METHODS OF PREPARATI ON OF AN OLEFI N

OLI GOVERI ZATI ONCATALYST FI ELD OF THE | NVENTI ON [ 0001]
wab@7je4s8ent i nvention relates to preparati on BPET/US2006/031303

catal ysts for use in a progess for producing an olefin

oligoner. Mre particularly, the present invention
MEFHODROF PrEPERATION i ASYTEERASL R @Xﬁd\l CATALYST

conprising rom um contai ni ng compoun

ni trogen- cont ai ni ng conmpound, a netal al kyl, and an

optional hal i de- cofiERP RIFAGIEDIIBUIHEON or use in a

process for produci ng an al pha-ol ef m ol i goner

[o001] & @%&ﬁ%ln@%g‘ﬁm@ gﬁoﬁ ggbﬁlﬁg 61 J.l;)! S ocess for producing an

olefin Ohﬁomgo nMorezmcohﬂE,aheblymsmmomm tp mrmh@gaﬂi@m@izaﬁon catalysts
_ ity _ - :
compns%? qec ogg ema 5n1§1g OC%((L yal rg{r(g?eﬁl I%%ﬁ%lﬁ%g ?f%rﬁ]%ogg#ﬁa m@tﬂdalkyl, and an
optional _pirahfkacroatanrmrg n@hﬂwdds fCFromse ohi goreeess Zat poduciat at plphsolefin oligomer
Cmmxmhgp%g%$>ggpg%egggJaﬁ selectivity to the desired
product can reduce cata ‘'yst cost and inprove
econoni cs. SUMVARY OF THE INVENTICN,%0003] Di scl osed
herein is a nmethKOROUNRI QTR ISYRNIIWN| i goneri zati on
catal yst, conprising contacting a chrom um contai ni ng
[0002] 00'61&5{{‘911 ﬂleﬁﬁﬁlgﬁ 9&5195@ Sre ih @A th@rﬁg ﬁit@gﬁlaime%llﬂl selectivity to a
erein th I'Om unt cont al ni ng conpound conpri ses
desired naé)éscttﬂtménalabdw‘te 5 lousi rybduch erfelde ntEnbircomentinio IPFegeratiqns methods for
ohgomellﬁg% datdh ){é{stt@ ﬁﬁprgde%ﬁldgé% Bﬁirsgl'ealvﬁ‘& td s ﬁ@%dﬂrocﬂ@t‘%ﬁ@&d@c@ catalyst
ol efin ol igonerization catal yst conprising a
“ﬁtMﬁGMWBWVWQWE@ﬁta|n|ng compound, a nitrogen-containi ng
conpound, and a netal alkyl, the method conprising
addi ng a CO”DOSiEUQ@&Q@W@FH%&ﬂ@Wﬁﬁ@ION
chroniun}containing conpound to a conposition

qgr|5|n the nmetal al kyl. [0005] Further disclosed
[0003] herlepdpspd Dereteistfomepd mhRiakgeam OFET PhecwIcgdrRcriabit eomprising

contactifg@h @h¥un®OdHRSiliRd BenRufd) oM SO IRhAN RL & QR Langfl v@hereln the
ni trogen- cont ai ni ng conpound, and a netal alkyl,

chromiupRORB NS AP AgRise PS8 § 2B pPoubs WaisHRetcr ﬁm@m%?l@r)mers
acidic protons, or both froma conposition conprising

[0004] th eﬂuﬁﬁérQifﬁbME@d%Qan% RS SRR olefin %Hgﬂi’l%ka&ﬂoﬁ’ Batalyst comprising a
conpri sing the nitrogen-containing conpound,

chromiugopemAIE eFRPobpb rae @ftroganc‘@pta{nglgo?onmgpm% g’:lntl He metal alkyl, the method

compnsﬁ§ eR&h At QAhgRlitib] o @lshl YR ch&M&onEMﬁﬁ%" SSmpdue kP 8 *Emposition

herein is a method of making an olefin I gomeri zation

CmWMB@&@ﬁWV@%d@ﬂnpr|S|ng a chrom um contai ni ng conpound, a
heteroatonmic ligand, a netal alkyl, the nethod

[0005] COMRkth& dglofRAkicdUs Riethd oﬁnm{gta!n%ﬁﬁfohg@ﬁe%&atloﬁ@étﬁi&& comprising
protons, or both froma conposition conp r|S|n%

2 chromppp-6RAtANHPE @Wp@ﬂuﬁﬁi Ny PEGAPGRENNG commpush enda @ ﬂp%ﬂﬁé;. g method

comprls%\'lE avdi8t %ﬁ 9135 B5tki6n bf WAAaci®E poRRRIRBLh e & BekRetion &Mrising the

ereln
chromlum—contammg compound, a composition comprising the nitrogen-containing compound, or

combinations thereof prior to or during the preparation of the catalyst.

[0006] Further disclosed herein is a method of making an olefin oligomerization catalyst comprising
a chromium-containing compound, a heteroatomic ligand, a metal alkyl, 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 heteroatomic ligand, or combinations thereof, and wherein the

heteroatomic ligand is described by the general formula (R),A-B-C(R), wherein A and C are



heteroatom c ligand is described by the general
formula (R nNA-B-C(R)n, wherein A and C

ware@rnespendent |y sel ected froma group consi sSPCHySwhe/031303
phosphorus arsenic, anti nony, oxygen, bi smut h, sul fur,
selenium and nitrogen; Bis a linking group between A

1nde:pendea‘gl}(/:I ngtéﬁ? %glgﬁgf%lg g{)%%%g%&ddﬁ%sp %H%aer%‘]e%gc;agl mforréyg WX}%@X btégﬂ% sulfur,
selenium, @64 @k SHeRa8lisAYinking gloep pewtdnveanddl; enbR Amdiepeiehtly sdevted from any

homo or %&g?%%@gcg?y ;?g@oc?%r? %07 algl c{g‘;e{rﬂ]rﬁlr edgtgy | ot%lgeg‘&l\peevraﬁarslél}c%a Sxidation
state of AGRI @l YSts with an al pha ol efin. BRI EF DESCRI PTI ON OF

THE DRAW NGS [0008] Figs. A through IDillustrate

vari ous_enpbodi nents of t.hod of. pre
o0y e B e s e PR W By g coe
mthana@@at(@gﬁylst conponent s. [0009] Figs. 2A through 2D

Illustrate various enbodi ments of a nmethod for abating

water in the ion catalyst.

[ 0010] Fi gs. %%ﬁ$§%W? ra eh\\?/(jgél ous

enbodi ments of a method for abatl ng water in the
[0008] prﬁgﬁrlmghxeﬁg}ﬁrlDohlhgmmaﬂatsl anbodateatsy sf .2 @Mdd | of Fprgaring an

4A thr h 4E | | }D‘ﬂ L ar| oggoncla%plgn@ ments of a
Ohgome“ﬁaé]loﬁf)ﬂa CPrETaF 8 K@IO §EHET PPRISE cat al yst

conpri sing simultaneous addition of cat al yst .
[0009] COH@;Q nanhsugt 00 idjstrbfe yaridus iegbadigessp hf ofnethioé farvabriingewater in the

resi den e time (i.e. catalyst age) versus the
Preparmgrﬂ?? zgoﬂfnzﬁfé??e‘ﬁ? ¥t oduced. [0013] Fig. 6 is the

spectra of chromun(ll1l) 2-ethyl hexanoate. [0014] Fig.
[0010] 7 Figs. 3hethsopgle BBallefrate hators wmbbdimpnt@ oft method Xemabating, water in the
.S e 17-1. [0015] Fig. 8 is also the spectra of
Preparmgﬂ?ng?ﬁgl‘]ﬂ’f%ail?r[%g‘i‘isi’]yl hexanoat e, sanple 17-2. [0016]
Fig. 9 is also the spectra of chromun(ll1)
[0011] 2- Blchyhhexrngatsr, isammt evalidus3 em[)c@ﬁﬂe?l}s Bf ¢ nkethodsoft pegparing an

spectra of chromun(l|| noate anmpl e
Ohgomenf”ftloﬁﬁat%mﬁﬁ%ﬁnsﬁﬁgdlmﬁtﬁnqoé %ﬂ@og € azg%t r oped
chrom un(I11) 2-ethyl hexanoat e, sarrpl e 17 4b. [0019]
[0012] Fi Gig. 42 d Gaphe¥ tBpeetdea cahlyazenicnapene Glar @mﬂ)thE[) yersus the purity
2- et hyl hexanoate, sanple 17-4c. [0020] Fig. 13 is the
of hexeng ed4%F4 heat ed of chromiun(111) 2-ethyl hexanoat e,
sanple 17-4d.[0021] Fig. 14 is the spectra of heated
[0013] chmgms WAld spbotrade elirbybungKpRoaliythexsmatpl e 17- 4e. [0022]
|g 15 is the spectra of chromun(Illl)

- et hyl hexanoat a f used for o merization
[0014] caF%% 5t PR, 295‘8%?”%@&@%1 éjﬁiﬁ%‘f“ﬂ’h&g’%ozs] The

present invention relates to a nmethod of making a
[0015] Catal ¥&talsh tHe sps@a bichednhiga(THY 2-2ihpifex@noate, sample 17-2.

[0016] Fig. 9 is also the spectra of chromium(I1) 2-ethylhexanoate, sample 17-3.

[0017] Fig. 10 is the spectra of chromium(III) 2-ethylhexanoate, sample 17-4a.

[0018] Fig. 11 is the spectra of azeotroped chromium(IIl) 2-ethylhexanoate, sample 17-4b.
[0019] Fig. 12 is the spectra of azeotroped chromium(IIl) 2-ethylhexanoate, sample 17-4c.

