirs g b6<29fg neat
about 497 The reactor is either a1l liter or al
rgbiabmian Qv | 42ps e Ao TiTIEITis B A s hcsen added
time in the reactor. Reaction tenperature is about 115
tdOiBk reactor follewaiinye).2 bsalf @hten8fiflsepBliegemperature increased 18°C and was

returned to 25°C with cooling. The contents of the reactor stood overnight and were then
filtered, using a filter comprising a combination of a metal screen, filter paper, glass wool,
diatomaceous earth, and another layer of glass wool. Additional catalysts were prepared in
which the temperature and chromium concentration of the catalyst preparations were varied.
The catalysts were tested for productivity in a 1 gallon continuous reactor and the results are

shown in Table 1.
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Onli ne sanpl es of production fromthe conti nuous
ol i goneri zation reactor were collected via liquid

w@a 20004082806 val ves (nanufactured by Val co) and fedr/us20851005416

online gas chromatograph (@C), a Hew ett Packard 6890,
for analysis. The productions sanples were anal yzed by
the GC for the anmount of ethylene present, hexene
present, and C isoners and hi gher oligomers present.
Fromthis information the selectivity, purity, and
conversion was cal cul ated Pgliegtivity (1-C6=) refers
to the wei ght percent of ethylene converted into 1-

(CRERRE | AWhp Y CondeRtratibe)] [ BEsaustii@ (Me Wel RkPolymer
percent ofcy- Hex@ieckmLy he t(%i.@@@fcal | (GbAQ0BNIM/yr Plant)
1

RSO TE S DB AT §l/5A /s e wei ght —percent of

ety effe S HEEm Tynver ted tul43(3 d3g0TTETpT Uduc{).OéF' U

hexenetor gecegnes,—etc ) Prod ity refers§ much
10% = Ot

1= I’éc)(ci’c t2.‘§e cat-al y%t protguced "?6'9” refrates—to; Hoe
o ] H l'\i,4,'.5 + 3 M PP ..0’ o -IC:
T

AAAAA + £ ot ‘ot P~ oo i SR N PTED-AN4 pu |
ATTUUTTt Ul Al T )’Dl -9 USTU. L L TVTC y IS qu I CU
~Jn.“ﬁ}tq é¢ ASER 9 ] Q; ene %Eﬁbgran1cf chrong. g
Ratlﬁ‘t‘k‘pm(’lﬁﬂﬁ WCZ lﬁ/éf } nroncaccac nrodiecti vty | o
L] A4 A4 T s Al l 0 T T LY lls.i :Juu. A~ P: U\I\I\J\.i\t\.l, r T AT AY AV By 9 6loi§ ~J
| eva) uatled “Jver i8I ane 1Oy her
vl uatli onfs de onlt he olli gone®9%8ati am pr oces$80p

cat’al ydt anyl es i dcl ude |r eactB#?3pal yirer (Rx ®81§ner )

and totlal Mol Viner. At the lend 3%1%ach day. the0Pect or
was opened and cl eaned. Any forned polyner inside the
reactor was collected, allowed to dry, and then

wei ghtd exdriples showuthdt calysttiheducsctylisoteasgd wisth a reduction in catalyst
commerci al sized processing unit of 100,000, 000

veparutish yeagieraame Aédditgortakly) tieesexamepled dowphd haseratalyst productivity was
quantified in pounds per hour expected in a

A&y DD, AGDsPd undl cpglyst eaith ps a6t g (1 Ld¥=H Cl e, Y¥13g 1-Cé=/g Cr,
Plant). A filter conprising a stainless steel pad

RERERA ISR Blov RepERAEs @F°C)aRd Bigh GhrioSBY Eshcentration (5

dri ed and wei ghed at the end of each day for anmounts

RE CPRILY "Ebw rehbtb Rfas 9o RRENEREndWaEe bRE oSkt iBoHitions.
t%ca 1 O,%%giodgxg%ﬁﬁd§7yégr planglandeadﬁga to ﬁﬂg tons

reactor polymer anount fog,.dfpekting the total
polymer, quantified in Exddiple

Catalyst 9-10: An ethylbenzene solution containing 2.3 g chromium (lII) 2-

ethylhexanoate and 8.13 g ethylbenzene was prepared. A separate solution containing 6.05 g
neat triethylaluminum (TEA), 4.63 g neat diethylaluminum chloride (DEAC), 1.37 g 2,5-
dimethylpyrrole and 22.6 g ethylbenzene was also prepared. These two solutions were
added to 30.98 g of active catalyst over a 40 minute period such that the addition time for
both solutions started and ended at the same time. The catalyst was tested in a 1 L
continuous reactor and the average results of two test runs are shown in Table 2 as Catalyst

10. The average of two test runs of a standard catalyst preparation is shown in Table 2 as

Catalyst 9.
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pounds per hour expected in a 100, 000, 000 pound per
year plant (Lb/H 100MMyr Plant).To determ ne the

w@e@sesases of water of hydration in sone of thePGEDPI085005416

an infrared anal ysis was ddhe using a standard IR
apparatus. The | Rband for the conpl exed water, e.g.,
about 1450 cm 1, of hydration is near the band for
chromiumoligoners, nmaking it difficult to distinguish
the two. Therefore, in some cases a nethanol sol ution
test for precipitation of Tésiem um oligoners was
perfornmed to help in evaluating the online sanples to

CRARSN Skfectiliey PrAARHCE Produetvely 0T Ry H6IdePN| TFx@MPIfmer
1 Cat al ysicedy 8) (Cetal ¥y 3 1:@s/grgRar eqLEMrAGIMM/yL Plaht)

I'Dg OF| dgy/39,N1 | T93CA- PUr OgLl57501 ugnNe 19 @ D> gal I 0Ny333

FERCT ar . gd Po,t NE ggOjoiENE M@ﬁwgdde 6300%o0 CNI oM UAI g

(T~ 2= ethylhexanoate df ssotved T m 750 mLtotuene
foll owed by a 300 nL toluene rinse. 2,5-

D ffetﬂwlepl n;n@;hgm(@ﬁﬁt % aé%tm ARG e tﬁ}g{?as;ézf Oﬁ*hy@mples

sol uti on e reactor e reactor was ged W

900 B RS e G PP,

1,229 g neat dlethylalun1€¥ qggoride (DEAC) was then

added to the reactor foIrUW 0.2 I bs of toluene

rins éta}-l{\xst? ltlenR Iahglg Bgeg ?en n%% & gggr%’? trtr?etturﬁuramum

to 2 h cool T S0

ARt g8 l%%?n%%hﬁ%ww% g hﬁgzgao% fifgpe T
3051 ot el SRR Rl Sobiyef 34,20 am iy

prggared ?E mzl te tIerature and chr )
ﬁ@éﬂwtgt -bhe sﬁﬂylpﬂgewgp%tg P sg%ﬁﬂyﬂnysfﬁ@ \F{i‘F gecond contained

ied. The catalysts were tested for productivity in

| 2a3 a_ C‘@‘ﬁ’lni%h(l%%ﬁh Bireosiead: lor? gaqﬁlavltméenﬁegmy{bgn%?ﬁ%was added to

shown in Table 1, Table 1 The exanples show th
QR y%%l vplupgeé P mly The cptalyst deepgicd By iy wated wah teptgd ina 1 L

cat al yst
continuous reactor. The average results of three test runs are shown in Table 3.

Table 3
Catalyst Selectivity Purity Catalyst Productivity
(1-C6=) (1-C6=/C6) (g 1-C6=/g Cl‘)
11 91.2% 99.2% 80,759

The example sho§vs high selectivity (91.2%), high purity (99.2%), and good catalyst
productivity (80,759 g 1-C¢=/g Cr) for the catalyst preparation.
Example 4
Catalyst 12: Ethylbenzene (10.67 g) was added to a dry 100 mL volumetric flask.
Individual chemicals were added to each of four separate 20 mL syringes. The chemicals

added were 4.76 g chromium (III) 2-ethylhexanoate dissolved in 2.38 g ethylbenzene, 12.06
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preparation tenperature. Additionally, the exanples
show t he best catal yst productivity was observed in

wa@ 2008l0828t6 3 and catalyst 7 with 45,769 g |- Co=pQr/s20851aD5416

43,3739 | -C6=/g Cr, respectitvely, when prepared at | ow
tenperature (250C) and high chrom um concentration (5

mg Cr/nmL). Low reactor polyner was al so observed under
the best productivity conditions. Exanple 2 Catal yst
9-10: An ethyl benzene solution containing 2.3 g

o GRL YR i thhninkon @EAST 9 BaxARMyaMduR Arife (DEAC) and 2.74 g

et hyl benzene was prepared. A separate sol ution

2%%@hﬂbﬁﬁ)l@ ﬂ5ea9h BEfEse %ﬁh@&&k&/&%&@@ sﬁfiﬂaeﬁt-r éﬁﬁ)lbenﬂen@@o Brovide

neat di et hyl al um num chlori'de (DEAC),

2dbIBLY 936W19|2% fand "?l%- ﬁeegle§Bh¥ﬂebs%fﬁﬁ§‘e@ewéﬁ@sad@éds@ the IO(f) mL

prepare hese two sol utions weré added to 30.

Vaggmé Gl ﬁh Yisds syRNES ﬁpééa i T B 1P S b ReheSiH Nt tt}{éasEmE hee over

tiontine f solutions started and ended at

35 %P&QSITEAI‘&&IT&E aEHlﬁo&%éje c%fngi@ﬁs eﬁﬁlﬁ@&gne' @asaacfde& to t}%e ﬂeisk to

I'nuous reactor and the average results o

o{)tglrﬂsé ¢S volu eV\&" 1'08 g;i bﬂ'h% c?rta Zkﬂ/eﬁgre&'gy thtgqﬁetﬁélﬁﬁg&ted in

runs St an yst preparation Is

ISP G BT R s

exanpl es further indicate ?t a fewer nurrber of tanks
maybe required to prepare ‘1yst Exanpl e 3 Catal yst

11: A _solution-w epared by mxi o_neat

|||||||

Gatplgsthy | al SeletiYHY (TEA), 9. §8“ neat d| epﬂgf‘llﬁrﬁ’ﬁﬁdﬂ ity

chl orilde (I’ﬁé@g=)and 200217 Y1 behzene

| welPe ddded 198.%his sol ut ] o5 e 1ib et cont abhal 3 3 g

chromum (111) 2- ethyl hexanoate, 1.14 g ethyl benzene

and 2.74 g 2,5-dinethyl pyrrole. The second cont ai ned
Example 5

Catalyst 13-15: Catalyst was prepared by adding 15.85 g ethylbenzene to a dry 100
mL volumetric flask. To this flask was added 12.09 g neat triethylaluminum (TEA), 9.26 g
neat diethylaluminum chloride (DEAC) and 2.74 g 2,5-dimethylpyrrole. To this mixture was
added 4.76 g chromium (III) 2-ethylhexanoate dissolved in 2.38 g ethylbenzene. The
volume was brought to 100 mL with ethylbenzene. Different preparations of chromium (1III)
2-ethylhexanoate were used to prepare the catalysts 13-15. In catalyst 13 the chromium
content of the chromium (I1I) 2-ethylhexanoate was 10.5%. Infrared analysis and a methanol
solubility test indicated that some water of hydration was present but no chromium
oligomers. In catalyst 14 the chromium content was 10.9% and infrared analysis and
methanol solubility indicated that neither water of hydration nor chromium oligomers were

present. In catalyst 15 the analysis indicated the presence of chromium oligomers. The



2.3 g chromum (111) 2-ethyl hexanoate and 1.14 g

et hyl benzene. Et hyl benzene was added to obtain a total
woedoangsod 100 nml. The catal yst prepared by thPGT/DEi0h&S416
was tested in a 1 L continuddus reactor. The average
results of three test runs are shown in Table 3. Table
3 The exanpl e shows high selectivity (91.2%, high
purity (99.2%, and good catal yst productivity (80, 759
gl-C=/g C) for the catal yst preparation. Exanple 4
chialyak Yrebard@ weket layttd &F 26mery (i theGbn@uowdfeaasld@dL)t sndahdlswrage
100 mL volunetric flask. Individual chem cals were
rédielr tw@ 18 alhs of edcRprep & aRANLM BowinMabR)! | Nges. The
chem cal s added were 4.76 g chromum (111)
2- et hyl hexanoat e di ssol vedrgpne 2. 38 g et hyl benzene,
12. 06g neat triethylalum num (TEA), 9.26 g neat
a1 @iyl UMSRKRiGHy Or I OiritiPEAC) (ﬁﬂ%x%roﬁ“ Qatalyst Productivity
2,5-dirnet hyl pyig,9) el TRcgael of thessg syli nggsi-tRSe cr)
aaaeg SUfTTClggHy, ET Nyl beygpne 10 pEgyj defa 1ol gh cao
voir ofe of {19~ 8%“79”‘- |ne99nle,di es or84r5¢)e 5} T nge%7\%§§e
au'u'elt% to—tye gl‘}))t%LIIL VUI%IIIQ‘OI T ggi/dnu Lne b)glgl4@@65

nant P~
Cllptl e hnto—thne 11 a:n\ o1 IIUI l meuust'y d.l l IIC bdllC I cu C

over 30 m nutes. After the additi ons were con‘pl ete

S Vol itk Brhs ey FEE pl e el B R sy Hepigies
080 s e e SRrEn P Sgf R SRk B LOROWTET i Fagrigmiom
(e uti-tip R8s B et nyl benzene (o’ a dry 100

mL volunetric flask. To this flask was added 12.09 g
neat triethylal um num(T@ﬁif)”—Qée#él g neat

dl :. %@SE%B%E}}V@E&%&&%{]& %AC géozgégl ngS mL Erlenmeyer flask

10 equipped with a magnetic stirer. To the ethylbenzene was added 12.07 g neat

—

triethylaluminum and 9.27 g neat diethylaluminum chloride. Into a 10 mL syringe was
added 4.61 g chromium (III) 2-ethylhexanoate dissolved in 2.28 g ethylbenzene. Into a
separate 10 mL syringe was added 2.73 g 2,5-dimethylpyrrole and 3.38 g ethylbenzene.
Both of the syringes had an approximate volume of 7.5 mL. The syringe needles were put

15 into opposite sides of the Erlenmeyer flask containing the diluted aluminum alkyls and the
contents were added simultaneously over 30 minutes. Afier the addition was complete, the
contents were transferred to a 100 mL volumetric flask and diluted to about 103 mL with
ethylbenzene. This catalyst was tested in a continuous 1 L reactor and the results (average of
three test runs) are shown in Table 6.

20
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added 4.76 g chromum (111) 2-ethyl hexanoate di ssol ved
in 2.38 g ethyl benzene. The vol une was brought to 100

workoosiossiet hyl benzene. Different preparati ons BET/US2005/005416

chromum (I'11) 2-ethyl hexaridate were used to prepare
the catalysts 13-15. In catalyst 13 the chrom um
content of the chromum (I11) 2-ethyl hexanoate was
10.5% Infrared analysis and a nethanol solubility
test indicated that sone water of hydration was
present but no chrom um ol Tgbw®rs. In catalyst 14 the
chrom um content was 10.9% and i nfrared anal ysis and

nehdapsol  ssdieddivity t y] i ndpeatyed tlhatonredsioher ailgst Pobductivity
hydrati on ngrCghr onl umnat=gnyeris WgCe=)pr esent (g 1-0=/g Cr)

catad ys{ 159Bhe, anal ysi 93 bndi calt edsble® pr esence 70f691

chromum ol 1 goners. Thecatal ysts prepared were tested
for activity in the continuous reactor (1 L) and the

average results for two teghmpins of each preparation
are shown in Table 5. Table e exanpl es show t hat

the heghiy§GoMRi Nt QRetRflal@mintny (180 3 PEYGHas Vdhdd & 80.01 g of
obt ai ned mhen the water of hydration and chromi um

chﬂllgé-ﬁ%{es PHi€sditon GOR taaddasgov 1) «f B8 Wh%lﬂﬁ‘ (ﬁI'I)I y) lthylhexanoate

2-et hyl hexanoate in significant anounts.

%%‘Rjea $o. % ﬁmeyer ll%ﬁ@z?fﬁ? 14 &O g%ngaf 'I‘f’]@g s@tﬁg@lq tB Qea@t WY water

mL Er ask equi ppe magneti c
BAE SRt R OSORTE 250 080RAE, e By soluin

N N YRR
Mw@jaﬁéﬂtﬁw Ji R D AR )
B bRl DAL RASAPEE, P SRR B OhtE Sadomeor

g& tpe Erl enneyer flask containing the diluted
num al kyl s and the

Catalyst 18: A comparison catalyst was prepared by adding 30.02 g of ethylbenzene
to 4.62 g chromium (IIT) 2-ethylhexanoate dissolved in 2.27 g ethylbenzene. The chromium
solution was added, over 50 minutes, to a solution containing TEA (12.08 g),
diethylaluminum chloride (DEAC, 9.28 g), 2,5-dimethylpyrrole (2.74 g) and ethylbenzene
(25.00 g). Ethylbenzene was subsequently added to provide a total volume of 100 mL.

These catalysts were tested for productivity in a 1 L continuous reactor. The average

of two separate runs for each catalyst is shown in Table 7.

Table 7
Catalyst Selectivity Purity Conversion Catalyst Productivity
(1-C6=) (l-CG'—‘/Cs) (Cﬁ) ig 1-C6=/g Cl‘)
17 90.0% 98.8% 88.3% 93,129
18 89.1% 98.8% 82.7% 86,306
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contents were added simultaneously over 30 m nutes.
After the addition was conplete, the contents were

wo eanessid ed to a 100 nL volunetric flask and pldt/usmds/ 005416

to about 103 nL with ethyl Bgnzene. This catal yst was
tested in a continuous 1 L reactor and the results
(average of three test runs) are shown in Table

6. Table 6 Exanple 7 Catalyst 17: Neat triethylal um num
(TEA, 0.27 g) was added to 30.01 g of ethyl benzene.

Thi s el adtition ofidiE A dd edclsérominy (111p 2 4tifyheganohte astutiom provided a
(I'11) 2-ethyl hexanoate dissolved in 2.27 ¢

etdhyst véh rereased Bhiidtyi dt will desoedice edrrobioA it efufijredne Biter i@ catalyst
react with water and excess acid present in the

k3 r o tinacfivdtéd. Pheethiyiphe Xathea provideh an CéxampieusT TEA addition to
solution, after reaction with TEA, was added, over 50
hirdriugSto abate WateiOhdidit protome it Béthi ng TEA (11.81 g),

di et hyl al um num chl ori de (DEAC, 9.27 @),

2,5-di methyl pyrrole (2. 75ggimped et hyl benzene (25.01
g). Ethyl benzene was subsequently added to provide a

t ot al Catfllyste: Of Ndd) Qribthyl§iaialupts (TEHA: 048 GONPAr h&RA to 2.01 g of
catal yst was prepared by adding 30.02 g of

@hydnb&isZ ERR sbiatich W& Mded WG, w63 & hroRiel (1) heysmedisate in

di ssolved in 2.27 g ethyl benzene. The chrom um

SOIUE EtBylbMBEnca ARt a QMM eRQssnarMike Sfount & BEA M MLiERNo react with
contai ning TEA (12.08 g), diethylalum numchloride

WiEAGNd %x€&s 9doid 2prg’seﬁit' et hy! dﬁYJnﬁlﬁ’rlne B T8t PheBRbhte.  To this

et hyl benzene (25.00 g). Ethyl benzene Wwas subsequently

aﬁi&ﬁlqm/:pr QhG: 2 o0t alga¥o! B® $p0 zfﬁ-dlmE 6BGrrole.  The
t P

catal ysts were tested for productivity in

e R T “%*’ 3?2@?‘%%9%#%"? soluton
%%Pam[lﬁgoﬁE%I%\];Eg‘ Aocggthglhfu%%ulrjnmc orlcie) (I?EAeé hy%'] fan etth}%benzene

(15.00 g). Ethylbenzene was then added to provide a total volume of 100 mL.

Catalyst 20: A comparison catalyst was prepared by adding 2.74 g 2,5-
dimethylpyrrole to 4.61 g chromium (III) 2-ethylhexanoate dissolved in 2.27 g ethylbenzene.
An immediate reduction in the viscosity of the chromium solution was observed. This
chromium solution was added, over 30-40 minutes, to a solution containing TEA (12.08 g),
diethylaluminum chloride (DEAC, 9.27 g) and ethylbenzene (20.00 g). Ethylbenzene was
then added to provide a total volume of 100 mL.

These catalyst preparations were tested for productivity in a 1 L continuous reactor.

The average of three separate test runs for each catalyst is shown in Table 8.
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catalyst with increased activity. It will also reduce
corrosion in equi pnent after the catal yst has been

wo pshs28at ed. The exanpl e further provides an BXEDP1085/005416
of TEA addition to chrom umto abate water, acidic
protons, or both. Exanple 8 Catal yst 19: Neat
triethylal um num (TEA, 0.43 g) was added to 2.01 g of
et hyl benzene. This solution was added slowy to 4.62 g
chromum (111) 2-ethyl hexanoate in 27.27 g
et hyl benzene. This is a snableg#eXxcess of the anount of
TEA sufficient to react with water and excess acid

GatAReNT seRctivi® Chr owukey (T TTT) Carveksinl heXanial g Prd@uctivity

thi's chremcyny TEA gatdagn |was @gdded 2473 g(gif-Ce=/g Cr)
Z15- di MeTdRygopYT T[0T €93 bbye CNI Omi7gng) JEA (I met hyTggyks ol e

sgbm OTT, o Vs added goqyer 30- 4G Ut ey, 10 a /ahytion

contar nr g |:/—\ (1162 g), direthylarurminum chl or i e
(DEAC, 9.25 g) and ethyl benzene (15.00 g).

Et hngge%héﬁﬁﬁa}f@?A Sé}ggggddad&gayspwﬁﬁ gl\ékqgedaacfuﬂé@l It Xa%l M educe

of 1 ari son cata

cgrrrc?s ozfllrn(le ?al%? Is:qn néetnzzlqeﬁ th% caa gesnggclﬁ%t /T ole t o 4.61

romi um exanoa I'SSO ved in 2.27 ¢

et hyI benzene. An i rmedl aﬁ r gﬁtl on in the viscosity
of the chrom um sol uti on erved. This chrom um

cont SPRTAERER eitglyagﬁ%% AP SR R A B Pl 2.5
dﬁ%?%ﬁ?iﬁ%gnwﬁgﬁ Ofglgﬂzlg gﬁep %%tﬁtilodletoa i o%oglltio% é)lf lja}ﬁeminum

f 100 nL. These catal yst preparations were tested for
B?’léductivity inall continuous reactor. The average
of three se ar te test ryns far, each cataly
i n TSBYAEsE2 %‘80 ot %f %‘P@vﬁﬁ)e &Wﬁlexamate

catal yst w th [ ncreased acti vi ty It can al so_reduce
dissolved’in 2.27 g ethylbenzene was divided into four equal portions of 1.72 g each. To

each of these portions was added a different amount of 2,5-dimethylpyrrole. To the first was
added 1.52 g 2,5-dimethylpyrrole, to the second 0.84 g, to the third 0.27 g and to the fourth
0.12 g. The chromium/2,5-dimethylpyrrole portions were then added sequentially to a
solution containing 12.07 g neat triethylaluminum (TEA), 9.29 g neat diethylaluminum
chloride (DEAC) and 20.01 g ethylbenzene. The total addition time was approximately 50
minutes. The resulting catalyst solution was diluted to 100 mL with ethylbenzene. The
results from testing of this catalyst, in a 1 L continuous reactor, are shown as Catalyst 21 in
Table 9 below. The results shown are the average of four separate test runs.

Catalyst 22: A chromium solution of 4.61 g chromium (IlI) 2-ethylhexanoate
dissolved in 2.27 g ethylbenzene was divided into four portions. To each of these portions
was added a different amount of 2,5-dimethylpyrrole and a similar amount of ethylbenzene.

The first portion contained 0.69 g chromium solution, 1.50 g 2,5-dimethylpyrrole and 7.51 g



corrosion in downstream equi pnent after the catalyst

is inactivated. Exanple 9 Several catalysts, catal ysts
WQ@1002882806 € prepared in which the nolar rati o BET/UR®05/005416

2,5- di methyl pyrrol e/ chrom7dm was varied during the

addition to the solution of alum num al kyls. Catal yst

21: A chromum solution of 4.61 g chrom um (Hl)

2- et hyl hexanoat e dissolved in 2.27 g ethyl benzene was

di vided into four equal portions of 1.72 g each. To

e@@bbnRhe. t IRSRcA@AICbRIAE] VW3S g aBdetina sditioheo 8Nk 2ndithathylpfrrole

2,5-dimethyl pyrrole. To the first was added 1.52 g

ard 258k R IbyAARMNE  Dllefhird gortidiecos@imedd 08 g&froghiuth Soliiem, 0.27 g 2,5-

third 0.27 g and to the fourth 0.12 g. The

dFRIRIB yiBle2and- T B biRYlb eereO| Ehe Qutth PBBIoWRERaihéEN 78 ddRGmium

sequentially to a solution containing 12.07 g neat

sbindidt, hy/l@l umisnumethibfole %nd97 81 Neathylbesidhy | aTten dhtoMium/2,5-

chl oride (DEAC) and 20.01 g ethyl benzene. The total

5 cafdihyih R 1dd b dhBshe PRIROAYK B teh Ydded séuBiaB$ to alffution containing
resulting catal yst solution was diluted to 100 nL with

19.*0'7136% RENERASaluMIfurk €8 Y $.2f r0RRat @isthiIABImBHfunt B]irl]l&ide (DEAC) and

catalyst, in a 1 L continuous reactor, are shown as

25 %lae,yT?b efzehe | ThelBR] &1dRioR R as TR0 XiRiaiklyled rHiRQD ”ﬂfe‘?es’l&lting

t he rage of four separate test runs. "Catal yst 22:

SRSl 0 (PR o fom e o

t@\g gitggsg,eih 'a; Phifcgﬁgi}le&%a&&sare Insashe 1¥;g ?ﬁ éfmg 5bARS. The

ent anmount “of 2, 5-di pyrrole

10 rcgsggsts%ox%lmelt? av%{égggtftggfs%p%%:a%\r%s@%ene' The first

on contain om um sol ution, 1.50 ¢

2, LS Shn Y ), L YOG 1S 500
TS NS S5.308 gt e SHPALRER SEP w32 ol fns
] RSS20 0 et B Eun Herscne
The first portion contained 0.35 g chromium solution, 1.53 g 2,5-dimethylpyrrole and 7.51 g