[0020] Fig. 13 is the spectra heated of chromium(IIT) 2-ethylhexanoate, sample 17-4d.



olefin. CGenerally, the catal yst conprises a

chrom um cont ai ni ng conpound, a heteroatomc |ligand, a
woredoalo2#bkyl , an optional halide-containi ng coP@DUSZH06/031303

and an optional solvent. If an aspect, the nmethod of

meki ng the catal yst conprises adding a conposition

o1 SSIBEL R S SRAT OR I RRG b0

the net hod of meking the catal yst conprises abatlng
[0022] al Flgor15a1sp¢1{et isgtr®f ofWaliretiundl) d 2 ethpthetaanss semplodf4f used for
om a conp03|t|on conpri sing the chrom untont ai ni ng
OhgmnmE%W%Uﬁﬁ'StHFHﬂ@HEbSltlon conpri sing a non-net al
hal i de- cont ai ni ng conmpound, a conposition conprising a
sol vent, or conbi METALEDIEICGRAPTION or to cont act
thereof with a conposition conprising a net al

[0023] r eIT %j grﬁ%g{] %\?ellnﬁclglnx%@?eﬁg;gggx?e } ? ona(‘:!atgﬁst%érglgsg él} 8ligomerizing an
olefin. G@ReINY,hRMcdiyse cinpretda Tch@fmahrh—yqntaﬁﬂm% aphbireiab|beteroatomic ligand, a

het er oat c | | ands are d i bed n re
metl algEHEPRRT BB PERD B HC RED RO Ol Ry Rl the method of
making tBekaAdlyss Eomﬂn@esezﬂﬂlﬁgi b RBMbSitioh hanjstsﬁrgrtbeaﬂmmmmrqogtamdlg cgmpound to

ni trogenco a|n|n and. 4] Th
composif, LORPRYRE He Ji5t i e ?'reﬁﬁ 5%%5’ oI | gongetp? fatarl]lﬁst gomprises
abating a(ll| cefal pﬂrtiah iof vzt gcitlib @rat@is hachotf frava k icorgpdshien camalsystthea@romlum-

d h |
contammglcplﬁlgcm% aflo%éoesg{g)g fc?rﬁp%gn& agfe%n—me’tal eﬂleda cor#tan? 9% Qom d a corr#aosmon
comprisitd €&délveng e b@ﬁbntaﬁbﬂisahﬁbcbfzpmgtoammad:tehﬂrwf with aeqwbmdslmmomprISIHg a
nmet hod of [

metal haﬁ{.get %)Btam*ng rcorppciuﬁ% ; Iggc:ir? onaé gnits rela9 ngaﬁfo tt}éerlﬁ%rﬁl&fvcéf ln@t%ng%heacatalyst are
describeditrdi dA ddixiontliat manﬁmcaaulmlyeteewngnm@ figndd are dascréh b@‘mrrenrt are generally

ri.ner n ehn N
apphcablg‘%‘hgﬁ g}?&wd Oém%k‘r& ogzgt S\%hereéﬁbn nﬁ%& ctg é{wrglg 21 gagr?g% ? mitrogen
containidgnighndde t he opti onal hali de-contai ni ng conpound.

Alternatively, a rrethod for trimerizing an ol efin,
exene 0% Og cl os

[0024] c atqgie {}rgien‘éégvegF ci)nnagﬁo Jdlate% ‘i,(]) a Ihet}% d ot g gquannggéé/{]oggnf%l Lﬁh&lngthe method

of makin@ohP eamykr ad disddred hroidi rfent aspactn‘fhb mathofl @f ofigrtnresimg iokefingan be a
ol efin, e to 1-octene, S
method G afufindion et GRBe e REFRS 1 S lRRRERe motod of
ohgomexﬁlﬂlgj erdbﬁﬂttﬂﬂlﬂng] gs aonmhom dor t&lnteazmgtethvbhq; altarnatistehod method for
tetramenfmg g{h tﬁréea an € Z| Qo%frrgegl’éo e t}g)rla eforﬁcn 1'121 Fﬁlle%e % t}éylene to 1-hexene,
is disclosaé| wknkeent hthe ofatalyen aloesh alok deelmi@nttlal nptnrglalc (hnlpbtmntammg compound.
Alternatlvéclﬁ,p tg;ec& ?drltrt'n{rllegrhzt dn%(rjgp]t &thil Q al etl%elnla (gcﬁ% 21?%5%2 Irdﬁglo?‘?d wherein the
catalyst Idadsl nieiudaomb aiptipmad) habit}snonﬂammgscqmpegeint Irggn \geibbdigent, a method for
nts h al i de IS¢ include th

eSS T Y5 e 150 ORI 0 SOIPOUDG By e e
optional Ihaild'aspmmhmg ofmmur Alwrnanvclmm methodhiyr teompoizing 2ptoldiinzeg, cthylene
to l-octeg = ds %clgggctl ralg t}%e cd r o r?gsr 1%%]5% @115 ﬁg‘tgolnglfhﬁ%i < ﬁﬁlnnl%rcginﬁound As
used hertingtheteho dpiminalrimkdﬁﬁcg)ntahﬁngxa)t@bm is ghtend¢dote edven @mbq)chmeqtﬁwhere the
halide- 0%16%1%% &?nrf)tof?ﬂ i§ %r%hsea rra]{sgwggrllgag‘;e(: 11%!—:1{1]% \ngegéé%gﬂgﬁgg drﬁﬁﬁm compound is
not presdnbe chrom um car boxyl ate can be chromun(lI11)

tris-2-ethyl hexanoate. In an aspect, the conposition
[0025] COMRE presenglnven%on A0 KRG gs%ects 34 chromium-containing compound utilized in

the method of making the catalyst disclosed herein and the method of oligomerizing an olefin utilizing the



conpound contains |ess than 10 wei ght percent chrom um
ol i goners based upon the total weight of all chrom um

WG p@cioasoa t hi n t he conposition the chrom um cRPCIL/EE20061031303
conpound. O her aspects of,the chrom um contai ning
conpound and the conposition conprising the

method og\gg%fxg onaﬁa? sta c{l cllorggi &34 oﬂln%n‘t?)ﬁﬁneq ?gl%r:cﬁ%gnug?go%aqhmg compound

e aspec um contal ni n
can compmm}aocﬂndmﬂme c:ab(swlaapp[n c&in embqﬁnnd:m;s the chromium carboxylate can be

chromlur?{_gb Q}Eaaé Qé n g&?:ﬁ nh% & %&O%f h{ﬂn&&ﬁe gﬁkm c%‘ntammg

r-zing an
compound) Iceftams leﬁsﬁﬁa'iﬁﬂo \#esghtl $adenh eln'emm,m ahgpatlalby@ﬂ uQ@TT‘{hO tasa tweight of all

chrornlun?1 é?eé]re% glsﬂél% t%e %gnrgp%olélgln‘{)r(l: I m 1[1]1% &&Fgglg Cfther aspects of the

chromiunitednitdieng owmmmd Bngi e rmmpmdgon a;nmgtmmg)ﬁalchlsmhmemtalmg compound
are descrl%%c{m 66 EIZL%.&IP trioc ee%;)ect% of t%e &}ﬁ‘r&%glg} cglﬁtﬁlltmﬁl %orﬁﬁ%uﬁh X%talso applicable
to the chivntivndg@naigiog tcammumgutdm:ﬂ)mumjmethod'@i radkirg tkg/patalya;h and the method of
olicomer2RL angﬁknhallde cont ai ni ng conpound, an optional

B EOPYRRAT,™or conbinations thereof. In the various

enbodi ments di scl osed herein, contacting of catalyst

[0026] coA‘p onehthsreimye ogdyst domporst onclnios @ clopmisptcopieming, compound, a
heteroatomlc m"I%aa:I:]lh’l zé on?al &ﬁ(g? A o%gloﬁalﬂ \MHeQ: ntglﬁﬁlﬁ chﬁﬁp%g?%% {)}Zi&)ﬁal i'?lvent or
<mnbmmnmmﬁhﬂvﬂzoheamaybbémQMSpog@%mtWOQPWEQSQHU¢§ g .chggmium-containing
compounét orlﬁg en—c%&lélpﬁlé %{pxﬁ%ouﬁc? Qlt rﬁétylearllgfl %)E)bp&la ﬁ%ﬁ@&ontaﬁrﬁ?gcéo%pound an

) ectlion
optional prtbvdnt, 00 pomlsaaﬂlens theneofc drrbhenvmgusc@m@dn@nts diS@@ede heprasg contacting of
catalyst %omlpg%e%ts 18%@%1Jhﬂé Q)g% o %ﬁ%n%gﬂ%t%%esi 31% Etgrg%c? 76 Qﬁé 2&1&&51n which the
componehis @i cnmnnmedtaed/mscombmm@n@ﬁhexabedcqmmgd nBli cpeipe poregnaypy disposed
na Vesseqded g tgﬁ S Sgly (Fcﬂg & ntﬁﬁeq %mm rvesgcg nrg&ﬁ)tr reﬂzt 'a%hg{h(yfplpe e.g. a tee, inlet,
ﬁ n% or more catal
injection @ompuﬁ@mes for Tbrebmleg n@rewmed feed ling§ mfosa mn@pnflmes@r any other suitable
apparatusC %% %+11¥ g t‘ﬁg g@rﬁs &hdc%g‘cacte usecpﬂéxlén? € ﬂeHﬁsQ:oﬁtaég& Qrﬁldcombmed
)% ent ere a first cata yst conponent
refer to ang aédj’dmjseq@n@, guderp procopesnbiptipg tforcaoniseme ot cor{ﬂh@ng Ay grgpore catalyst
componeﬁgncl%g tterr%t Adg&i' to QL all‘sn?é) arg sft%&thl?st cgﬁl SR :Idli(gdste g$ %E&Ed’ $#to a second
mponent conpare ]ﬁe second 8ata yst conponent
catalyst qoypmmt | Whirea first eatalysedopnpenaat is agded t9 mescerisaislyghpampersat, the initial
concentrQH)B a&r'n?@arqgtlot Qie[héaﬁlq{ éa'ta%t cdn{boﬁéﬁ%on%m% eRiend catalyst component
ont act i ng of conponent’s may occur 1n one or nore
typlcallyup stlativaln ot aad tincreners (ayyr Ehel dyratip of et 4d€itior.o At s fgbodiments,
contactmg” of Qor%oqg{ts ) &yt ofO &pﬂ&@ ééﬂtl%lm lcBntst %n@{s) ?@Ur@o further contacting
wnstream cont act zone S ere a p ura
with othetoestaiist cormasntis) & eeptroyed, dopsieaeiopgct r?av«‘(ﬁc clfpere a plurality of
contact z%hfglélret &}éﬁl éént@&fng%yto'a&lr @ﬁ)rﬁﬁt%t)uﬁ}pms the @EMEdD Ebr@ls |s¥quent1a11y
Cross € contact zones, or both, as is suitable
across tha C@Wéxpneh’gbw}n@ms suigblateretsivey ephydipentcapniacine Bay bﬁ‘n %HéFd out in
LOHQUBLRTACESR oAfodiBedui tabl e for a
a bateh Opg%/ngﬁuogng%&%%rgﬁ{g [0027] n embodi ments utilizi ng a
vessel for contacting the conponents, the corrponent S
[0027] mayn bebebménsnailiziper ves] by cantpating fhegiompersals, i cppenents may be
optlonallg %%i% ’tﬂf‘y il %13%&@({@9&9%&5&1 o TR fobmiRird fhp WAl bé @dmoved for
ent processi ng mbodi ments utilizing a tee
subsequept prg@da%mg rfe ambodiroentsotitieing g ok ionetBeranrens fascogbing difiessuch 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



an optional in-line mxer may be placed in the
comm ngl ed catalyst feed |ine to ensure that adequate
weonraztsiyng of the conbi ned conponents takes pPEDES2086631303
the mxture is thus formedsas it passes throughthe
conm ngl ed feed line. Where a nethod of making a
the comrr?m rled %gcf l ? arﬁe%d%‘fl;nalgﬁ £ spl%tcllteg @oerct &%Bﬁt%e?ﬁon of catalyst
% SUch may be eartied out by contacting or
componeotsmuclnmmgb@d:drrlftdrouabjpmntapm wfkorgbithg elb apopahensofispch components in
Vanousem%oélmgﬁc't% enbodi nents. [0028] As used herein, a
onposition conprising a catalyst conponent i ncl udes
the catal yst conponent alone or in conbination with
[0028] ondsarsedrberingdddmrisitn canpoingds catglybty emmpsnend rindhesieh the catalyst