15  ethylbenzene. The second contained 0.69 g chromium solution, 0.81 g 2,5-dimethylpyrrole
and 7.49 g ethylbenzene. The third portion contained 2.06 g chromium solution, 0.27 g 2,5-
dimethylpyrrole and 7.51 g ethylbenzene. The fourth portion contained 3.77 g chromium
solution, 0.15 g 2,5-dimethylpyrrole and 7.50 g ethylbenzene. The chromium/2,5-
dimethylpyrrole/ethylbenzene portions were then added sequentially to a solution containing

20  12.09 g neat triethylaluminum (TEA), 9.26 g neat diethylaluminum chloride (DEAC) and
25.02 g ethylbenzene. The total addition time was approximately 60 minutes. The resulting
catalyst solution was then diluted to 100 mL with ethylbenzene. The results from testing of

this catalyst, in a 1 L continuous reactor, are shown as Catalyst 23 in Table 9 below. The

results shown are the average of two separate test runs.
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solution, 0.16 g 2,5-dinmethyl pyrrole and 7.51 g

et hyl benzene. The chrom uni 2, 5-
waleowsspgi@yrrol e/ et hyl benzene portions were theeT/aszesio0s416

sequentially to a solution78ontaining 12.07 g neat

triethylalumnum (TEA), 9.27 g neat diethylal um num

chloride (DEAC) and 25.01 g ethyl benzene. The total

addition time was approxi nately 60 m nutes. The

resulting catalyst solution was then diluted to 100 ni

W th et hyl benzene. The regdhpisidromtesting of this

catalyst, in a 1 L continuous reactor, are shown as

Cat afygiyses: | To 1aB) gitdghghewed STHdon RE b Sasskidwh146 s of dry,

the average of two separate test runs. Catalyst 23: A

n%ﬁ@ﬂb & AUnyibeRRnOf TFhebleadorC WaP MU (With! hitrogen and a mixture
2- et hyl exanoate di ssolved in 2.27 g ethyl benzene was

gisklieds iinbe § ALl RARJIkIRRTumT erEegchhdof 238 gSa Bk thyRNisni
Cmgs‘gf ed a |fferent§annuﬁ?lgjgg 5- dinet%yléyrfo?e e

RBHIADEAT) Ak a@tféﬁlt'(mhe ofac®t Myl LBRgBNE alkyNBixf Vebsdt was rinsed with
portion contained 0.35 g chromum solution, 1.53 g

0% 185 G é@l%@ﬁé Lh@ ks ARd vyas 2dddd eltbhenz %ﬂ&lroﬁﬂilﬁl solution was

second contal ned 0.69 g chrom umsolution, 0.81 g

?eng&j'b (!ﬂ}f% YS! @f chzéh? 18 686.9y! &%ﬁ@lﬂ"?(ll&-ri'l@thirlﬁé){aﬂoate

rtlo cont al ned 2. g chrom um sol uti on
T?l %(ﬂ{ {1¥l.11rpe3ﬁr LRh %olﬁﬂ&n %a? Jab@m@& hyd Res Ztleaﬁﬁ‘erréﬁh% a 1 gallon
portion contained 3.77 g chrom um sol uti on,

30f| néc'l%rc 18w % g%g%t aﬁ%lﬁﬂiz%eme [y cﬁn@érhydnpa%ﬂﬁgeﬂl% -chromium

N romu d pyr rol e/ et’hyl benzene

ons

@aﬁ T AT Iebg g & %?S‘l’lf AR Wahtrel Ry
a@,}fldl egﬁéﬁl’*%& i ;Pvlergtrj!&cféﬁl t%E@ )reacr?oclj i%Sfo%; tAtches from a

c%%%ex ”fmé{ ien To1 e Ed bfgﬁfé &g rquﬁi‘eﬁlﬁ PR, BN were
er t

I ST TR 2881 B B by men

9 below. The results shown are the average L
vg@]rﬁ@rra]g@nﬂ geqling gp the @mﬂge qig not exceed 22°C.” For the second batch 130

g of chromium and 97 mL DMP were added to the mix tank and then this mixture was added
to the reactor in 48-58 g increments with stirring and cooling so the temperature did not
exceed 22°C. For the third batch 326 g of chromium and 39 mL DMP were added to the mix
tank and then this mixture was added to the reactor in 48-54 g increments with stirring and
cooling so the temperature did not exceed 22°C.  For the fourth batch 789 g of chromium
and 20 mL DMP were added to the mix tank and then this mixture was added to the reactor
in 100-130 g increments with stirring and cooling so the temperature did not exceed 24°C.
Ethylbenzene (1 Ib) was added to the chromium solution cylinder and used to rinse the

chromium/DMP mix tank. The ethylbenzene rinse was then added to the reactor. The
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Catal yst 24: To a dry, nitrogen purged 5 gallon
reactor was added 14.6 | bs of dry, nitrogen purged

we@tdwglokesnz ene. The reactor was purged w th nitPOLES20851GD5416

a mxture consisting of 1,892 g neat triethylal um num
(TEA) and 1,238 g neat diethylalum num chloride (DEAC)
was added to the reactor. The al um num al kyl m x
vessel was rinsed with 0.2 |bs of ethyl benzene and
this rinse was added to the reactor. A chrom um

Qb U hO RirNRSoP 128 PRABREN P B 0agfuRg  70r itandihg elvhiypighe feecaelyst
to 630.9 g chromum (I11) 2-ethyl hexanoate. The

sdThach -8 Anered SlstngrSklted B ddscrivell Wbdven Thesatslt sblaseh wamdested for
was transferred to a 1 gallon cylinder followed by a

a&ﬁ/itmn £1 DELRENBENRadidrN TRe reliIB #£ydhbREBE Cat@RE2I il Tae b below.
chrom um sol ution, was pressured and depressured

It ol b ddaddiol LRORPar: hum 2, 5-
Tﬁ?ﬁ%&ﬁ;?%?ﬁ?gﬁgh%%ﬁ%f nixturgghﬁggg#added to the

reactor in four batches frapp@1ghrom um DMP mi x tank.
For the first batch 65 g‘ﬁ?ﬂ%ﬁTbniun1and 233 nL DWP

;‘ggggﬁ?g@{jﬁg ot} g%r}ﬁnﬁro%ﬁ%r%glck $60 rdatbSwid iqdb'c{] €4 W@ of dry,

dded. e reactor | g increnents wt
iLrrin '
oSt e A RSRAL B0 105 RIP S B e s

DNP.meg : chrom um and 97 |

BB A i A5 P g e
SO LSRR, T ST BB it oo
RABAShEEl Je ph lE R R S
SIS RS Rk Sl e T
vgot!"ét%’éep@alas‘égugﬁ%ﬁ %Eﬁve@“raﬁi s taet 63 kel ff fyeavy
300, g BiERBh el (e e A BB P e “RRREh T hreured

solution cylinder and used to rinse the )
and depressured several times with nitrogen. Chromium/2,5-dimethylpyrrole (DMP)

mixtures were added to the reactor in four batches from a chromium/DMP mix tank. For the
first batch 52 g of chromium and 187 mL DMP were added to the mix tank and then this
mixture was added to the reactor in 20-52 g increments with stirring and cooling so the
temperature did not exceed 21°C. For the second batch 104 g of chromium and 78 mL DMP
were added to the mix tank and then this mixture was added to the reactor in 40-50 g
increments with stirring and cooling so the temperature did not exceed 22°C. For the third
batch 261 g of chromium and 31 mL DMP were added to the mix tank and then this mixture
was added to the reactor in 90-101 g increments with stirring and cooling so the temperature

did not exceed 23°C.  For the fourth batch 625 g of chromium and 16 mL DMP were added



chrom unmi DMP m x tank. The ethyl benzene rinse was then

added to the reactor. Thereactor was stirred for an
waodnsossn@l 30 m nutes. After standing overni ghtT/UB®05/005416

catal yst solution was filt&ped, using a filter as

descri bed above. The catal yst solution was tested for

activity in a 1 L continuous reactor. The results are

shown as Catalyst 24 in Table 9 below. The results

shown are the average of two separate test runs.

| ¥ S : ' 1 genfents with

S e T e e Fe

S PR [ BhGAsiQa oo purged with

; _ ture consisting of 1,283 g neat
A SRS R e S e
T‘é?‘ﬁff‘“ﬁ’é‘ﬁ%’?—fﬁgﬂs@’ﬂ&‘_ Vgasrﬁlaai%e éxéo a?g%edA r?]glmtoﬁ%m?% at] aFeParae
5 ool BBIEENGS ¢ 900 BHRDA i Oy PR e feltof reire was

2- et hyl hexanoat e.

The m xture wa irred until
i M PEREE DT M RH A g e (i o the reactor
gallon cylinder followed by a 75 et hyl benzen
were geaned TRedusipg thedegetor @Eﬁ%%“é‘%/ Wﬁ%ﬂfﬁe E‘Pﬂ%\‘ﬁ ﬁnﬁ?@o‘i%lﬁfﬁef%‘ﬁ‘issels
was pressured and depressured several %[ S 't&h. ;
sippkangepshy, to therrsasiqy yyhgle :‘}G-TEHCW@WPW sigre énrif@gg}i n increase o

m xtures were added to the reactor in four batches
190 @ATQ taih FOmivamebBivPedrinkthe sraktor EapetaiEe pronsaddisign of thycaglyst
of chrom umand 187 nL DVP were added to the m x tank
10 co@néen this mixture was added to the reactor in
20-52 g increnments with stirring and cooling so the _
t enpEhybeizenedD d I)otas exddedecl thg tBGmiFw soletive cyliisnendosedty rinse
104 g of chrom umand 78nL DMP were added to the m x
thle adhkon@thsly VIR ik hiask. niThe Letlylbeasna diled wip theneaddedide dhe sepetor.
40-50 g increnents with stirring and cooling so the
EchlEE&reﬂé @rebylives sidkd @xEePMP23GnddroThis hiese dfitheadDM&t ayhinder was
261 g of chrom um and 31nL DVP were added to the mix
2dRAk @OEEatBEEthyIb&zEHeX0. D18 was added to the aluminum alkyl mix vessel and

15  then pressured into the reactor. The reactor was stirred for an additional 30 minutes. After
standing overnight the catalyst solution was filtered, using a filter as described above. The
catalyst solution was tested for activity ina 1 L continuous reactor. The results are shown as

Catalyst 25 in Table 9. The results shown are the average of three separate test runs.

Table9
Catalyst Selectivity Purity Conversion Catalyst Productivity
(1-Ce=) (1-C=/Co) (C) (21-Ce=/g Cr)
21 92.6% 98.8% 75.1% 81,432
22 91.2% 99.1% 77.6% : 82,927
23 90.5% 99.1% 79.7% 84,536
24 91.0% 99.2% 87.5% 93,397
25 90.9% 99.0% 86.6% 92,297

20
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was added to the reactor in 90-101 g increnments with
stirring and cooling so the tenperature did not exceed

WQ@3@s/082816 t he fourth batch 625 g of chrom um aPdr/L82004005416

DVP were addedto the m x t&hk and then this mxture
was added to the reactor in 30-108 g increnments with
stirring and cooling so the tenperature didnot exceed
23C. To the TEA/ DEAC m x vessel was added 327 g neat
TEA and 256 g neat DEAC. To the chrom um DMP m x tank

was egtg\ggs %?-]24%39&1 thi &R OME W oRRhH it (B?HOIIQatﬁn in a decreasing

separaté cylinder connected to the reactor was added

n%alg{l%r&ﬁmw atalys Vlgﬁeféag %{cr&gcﬁ%éﬂgtﬁdtvﬁﬁ%duggﬁﬁ%ﬁgﬁdfﬁ‘o&lﬂ:tivity.

gen and t connecting eac t he above

(’?%alla% F%Sf&eﬁloﬁlgraug ‘?hersgﬁaglt? Eim\ﬁ’ﬁﬁl%%lﬁgaﬁaliﬁgn oﬁ%ﬁﬂgﬂ J&glp‘bﬁ&(t)sf to a heel

pressure transterre contents "of eac

h vessel s sinultaneously to the reactor while the
($§§%?8¥ﬁ%%s being stirred and cooled. An increase of I

0C (200C t021C) was obse%&gg quthe react or

tenperature upon additio cat al yst conponents.

Et hyl b 0.4 1b i ..
TSR Gt A% 4 SIS e o

sol uti

m x tank. jge t%g}%enzene rinse was.then added to t
Wiket Sprooepd fy EAR AP PERE- PR L ST P W e
cyl.inder. This rinse.of the DVWP cylinder was added to
TF%EO‘}%E:X@E%F{‘& %mwwea#? he (0.2 Ib) was added to the

al um Igyl m x vessel and then pressur ? Kt o tEF
reac {%Faq}s?'ﬁ j fré’a"c{i‘réf rl%@é@ §$1P?1Fté18 %ﬁ%{)w%gnadéa‘g ﬂ)lg fhyggnzene,
m nutes. . r stani'n overni ht.tEﬁ cat al .

Q0 e BB el e dip B SR G Eerige PEAC) and
above. The catal yst solution was tested for activi.t

T B Uy RTBG | AB0NS AL RN GBUITS o e SHEMHIALID 2
Catalyst 25 in Table 9. The results shown are the
eutestieates2 3he ebyeapencand2 7 e.Srdimsthylrgmle bbdbgpgneves then
21- 24 show t hat varyin% the chromumto pyrrole ratio
addedato geyids b tiabvokemmel 108 meld uero standiag qysyaightie; fim wagebserved
i ncreased selectivity, product purity, and

ip thechack pithe glask and no precipitate was observed. When the amine was not added to
the catalyst preparation a film was observed upon standing overnight. A film was observed
in the neck of the flask after standing for an additional 24 hours. This catalyst was tested for
activityina 1 L cbntinuous reactor. The results of two separate test runs are shown in Table
10 below as Catalyst 26.