componelﬁpgloﬂe Sqrrlr%?m&nat%oH nglfon% o m%% %dﬁ(ﬁ'eﬁep Qorﬁé}o%ﬁl? ég@ryeng or both. None,

ence o
some, or raﬁ fofeﬂhe eco:htd:ct:ngﬂe};a magy |bt lczmeﬂ ous l theegpresenceve a@ﬁvmgsometlmes referred to
as an optlonati 50 Ven %chama(l: oget %%Bdu%gc{] &y Icg}ltéop %!)rH:S%Q nncYHsﬁ)H va{llleon%ror more
nprising a cata conponent or
compositimy cbmpmsntgmchﬂzl;ssd csremeratoe imyy the namdmcﬂeseltar&z@:ﬂ@ a fontact zone, for
exa . v initial charge to a
example con aclg ?Sﬂlaassd %%é%hage% i gogltea g{el nis a nethod of
rrakl ng a catal yst conprising a chrom um contai ni ng
[0029] compolesd, haeini is raogetho€ oh tnzkme ry c@@lmﬁ ownrisivg gethgdmium-containing
d,
compou?! igxl'tr %&% 208l AR AR ALD ngﬁlgg?%@gmg%g%mpm and
Optlonallm Iaeélwmt fcwrmeer mlmgwmmp os plefip the@mm omippgtinpemprising the chromium-
' & alkyl. In
contamm;ghcfo%wutm%nﬂc%g grg?t%{ﬁg%?%@%% c%gfptéﬁﬁ&dcohlgpanﬁcgm alky
Fig. 1, ey gnboﬂuneﬁlmfpr enhotdigentomppitoncompaung thg chrpraium-containing compound
! A through 1D
with the 88%91‘?’151& 50915}3r1hl%gm r§ét'ﬁ glkgllt]? a gﬁﬁ%g&n%ﬁa%ﬁ%ﬁbtgd r![gguresl 1A throug
are inclugdédcaglillystyatiye a:cm@samtlozxe ﬂ@rrzhoelmehib o8 the atesent disglepyreeand [danot limit the
I I .
dlsclosugee%?I:%%n Hgtlﬁ %gé 2 lﬁggoéjcée@%g)'ﬁ{l ) Ea'ﬁéx\l.’ gf téqg él?_]e of a pyrrole-containing
compourg @cthggmrgeawdnt@mmg comppypidt bethis S&:lpkéélb@slmderstwb fthat other nitrogen-
contaml !)Lﬁlds F§ &YG R illéen]r Qla e u&ﬁ%ﬁj lfh'e l%ﬁlgodlﬁll dr('tpﬁlo%nﬁ ??é{lreQEA—lD or

se of a pyrrole-cohtaining conpoun
any othen ¢mb0dg@ntscﬁmqloaﬁdmer¢gl dirtpronerd, Figues 14-11 latsulegbribed in the context of the
use of a %rc‘gﬁtglgglﬁtclaﬁﬁyo&ﬁhﬁft 11.n§h51519 &Ps{t]@dnthﬂgn SRRV gﬁb(ﬂﬁnents the
escri erern may use nbodi nents shown
halide-cintpirfigaempguridanay 1R ogntted rﬁynﬁhm@nbosimtwhem ig Figuzss L §g\gtjor from any
Figures 1A-1D are described in
Omﬂengﬁgﬁ%gﬁ?gﬁ%&£§£§ﬁe use of a halide-containing
mpound, but it should be understood that in ,
[0030] al tIe pmanlpqden@ﬁbbﬂumml én Fighleh, fthel doghgostiésit caimpiisigg the metal alkyl may
be dispo, éamHQ:UHtgct%Xe P% thé ‘é&nﬁfo&%ﬂ E(Hx?prﬁfﬁg Qg Hﬁ&{lﬁm%ﬁﬁﬁﬁlﬂgrbompound
I gures 1A- on1a y ot her ‘enbodi nents discl osed
may be dwefﬂeitdqvvlﬂ[ w@@qd to the spmpasiviorl povenmising gheinpeta) gikylgresent incopiagf zone 115
via line dlﬁ TB@ﬁ'n § OITR{RE bdh SitiGPHRS Besfe&gertechfs a'B?(B(ﬁlL:t & llﬁié|17@aYlleb:‘8mposmon
pose I'n contact zone and the conposition
comprisigg thrahenngmchrtaigine oapmme @nh@ Hi0rrgeyc B sRBIPTIRYP py@role-containing
compom%ﬂ Nt A&l E?taWh&lﬂ}e%nt@ﬂglg dco}r%ome U "J&Qe%'t £ ;0 Qon%?l'igﬁBﬁss kfkof. The
e neta present cohtact zore 115 via line
compositigroontptiging tha ahrogamataptsiningmeposindineny akeagorierise e gyeingef non-halide
metal allglﬁ toaabEtE QH&QﬂedV\bﬁerl de n%rgtgns thb%thc Qﬂﬂ Fdséd ﬁ@no@@c‘l@%l‘ 1te? The final

om um cont al ni COI’TpOUﬂ
catalyst fempobigpn swbheifuwhen diyie midth - Qpbqqntaﬁwhpqhgnay not be 1dent1ca1 to the catalyst

preparation solvent) prior to use in the oligomerization reaction.



conpound, a non-netal halide-containing conpound, the
sol vent, or conbinations thereof. The conposition

W@ 09pi245ig t he chrom um cont ai ni ng conpound NMEYT/EEX06/031303
conprise an anmount of non-halide netal alkyl to abate
undesi red mater acidic protons, or both, as disclosed

a St cO S
[0031] mh}m) Offllfﬂﬁllt;ﬂﬁn corrépqsu & ewm%]tel aflkygglie%eélnlfq CE) ct gpe ITH@ fn 0\% Qc%némse the
pyrrole-dodingcahpduad,ttivchatiéd- @dnmhngmompamdith@mlmﬂ memm)nnptnons thereof. The

halide- c%lgaﬂ&lilg’%emlnﬂogﬁndg%n%“ glrrnﬁeréeld t 1 COQ nr eatclt }Ikaﬂiie [099§m111{lﬂ'89s thereof. The

CompOSlﬁ@fﬁoﬁlphSIﬂg)ﬂhe ml:thalkmiycatmpomlsse t h&tapg/lk)rl (hhleieca)mmdlahd etal alkyl,
nt e
ai nin oAR n
a non-mgtram[ggﬁ%l nrget't %ﬁg‘?ﬁ% I,c]) 1nat1ﬁ;]s {hﬁrg.?tc . econ%q a,llﬂ/!p ﬁah ?hlg and other
embodinG:at¥PaayN coniaige Ideﬂalahmlmlm I@hllomtbe(DRMB) angtthd nhtahalxde metal alkyl may

compris%{%:yp%tniﬁl%qr% r{’ggggl g% an el&lplglglggt aﬂsil tn{egir al?c}%mg ?31 {i'lgéjtahc{%—contammg
compoutihag HAACE t}méiahdie ca)hiayimg campo.md amt thé mbtal alld/é a met al

hal i de, or conbinations thereof. The nmetal alkyl

hal.i de i di rren
100321 52 g 5 Pl f <45 EDEAC) PR RRAnBRINEH Sy b formed n

contact zmiedi 25 ‘talckuythc‘ungy cauppitions eomprlsﬁg hy:lpylad)lcj-mmammg dopund fiad to contact
zone 22 Vl F%?}g r?@ljlg ﬁ%)rlr? eos%ﬁ chl{lp%l(ill%% lthen%% (pn?an%lﬁ%compound fed to contact
zone 22£hala hmEezwanmdl mayncg:cmcabp@umthnam@uﬂha avet afirsglekiyd of @08 2jom about
1 mlnute to a@ouf ?{m ISy %p&ahQ %;(Jt:l om lﬁl%u% ﬂngnqlte 0 a?Edug6 hé]lﬁsé Sﬁematlveg from about 1
minute tQ %u@hmnalamahwgy frorg abquoshqur trebog rmlpms i Imgodugtion of the comp081t10n
comprlsr?lg the eon% AL 8‘1’[8'}1'&1?1? ﬁ&%ggglﬁ% glgdl tﬁ-«? ch‘Bpg)Sﬁgrp E(g’&%‘?sﬁng N I?ygr%le -containing
compou@noanmannzct@rmélmuyﬁ:g sequepital G, febrdmiumn @dimvatby szmée @ fce-versa) or
simultan\é{)/u ldn thg ﬁ?ﬂol%ﬁrggmo%% LHE Hgs 1@ oyotntaktgé Ena&&ﬂﬁ]te%tié 52/5 ’@15 pyrrole-
chromiuaboimturelf?orm omtasl; zoat 2 may be\ﬂehtyctéd with erladdad td thmcnmp@ttoo comprising
the meta?@g)ﬂ tprege I?gluc ﬁtact%})rtﬁe?rlﬁa a lég :2){0’%}1%%“%%%5‘%“ %oom fﬂ&grﬁaﬁegusly or over a
second @biodibf @mé oﬁfre;m abaitt rlodineteito nbocuf 12 haurg ehiposively (fwm about 1 minute to
about 6 %QJ}P fad t&#ﬁ&kl& I}I%mCMOQm tuh tgta%lﬂ '3%u1% OW{% Qi[ﬂgl ctaggr ygoduct in

I'on” conpri si ng rrol e-containing co
contact zooe %kﬁntTén@ ﬁnzl@ﬁﬁelyﬂmdmyndyé)e%ﬂ}duewn iffam cowrtagy zonst¥ld math’lirl}e 270. The
I . |

LR Y B 55 e LR 1 e c
preparation sglvant) @oipr te osean AR Blipdrecriggtionedaetedmr oni um mi xt ure from

contact zone 225 may be contacted with or added to the

co S I ng. i
0059 OGS HBIGARTERGSLTP 065t ey oSSR e 20 n e
compositiprs ¢caprising the shrpméym- w@mnlag swmom | ipding Z)?d) 14y ltej qgptagifd, e.g., over the

oyt t
first period Y Qoéd!tan ]1ab5n£}t %gﬁsgan% éojfét hé%ﬁlg}g :ﬂ;ﬁCr i’:}{l(;el%ngﬁ {)/re?%ﬁﬁatlvely ata
vanablefRydEn rafjountid tonformtthe pmc_éebdmm@mhmuwge int ¢pnfagh zong F85.  The pyrrole-
chromlutrf 1?&%:1& it &)In% t,oRE 9951 ﬁ%y iy %9 ggﬂg&edzxgﬂ? or2added Egh f i09&lthe second
yst product nay rawn from cont act §one
period 02 tige, wheamdtil ptkyPiresenttin emftacn adne 251 b Yimg 249 ovrppbernatively already present in
| 0

contact %gew{ %a% P%{t tc{}]ﬁsﬁdny\%}t ¢r HodS ?%OS g&rr aetg(%lﬂ%iﬂg Isﬁ (;c %J’f ﬁ%ﬁ about 1.0:1 to
about 4.0:0. ABendtivelytihe momlmtrmme reentacioene %ﬁm]théﬁﬁv@ Con‘facted with

or addecft% n:?? dete tgg se%grgﬁg h%él Q@tn&b Ehel¥dtd1 gik?l’}ﬁ&@ﬁt% Q&n@a%t go?lga?y{;}lg line 240

ata varlable Py: Cr molar ratio. In an embodiment the variable Py:Cr molar ratio is decreasing over the



conposition conprising the chrom um contai ni ng
conpound in line 210 may be contacted, e.g., over the
w0 eogn243es i od of tinme, at an about constant pyPC€DUS200€031303
chromum (Py: Cr) nolar ratio or alternatively at a
variable Py:Cr nolar ratio to formthe
second Fe¥ibd 9{ fm %&%%&Eﬂs?ﬁ% l#’y%r' o159 AfeberZB1E %eggrgl de&lggsﬁng trend in the
pyrrol echromum m xturé in contact zone
molar rapefrem mlgeat;@art@@ thejadditionrsequgaiedo the finish gnd ocengienal gm@eagag gothelratio within
the overﬁ?ﬁéc%qm 5é trénd act:elf)%ngtIﬁ‘ bn Qz}lig&&m&ﬂ Q%gc%amh? trgr%&atﬁé Py:Cr refers to
zone V|a 0, or alternativel read
the spegfice @@ﬁtlonl Whero ﬁlneaeltdmgoﬁeclz 18io0 iatlesy ﬁh@b@gtbegmgg é’mCr ratio. In an
embodlnll:a‘xt nm?il @5[ Cr :Ho'lag ratlfo % th%)%a%f %%e;dgglgg&?glefﬂfg greﬁgr tilgrp'me final Py:Cr
molar rap«y of o izt ond arening PuFe i il crdohis 2ddtiqneryayttisdess than the
final Py: be w3 hﬂ? ()Ffﬂe Y:\ﬁt:h?% t Ofn a‘ﬁ@@f@;gm Y m fBe Gnal Pgt‘? FnoEap ﬁm% &f @1@ (éatalyst may
peri od tal a present i n contact
be in a rpppgel Frpm f\bplet 10t e a@ﬂl@ 4k 1; éhWIalrtlﬁlaEﬂ (& myjar@rtiqvpiabe great¢rghan about
6:1, altelanm%E/ ﬁgg@c@ B hut E@? ﬂt@%ﬁ%lyegr&er %an 'ZPAL@ ﬁ% aglﬂel(ﬂaﬂix%ly greater than

decr easi ng over t hesecond peri od
about 60¢e gndeths Prvgemy: Aomotss kadie TRaaitor @repier féatrsorte@«laétogéﬂlé IOazltltematlvely greater

than or &iﬁglrtg %ﬁ(‘)Lﬁlg 14r Ql%a'tl{?el}t El%atgpﬁq% off QKJMQO falgogm)t}hearﬁlt aﬁ{eltnaﬁ)xtely greater

dition sequence’to the finish and occasi ona

than or efjypd feaewd) G- h T AeerpbadineeohitherininaltRhr enpdar stip ikbewtéyisk g final Py:Cr

molar ralié Sﬂge @a‘ia@ys@@lﬁﬁgg &bk Sooul SheaRIr SR AT an @ 1l @EAIBABY-BBmolar ratio is
trend of Py:Cr refers to the specific situatlon

about 0 dysiag @ swqu :gﬁaq qagrhaf ofthe additjon, Wierqipthg fipg) Zjj:Gr wolar ratio of the catalyst
isina rﬁ%‘ bf‘ﬁblﬁ@b(ﬁﬁf 191 fo3bbR-4.0: BRoQIRAHS BN moleddniaftidel Rpound and 2
: nolar ratio at the start of the ‘addition rmay be
chromml@rC@af@l@rngwﬁ@ﬁmﬁ én p icpripct pynedie- Spdprartionaefi P sEr midure) as disclosed in
various GRoRinRls mAH cAitie® B8 28 QisEscPrin TR Bfagfa fl '1901L§ﬁmgt 1;1@ n@trlgmted to the

of the addition may be | ess than the . nol ar
embodimegisishovgrinFigs 185261 35 6B ¢ﬁ4éﬂ3enbod|nent the flnw
Py:Cr nolar ratio of the catal yst may be in a range of
[0034] f T Ak aGR¥kkitidn &rri&)nglﬁg 2 Q%mﬂm@c&ﬁaﬂnﬁ%oh%bﬁﬂd% 113 19"may comprise a
nol ar ratio may g*eater t han about 6:1, N
non-meta]| padidpraentajeng cgmé%w theh sgiveabotit c@ppinationy fheraeht i Wb ypomposition
comprls@% el BkrolRaftiahe %Bmﬂ&m& iin "ﬁhé 850 ﬁl‘éﬂ/ \4&{115{'159 &R Sfetdl t?l@l'ﬁie ~containing
60: 1; and the endin nolar ratio nmay be
compourg]f glgts%lp/eqt rpaﬁorgl?maélegsaqhelp%f gbg]@ Gt)mgpsrugp CUPRTHERI g}lrormum—contammg

compour@li8 &h&P 16, HRRorposRigH @&mﬁrﬁ%m@ QMynQ}eJemq{alnﬁg E&ﬁﬁlﬁﬁl& %elié 220, or both
greater t han or equa bout

may 21SOOpRF H apOPY of penshadide m%eh alyl g ehaléﬂ unfi%flra%wﬁr acidic protqnp, or both

as disclogéd Edi@@dlmﬂﬁtwetyh &e'rﬁhhhl@de 1E8tal Qi MBad e leahithQed ﬁlﬂ@@f) Hdded to the
twice the final : ar ratio of the cataly

pyrrole-cTyRipg M ey g% exalﬁala fn lawé4ﬂ siofing 30, ReoBARFIEGRS Lishona). o both,

to abate BRIGLiRE wWakkr, Gbid¥Prd6ns! GHbofh. IThe 3BAMsitdn B4ifirRGg Qhesrﬁ@cﬂrb@yl present in
about one-half of the addition, wherein the fi

contact @9@ @5 RSy gpmpréﬁe |t1’5: }gpd%%tag%gaq:cy@puqu the ﬁ;olé(eqx,aq{g@mamatlons thereof.

The comﬁé@tﬁ‘ﬁn&ﬁﬁl@ﬁsﬂg e ﬁlefapal@h%}hty afko Qoéprﬁe Rtrh@d Wikl BiNd8fa Rn-halide metal
rrol e-containing npound and a chron1un}conta|n|ng

alkyl, a%ﬁ%@&ﬂ?dminﬁneéal E%]ﬁl? &éfor%@??élo%%h@eo formation of a Py:Cr
m xture) as disclosed in various enbodi nents may be
[0035] cam& b dmBstim@® adlkiffnos ety i 1T, tamy%oﬁaﬁeag raﬁ@hmmmelnaa@l ‘tﬁzgformed in
but not limted to the embodi ments shown in Figs
contact zZppe 3%@by 3;Bntacé]ﬁa tlzPAqulpOflggggfqmpm@gdmlq—qogﬁmmg compound fed to

contact z&%@% vl 10 32 WRiHCHE %M%Mrﬁh@ the G AWNTed 18 cbhth® zone 325 via
conprise a non-netal "hal rde-contal ni ng

may
line 315 cwhlﬁ%m oceeabep) (peiattancapslie ooV st fiesh Petidfeplotifne. Thddition of the
conposi tion conprising the pyrrol e-containing conpound
in line 220 may conprise a non-netal halide-containing




compound, the solvent, or conbinations thereof. The
conposition conprising the chrom um contai ni ng
w@eospodsod i n | i ne 210, the conposition conpri SPCyUSIvE6/031303

pyrrol e-containing conpoungl in |ine 220, or both may

aI so conprise an anount of non-halide netal alkyl to
composm&n CO{HBHSrllr(lj ° I r edol\é@:t %’inmng%{)lge&ln@ raﬁ(? E%S%Og%%ﬁg&t gon?pﬁ‘ising the metal
alkyl to adnkiyd zamay32b enaydwt aqmeadalvor: ghp;@rolea&ﬁe‘dect by trigtal alkyl or vice-versa) or
T e T R e
metal alkgbaiiaurt rfcbes Cangedt me'srzﬁ nauyitdi disppsedtiamine 0 iporohtactTieee 335. The
compositl%g n?g%%lstlrl%%e chrf qdn%—lcor}l%lﬁlrp ecm ! ﬁ'!%dh%lai%{en g); %grgtg(%t%dl ﬂ}t}h or added to
contact zmrmé wiedlinet 1@, \slmtlvmmjt QCCCM abommmnﬁ@lﬂb( of leear @kcond period of time.
The com](o:om g%o&qpr‘i)sq]n Ctﬁa ! I(,:Hsulﬁngil 015{[21 1Ing§&%%0u%!é nli@/th {@%ta@tké Qllﬂln or added to the
pyrrole-nakak yllkyl raix et aésettah caheact z@mﬁ}ﬁeioafbnm@b ifidd catalyst product in contact zone

ans t ere 035]

335. ACquIO'E or}athi éom%om 101 Cg]lngm{'lr%t f%? pg{'rEl %}ﬁ?)%?{%?éﬂ?&ngye agé tﬁeh Q&ﬁbosmon
compnslﬁgthmommmnmmm cgopren@Rotyget @cm:t?»éé tanbe th@entlal (e-.g. pyrrole-metal
alkyl follgwég)l% tlhe Ichqr g‘ngg‘faizl n%%gﬁq@&m@ ¥ (71% %é&?&t d'i‘lhﬁlllttaﬂg)ug.owg catalyst
product rna)mnaomﬂtdlrm fz@mpcmt@t rge Bhe wmémal?mal Kyl fifabeptalyst e@piosigen may be
further d&uq wﬁ%% sho\é%eﬁ‘ts(:vdhﬁﬁ %318%28 It1§£2¥o tgg ?#%}as@glgﬂz&ahon solvent) prior to use
in the Ollmmrnzatmnr@tthnhecorrposi tion conprising the

pyrrol e-cont ai ni ng conpound and the conposition

co t t &thR‘% r%%% Y5l perf
[0036] Segﬁéen%lhgl% }‘J:B%dﬂi%ﬁ ;a/s#q(r) 1@ sﬁ&gsttgfe crc;e 2 0 e elﬁg se perform
the additiph cepvers de additign muemaeneoulé alt@atleely lbe rppjormed @ arﬁetgéﬁ contact zone,
for exam?{1 k%'co&%@é}zéﬁ%@?% f?{s%b%&ﬁeﬁqhggoﬂq Sglgﬁ %«g}gl%nsglgglge ﬁgtgl alkyl may
first be phesgd ine‘-hdc@msme v inaa $qc¢rei s8®0hd ¢epnenopitiert ¢ompHies ﬁswyrrqiﬁéontammg