Catalyst 27: To a dry 100 mL volumetric flask was added 25.01 g ethylbenzene,

12.07 gneat triethylaluminum (TEA) and 9.27 g neat diethylaluminum chloride (DEAC) and
0.34 g tributylamine. To this was added a solution containing 4.61 g chromium (III) 2-
ethylhexanoate, 2.27 g ethylbenzene, 2.74 g 2,5-dimethylpyrrole and 1.06 g tributylamine.
Ethylbenzene was then added to provide a total volume of 100 mL. Upon standing overnight

no film was observed in the neck of the flask and no precipitate was observed. When the
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Cat al yst 25 denpnstrates the separate sinultaneous
addi tion of catal yst conponents to a heel of active

w@E adoahysic Exanpl e 12 Two catal ysts were prepar@€dys2005/005416

catal yst 26 and catalyst 28 with the addition of a
ni trogen conpound to the al kyl al um num conpound to
sol ubilize products resulting fromthe reaction of
wat er and al um num al kyl s. Catal yst 26: To a dry 100
mL volunetric flask was added 25.01 g et hyl benzene,

NS n
T A

Jv%hl%ut YA #HFNGas obQerdddi i thearclasitife nakSdbthmdhConinidditagal 24
g chromum (I'11) 2- ethyl hexanoat e, 5

&hﬁylﬁ%%ﬁﬁ)@t AR Aedted/ fhr Get®itp i Bt dANRBNS f%'a&or The results of two
Et hyl benzene was then added to provide a total vol une

sQ%aerQ%st%ns PR IRRHIND R@LRKG no fil mwas

served 1 n the neck of the fl'ask and no precipitate
was observed. WWen the ampgMgs not added to the
catalyst preparat|on a fllntmas observed upon standing

Fl\ﬁgig)i(ét?l?éleﬁvgtg d: a’; g 53(/; - Egefsgﬂgl 2%9& tgf}jd ctivity

Cazél yst fes bé’zfya“ v t¥%, g t L,um7|6légt7vu5
ro - or | Pt~ canaratao -+ het
sh3§n75q752§vé 1 be?%a%as Catg?9§%F2éfD;“:;P75%727.
To a dry 100 niL volunetric flask was added 25.01 g

ethylbenzene 12. 07 L. trieth IaIu m ( TEA) and

9. 27 The saagp a?f@ﬂﬁﬁtaé%mﬁ AR eL ey é‘ﬁ&“ %Oztnlij’“nds
tributylamne. To this was, added a Iutlon contalnlng
iphigys fgirpaten af tﬁtﬁlm?qtql))regml%tpﬁﬂowk% yspsolyion7 g

et hyl benzene, 2.74 g 2, 5- dlnethylpyrrole and 1.06 g
tributyl am ne. Ethylbenz hen added to provide

a total volune of 100 Upon tandln? over ni
Catalyst 28: Chromium (HI) 2-ethylhexanoate (18.44 g) dlssolved m 91 g

ethylbenzene produces a viscous solution. When 2,5-dimethylpyrrole (10.96 g) was added to
this viscous solution a much thinner solution results. This thinner solution is much more
adaptable to water removal by molecular sieves. Activated 3A molecular sieves (15.05 g)
were added to the chromium/pyrrole/ethylbenzene solution and allowed to stand with
periodic shaking for 22 days before catalyst preparation. A solution was prepared in a 100
mL volumetric flask consisting of ethylbenzene (25.00 g), neat triethylaluminum (12.07 g)
and neat diethylaluminum chloride (9.26 g). To this aluminum alkyl solution was added
9.62 g of the dried chromium/pyrrole/ethylbenzene solution and the resulting catalyst was
diluted to 100 mL with additional ethylbenzene. After standing overnight a film was
observed in the neck of the flask but no precipitate was observed in the flask. This catalyst
was tested in a 1 L continuous reactor and an average of two separate test runs is shown in

Table 11 as Catalyst 28. A control using undried chromium/pyrrole/ethylbenzene solution
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standi ng overnight. A firm8das observed in the neck of
the flask after standing for an additional 24 hours.
This catal yst was tested for activity ina l1lL
conti nuous reactor. The results of two separate test
runs are shown in Table 10 as Catal yst 27. Table 10
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et hyl benzene produces a vi scous sol ution. Wen

2,5-di nethyl pyrrole (10.9¢a8)k 19as added to this
vi scous solution a nuch thinner solution results. This
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catal yst preparation. A solution was prepared in a 100

nmL I tri | ask i, St f.ethyl .
AT B BB AR T
[ | ' hl.oride. (9.2 . T hi [ um
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chrom uni pyrrol e/ et hyl benzene saol uti on and the
resul ting catal yst was di&*amBlelds 100 nl with

addi tional _ethyl benzene, After standing overnight a

11 CARY S BEaE v SHTHTIT D AR S RATDRE (a0 e Sl o a round

preci pitate was observed in the flask. This catal yst
10 begemlageeadipped with 2 Pegiopteikihsu sEthdbrieee (Mo “é?«?ég%?d gnd the

of two separate test runs is shown in Table 11 as

flaslt alay Jeatod to sefignthe (ﬂont{ggtp.ngl{qﬂqgg ryasgeontinued until water no longer

chrom uni pyrrol e/ et hyl benzene sol uti onwas nade at the

asenmlat¢dn theApqanrStagk a%en Ridylbenzensi A tvaer £237) i a\aygre discarded from

observed in the neck of the

the Dean-Stark tube. This chromium solution was used to make catalyst by adding it to a

100 mL volumetric flask containing ethylbenzene (16.73 g), neat triethylaluminum (12.28 g),
15 neat diethylaluminum chloride (9.26 g) and 2,5-dimethylpyrrole (2.74 g). Ethylbenzene was
subsequently added to dilute the catalyst to a 100 mL volume. This catalyst was tested in a 1
L continuous reactor. The results of the test (two catalyst preparations and three separate test
runs) are shown in Table 12 as Catalyst 30. A control catalyst prepared similarly but with
chromium (I1I) 2-ethylhexanoate that had not been azeotrope dried was used. The results of

20 testing the undried preparation are shown as Catalyst 31 in Table 12.
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flask and a precipitate was al so observed. This

catal yst was tested in a 1 L continuous reactor and an
waymsages1of two separate test runs i s shown i nPEDE®03M05416

as Catalyst 29. Table 11 I84addition to the inproved

catal yst productivity as shown, reduced downstream

corrosion could be obtained using the dried catal yst

conmponents. Exanple 14 Catal yst 30-31: Chromium (I111)

2- et hyl hexanoate (222.10 g) was added to a round

bottom fl ask equi pped W t#,q.Pean- Stark tube

Ethylbenzene (147.39 g) was added and the flask was
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runs) are shown jn Table 12 as Catal yst 30, A con I
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feed tank for the trimerization of ethylene to 1-hexene. Periodically, additional fresh
ethylene (rimerization catalyst was prepared and added to the catalyst used in the
continuous 1-hexene production process. The average age of the ethylene oligomerization
catalyst composition periodically calculated to determine the average time the catalyst had
resided in the catalyst feed tank based upon the average catalyst composition in the catalyst
feed tank Throughout the continuous 1-hexene production process, samples of the
continuous 1-hexene production process product we removed and analyzed for 1-hexene
content. Fig. 5 shows the impact of the average catalyst residence time (i.e. catalyst age)
on the purity of the hexene production produced by the continuous 1-hexene production
process. Fig. 5 indicates that the purity of the i—hexene product is negatively impacted by

increasing age of the ethylene trimerization catalyst.
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An ethylene trinerization catal yst conposition was
prepared usi ng nethods known to those skilled in the

wa@edos/ogisaced in the catal yst feed tank (under P@BUE2005/005416

conditions) of a continuoussl-hexene production

process, and aged for approxi mately 900 hours. The

conti nuous 1-hexene production process was then

started using the aged catalyst in the feed tank for

the trinmerization of ethylene to 1-hexene.

diegivigli cal Iy, additional fresh ethylene trinmerization
catalyst was prepared and added to the catalyst used

11Nt RengRed bhHRkSe b &%}f%ﬂ €orPise G Glip@RerRIMRCAS Slefid Bmprising a
average age of the ethylene oligonerization catalyst

HRMRARIchAtaRinE €hinBslinaah byrr@alsMhiahe dohpPodh@l £htan Qlkfrlbﬁ halide-
average tine the catal yst had resided in the catalyst
£80ink A RASE LndPQRichdIE AVBIVRRE At cofPBIAS| doh@fting 2

C?n tﬁ% ca#glystm}eggwtaﬁk. Thr oughout t he conti%yous

c%r'n Ssitfore cefnggé‘lﬁé | G REBRFHES-comalRk SoRbounl® ak®Nk | BHSition
-hexene production process product we renpved and

cgﬁﬁll[i%égeﬁie a1 Inde inctﬁé‘lzﬁﬂﬁdositi%il goms‘risﬁ%otﬂ@ kBB RLining

average catalyst residence tine (i.e. catalyst

' it | duced
B e e B o B 0 0s8. R, s
2 ndi gat en?et}tlol'c]iagf tc{lgla UT LA feif) T ngaéﬁ%e?cﬁ?pﬁgsﬁgtjﬁ\tel ¢iomium-

hegat i vel'y I npac y I ncreasing age o yl ene

| meri zat | L yst,. CLAI . : _
SHIRAERPR ST DAIB PR UAG R, TR o

h i i ni d | e- tai ni
bR Gy OBl & i ng. compouns

( al'i'decontai ni ng conpound,
Cont 3¢ 1 BEASTEi ¥ Bk (EPRG oo e chromiu-
ORGSR AR ATV SoS o o 2

conprising the chrom um contai ni ng canpound i s. added
WREN Rerog RBBE 1ot P Ehb A PG Eoag compgynd in the Gilayst

4. The method of claim 3, wherein the non-halide metal alkyl comprises trialkyl
aluminum.

5. The method of claim 4, wherein the trialkyl aluminum is triethyl aluminum.

6. The method of claim 1, wherein the composition comprising the metal alkyl

comprises the pyrrole-containing compound, the halide-containing compound, the solvent,
or combinations thereof.

7. The method of claim 2, wherein the composition comprising the metal alkyl
comprises the pyrrole-containing compound, the halide-containing compound, the solvent,

or combinations thereof.
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2 The nmethod of claim1, wherein the conposition
conprising the chrom untontai ni ng conpound conpri ses

WO bmsp$28160! e- cont ai ni ng conmpound, a non-netal PCT/US2005/005416

hal i decont ai ni ng conpound, 8 he sol vent, or

conbi nations thereof 3 The nethod of claim2, wherein
t he conposition conprising the chrom untontai ni ng
compound conprises a non-halide netal alkyl in an
anmount | ess than about 30 wei ght percent of the total

gvei ghthe Ghethdte o€ RIAT Y vEedeth ahdictigpssaomottmtbrisingt fhe metal alkyl
catalyst 4 The method of claim3, wherein the

Qapribadl 4 deanBk @ haBlid ¥Inof OaRIe 1581 A1ky1,2d Higlal BAILEE] Hbhddinations
The nmethod of claim4, wherein the trialkyl alum num

th&edfr 1 et hyl alum num 6 The nethod of claim1, wherein
the conposition conprising the metal alkyl conprises

g he PAYEraéRod SRR 1)OwRRER aHd domp&aidnatdriiRise@nihai MétMdalkyl
conmpound, the solvent, or conbinations thereof 7 The

fmiphied d@é‘thﬁél@rhﬂi‘ux% cthafaé EbIA i dCRARAS i/ @REY! | Si ng

the nmetal al kyl conprises the pyrrol e-contailning

PP oHR thetHoR S Bidint fjew&% fhk e al Qﬂﬂpﬂfé Mdlidel ddRtafidhy/ &pound.
or conbi nations thereof8. The nmethod of claim 1,

wher eiyB o i COHMRARI 14, %e&m%'hﬁllwc&%lﬁgéﬁhpﬁhgﬁhd the metal

conprises a netal alkyl halide, a non-halide metal

gkﬁﬁJ%mﬁ¥gﬁ%ﬁhnhah&gﬁ(ngcgonblnatlons thereof. 9. The

, erein"the conposition conprising

E%EA@% ld@flclaﬁlg m&%§§8%§%0%¥g5 B#ﬁbl@ mn% %ﬁ n}lxture by
ke e e L TR e ——
?Pélipﬁf NS Ertbrishg B IS Soh Al M npoReund and the

13. The method of claim 12, wherein the composition comprising the pyrrole-
containing compound and the composition comprising the chromium-containing
compound are contacted at an about constant pyrrole:Cr molar ratio to form the pyrrole-
chromium mixture.

14.  The method of claim 12, wherein the composition comprising the pyrrole-
containing compound and the composition comprising the chromium-containing
compound are contacted at a variable pyrrole:Cr molar ratio to form the pyrrole-chromium
mixture.

15.  The method of claim 13, wherein the pyrrole-chromium mixture is added to the
metal alkyl at an about constant pyrrole:Cr molar ratio.