: 5 Hﬁﬁ Q!nia&l Tkyl t in th

conpon SIS A QR SO G100, S AT AR 18 o st
contact zomltoacftsa-wsﬁé t@8&:quatdy Fintpst mofonn\ﬁhedbrrrﬁlﬁyne@é éllfb’l mpsye In a third
step, the c&ﬁn% %RL%@ @&Qﬁf?’l{l thQ rchrgl\ﬁﬁﬁn n&ﬁﬁ%‘&nﬂgﬁddqgayq;e cEﬁtE@ed Witfor added to

osition co chrom um cont’ai ni ng
the pyrrofrempsaliatia! msmtrhtwiomdh@ﬁ@ﬂeﬁtﬂalw pldust. added to the
pyrrol e-nmetal al kyl mxture present in contact zone

[0037] 33%‘}16 %%%Joglk%éotﬁﬁmglh%@% %@ﬁiﬁllrryéﬂltaﬂﬁ&d&%oﬁn@ SR A6 'irnay comprise a

osition corrprl Si ng
non-metqzbyhahd¢ eontptting caimigndnihet en%e:ntan@r eorebigayiagso dhierdobn The comPOSItlon

compns&% iR rﬂg@gf@%oﬂt&gmﬁ LIS ﬁﬂé 92(”11@39 C&‘Q}H‘RQ U tnQ e ‘Bﬁlﬁc@f‘ctmtammg
e sequential (e.g. pyrrole-netal al

compourFlofbl sulestt sy CorhEnztmsheTeAT c“amcammsﬁ@n @eﬁwmdheothommm-contammg

compoun\élI ift g)ﬁéé ?fosﬂ}: g&po% tl'gﬁ LEARE g%he p8lefcbahing @b éﬁ%& in hne 320, or both

drawn from'contact zone
may comprxsrean@munmfeoﬁ -hatide metat Al & abets pdrsined \mﬁernfﬁgﬁlmotons or both. The
{3/ @0 coMPHiE I RY: 4 tREn d, th
Composnfl(g‘eér??% %gﬂé hlétﬂ%%l o 1:]1 g%ﬁt@ pr e%gr&ﬁl on sol 1ventrlta prgl Cc?gn porne, e
solvent, ¢reeoppbimations thgeeoH| Thg@pmpqsglg@ corppristag dhej rogial a[k@btg@} also comprise a metal
alkyl halﬁletaqgﬂglgh&et}ﬁ‘etﬁ di, FEO 1 ROWsh-nBatFHalde, HGoRBAWSonk MRreof.
ntact zones beihg used to performthe addition
sequences the addition seﬁences could alternatively o

[0038] be Ipen fembedutert rps ghayimiyl Big-cldhtaaeompesiien congprisiag ipppyerolergentaining
compoun%qg $ifiCAo0%08 ft‘ (ﬁ%%‘Sltll)IFC(;ﬂfiJk &PE{H@ QM -contifnd QIRBSdih B 410 may

nprising t
be S1mu1taneous1y contacted with or added to, Wthh may occur about instantaneously or over a period of




first be placed in the contact zone. In a second step
the conposition conprising the pyrrol e-containing
W@ oovpozusod may be contacted with or added to theCT/US2006/031303
conposi tion conprising thegnetal alkyl present in the
contact zone (or visa-versa) to adequately contact and
time, wi‘{hoar ggrﬁ %Sticpry %J n@fng‘%lﬁe%!netgl Jﬁg}tl ket glntalcpzcgle t4|'1]5,ra(Ed St catalyst
he cé)rrp03| I on contal ning Re Chrom um cont aini ng
product maynipowitidicavay friye comet agieddS wiatline 470 atliebelina catalyse composition may be
l.e- Lkyl m to.f '
R
in the oligbmamitiomrecidnaiTie pgnmsitiprowngrising the pleoBith-¢rmaipincrgrompemd and the
.2 non- I L de- .ai nj d S
conposiflu SIRRE O R AELGRNNAL AR AETRG N codE O B lhaded 1o the
compositidreomyrising the metak Aliyhatiy:( owprotatids describedipre@2@ymay
conprise a non-metal halide-containing conpound, the
[0039] SO lTYtlg leﬁpog{i C@o%i@i%%‘%hg @ﬁoﬁqﬂ%[c%gfaimnmgm &[ﬁﬁ%ﬁiﬁe‘ﬁﬁ may comprise a
conprisi'ng the rom um containing conpound in |Ine
non-met3 1Gxlid¢-tretagromg eeinpound, denmmivesi, ng tdmebigyipnso tterepbnt Eienicprgposition

comprisigffp H%g)%gle%cgrg!élhﬁlg tcaﬁxg%lﬁng ;1/? Br?et J&Oni%é(y 9081%{513 %%og—%ve\%?g%@ts—containmg

al’l o abat’e esire
compourgic fhel s vept, ot oshinaiondgberknf. Théhecotpdsenti sbewe orijg. i16} g composition
. | vl in.line,31 . ' t .
compnmﬁ%ﬁeﬁ@%t@&l}@éh% icgllggcct ozh%oﬁ%d ?1a¥ Eg%g%]g\l}g%] 'th,glﬁi&cgﬁammg compound, the
solvent, grentnbinatione thsreph each oflded Theeniegrprssi 16 itopneboapeus gipriglinetieot shown in
: ~ C ri Kyl l j )
e 1Dl ERYRLE 0 FATEIASPofs TED Sl B, o
halide nietell jadley], rmetad islidatioomsstal Helideofor dopd@8lonk nthegpof.  The composition
.. i F . i i . 0 1.t . . )
o SRR SIS B 1hD01E RIBEELI s b o
containigragmgowndrip bis t2G et befprdy somprisehie aslergmtmen-delite anatl alipyl to abate
undesiregg,gﬁgmﬂcgﬁtoll L,r(l)gbé]fﬂ..o_ may be sinul taneously contacted
W th or added t 0, which may occur about
i nstantaneously or over a period oftinme, with a _
[0040] codfpitlesr tlisdpsed berpmiisi mgthomf mydingla calakyll copeisiemabaling all or a portion
C . .- . | p
o v S8R B A om0y AL Hp LAy, B
composifi¢tminpgeinaihy sitragonpogintizoempeayndoecdnmositien cefinirisng thevptipnal non-
metal llagcrlegcg)ﬁéglﬁgoc%%@g%,e?}?%411%?1?:1%1??0{%91812% 't}{%%,l)ltvhlg, NGB ALRY ﬁlte'reof prior
to contacs iersofreith 2 aeripsmitive eapeirioing thFectad brgosPathiong comaunsi Mepting water,
acidic pltggﬁs, Q)_p G YT iﬁaﬂ&eaﬁeﬂjlrrﬁ&in% QU LHPSJ[OI%E‘ glﬁ%ﬁgllyc %Qﬁ % tev&}afép, physically

~conprising the pi;r rol e-contal ni ng conpound nmay be
removing eidigiproteds;voherhicelly taefiecb tesctinigees ovrirs siahi ton theovsariisianignger free;
or combtirﬁﬁorﬂettnajeoial I1“ﬁé’ lam@ﬁnt R V%er,r@éi@rp_rcftéﬁs,' 95 bgﬁs&ﬁlb%dﬁom the catalyst
previously. [0039] The conposition conprising the _
componenh P& Asteraviedivaing fnaveripehess. foredample inti@ehenplves ipfgtemine water
content. @ NON-metal hal i de-contai ni ng conpound, the sol vent,
or conbi nations thereof. The conposition conprising
the pyrrol e-containing conmpound in |line 420 may )
[0041] ¢ o prinkastingenitrolie-paepessl 2 datalyisd enccarmat af g celehrpioamaonenty gay contain
FFUMNERE thPEonGRTRLD Brh i e HRELE Rhiuml CBHIE Water may b
water, shomﬁgli n eFioél.ﬁj I D, ?%eﬁ{:goﬁpos%t%lﬁmc%ﬁ%ﬁﬁ?i ng the mataéclllr ey e
present ia|ak(3atalyshcq§1mqmgb tforzzprepld 262 coMamisantor pse copeoduct produced during the
bt HecAANk Bl CRTRQM V&hroduREd duri tion of th
preparéucon{)tﬁng\t i %?15 r{lﬁ?g?deof , ea ﬂe g%tg]gla%?ﬂée c? nt act . zugﬁgepﬁgaga omonhe
chromiumtserfeiging verpond, and push viaken @By petplehwiin the whiomgim. | Seidigpeotons may
QEROBE LB R et ifi4 B8 production of th
also be pq‘ _ a8t e%fq&%lﬁkag;@ (%] gi ?ﬁgﬁe%mo?d %ﬁd& lr{%&efmﬁ’é production of the

conprise a net a , a no
chromium-containing compound (e.g., chromium tris(2-ethylhexanoate)). This free water as well as acid




nmetal alkyl, a nmetal halide, non-netal halide, or
conbi nations thereof. The conposition conprising the
W@ hooonR43pa cont ai ni ng conpound in |ine 410, thePCT/US2006/031303
conposition conprising th? pyrrol econtai ni ng conpound
in line 420, or both may conprise an anount of

present mg‘g%] Btpglnlﬂ.}%gslogﬁé %elmcﬁ. B%PW%}Q [r%gtat undfaa hal%dlpé C%n% n gle catalyst, for
example €Mt alk§] BalidetshieddasODENBK tonfyrra combsiteystmpowntsyr ¢.8.1 Inygrogen halide

compoundgl gtagtq Ihy gﬁ%l}o!ﬁlc @6 ‘qu g}?{hlt %9?}1%818{% ﬁ%& %Euigse acﬁrlr(gslm% R K2R Ram Quipment
over timeGR &t WHFvERA héwtdd] Y exipRoi [ddwnsiren frp@wnzttloo lfaCdtblﬁp r Agordgngly, it

the_ nitrogen-contain co
may be deéjéq{;&ﬁ,tp §li)qﬁegw'fcﬁeac %‘E Pr&qg? 0 %oﬁﬁ@/?xgq fnf;] g)gpag%%sit lg)l I%event downstream
formatlonQ)@ H@c@rﬁﬁﬂy cRroGiOETPPSiotiiotN The prasdnse m@watehenas'callswemuce 'd)\P effectiveness
nbi nati ons thereof prior to contact thereof with a
Ofmenm%BWﬁ’S|t|on conprising the netal halide-containing
conmpound. Abating water, acidic protons, or both may
[0042] | m&ﬁloﬁeﬂlt dnﬂJoHlZﬂeﬁig ofie Ind:th(bd pf mép}mmg aphlyb(stcmmuyhes in the catalyst

renovi ng. wat.er r
componenth giR REF{CIP IR HH\V%&V ide IS%%?I?S% fnlgee t%a era%gﬁcﬁ%{éﬁlgﬂms These
prec:1p1tat§sh ehavah Elead So MTorthed ngﬁfantécﬁ &ﬁa,ctlcms donmbiamptel pelgmeth drmetion in the

unt

0 rot ons r. bot %
OhgomeanF’SPrP{mléyl‘??ﬁf%?lil/\@?ﬁ’ccé)% 8sr\té Corﬁlﬁrlsnge %’X? eerorrnri nJec%Hg s?]%ter may be an
initiator okﬂﬁmcﬂﬁﬁitiaﬁ) esctidn® indakaefipteenaly ik dalrreldy dn&ldmrgth@ gatalyst components
to 1mpr0x6r8§%égflét§] go %}%ﬁl@c orftogtﬁltée A[\ba(aﬁ' 11Nate¥, ?ﬁg J)t%:sn Brs b5t9 may also have

catafly
beneficialCIIIRD B Bdtdlysraficieayt len \W!a‘b esryosive porapoarml age Iprhéuced For example, in

conpositio ri sing the, chrom & % i Arcof with a corrosive
aneﬁbm%%%gdﬁﬁa“a&ﬁ?gggﬂﬁvi gm%ﬁﬁﬁan“mﬁ&%%cap @%st c%%ﬁghnd
abatement GdSmIﬁ%lﬂiT'Qch A% lalld@mmlmmpoundawhahcgacpr\@@u @nd abates the water.