16.  The method of claim 14, wherein the pyrrole-chromium mixture is added to the

metal alkyl at an about constant pyrrole:Cr molar ratio.
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al kyl is diethylalumnumchloride (DEAC). 12. The

met hod of claim 1, further conprising formng a
WE0s08Bi€hr omi um mi xture by contacting the coP@EDBES1008005416

conprising the pyrrol e-con®ai ni ng conpound and the

conmposition conprising the chrom um contai ni ng

conpound. 13. The nethod of claim 12, wherein the

conmposition conprising the pyrrol econtaining conpound

and the conposition conprising the chrom um contai ni ng

1¢0NPORNG @b E of @RIrAAUEWhetinaRe Pﬁwé-m@ﬁﬁhﬂmﬁxmwm@ed&o the
nmolar ratio to formthe pyrrol echrom um m xture. 14.

mﬁh@alﬁﬁta@%a&fut Gdrab®p ole.‘@?%{o@a@rﬁaﬁohe conposi tion
conprising the pyrrol econtaining conmpound and the

180MPPRd HE@Bd 60 PRk 31 RAhENBnpRERE RGN A dI-Rtal alkyl mixture
conpound are contacted at a variable pyrrole: Cr norar

I. 0 d - " 1 1 ot . . h
a0} Sl D Ok 5l

0 b StideodPietle LR thdif AL @l al kyl at an about

constant pyrrole’Cr nolar “ratio. 16. The nethod of

1! ai ﬁ%ethé@g{rcgéigﬂ f’gﬁt(}{)%ly Ed e Rine R HEBuBh X b ih&ink Dver a period

added to t at an about conSt ant

rrol e- Cr . ¥ : .
P Yife A &nfdosifiBh %mélzsﬁﬂgﬁtg% m&g—%oﬁﬁhﬁg LoRbokldainm tﬂe4%or§réposmon

0
wherein the pyrro mm xturé i s added to

nP HHEY @0 var i e rgol.e. Cr ool "
T Y Bl AR \ERANRY 5L SRl o e
1££%”hn$ a pyrrole-netal alkyl mxture conprising
con ag'ing the conposition conprising the

B PSR RLOHBPL ST o e SRR R g v
a&é#%ggﬁogggg&H%*p%E%Bgﬁkiﬁneously contacting over a

21.  The method of claim 1, wherein the final pyrrole:Cr molar ratio of the catalyst is in
arange of from about 1.5:1 to about 2.5:1.

22. The method of claim 1, wherein the final pyrrole:Cr molar ratio of the catalyst is in
a range of from about 2.9:1 to about 3.1:1.

23.  The method of claim 19, wherein the composition comprising the chromium-
containing compound and the composition comprising the pyrrole-containing compound
are added to the composition comprising the metal alkyl at a pyrrole:Cr molar ratio that is
about constant over the period of time.

24.  The method of claim 23, wherein the pyrrole:Cr molar ratio is in the range of from
about 1.0:1 to about 4.0:1.

25.  The method of claim 19, wherein the composition comprising the chromium-

containing compound and the composition comprising the pyrrole-containing compound
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of time a conposition conprising the
pyrr ol e-cont ai ni ng conpound and the conposition
W@ o0upn8Bicg t he chrom um cont ai ni ng conpound wWeehUs1v85/005416
conposition conprising thessetal alkyl. 20. The net hod
of claim1, wherein the final pyrrole:Cr nolar ratio
of the catalyst is in arange of fromabout 1.0:1 to
about 4.0:1. 2 1. The nethod of claim1, wherein the
final pyrrole: C nolar ratio of the catalyst is in

a@n%?%gtg too{he E:?xgﬁasﬁl%g L&)m};riéﬁléth% Chefdp QHktyll gtg‘rby;mle%-’r ma-lalerlatio that is

0 m 1, wherein the fina yrrol e: Cr nol ar

atrbgﬁtiv e @‘thh%?’%%%‘yéft%ﬁﬁé in a range of fromabout 2.9:1

about e nmethod of claim19, wherein
he Do I . e o t
oo AR BPERTRY, Shp0nt BE SHAATTBRR: ahShP o s
(f&/rregs% e- cont ai ni ng conmpound are added to the

colnpoﬁ'ti on cgnpri sing the nmetal alkyl at a pyrrole:Cr
ar..ratj to0 bout. ¢ t \: . ' .
e gL RS PSP e RASE, B8 Wi
e gl B BBl 1RE Sk LA 8RR mpound
wher ei he ¢ it i sing.t . - o
R AR S PSR 26 BABOR T AP AL BBy dssressing over the
co.rTRr' sing the pyrrol e-containing conpoundare added to
ReHaY @b¥Posi ti on conprising the netal alkyl at a

B Jae goliag B Fhalisthnod of ol ai m 17, wherei n the
R0 B 2 s B S o R 2B e S 8 7
}g:y?rrg)Per:(inSrincr)]lgr rta[i]c? ofC tllqlé gggﬂgsrtica?lgt ai ning

(ii) an ending pyrrole:Cr molar ratio at the end of the addition is less than the final
pyrrole:Cr molar ratio of the catalyst.

29. The method of claim 27, wherein:

(i) an initial pyrrole:Cr molar ratio at the start of the addition is greater than the final
pyrrole:Cr molar ratio of the catalyst; and

(ii) an ending pyrrole:Cr molar ratio at the end of the addition is less than the final
pyrrole:Cr molar ratio of the catalyst.

30.  The method of claim 28, wherein the final pyrrole:Cr molar ratio of the catalyst is
in a range of from about 1.0:1 to about 4.0:1.

31.  The method of claim 28, wherein the starting pyrrole:Cr molar ratio is greater than
about 6:1 and the ending pyrrole:Cr molar ratio is greater than or equal to about 0.

32.  The method of claim 29, wherein the final pyrrole:Cr molar ratio of the catalyst is

in a range of from about 1.0:1 to about 4.0:1
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conpound and the conposition conprising the

pyrrol e-contai ni ng conpound are added to the netal
w@bdoghsmic a pyrrole C nolar ratio that i s aboRtT/US2005/005416

decreasi ng over the periods8ef tinme 28 The met hod of

claim 26, wherein (i) an initial pyrrole C nolar

ratio at the start of the addition is greater than the

final pyrrole C nolar ratio of the catalyst, and (ii)

an ending pyrrole Cr nolar ratio at the end of the

Addi 0 Hleth%dlo? xsﬁnﬁ B@ NwieR8n fhe @é}tln@ffyﬁgie@r%olﬁﬂ}la% is'gdated than
of the catalyst The net hod of cl'aim 27, wherein (i)

glgl &1 Ldadhe Qﬁﬁfdg?lyﬁrog&m]ﬁrratfo% b‘éa@f th'éuh@r e?ﬁlﬁl% aleut bhe

tion 1s gr er than the final pyrrole Cr nolar

4atl q‘hgtne{hraﬁ oﬁfﬁuﬁd ¥twneRd (i) an ending pyrrole Cr

nmol ar e énd of the addition is |ess than

qﬁe gth}@lﬂ% 89¥(¥15 @% ot TR i@hbdiR e i ﬂnaﬁpﬁf%ﬁ@d:ﬂ/ﬁblag’gtlo of the

alm 28, wherein the findl pyrrole

(!%Paﬁ?@"ldL[r 'acﬁrg b&lngn&ﬁzg%%’tﬁéaddﬁlo adrange of from abOUt

about 4 e net od of clai m 28,

?l{eeé A& p}f{o o | Goftro BRLR 2 E@bhP al')o%t %ﬁ@ﬁ(jﬂ?'bf the
sttt B

ing pyrrole C nolar ratio
(ﬁtgreater than or equal to about 0 32 The nethod of
EE°h 29, wherein the final pyrrole C nolar ratio of

iy Aptal o el o Tom sout 10T (o

@t t%g ttﬁ%i%g %érr g/e Hgorlaﬁ%%oai{s (HI t%? E}egtrngf‘]%y(%rrolé 89 mof"? Pa%) of the
%ﬁ)i)fs Slﬁmg%%larst aLoutaoboHalfgfthg’gfddlt;m;ean%et CRRC Cl aim 28

(i) the ending pyrrole:Cr molar ratio is about 0 during a second about one-half of the
addition.

36. A method of making a catalyst for use in oligomerizing an olefin comprising a
chromium-containing compound, a pyrrole-containing compound, a metal alkyl, a halide-
containing compound, and optionally a solvent, the method comprising abating precipitate
by contacting a nitrogen-containing compound with a metal alkyl prior to contacting the
metal alkyl with the chromium-containing compound, the pyrrole-containing compound,
the non-metal halide-containing compound, the solvent, or combinations thereof.

37.  The method of claim 36, wherein the nitrogen-compound is selected from the group
consisting of amines, pyrroles, pyridines, substituted pyrroles such as indoles, di and tri
nitrogen heterocycles, or combinations thereof.

38.  The method of claim 36, wherein the nitrogen-containing compound comprises 2,5-

dimethylpyrrole.
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(i) the starting pyrrole:Cr nolar ratio is about tw ce
the final pyrrole:Cr nolar ratio of the catal yst

waleoosnogpsss fi rst about one-hal f of the additi onPCEIS2005/005416

(ii) the ending pyrrole:Cr9molar ratio is about 0O

during a second about one-half of the addition . 35.

The nmethod of claim?29, wherein: (i) the starting
pyrrole:Cr nolar ratio is about twice the fina

pyrrole:Cr nolar ratio of the catalyst during a first
3gboutrhopmbal df @fimt $% vadekid kRNaitragal-dohianitgheomtthd Gomprises
pyrrole:Cr nolar ratio is about O during a second

t Lmeee- hal f of the addition. 36. A nethod of naking

a catalyst for use in oligonerizing an olefin

460 n'pﬁ“hesin@@loé‘ of RT3 HMyEREH FiRY cHIFRYPOELct & comprised of from
pyrrol e-contai ni ng compound, a netal alkyl, a

a{?ﬂjt'O@QFMb%htr‘l'Or}ﬁolEPIﬁ’BQ)lﬂﬂ% g@dnpiii onal |y a sol vent,
e method conprising abating precipitate by

4qont ?C}nht'ﬂgd f HhAERIL RGO Bt RkE1th GRIARRE g Wnt Hlefn, Blurising

prior to contacting the netal alkyl wth t he

c&“ﬁ&ﬁ% lt‘l? cﬁﬂl hﬁ&cﬁg cSRpRAY Q5th atcRR Y Bh@mERE /By a metal

conpo on-netal halide-containing conpound,

ah{}f‘\ a%gﬂlaé-(%étal &9{&3{1 ta'hgl tca{rl%%rssggnt gﬁcomﬂ?ﬁﬂ&ﬁttma)f

clarm erein t rogen-conpound 1s selected
ro [ S,

Byri arnogROZHERRNS, Shirdd AR DS L o

and tri nitrogen heterocycles, or conbinations

t hereof. 38. Thﬁ;nethod of gl i m36, wherein the

ni t rogen- cont ai Ni C " 5-

di met hyl pyrrole. 3 38 wherein the

ni trogen-contai ni ng conpgpund co tributyl am ne.

Structure 11
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40. The nethod of claim 36, wherein the final catalyst
product is conprised of from about 0.001 to about 10

wordos/osmié o of nitrogen to netal. 41 A net hod pET/DBi00FES416

a catalyst for use in olig@merizing an ol efin,

conprising contacting the dineric pyrrole conpound

Wi th a chrom um containi ng conpound, a netal alkyl, a

hal i de- cont ai ni ng conpound, a hydrocarbon sol vent, or
conbi nations thereof. 42. The nethod of claim 41,

wherein the dineric pyrrole conpriggs: Structure 1
Structure il Structure ill or conblnFtlons t her eof

wherein, each R -R independegtly |a\H or a C1-C 20
aromati c group, RQr any t T h ot her,

t aken together w ich they are
bonded to form an |promatjlc or n ticring, Yis

a structural brid [ n atons and

i ncl udes |inearg’ téyclic paraf’f nic or
aromatic or contain cgclic paraff nic or aromatic
structures and |nclud s heteroatons such as oxygen or
sulfur in the formoffllinear, branched, or cyclic

ether, silyl, sulfide, sulfone, sulfoxide

functionality. 43. The nBthoduof l&]l ai m 41, wherein in
Structure (1), RL, R3, R4, and R6 are nethyl group, R2
and R5 are hydrogens, and Y=(CH2)n whereinn=l-10. 44.

The method of claim41l, wherein in Structure (11), Rl

and R6 are methyl groups, R2- R5 are hydrogens, and

Y=( Ciar yompinetiesisrthereef, whetpin, 45ch AR riedenerieatdly & B or 2 Cr-Cao
1, wherein in Structure (I1l1), RlL, R3, and R5 are

aremilyd grgwpepsly R, vikaal tareechRetherr akery weethervitarhg carbon atom to
Y=(CH2),, wherein n=l -10.

which they are bonded to form an aromatic or non-aromatic ring; Y is a structural bridge

having 1 to 20 carbon atoms and includes linear, branched, or cyclic paraffinic or aromatic
or contain cyclic paraffinic or aromatic structures and includes heteroatoms such as oxygen
or sulfur in the form of linear, branched, or cyclic ether, silyl, sulfide, sulfone, sulfoxide
functionality.

43, The method of claim 41, wherein in Structure (I), Rl, R?, R*, and R® are methyl
group, R? and R? are hydrogens, and Y=(CH,), wherein n=1-10.

44.  The method of claim 41, wherein in Structure (II), R! and R® are methyl groups, R*-
R’ are hydrogens, and Y=(CH,), wherein n = 1-10.