uced. durin re aratlo d
Reactlonggfﬁ:ﬁ%ﬂn@th & B?rrc% r§§:11tgrnenrt) ?négoun@ SL%& & Iéglag?éo %In g ?Jogrllpﬁun may
produce @6&@&?@&@6@ € thOﬁ;l’de pich ﬂhomIﬁrtteaalwn IIIQO ey um@e oggngll design of
the systelﬁr 843(% L&l ng%gé - ggl(nta\%lrt%glg cotnilgagun%g Bf&% e Car%q}aﬁ% mclude a metal

exanp
halide, aa@étal élEyl ghalldtetd‘lylbmmhdﬁl ametal aatleyd )and @maptnh hajider @mon-metal halide, or

e

in additionetb bth&&;vﬁﬁlablepfme arhbodmnetnltserhs{ms@rhemn sioly pcthe psgrpf @ non-halide metal
ubsequently react with a netal halide present in the
amy“”agﬁ?gF for exanple the netal alkyl halide such as
DEAC, to form corrosive conpounds, e.g. hydrogen
[0043] hali ﬁEerﬁManmn dvafee, gridihycitons; ok bpqhgnaa(dqeda)bated\_;bﬁ [gre-contacting one or
more catgvgezo?qp?{%nts ‘chcaarll'I %eco%oglgeo%%&eﬁt%o%gmt ERMiE U&Hﬁ@ﬁﬂa that does

e for exanple
not forrrd@‘vbmﬁisfveamnbmaﬁtwdnast h dpdrbgen Halifd eenponnd peti pgitagt Wiltb the water,

DL & ! nBh-halide meta
acidic prBtS%{% ‘B\(%lg Sﬁégg&orreoswo ﬁgakgc,@l%%lt W&%ﬁ?ds%éhgdecfop EQ tﬂﬁﬁ‘es a nBh-halid tal

e Cca o pr event OWI’]St ream
alkyl suéloasraEAON Cofropod elmtenaﬂnt yommundjss amecoby)omd@ dheit epn fpRm a corrosive

f a meta
compou 0 g D B e 1 ool g o et
halide agd Bedefddlkof, apd ditiarai mug-rectd dtabdey atd, a m@’gimlallwl eTh¢ gorrgsive abatement

¢ ound upon
compoul}dg é’l@f) ){%c]i%d% agg 8ﬁ1ep cc?m}%?ahrt]lo g ?%Héogﬂ&seth%tnfoﬂﬁ] \Q@Gfrggveséoq{% d up

1on O recipitates.
contact Wifte8&er, acidic proton, or both.

w—

[0044] In an embodiment, one or more catalyst components such as a composition comprising the

chromium-containing compound, a composition comprising the nitrogen-containing compound, an



precipitates may to lead to further unwanted
reactions, for exanple polyner formation in the
w@bdogorasod zat i on of ethylene to an ol efi n conpPSI/UBIIN6/031303

conprising 1-hexene or 1-ogtene. Water may be an

initiator of the precipitation reactions and therefore
optional Hﬁy mthlr}%\ﬁ/(Zd dsogif& %%f?l{)&ﬁildfd %Wﬁéﬂ): gr c%ﬂ’ltoﬁll t{@% é}fegeﬁg AREBhScted with a
non—hahd%aettal rdkylnmtabsts watei, elcrld;lc protang,ros botbr Tb@tmhl -hratige mbtalliyhoan react with
free watge Qc?d Poto%l dr%ﬁicéo Dihe§ A ﬂeyc%*alcﬁi Edr@og&?&)’ \ﬁeﬁ'e \é&ﬁdc‘?ed to abate

Corr oSl ve ‘conpounds” are 7
water, acédit pihtoms ot both/afqu nqnénahcﬂramgd dlybmap hepmfrmmﬁrle acpanta¢tyz9me with the
0] t
one or mg%g%gg&g%%ﬁlg%tgu?ﬁ S ug&)@ﬁ&f@d 1?11}1{4 bg e }cl:eg %{i(ggg;dqé{ Hon-halide metal alkyl
to the ca@kyﬂqmunpmenm pohcervemetagd wi anlemapdmelidhepre e mmb@made by adding the
e [ 0 [

non—hahdg r%ﬁ[glaaglgi t él%é gﬁ%’xgd{hﬁtﬁ Z Efgc%% gﬁ(ﬁ &Q%Lr? gde éde ﬁmﬂ&ﬁdratlos as
descrlbectbﬁicrw;)3| ve conpound e.g., HAd, and such shoul d be

taken into account in t he overal|l design of the
[0045] igzﬁp%ma gdd?ﬁ?l ﬁlzealgognl h%ﬁdefm ﬁ%’[hleall lls! Qi?%d:c fdr%e g}bﬁ%i with a composition
comprisihgthe deromammestniinitgl ckybound| Geien t}at tho mhrhraiurrdeayrreacawﬂb thieybn-halide

BBl L [ R
metal allégp%b me éeg rlltSIH h’dgr%gscl) ]@ﬁe %bhorgalﬁﬁgtélado?\p gdnﬁgﬂ“trat de}lr og (I)l?]li:l g?llhrc]lia ﬁné:tal alkyl by
adding itd@thp oemibsition edpeprisingthe ehromayn-pravtaigeaioipoysidasodhas fherprmdyrpnly be an
amount ﬁidb d Bt Owith {Plg A acﬁp aé&lqgrggly, %’ﬂ%% §en ation of non-hahde
osed herein such as the use G6f a no g

metal algylk chhtqg @b atceur vigtee radding OUg fcornppsiinn @mgmlr;mme chymlgm contalmng
compourﬁlctb @He%of? Bgﬂdg Rtal ercyl brgdrg ngﬂaﬁfahgg ﬁdll%g v\gﬁﬁd be available to react with the

pre-contacting one or nore cat f al yst “‘conponents wth a
chromium danddlesreby Sorme esh afie iervates endasichdsre viniogd. i s a conpound

that does not forma corrosive conpound such as a
[0046] hyqlﬁ ?agﬁ erngct?déﬂﬁ%@ ﬂge%&l{)ﬂ g %ﬂr&% %B%;%fc% éd’\éatag'loé r?)@hd’gqﬁéﬂl ralkyl) may
be conta@@ﬂpmkn dls added |tachac o grore xafajybtesonzponduts- Maki d@owﬁt%fecﬁve to abate
substantlgl zM fre%)élxgglta §w-£‘gf6‘a01§f9 Ffo?cﬁlk ?b&ﬁ %ﬁ%ﬂé orca@llmg*ér&gﬁp&feﬁs contacted

npounds can ma Ccorrosive conpound upon
with the @@mhaézéc mgja} #kyhalnean, embedidient, {he emouns obronulide @@I@lh'ill@(i; cqniapted with

or added orgﬁ hado 3\%{\; 1!9 %élpl%latl(fé l[0) ’ch?l xﬁ&ftﬁl 8f H@lcbgﬁlst%glp@neﬁﬁtt@kvhlch it is

, 1 I non- e and
being conth@ed:wlr oidges tah it @@Wpdlt}?@#p@@ Rersiompisthe nm?chahérematﬁwkyl contacted

with or Qfd@@ fo g@zﬁgﬂls@ @drh}%ﬂerf?(fs) ﬁlgynPQ %@gﬁlaﬁ lala!:qufapt() héut &9 r\ﬁé?g':ﬂt \égrcent of the

onpound upon contact wth water, acid r ot on,

catalyst mmnen[t(@)d«a Afhighrit i eotpriRslowitheert add@fhf@, @item@tév tesgt taary%hout 20 weight
percent cﬁ‘ m%ﬁl&tcgmﬁ&ﬁﬁ(s?% v@hﬁﬂﬁi@ Q&{tgc'téd%lﬁ'lmdde@ \:0n glte‘hﬁﬁvely less than about

hrom Um cont ai ni ng c n’poun a conposi ti on conpri Si ng
10 welgltt percent of theyeatalyshepmpPORin) te wivsh iiriticonzaiedwith ArAdderbia: %tnaﬂlvely less

i SR R U)o ST,

embodingegt, gﬁ@p@lowgf g nonghajidy metplrafieybemitacise Wb addyghio a catalys%/ component(s)
may be 1BQRERR} Ecgiglrtgg&ﬁllt 18 AL pGaG:: hEBE Eate\’}ﬂls? Ebrﬁﬂoﬁ&t@% &hich€ik dontacted

pr ot ons cont al ned in the cata

with or aéé‘?ﬂﬁe,rﬁétﬁme%\aﬂymé thap plaoug hmale megent of &b a%téY%@@Eonelﬁ@D i vghich it is
contacte® Wk gtnac'dde(@fo Q%ﬁnveTﬂ%ssﬂﬁé}l aﬁ)%t' @%&@ﬁé‘éen@!ﬁkt}{é cadthyst p&nponent(s) to

pre- m xed In a contact zone wth one or_ nore

which itdarentyded widhporddad s aitpraatiyely- lnﬁs%hamboa%z%ﬁ?@lf Bsyces phide catalyst
componeﬁqg't@ glhltcﬁ' 8 iBhabiadl Wﬁ'ﬁorqueﬂlto. afﬂ@ﬁ'on-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