45. The method of claim 41, wherein in Structure (III), R!, R® and R® are methyl
groups, R%, R?, and R°® are hydrogen, and Y=(CH,), wherein n=1-10.

46. A method of making a catalyst for use in oligomerizing an olefin comprising a

chromium-containing compound, a pyrrole-containing compound, a metal alkyl, and a
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46. A nethod of meking a catalyst for use in
ol i gonerizing an olefin conprising a

W@ booswosasne cont ai ni ng conpound, a pyrr ol e- cont aP@I/O§005/005416

conmpound, a netal al kyl, amM2l ahal i de-contai ni ng
compound, conprising contacting the
chrom um cont ai ni ng conpound, the pyrrol e-containing
compound, the netal alkyl, or conbinations thereof
with a previously prepared oligonerization catalyst

hglﬁc[r'ggc?%ﬂ ti@e otm§) bund, h:% E]H% g%-ﬁctlﬁ%ﬁleyr for udhSh&inthet Behpound,

nlﬁ econt ai ni'ng
tlgeo ﬁgr?&n-gbntglgﬁlgn%ﬂogﬁé g#sel r)}l@%g r?é@gt B‘Ialcbﬂﬁﬁmg aﬂh@r’e@ig with a
I
PR et TR R R TR SR P26 Wherei n the
gr eng%J {Sn!e%og OF e%gne th%%Wﬁg &tﬁ‘&tnluﬁpc??atnﬂh%%mpound, the pyrrole-

on cohp e sane or d

c%tgﬂg%g ] %‘f BN e LU BBOPERLAND Y comouna are

e-contal nin

for

Sgwlt%%F y fP‘ﬂ@‘Q%%% %Pﬁ%ﬁwu@ at al %’rg# %1 ggoglerl a%oP catalyst composition.
d
AT TR wﬁrfyw%‘)ﬁwza%on

prepared ol i atal st _co |t|on

g nqﬁlzatlon |
RIS Tof TR s ot 4T i eRl o T BH?%&W%‘“% Prole-
hal | de- cont ai hi ng. co th the previously
%P%‘;B‘H‘rgéamBP‘i“@oWﬁ%} %ﬁfqpﬁﬁ lﬁm YA RBBIP G on. 51. The
nmet hod of cl ai m. 50, mhe{eln t he haklde contalnng .
BormpdurEthe b rmadng a caatysl fopse di Oligemelizyy Hpplgfift, comprising
hal i de, or conbi nations thereof. 52. The nethod of
cONAFIREAT T AR BIESOR B F OB DAY # PHEPl$-€OTHaIRing coRapPynd, apd a metal
hol di ng tank for feeding the catalyst to a reactor.

1, Withea previpiesdy Rrepas¢daligomerizatipieraialyit SUMRPSHSRhod of

making the catalyst is perforned at a tenperature of
0ess Thhanethodbf dl@OC49, further comprising contacting a halide-containing

compound with the previously prepared oligomerization catalyst composition.

51.  The method of claim 50, wherein the halide-containing compound comprises a
metal halide, an alkylmetal halide, or combinations thereof.

52.  The method of claim 49, wherein said contacting is performed in a holding tank for
feeding the catalyst to a reactor.

53.  The method of claim 46, wherein said method of making the catalyst is performed
at a temperature of less than about 120°C.

54.  The method of claim 49, wherein said method of making the catalyst is performed
at a temperature of less than about 120°C.

55. A method of oligomerizing olefins comprising:
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54. The nethod of claim49, wherein said nethod of
meki ng the catalyst is perfornmed at a tenperature of
wo e®s/osdsan about 1200C. 55. A nethod of ol i gonBCT/E$1995/005416
ol efins conprising:(a) preparing a catalyst by
conmbi ning a chrom um cont ai ni ng conpound, a
pyrr ol econt ai ni ng conpound, a netal alkyl, a
hal i de- cont ai ni ng conpound, and optionally a sol vent;
and (b) contacting the catalyst with the olefin within
??41%09 DPINB b9 cREBRAE Al ERDmRm-bOiGiAE AoMPbunddG: pyrrole-
@ﬁ%g% yl“ene ?&%ne?i%atioﬁgcatalyst conﬁr?ésingéam1 pymore
MO B3 AhAl B CARROY Mg e ViR Sopdlingl BhdSptionall
C%oﬁlpoé:d, Ig;llﬁma’t al a? k@ﬁq’ a h(:ll?i de- céﬁ% a?n?né1 ’cor‘rpoﬂtrl1oclll,a1 ya
and,optd onal I'y a solvent, wherein 1-hexene produced by
the éayalyst has a purity of at |east about 98.8 at a
ihy! t Fi within®iboRY FORRY ihuisOdt ion of th
@Z?B;rrt%1t£ lﬂ%?‘é‘pa% new?tﬁgléglglg 11?nawﬁtiﬁlng g é(r:at al ysts foprrepljagaélo?r? ©
&%ﬁﬁgnerizing an ol efin, conprising a o
chrom um cont ai ni ng conmpound, a pyrrol e-containing
m . 4 | nin
A T Lt TR
all . or a.portion ) I o r :
iDL RRuR IR S-S By R oot

on-"conpris
SRR s, CATRREHSURDBAGATE AN Lot e
oI Erhg EE T YERPrP BRI GEBRARL i ons Cher e6f pri or
L2, L IhA00s 108 RETROS SRR BB, v
LR RN SR R S
halide, (ii) a netal halide and a netal .. .
containing compound, and optionally a solvent the method comprising abating all or a
portion of water, acidic protons, or both from a composition comprising the chromium-
containing compound, a composition comprising the pyrrole-containing compound, a
composition comprising a mnon-metal halide-containing compound, a composition
comprising the solvent, or combinations thereof prior to contact thereof with a composition
comprising a metal hélide-containing compound.
S8. The method of claim 57, wherein the composition comprising a metal halide-
containing compound comprises (i) a metal alkyl halide, (ii) a metal halide and a metal
alkyl, (iii) a non-metal halide and a metal alkyl, or (iv) combinations thereof.
59.  The method of claim 57, further 6omprising use of catalyst comprising abated

components yields less of one or more corrosive compounds than use of the same catalyst

without abated components.
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alkyl, (iii) a non-netal halide and a netal alkyl, or
(iv) conbinations thereof. 59. The nethod of claimb57,

wo eoshgsiconpri si ng use of catal yst conpri si ngPEhES®AS/005416

conponents yields | ess of @he or nore corrosive

conmpounds than use of the sanme catal yst w thout abated
conponents. 60. The nethod of claim57, wherein the
abating all or a portion of water, acidic protons, or
both further conprises contacting one or nore of the
RONPa%t b SOHBK ST,NEhiteh Qhe abdtingiall Gf poidn AT whal Acidic
and a non-halide netal alkyl prior to contact thereof

ﬁ%tBﬁE biotk AFRRS EdriyReCOMREH IS 018 o R réBHttBE compositions comprising
hal i de- cont ai ni ng conpound. 61. The nethod of claim

@Qer X@(ﬁé Blofbnk R beﬁ’lrhnh %lnbg-%almétrﬁétal AlY bridt QVBE 1t &L thereof with the

triethyl alun1nun1( . The net hod of claim 60,
Bﬁh({héo QEEﬁe%tﬁfhaflﬁkecom%hutgaéoh%%uﬁﬂat al alkyl is
an anDunt eCtive to abate substantially al

avai hgpl ﬁle%& e6f RHhdks, RiREAShe q{ont}%lﬁ‘e fham tah@l comprises

conmpositions contacted with the non-halide netal

tﬁgﬁﬁgmnﬁﬁnn Hfeynet hod of claim 60, wherein the acidic
protons are provi ded by 2- ethyl hexanoic acid. 64. The

gt hgﬁ %(etlfbldadfrgleﬁrg 60\’\%@%}1‘1&% ggrti%ﬂ S Illdiilehaﬁﬁé ﬁleta"l“aikw is an

IS a in an anmount | ess n or equa to about

amougp éffe@&&e 5 rA{) %tggub%ﬁﬁtlér@t aliil agx\ﬁfb ﬂ:l'u/at&f (gg pﬁ)?(ﬂlg a&tb% from the

nmposi Ui ons. cla|h1 wherein t

%%}%hmpﬁﬁcﬂ ac(:%% tl?ﬁ’l nog al?c{e rﬁl\@al%f l’;ﬁ acidic protons, or

Wpr I'ses xture by contacting

osition c sin the c ro um cont ai nj n
RAEiee e SRR w%egel PRI Gt ataed by 2
contactln he m xture with the remaining
Al i,

64. The method of claim 60, wherein the non-halide metal alkyl is added in an amount
less than or equal to about 30 weight percent of the total weight of the contacted
compositions.

65.  The method of claim 60, wherein the abating all or a portion of water, acidic
protons, or both further comprises forming a mixture by contacting the composition
comprising the chromium-containing compound and the non-halide metal alkyl prior to
contacting the mixture with the remaining compositions.

66.  The method of claim 65, wherein the non-halide metal alkyl is added to the
composition comprising the chromium-containing compound to form the mixture.

67.  The method of claim 65, wherein the non-halide metal alkyl is added in an amount
such that the molar ratio of non-halide metal alkyl to chromium-containing compound in

the mixture 1s less than about 1:1.
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66. The nethod of claim65, wherein the non-halide
nmetal alkyl is added to the conposition conprising the

w@ kososasne cont ai ni ng conpound to formthe m xtRPCBUSHES/005416

The net hod of claim65, whéfein the non-halide netal

al kyl is added in an anmpbunt such that the nolar ratio

of non-halide netal al kyl to chrom um contai ni ng

conmpound in the mxture is | ess than about 1:1.68. The
met hod of claim 65, wherein the non-halide netal alkyl

65 adgRahdikbdadT cRIR BB widadih kel roRthatidk &t Skydls 4dd8$in an amount
about 25 percent of the water, acidic protons, or

89t dent b at-Erh@leﬁﬁ b 29beredrd bf@h@ RateVWREHRIplothi€ or both.

non- halide netal alkyl is added in an anmount that is

EPOULTIR nZlDdRATcHGNS SXRB& (1RfnofMaRdEIHEA! S fid £dd8dn dnQmount
abate at | east about 100 percent of the water, acidic

RLOL OB Sut 9&0@?Eﬁaent7e9cesér%@ A Bh3ast s‘ﬁffﬁ&élﬁ'ténaﬁé;te o Wagthﬁ)But 100
conprising filtering a precipitate fromthe m xture

Perr&éﬂfotttge @Qt@p'aaﬂf@%r&t&% Mpspure with the conposition
conpri sing t Re pyrrol e-containi ng conpound, the

?tﬁ”poﬁ{e%&ﬁbdc&@%% NQrthd}€o ﬁiéén‘?ge kP @'p%c%a&mﬁﬁ%lxture

e conposition conprising t so ven any remai ni ng

ﬁﬁﬁ& tg acjoﬁxggl ﬂgtth@ lml?\!ukey gnth %er t(ﬁlgg&'sﬂ@ﬁ 'cgrﬂ E:hg ﬁJyrro ?elcontamm g

e net l'ai m 6 r conprl tacting

%: 1 OEIQ tﬂh)% itiGHY n%%sgﬂétgthé H&d@%ﬁt%’nﬁxﬁ%ﬂﬁ@ﬁrﬂ % composition

€ Co I on conpri si

?ﬁﬁ gp@%gpg@gghg&eﬁgmgglgﬁ thﬁ{de%?]etzh Qllcgﬁ'oijco‘iﬁdlﬁﬁl%hé fi&keof.

onpri s rom dnctont a
t I
910?E0 (_1)1%6 d of Eﬂ%guﬁﬁlgﬁéerlcgr%?ﬁﬁ aéonaﬁtlﬁ?q t&e ng O-EPI%H c%mPrlsmg
t h i f
@% R ryRES RO e sho D SemertsEiky e, ghromium-
OS|t|on c rising the Eé ol e-containin $¢ n ]
Bt Psie THEY RebRigtr A B0 R SPEP R tbe chromium

abatln all or ortion of water., acidic
contamlngg compound w1th he non- %ahde metal alkyl.

72.  The method of claim 71, wherein the non-halide metal alkyl is added to the
combination of the composition comprising the chromium-containing compound and the
composition comprising the pyrrole-containing compound.

73. The method of claim 60, wherein the abating all or a portion of water, acidic
protons, or both further comprises contacting the composition comprising the pyrrole-
containing compound with all or a portion of the non-halide metal alkyl to form a mixture
prior to contacting the mixture with the remaining compositions.

74. The method of claim 65, wherein the abating all or a portion of water, acidic
protons, or both further comprises combining the composition comprising the pyrrole-
containing compound with all or a portion of the non-halide metal alkyl to form a second

mixture prior to contacting the second mixture with the remaining compositions.



protons, or both further conprises contacting the

conposition conprising the pyrrol econtaining conpound
WOowaos/08dsie or a portion of the non-halide netal pal/kygiood/es416

forma mxture prior to coMbacting the mxture with

the remaining conpositions. 74. The nmethod of claim

65, wherein the abating all or a portion of water,

acidic protons, or both further conprises conbining

t he conposition conprising the pyrrol econtaining

7%0”13‘%&%”%@&{08 Hf é’}luln &Y. @er@ﬂrtﬂé. c%%tagtfingt éﬂﬁh&%gfnpﬁéegzd_e et al

al kyl orma seco m xture prior to contacting the

SCEO0) bS8, TR 208 S
SR che oI P SR IG SR8 com o1 v
ComPIE PP DS 4 R 0 P o o

ting contacte m st ep

and the ngnhalide netal alkyl; and (c) contacting
> 1%ﬁ§”?3§h$¥§ﬁ¥ﬁcontacted conpounds from step (b) and

L1 RO L8, SRS, R et Bldigh! fon? 4 19 e

m
ontact | non-netal halide with (i) th
OB o E B e G ERT DM TRPEBRE ai mi mg.

Fonprl ”?rwglfoi@%% CE?{P R ﬁ%@@%ﬁqgﬁ@%ﬁﬁg%ﬂegfh@ge with (i)
LR EINIARN MR AR T
0 GO Db ST LELS, SO BB SO, B R0 8 v
fromstep (a); 77. The nmethod aof claim60, wherein: .
qaposifien CORPESNE B EWRAPIITSFIARIAG CHIRMIINEo HicaicAAgsition
ccocr)nrlr)rr)i(s)illjlg dthéjl np(in'rgle-containing compound prior to step (a); or (iv) the resultant
contacted compounds from step (a);
77. The method of claim 60, wherein:
15 €)) the composition comprising the chromium-containing compound and a
portion of the non-halide metal alkyl are contacted to form a first mixture;
(b)  the composition comprising the pyrrole-containing compound and a portion
of the non-halide metal alkyl are contacted to form a second mixture; and
(c) the first mixture and the second mixture are contacted with the composition
20  comprising metal halide-containing compound.
78.  The method of claim 77, wherein step (c) is performed over a period of time, a
starting pyrrole:Cr molar ratio at the start of the period of time is greater than the final

pyrrole: Cr molar ratio of the catalyst, and an ending pyrrole:Cr molar ratio at the end of the

period of time is less than the final pyrrole:Cr molar ratio of the catalyst.
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portion of the non-halide netal alkyl are contacted to
forma first mxture; (b) the conposition conprising

w0 bespgasi®l e- cont ai ni ng conpound and a porti onPOIf/Us1v85/005416

non- hal i de netal al kyl are9tontacted to forma second

m xture; and (c) the first mxture and the second

m xture are contacted with the conposition conprising
net al hal i de-cont ai ni ng conpound. 78. The net hod of
claim77, wherein step (c) is perforned over a period

B U iATBroc@s $6rdfrtl g RYhFoRlien ShseARh@fyst! ohRisk btri'ﬁgi_ng a pyrrole
start of the period of tinme is greater than the fina

rgméfJOQt{aﬁing IR AR 3 | o @f aiiBumathpodhd, and a?ﬁal@ébgicﬁgtaining

yrrole: nmolar ratio’at the end of the period o
c:o uﬂdsim:o%%lt?ta%tgﬁﬁl Aéa'@l? ofhbN@la IRYFRbEn SdivellD hAbgdndlel By@bcarbon

catalys process for preparing a

SR Y BRSHd SR Hat %rm%&greﬁé $1x08 rRlkNOEMTLioR Y bR with
ring-containing conpound, "an al kyl al'um num conpound,
tﬁ@gﬁ&nﬁﬁl &%Qﬁr@@hﬁ%ﬁ'%&rﬁgm&gni B e RBLREL Hhrh bhe catalyst
each other rn a hydrocarbon sol vent, hal ogenated

yd%glf;&remﬁeéé&! gﬁg&, opﬁurfgg?ne{;ﬁﬁlggﬁfrf@!'tﬁqfataﬁd t hen

ringrng t ed resu ution | cont act

0 00T ST, AR  comi
(%)%‘@8]81’%? gllt gé{loier gigfg—c%{telligﬁl tc%m%gxuongyrafl r}:t%(g? iraﬁlgrﬂélﬂhl C%Hlp%nd, and a

( process r’ prepdring
T BB SRR LB o BRIREID SR MR, R B
T Rl L e T b

sol vent, hal ogenated hydro %rbon sol vent or.nixturF ed
PR R sardition thifehe SUCHENYE OhLip SAOBIR AOTRRYEY Ik g esylant mixe
condition that,the concentration of the chromum

wbieb ROt hetorldael iy herg i waes Afithe PEPTR<OT R e sppied from
10 7 to 1 nol/liter, wherein water, acidic_protons, or

he eaialyst ar appaIneEeT fisTeE TEOT LT AnTyag Preparatiop ghihe Fripyst

thereof prior to or during preparation of the | .
Blat alA grocess for treating a catalyst component, comprising abating water, acidic

protons, or both from a catalyst component comprising a pyrrole derivative represented by

the general formula (I):

Rl

RZ
=
NH. . X-MXq.1Ry
e
R3

R4
D
wherein R' to R* are a hydrogen atom or a linear or branched hydrocarbon group having 1

to 20 carbon atoms, in which R? and R* may integrally form a ring; X is a halogen atom; M

is an element selected from the group consisting of those belonging to 3-Group, 4-Group,



81. A process for treating a catal yst conponent,
conprising abating water, acidic protons, or both from
W@ 20ansdsyet conponent conprising a pyrrol e derP@EUS2085/005416
represented by the general 9%8ornula (1): wherein RL to

R4 are a hydrogen atomor a |linear or branched

hydr ocar bon group having 1 to 20 carbon atons, in
which R3 and R4 may integrally forma ring; Xis a
hal ogen atom Mis an el enent selected fromthe group

6C@1%§}5 gLicRRivefort eSRIuRS) Pﬁ@fdi’l? 1 2. G3oup" SdP15-Group of the Periodic
G oup, 6- G oup (exclu3|ve of chromun), 13-G oup,

Tjaﬁreq}l%ﬁ PRE ndp & %H@fﬂ{%&@ CelitRnisk ¢F 1Takl &; < 0<eRe Nand 2 <

are’ nunbers satisfying the relationships of <m< 6,

in B Wﬁh@h«ﬁﬁ}gvgo ﬁxalnfﬁp sutn Bf Waﬁ@ niReic oMb HR \Iahﬁt:e 51"1@6 element

sum of nis identical t he val ence of

lﬁyg q%ﬂése% the lr’u?rﬁﬁé?stﬁrﬁss ahdR ﬁue{mﬁfroééfn 485m o@rhdhﬁaf ®r Branched

en atomor a linear or branched hydrocarbon

5 51%9&?%9%‘ ggha:k/lr{&olégo%gbg{? Qtoﬁ% gﬂ@wﬂ@dﬂn %%PICEE thh @%Bd Rs may

ess be t same or different.

B%t&ﬂ%ﬁk%?ﬁﬁf trimerization of ethylene which
conpri ses: fg§’

an organonetal lic conplex having a

20! WL o AERBL oA drAADIAL BHlcR opridel POG BT ST LT e,

I'epr esen oW ng AMN (1)
wherein Ais a neutral multidentate I|gand havi ng a
trip6d stanerzanametalliq goraplex having ¢ aeutrabmaltidenaln hﬁdnd having a
group 3 to group 10 of the periodic table, each Qis
tipdispectaemeprgsegtetl by thedoomira forraulytloup consi sting of a
hydrogen atom a hal ogen atom a straight chain or
branched al kyl group having 1 to 10 carbon atons which

10 may have AM{ubstituent, an aryl group having 6 to 10
carbon atons which nay have a substituent, and n is an

vI\/}Qatre%g erls a %‘ral ltl%elgtgt% rﬂgzlmd%’ébl%g taltrcl)pr})dvs‘al'luc %,qu]; 'z\i/ltra%ri]t%n metal
atom of group 3 to group 10 of the periodic table, each Q is independently selected from the
group consisting of a hydrogen atom, a halogen atom, a straight chain or branched alkyl
group having 1 to 10 carbon atoms which may have a substituent, an aryl group having 6 to
15 10 carbon atoms which may have a substituent, and n is an integer equal to a formal

oxidation valence of M, and
(iv)  an alkylaluminoxane;

said neutral multidentate ligand A in formula (1) being a tridentate ligand represented by the

following formula (2) or formula (3):

(M
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(iv) an al kyl al um noxane; said neutral nultidentate
ligand Ain fornmula (1) being a tridentate |igand

wo epsessnd ed by the following fornmula (2) or feeTUb®05/005416

(3):(2) wherein j , k and ®9independently represent an
integer of 0 to 6, each D1 independently represents a

di val ent hydrocarbon group which may have a

substituent, each L1 independently represents a
substituent containing an el enent of group 14, 15, 16

or 17 of the periodic table, with the proviso that al

of the three L1S are not concurrently a s®stituent

cont ai ni ng anrﬁ#ement of group 14 or 17, Gl represents

a carbon qr sflicon atom and Rl represents a hydrogen
atom an?fa Qrolp having 1 to 10 carbon atoms which
may have a sufgtifuent, or an aryl group having 6 to

10 carbon atons which nay have a substituent; (3)

wherein a, b and c independently represent an integer

of 0 to 6; u represents an integer of . 0 o ach

Wheera brid i wmﬂaﬁfl@@&%}ﬁf@fﬁeﬁua&dﬁ@ﬁf %Pd%%a‘?ab‘bﬁ) @‘?dSBF&den“y
whi ch nmay have a substituent; each L2 independently L
eprYeas et Svalendy Bedrorhont SoBht Wi TEakaw é‘rTéH'%S“B‘Fm each L
group 14, 15, 16 or 17 of the periodic table, w't

indapendsatly tepescals|a sybstifusat QpRBIEED sleme@t o group dclir ife?ﬁ 1|7y>f the
a substituent containing an el ement of group 14 or

i@2iodie abdss evithsheipiovise digeAll o thsHrsp o 45% ngk GREYFFERY 8 S}ﬂéﬁlmem
0, or a phosphorus atomwhen u is 1, and R2 represents
contanmngnelement off igErup Ao 1 wRe Fapreseniiag stbomeq giligon atom, and R
protons, or both are abated fromthe catal yst or
epepoieritydtiger goh, oy dligd grawp daviegt tnip mqutqrmwwl@jﬁh mRghave a
catal yst. 83. The catal yst of claim 82, further

wbstidens bnan @yllgadupdenag ¢ 10merbgaatoms wd)tcb onaydavegrisubgrieent;
catal yst of claim@83, further conprising an al kyl

gr oup- cont ai ni ng conpound represented by the foll ow ng
formula (4): 3)

wherein a, b and ¢ independently represent an integer of 0 to 6; u represents an integer of 0
or 1; each D independently represents a divalent hydrocarbon group which may have a
substituent; each L* independently represents a substituent containing an element of group
14, 15, 16 or 17 of the periodic table, with the proviso that all of the three L*s are not
concurrently a substituent containing an element of group 14 or 17, G* represents a nitrogen
or phosphorus atom when u is 0, or a phosphorus atom when u is 1, and R? represents an
oxygen or sulfur atom, wherein water, acidic protons, or both are abated from the catalyst or

a component thereof prior to or during formation of the catalyst.



RpEJ (4) wherein p and gq are nunbers satisfying the
fornmulae: 0 < p <3 and 0 < g < 3, provided that (P+q)
WO 20050828 range of 1 to 3, E represents an atpam/usioh&005416

than a hydrogen atom of gtwup 1, 2, 3, 11, 12 or 13

of the periodic table, each R independently represents

an al kyl group having 1 to 10 carbon atons, and each J

i ndependently represents a hydrogen atom an al koxi de
group having 1 to 10 carbon atons, an aryl oxy group

élﬁavi Re Batkifst SOCIGRT @‘E’ﬁlﬁtﬁl&&gﬁmriﬁﬁg @ﬁay%gg@éaorgﬁm Qnud P

O carbon atons or a hal ogen atom e catal yst of

&l ai Pﬁhégatafgwmim%mm} B Rin@! Vi@ B -ce AR Ak NoRPound
rep la (4):

compoun resented by the follow ngfornu

Grell &) RS SIiL Brids§ are nunbers satisfying the
ornu?ae% g@<opng;g and(g < g < 3, provided that (P+q)
is in thegrgnge of 1 to 3, E represents an atom other
than a hyg?oéen atom of group 1, 2, 3, 11, 12 or 13

o Sl shes Sk RNy S gnep il < gascaepis o

car bon atons,zﬁﬁ

) | .
%’-rrﬂ %ﬁg ﬁﬂgeeﬁ}l & ?LH 1ftg R i% ?%geé%rﬂs an%r&%%r ahe Qh@%eﬂ éikr%% 'Bg group 1,

_ avin on atonms, an arylo (

Vi )
R AP ioet 5 BRRHeRGfe el RacrER il inad QoA i rou
claim 82, further conprisin t l.east one compound
Buph B319 Ffhin Rems, SR et ddr @b eab | oA al T BRI atom, an

0 und and an am de conpound. 87. A catal yst st em
SR A5 Doy Aoy e SPHE Teq (o PeRrbeH atoms,
systemincluding: a.chrom umsource;a netal al kyl; and

10 S Rl ) PREPES [0 RN AIREE BT HEAREERFOMAci di ¢ pr of Ons.

or both are ab?ted fromthe . .
85, The catalyst of claim 82, further comprising an alkyl group-containing compound

represented by the following formula (4):
R,EJq
wherein p and q are numbers satisfying the formulae: 0 <p < 3 and 0 < q < 3, provided that
15  (P+q)is in the range of 1 to 3, E represents an atom, other than a hydrogen atom, of group 1,
2,3, 11, 12 or 13 of the periodic table, each R independently represents an alkyl group
having 1 to 10 carbon atoms, and each J independently represents a hydrogen atom, an
alkoxide group having 1 to 10 carbon atoms, an aryloxy group having 6 to 10 carbon atoms,
an aryl group having 6 to 10 carbon atoms or a halogen atom.
20  86. The catalyst of claim 82, further comprising at least one compound selected from
the group consisting of an amine compound and an amide compound.
87. A catalyst system for the oligomerization of olefins, the catalyst system including;

a chromium source,

4)