to the catal yst component(s) or vice versa, and in an
enbodi ment, the pre-mx may be made by adding the
woonladspide netal al kyl to the catal yst conponeeit/{$006/031303
These additions can be nade in various ratios as
descri bed bel ow. | 0045] In an enbodi nent, the
e nmetal kyl d t
componerggﬂwgr {:1%8 r{naé/obﬁﬁ?ss %hax ab(;lua 1 @q ?%rr#ag\rfre?% g%sotggrﬁ?[;oﬁpl Wl J‘teﬁlatwely
less thancahiopound. TGé \nemhilhlatmettzﬂ eallg,hrrm bencomtgctedewh oni adﬁedt fpea catalyst
componelggsg o, %wplgr {age 101%11‘[ lt%/ abatela‘([) {/?/QS(E'[; %o%te %f/t ’g{f :fh% vﬂ@%’ apﬁlc protons, or both
associated1@fth Hhalchidigstratpdnest{sk preschyin d@dqrﬁgmltactntgponhq zoupypitesiativenat least
conprising t r omi
oo ST G T A 2 STl scn
pre-contattiig cuataetr z@ﬁ;(:lal&ﬁladvel}@&ﬂ’ﬂaat sbduy 1000t ¢f ‘r(he h\{agh acidic protons, or both
assomate%gv?tﬁ?&? %ﬁ?’st %ogqpﬁnerﬁgﬂ rr]easerll’c%e hg?%egéﬁn%gtﬁ%ﬁogt?%%Qneﬁ%lt&ﬁa@wely in an
amount tigan mamau mleaanshaumomgmemmzfmd atnourtt Iveffiriont -ty attatecks leggitabgut 100% of
the wa‘cert %cu%f egrgg)tr)l 0{ E&F ﬁssocn t?cg \Iyﬁlﬁqﬁéhng atgigé% Xhmwgﬁtg Is%ﬁg ﬁgﬁ@%& @ontactmg
contact z@fet dterratieclymtae pmand thatingy lvveett éeaﬁ@hw é@i% ifi Q4B of pmenequgtsufficient
to abate ameasjc ng?utt 106‘9(3{)% e{v thr a@ﬁ c %Bﬁg 'cg(~:]b(7°t111J Q§§o@1§fé§ v(lﬁl the: catalyst
Rall de " e Kyt P'be ¢ont act ed
componeau:hd @dasd:rm irothe pEreontaetiog @ettt?azlt y@te @@n@@‘r@éﬁl@l@nlam%rﬁ ﬂm‘m@h pe at least
about 30‘% 1f %((:cteésvo ! gmal%?gl?ﬁéé%lk?%ot a%g% @lhgs}/ a’tﬁ)lu 160[3/6&! tﬁev@été@MCﬁc %rotons or
er, rom sone or al
both assocxa‘ﬂfp mnmescataw @cma@nkﬁa) preseohen thopreisenticiiag pantast zoa@ L@Wmaﬁvely in
an amounl% tha?l egpgqéa{s‘ﬁaﬂgu’c 15(?? ?19&%9 be a?lfan{(l)gﬂ} sBllefigo Q@aﬁ:&aﬁt leagl,t kiydut 100%
Cont act ed to such conponents i s snal
of the watet,adcidite ptotons,her zottp associaiéd widle thqap;gqﬂysgtcoy@g@ﬁg@t@ mr@ertt gn the pre-
| t I
il il 5 BRSSP Bk ot S8 0y 2404 o
amount soﬁ‘mteatto@@awt lvasd aboadm othe wetat. abidistoreentpermiot {ssociapdyvith the
r wei ght percent of
catalyst c?ﬁ;g%rgﬁt{?sgﬁ)geg%t%thee %%’%#g gatgﬂt%t z|§12eh Tt s contact ed
with or added to; alternati veI y |l ess than about 20

[0047] weUghm apeaneen tf witert hadic aradng.ser kognpomene 05 )mfeoca\mlﬁsb Ppmponents
o e hERERIAGHEL D SLcPP ) DGRy Y et
Such stogermey entnisiot be m/\vhq: mhseme dfg selyentadheprewiix hormrlsalé @agrtion of non-
halide mteﬁﬂ aﬁzglt g}%é e hndre! ?oscié tc@@f}sta&fﬁ%nélt@yehl%ttheﬁelgecaﬂﬁac@ﬁ with the

conponent which 1t 1s contacted
remalnlnwcathlystrcoaluct@dts tigpluding ﬂemmetnlb@ml welivle, o fovm thofieal gpialytt prodet. The

remammg ggalpﬂlcblqgongﬁg Ay A& Wm ﬁgénédﬁﬁltoﬁzg - Bethd@ Eneﬁfjgﬁ}q td ébnﬁ)rlse the total
yst onpone% B | ess than or equa
non-halidebmeft! dlg0 compasitiow rie éntfmé Caﬁl%ét cht a1 grsodinsp g‘ﬁeﬂ@(@’)‘al fgn-halide
metal all%%] &n%{) bh el sim€ Qyﬁlﬁ%ﬁpﬁn\%é Ig}e—%x agflgd.ily, @é E&ﬁtﬁﬁﬁl' 68hilide metal
an ‘ab e percent of the catalyst
alkyl mambmﬁn@nftf(@) thatgiseghin 8 pietmixs contacted with or added
t ?1 al t elr natively | ess than about 40 nol e percent of
t {
s 15555 SO S o i
the comnoﬁht@np eoraiving othe tchemdua-adnyaining sapoored: (h) ca@pogifier HOIinPnsmg the
sy OSBS5BI BT e
contamlrtgtmpmmmdt 3 g)lres RA dimougingDrate lgﬂwdtahﬁltlsttaﬁ‘ée rﬁﬁfﬁseﬁfm“?nﬂ gf embodiments
of the erg%ﬁtadl ﬁ)sx,l&xla n%?ﬁrg'ft }ﬁ%td% BRANEBE &é%pl@q@ﬁesrﬂ 519 aftR¥schBed in the

AN about ter natively 1eSs than about
context df.the dse ofih prIgietinieatigg compound as the mtrogen—contammg compound, but it should




| ess than about 1:1. The non-halide netal al kyl may be
contacted with or added to a catal yst conponent(s) in
W@2000024504 at i 0 sufficient to abate at | east abpCi/Uu2H96/031303
of the water, acidic protofis, or both associated with
the catal yst conponent(s) present in the
t [ t Lyl a :
be undeRE?%d C[Reg B & ﬂqt?%%g @&‘?ﬁﬁmg gCI Iugéspg{)?% Sl%% Her%tl trha? S used 1'n the
embodinggis clivat ie @ igwies RAt2Reor@ay gthgt@tnbgtbmplﬁﬁélﬁfﬂ@sr) hmle sBurtheqnyere, Figures
c a
2A-2D zfrg glgs{gﬁﬁ do%?ttn?%élé}ggfocf&ﬁé %ge fzg@lg%d& Iﬁtgﬁlgl o \éﬁ@(nd tbut it sl;]ould be
understoad memaﬂlfadatwetdmbbdlmetﬂatthd hadide-carpyong: panip)ynd mey &a tomltiqd from the
| opt aly :
embodm]ieplg ﬂ%\%% G ?E%%ge% ]br}gllg I?Ifgogﬁst E%Srt 11%(%51?%@(3%1%«2%55& %Flg{gn 'Varlous
embodlnams dortabaing friatei, emﬂlcu)mtcalbxavt botlatnay bespmbilsd it indreBee sfallteffectiveness.
wat er, acidic protons or both associated with the
ca t . - t] -
ousoy S2URLYSh SATPORSOLLR, B ERGR ol el Sl Ay A€ bl wit e
non-hah@ mitalagkyl ab derm 2@¥stine pekc @swntaﬁtirmnthammne with fhe geragiping catalyst

0% or . i di.c . .
cornponetn% 819%1 %m%{)dlklglﬁ ElO\%p 9‘1%1 lé)A { % s?ﬁg ngtgfng?lg 21%' &ﬂ&mum-contammg

associ ated vv|
compourdcm@olwedm(ose)i iprceganrorerp 10.itbe plresmsuimiadti¢higacieka plede via nput line
r Yy
5. Qs LR Y oA ol IR o B S5
combinatigns| thegent, mbn@ﬁd thoGsteft zoteed iaioey not genptise (Praonepslkyb palide, (i) a
metal halﬂgé thdaac‘ '?h%ﬁ"ﬂ 2 cgl 1W¥1£)ha Mﬂ?m&git Bhiys EndCQ %ﬁp Qﬁ&l( %n-ﬂﬁlﬁi% Hittal alkyl,
e pre-contacting contact zone; alternatively in
0pt10nallann satrsuhimay fraaddedyo Be campdsidian poniung 2 THDYEUNRoweiERgscogtound in
contact Z%E %Wﬂne%{éf)f al"ﬁé fhali® Iﬁgﬁtaﬁcy a;L ﬁ@ﬁiﬁe@lﬁ%‘ltam%g@ %’s@tfhan or equal
e water, acidic protons, or bot’h associated wth
to about 3@ walgliaterces b e epmpasitiop ewsasring e Chrh@lupr@m@nﬁlgcqomﬁgmd to > which it
is added SOALAR! ot RRY: Alagbd guhativel y In an amunt that may
east about % in excess of an anmpunt
sufficient to abate at |east about 100% of the water,
[0050] aciTdi cespltant wingire Breotsadt Hongdsd wirnther beawastedtiiom eoatagl| zpre 510 via line
tt s SATRRRRA)s ALESLLrh Dbl B 08 RELTAEARLBE oy i
prempltatﬁrthaj mah hweéwmﬁ &omythamixre dihg pvsmlt%@m@obﬁeﬁitesed and,thp filtrate may be
passed V%qglg §P|3 19%%@41%& Eo&%%%&ﬁ%ﬁﬁwlﬂpﬁe ﬁetrrﬁ{rﬁ% A S'J coﬂlﬁﬁﬁiﬁg including
or preparation of a cata conposi ti on.
a compesitiop aqgaIPrelye dhe m‘yl adyl, (e pﬁrqqu@nfgpr@gge ﬁ@rg)oyﬂd athe halide-containing
compour?do{ N thetz;[ tﬂ@ll&%ro? 7B3- ﬁeﬁm%)sﬂhg Qol@enp %1% 'ré?ﬁlurﬁlfig RR0Ad H&a1 alkyl,
Kyl one or nore abat ed
metal allgid h@i@ﬁmﬁw@?mms thereef, whicl oAy baorlecgd Wite Ppn(faﬁézqn@ﬁhﬁ ¥i? yrgious input
lines notCs@Béalll Xlsf‘“lg W@%ﬂiﬁt ﬂr%%ﬁ%eﬁ g@wﬁﬁ‘({rﬁlm ﬁ‘l)ﬂﬁ%lontlit"i‘ LS 15 via line
formthe final "catal yst ‘product. The remai ni ng
570. Wb@r@ diligring ie ombitnde e semmiying Paadyst eorpiranes gwHlibe jalpragtively contacted in
contact 23R8 al i de nmetal al kyl to conprise the total
non- haI i de netal al kyl conposition in the final
cataly In an enbodi nent, the additional non-halide
[0051] netTae cqnwmomcgmmmg a@yselpreonininheamnoyedimpybe optacted with the non-
h a
halide n%rtaef altcl)( Ahie Bnﬂ%cgﬁlﬁ :p%{?ref‘oeﬁotn?a?ﬂ{é[ {htg hnﬂ;txhﬂljé) gv&ﬁl \!r}%b ?@malnmg catalyst
componepnﬁse iEﬁ R0 ep(b@h@}:ntp&}hgm é Fipa 2B Qmommt@gecmnpyl@pg @uRyrrole-containing
compou%%%%&dﬁ@gon@@%hg@ow fﬁﬁut hﬂg 5(¢7l CriRl n’;ﬂﬂﬁon ?HcoQﬁ&tI}one 620
he conposi tion conprising t hrom um cont ai ni n
may opt@gqﬂy@grﬁ@]m seliient,cotfrep easdlyst enmpendR prgqon@m@ihc@s 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