Q)
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catal yst system or a conponent thereof prior to or
during formation of the catalyst. 88. A nethod of

w@emdogisng 1- hexene including at | east the stepcDiIS2005/005416

trimerizing ethylene usingld catal yst system
conprising a conmbination of at [east a chrom um
source, a netal al kyl and a hal opyrrole Iigand,

wherein water, acidic protons, or both are abated from
the catal yst systemor a conponent thereof prior to or
duri genet LRt in of the catalyst. 89. A nultidentate

m xed heteroatonic ligand for an ol igonerization of

ol ef i,ng)4 g%@k ¥ighnd, Wefehh Wh@ANGidicNGhUHE S Ebtotﬂ §@ShatedH8& the

het er oat ofts of which at least one is a sul fur atom

c;aﬂgxr;nt%'tk,ﬂeMI LEonPondf 'tl@ké%fﬁﬁ&tt@wurd?% oRRLRNIF fhe %5@15&8 0

e cat al yst systen1or a catal yst conponent

A |1 oapdngs of:ﬂn‘@ll x@ﬁeaﬁlﬂhg aBRT Bletepals %méﬁzm(f e:thylene

aci di ¢ protons, are ted from the l'i gan

f0¢ a@@%%&%%&%@gﬁghte Sftolfeh DG L8] b WLk XBR, o meo
J‘%’ﬂél?cg ﬂalgﬁyr#o'ﬂed fl]d@ﬂatrél%{ “Bﬁzr % dft rgﬂ { op%ﬁlhﬁe HatdPFPom the

aryl, aryl ox ogen, nitro,

ary%?‘sﬁﬁ%%*’%mpﬁ% e G A
E@r ar 4mul%18 r%até E)ﬁxeﬁ%et\élllotagm@y%ag&e rfo%@?%ﬁ%ogﬁgi’ﬁgt'iog%%tmoeﬁns gg{%alyst,

rhb osphor.o
@ﬂ@ Egagédn@f% FEY IR By SRR SRR MR8 Ly i aom
: , R31, , ogen. or

ViRGb Rt 155 gf%we%rﬂzeoah fee G Bomt B, B ey g catae
of al kyl, aryl, aryloxy, halogen, nitro,
QRMREYPear bonyl , carbonyl oxy, al koxy, am nocarbonyl,
carbon /| am no, di al kyl arni no,  or derivatives thereof

1828 g% ¢limed d clgint $9, ATelrvaler o8 acidig Broiqns I hoth arggbated

and R5 may be the sanme or different and are Cl to

s the llm ﬁyidheoleﬁ%wsglectszﬂi feave the fellow ngRe§i dual |y
nitr ogenl

—‘D

A(RZBR YR*CR®) wherein R', R® and R® may be hydrogen or independently
be selected from the groups consisting of alkyl, aryl, aryloxy, halogen, nitro, alkoxycarbonyl,
carbonyloxy, alkoxy, aminocarbonyl, carbonylamino, dialkylarnino, or derivatives thereof,
or aryl substituted with any of these substituents; R? and R may be the same or different and
are C| to about Cys hydrocarbyls; A is nitrogen or phosphorous; and B and C are sulfur; and
(b) R'AR?BR’R)(R’CR®) wherein R', R3!, R%, and R® may be hydrogen or
independently be selected from the groups consisting of alkyl, aryl, aryloxy, halogen, nitro,
alkoxycarbonyl, carbonyloxy, alkoxy, aminocarbonyl, carbonylamino, dialkylarnino, or
derivatives thereof, or aryl substituted with any of these substituents; R? and R’ may be the
same or different and are C; to about C;s hydrocarbyls; A and B are individually nitrogen or

phosphorous; and C is sulfur; and
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phosphorous; and Cis sulfur; and(c) A(RLBRZR3XRACRS)
wherein R2, R3, and R5 nay be hydrogen or

w0 nabepgasdent |y be sel ected fromthe groups conBCBHUSINGS/005416

of al kyl, aryl, aryloxy, h#l2ogen, nitro,

al koxycar bonyl , carbonyl oxy, al koxy, am nocar bonyl,
car bonyl am no, di al kyl am no, or derivatives thereof,
or aryl substituted with any of these substituents; Rl
and R4 may b e the same or different and are G to

abou RS, R Iﬁ hoF Qidspendentl
and c) iR ACROBRCRY) %er&énd (d%ﬂdz?semammm EnaRg) endenty

WoL 8 dhJR2the BrwpSomsit oREl BNy SryloX ( rHaR@Eh, Afiro, alkoxycarbonyl,

epen ent|y be selected from thé groups consisting

c %Jl k(ﬁé}/}’%mm&ra}ﬂo Ycarﬂ%%&l% 13, dlﬁlkﬁﬁxﬁmo, or derivatives thereof, or
Ak b

, carbonyl oxy; al koxy,” am nocar bonyl,

agﬂrs ?ﬁ mgst | iy S ‘7&{ gé/ u% ts; RF afleR? MBS b @8 SM@B‘%&“&T and

ute any of these substiruents

305, S e s i
R HERERARE AL B s S0 o

d¥f§ be s€ egth glqﬁéj%ﬂ g c%giq&m%tof hlﬁ?z beyt L‘{{ , halogen, nitro,

e er Oa eas

%&%@&ﬁﬂﬁ@%‘@ox;smo%% BB f%rg?ﬂﬁgﬁ@s i 5,

d'f&n}/qrtnlézés gergggtl %r IZSE]? hdrgivgr{ ?.Hyg)%?h tuent gn %1% R4 %%y be the
| 4.

L T o S st L e Lo, 0

wherein Rl, R3, R4, R6 and R7 may be hydrogen or
1?%%%%@H%éﬁ%ﬁys%@h%elected fromthe groups consi sting

of al kyl, aryl, aryloxy, hal ogen,

HI koxXy Brradobgieroatemichligape dgy an ailmwa%ﬁﬂ AbekfBbAgplyst, which
car bonyl am no, dial kyl am no, or derivatiyves thereof,
ltgranchmyﬁ/ld@lm desttthiee BetgioptAmapf Whchiah leas oue heieropigwyis Bitrogen and
and R5 are the sanme or different and are C to about
C1Gsthipdr batarpdiging areannd the same wherein water or acidic protons, or both are

abated from the catalyst system or a catalyst component.

92.  Aligand as claimed in claim 91, wherein water or acidic protons, or both are abated
from_the ligand, and the ligand has the structure R'AR?BR’RY)(R’CR®R") wherein R', R,
R* R® and R” may be hydrogen or independently be selected from the groups consisting of
alkyl, aryl, aryloxy, halogen, nitro, alkoxycarbonyl, carbonyloxy, alkoxy, aminocarbonyl,
carbonylamino, dialkylamino, or derivatives thereof, or aryl substituted with any of these
substituents; R and R’ are the same or different and are C; to about Cis hydrocarbyls; and at
least A, B or C is nitrogen with the remainder of A, B and C being individually nitrogen or

phosphorous.
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least A, Bor Cis nitrogen with the remai nder of A B
and C being individually nitrogen or phosphorous. 93.

wabmsoeashod of claim57, wherein all or a portPOnusf005/005416

the water is renoved from t1d3e chrom um cont ai ni ng
conmpound prior to contact with the netal

hal i de- cont ai ni ng conpound. 94. The nethod of claim

57, wherein all or a portion of the water is renoved
fromthe chrom um contai ni ng conpound prior to contact

owi t NThd\RetkBd 8f cladhkyl, wherRinddliNdrRg BRIFRTURGWat85is rdiiéved from the
met hod of claim 93, wherein the chrom um contai ni ng
cROARRNLBShtdiSing Of¥nafoliRdl PHok htod cEthdt Ritht thef @efdl Ahalide-containing
solution and the solution is subjected to an

cB@Sahpopi c distillation. 96. The nmethod of claim 95,
wherein the sol vent conprises an aromati c conpound,

ohal OgRMNEHEE o CAMROIN) ShiheRinPA G af dobtionQT (EONRENBkérRd from the
thereof. 97. The nethod of claim96, wherein the

c Ao RITRH: et SiBIRR O H&Qp&ﬁ’lﬂpfnii&e %o b@RGEN&yitH ThdIGA&al alkyl-containing
et hyl benzene, m xed xyl enes, ortho-xyl ene,

BEbAmyY! ene, para-xyl ene, or conbinations thereof. 98.
The nethod of claim95, wherein the anount of water

9E.e ”D’fﬁéjmleﬁiggrgf‘élgiﬁf @ﬁ \xﬁ’% e.inntBQ %@ﬂiu%ﬂ@dlﬂa?ﬁiﬁ Q(Kmﬁl}ugg s c_IQﬁteacted

nown methods used to determ ne water content.

t f i . ' . N
Wit arégg/eﬁ} to ?Arﬁl‘j&fe]groﬁltzlﬁré ﬁﬂft:h? E&aut%% %{eg@ﬁ % ﬁlaéz@étyoﬁcndésu}ilatlon.

conponents o conposition conpri

oget all‘hﬁl!ﬂlé?ﬁl d%"i}lcg}%’%( Lvih}re% tzlg I%)lg ;t itc:oé?xgrié:egrmra:lrogrhe{]go%mpound,

net al € and a neta a conposi
T R
L T N L .
tngernre,o | e%?yﬂ)netnggng,i nrgixed xylenes, ortho-xylene, meta-xylene, para-xylene, or
combinations thereof.
98. The method of claim 95, wherein the amount of water removed is monitored by
infrared analysis or other known methods used to determine water content.
99.  The method of claim 57, wherein one or more catalyst components other than (i) a
composition comprising a metal alkyl halide, (if) a composition comprising a metal halide
and a metal alkyl, (iii) a composition comprising a non-metal halide and a metal alkyl, or
(iv) combinations thereof are contacted with an adsorbent to remove water.
100. The method of claim 57, wherein the chromium-containing compound, the pyrrole-
containing compound, the non-metal halide-containing compound, the solvent, or
combinations thereof is contacted with an adsorbent to remove water.

101. The method of claim 100, wherein the adsorbent comprises a 3-Angstrom

molecular sieve, a 5-Angstrom molecular sieve, alumina, silica, or combinations thereof.
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conpound, the non-netal halide-containing conpound,
the solvent, or conbinations thereof is contacted with

waosdsisident to renove water. 101. The net hodrof/usioas/ens41e

100, wherein the adsorbent1@onpri ses a 3- Angstrom

nol ecul ar sieve, a 5-Angstrom nol ecul ar si eve,

alum na, silica, or conbinations thereof.102. A nethod

of making a catal yst conposition for use in

oligonerizing an olefin conprising a

10D O HEtE@ ¥ dhdkidda CRIRAURhpbRBoATRINRE if ?ﬁﬁ?éﬁqé‘lﬂ% an olefin

abating all or a portion of water, acid protons

cgﬁ’xbhsﬁlg' QBhRorBAPQ R atdif) c SRAPHRG %l'xcnﬂwLB& comﬁnam% fabat}ngl all or a

chr om untont ai ni ng conpound 103. T
t -

p%%ﬁ?a%f?ﬁ%%@%*‘i o o S PR PO pInd e chromium
cgggg Bhp&lAl M 103, wherein the non- hallde met al

Prlethylalunlnunl 105. The nethod of claim
1%9 2 Tl’l‘@ﬁl@fﬁb@ of H%n@fvzo%&&h‘ﬂ%' kth?dn[ﬂhrﬂgso g%ggl buchd is contacted
contacte solvent to forma solutl d the
Vétbllclnohdlﬁhdesn@d@}kébt ed to azeotropic distillation. 106.
The nethod of claim 105, wherein the solvent conprises
18 afbrmethed efshiou A3, Wherdiatheneriliddmetehgliol isdrietaylaluminum.
paraffin, or conbinations thereof 107. The method of
18f ai th@lsthowhfé?l@trhlQ?-hvefh@”@mW@rthqn@ulawoatammtcpmp@mﬁp@m@hcted
vﬁﬁﬁ%%iv%ﬁt'&gf N%E0on gnﬁltllgréeesggltlg(ﬁg ﬁ%‘é&%@ Q&OU‘(FBlg(ﬁgtlllatlon

xyl enes, ortho-xyl ene ar a-x

1@9 nb'l"ﬂéafn' Hé OEHQIB? 965 mgrem tng S(ﬁ%tﬂp 90%1 se CAIladrE%’lat {nggund, a

wherein t rom un¥ contai ni ng conp I's con
hajogdnated cabwn@@maratf@l, peeambanatieitsahereof 09 The et hod of
cl ai m 108, where the absorbent conprises 3-Angstrom
1801 ethd methed ef/dgm B Awlerein dhe Sﬁb’lemdu hraaromiam/@mpound comprising

b@]Lééﬁrei, rt‘(?fﬂen%,i étﬁﬁ@enz&re, 1%%&@ ixg]l%t\és,o &%n ?eng meéta-xylene, para-xylene, or

combinations thereof

108.  The method of claim 102, wherein the chromium-containing compound is contacted

with an absorbent to remove water.
109. The method of claim 108, where the absorbent comprises 3-Angstrom molecular

sieves, 5-Angstrom molecular sieves, alumina, silica, or combinations thereof.