ni trogen- cont ai ni ng conpound, or both prior to contact
Wi th the conposition conprising a neta
whadorgzsent ai ni ng conmpound. Fi gures 2A t hr oughr@DUS2066/031303
included as illustrative ngpresentations of
enbodinents of t he present di scl osure and do not limt
L Se oSy 630, The non-halid
composigd i iies TR Ehe BT LT RS AT Rnf byt cnonhlide
metal alkﬂylﬁa‘ydieeddrﬂnﬂi ai mhowgt Icsntbmmdqtalt tot afweutriiotvre@gylwﬁr@?@hfbféhﬁrﬂoﬁyosmon
It sho d s disclosed herein.
contaumngI ﬁ)len‘g%o %éogg Ilﬁm cond g e &oﬁ%g% L gé&d ggjc tg o e| }]sc %sgy erein
be used in the enbodlnents shown in Flgures 2A- 2D or
[0052] anYheatduitant endradi nmze:mtast s e0osgdhdndephsed fFom tondgchene 620 via line
621 and (&h%]éallﬁz'ltfra%%@g ﬂl f]rélrng\%ﬁ% ! rea}pﬁgu %P{ngfl(h ngfo ﬁ itHBE mixture.
The resulhceixstro ady tHeabe Ifdfd iatot e@ntac tzbneeb 16 I’fmomnmﬂgSWlth the remammg catalyst

cont ai ni.n ound h
compone S5 ERBAETATEFTERYIE 01 20 LA el LD .1
halide-cogtrhogicompiuad (4.5 c4 osethdide ef mn-wetalilelide).cthb edient pps refgining non-
t |d|c S [
halide m%% tllﬁ/g?%g@e Vhea?la or ¢ @%ﬁ%@%ef%lgggf QF%% Eg?%e %@ac&pﬂn d3&dct zone
615wavmmnpﬁﬁuﬂummmndnwmnsFmgﬂﬁ.@hﬁdmﬂunﬁmmnmaﬂﬁnhgwdbﬁﬁvuﬁ@nCmﬁm*
e 15T R S T Dl T il i
cmnmaahhemmenammﬁmgwmatmhwspnbmﬂwoh%ﬂweuﬂﬁmZBn enbodi ment
shown in Fig. 2A a conposition containing the
[0053] 222 er%ou r}g}gsgn % hg?% gﬁg}é@?ﬁeﬁﬁb h@ﬁﬂﬁ%y‘ﬁg contacted with the
composnmna:ompm@ pynplatcohmmmgmﬁipouﬁheo fponposikiuFeopyior ﬁ) %ﬁlﬁtﬁ@tthe mixture
Lygpt le-chr tu
with the nontnha ide ?etggg Pnenﬁg%lb!)é{mgrg n%l?lkgrtaﬁg r11ﬁs/ 15 h,’»leCE go b B rco \c;rlnglgldmlx re
may be fdmatd ﬁom:naict zane 185 ByOcatpeisngn torrasiioi §ngﬁs)ngathmp|y§ple containing
compoun% fec%/‘m cor}q clt (zjo%e 7% v% hﬁ I(?%)taﬂ!i gllg g!ﬁxglgo%m@ﬁ go I{Eﬁl%%lle c@l‘(}fﬁ{ﬁm—contammg
compourN(fad h)&iorﬂde mm @5 ad kiyd 710pphiclmal logevr ﬁb% FW@WPHCOH?&X/ oyer a first
period oft ﬁme Fteedn oef HO'IBY %dshfog Qo&ﬁ'g% 'ﬂé @ﬂoﬂnum-contamnég compound and the
nta Inn I'n contact zone Vi a
composﬂhanr@rrﬁﬂﬁng Tk @ymolr-chabinide coratoand & fopfachegpe 5 auy é)@ sgqyential (e.g.
chromiui r%ol%@v%{i’ rt;% Plrrf 3e ot Q@éqve?sra% MItaB&uQ M’c c&%ta‘ﬁ@brg\mfymg Py:Cr ratios as
e conposi ti on cont al ni ng
d1sclosecbj)m‘0mslym(é@ntﬂm PhirTote-choympon M lmﬁ,b@qm qoptaptgd Hoepatgctggone 725 the
pyrrole—clhﬁ)mﬁg ?r{lxtﬁ‘rg%m confAst é%hec‘ %ﬂﬁ%ﬂbéﬁgﬁﬁ th coﬁlgtg% 7f‘lev1a line 740. The
ant m xture 1n contact” zone 510 may then

pyrrole-ghersrgwl nfixtoim roaynepdionally soetais Bolvezitaothgr rqétayg_tlcomgnents or combinations
thereof, ﬁgtdbe% g Jo)ﬁgflf‘ectp'a%é?al @Lllléicjlljailgg (iD %%neteﬁ Qﬁmfe afidl ReheB Mi1f dr €8) a non-

tering
Inﬁd1wp¢euﬂpmnqﬂeﬂwhaNmnﬁyﬁhavelﬂ&ﬂnﬁﬂwhP@ﬁﬁ?ﬁé“ﬁ#&gﬂﬁebe?ﬁed“3ﬂm

pyrrole-c@]fo%'ﬁﬁrg hALe u{‘@c)ﬁta@lezoflé hienetheand ﬁ“ﬁk%oﬁn'—ﬂaﬁ&%&al%l R be added in
assed via |1 ne Into contact zone 515 f
an amouoblnssahan. ongaual torﬁbplktel Orvesight preRyt @@h@pwle%mwwre to which it is
added 01l ﬁcol’tﬁég laljﬂ&rn?s é‘sQiHéREé& 11169&1‘1 CREHJu@ﬁ hBGnbRE P abC okttt zone 725 and
rrol e-containing conpound, the halide- cont ai ni ng
contact zowféﬁunw Yedhgsame gontect abnerrapvidies Het th@?ﬂd#@PéPQUH%ﬂelaéi dgscribed above
ol vent, any renaining non-halide netal alkyl,
ranMHShgal “al kyl halide, or conbinations thereof, mhich may
be placed into contact zone 515 via various input
[0054] | . s rasdtanthiotwe inrgofiag ZoRA31 Mag meabglmssqslrf@m@mtaﬁwne 731 via line
t ZQY Sredibratd §ave ABrmed in th
732 and\ﬁ]a oggtfnaﬁ% E? :ﬁ%cgg\?gno ?nmvgfj% B Vée : g?r)gl %pl ?] 5 }éﬁg %ﬂg? a ed in the
mixture.c dilip ongntesmayale bd iatot @ntasit zoue 17y5 é@noatesteng with the remalnlng catalyst



contact zone 510. [0051] The conposition conprising a
pyrr ol e-contai ni ng conpound may be contacted with the
woemwhat4soe nmetal al kyl to forma m xture pri orP€DUS2006/031303
contacting the mxture withsthe remai ni ng catal yst
components. In an enbodi ment shown in Fig. 2B a
compone%medngg LR NI Pk BY Feal aﬁ%ﬁ ORE Rl18L- Bt ‘ﬁﬁx??&%gund g, a

osed I n contact zone Vi a |nput
metal hafg7or TPREnSEbARHSR) 7 PR A6 ST EmeelsgromefBlky], metal alkyl halide,

or comb@Ridn® ﬁl@}ehﬂ[ wiRRh Al Be ﬁlQée\ﬂ%B corﬁ’écp% e ("}'25 @iL YatouS ?‘&%ﬁ@snﬁé shown in
or conbi nations 1hereof prOVI 8 at contact zone

Fig. 2C.6 270 cejefuy prsiuctoampibps be (ithdegwireframh oeritaoy lzoteal i lipg i7Y0 and may

optlonallz%te HieR@k ﬂ iR '(‘rg)t @h Ea{Nh@llekﬁﬂan%ofs g('rht'téd) e algfﬂg %%l%t components

de and a netal al e nmeta
may be alipinatiyelyggntisied; Hhc@@l‘?\/?@m 725fay3be added to
t heconposi tion containing a nitrogen- contalnlng
[0055] COARE le'&gpdsﬂoﬁ; Qtﬂﬁﬁﬁﬁl Za%f‘onﬁl%g—cgﬁ‘t% ﬂn% Q&n}%%lgd %e co tacted with the
non- hal i de net al aI yl may 3 In an a Tess
non-haliden gigtab ralkéh tralforpo a Affyefu mixberem@ie gérmppeitiere nommfsmghe pyrrole-contammg
compouxf?i%ﬁi}%' c()thJﬂedCﬁm ﬁé Hé)l{]lgihhp %eﬁyéﬂ’cﬁ Lz eRRtsalnl H‘%{t&g R4 lt’l%dﬁrst and
which it is added or in other anmbunts as discl .
second m@w@ﬁ Ay poerspted éh ﬁ@genftl@mg caiilyt eoreponents dnea emqu@n@t shown in
Fig. 2D @%Qmﬁﬁﬁloﬁ Q@Iﬂalﬁ)ﬁ Q%ﬁl%ﬁﬁiurﬁ E&@lﬁﬁ@%@ﬁﬁouﬁ@ﬂﬁ 82 %Sﬁé)s@d d Qftact zone
621 and tlona l%ﬁ I tered (not ¥o renove any
810, the plagemes elatiech e § Vi dimat fleer $5d Thﬁ cpmeosmomlm pastactppace 810 may

opt10na11§/ e&tih ﬁﬂ&en%@ﬁ@ﬂb%ﬁlygﬁ% E&%Hts b baGndthOHERHH BE Lok R0 Sone 810 does
615 for contactln% he renalnlqg cat al
1

not compgighihmrtiekyhlide ing @F‘f%@ﬁlﬁﬂ@@n@ # BtabBlbrar éli%@nanr@etal halide and a

metal all§Bt alorAhakidd metah LGN r\x@ﬂ@huﬂh&p 99%@'55‘1‘\7&1@ 19195“99 Wagka bhhee composition
hal i de- cont ai ni ng  conpoun ., a metal halide or

containing rchgqapiin-cpiipipige pompgyad gbw@ﬁ& zonaﬁgzo Vieriar §3th @mmg a first mixture.
The nonJﬁémja et ﬁllcﬂﬁﬁa%l beldl in afBisdnt @ésé(bﬁlan B@lqh&l% alut 10 weight percent of
onbi nations thereof, which nay be placed into con?
the comppgfen melf%ga‘hwqr@a@-cmwmg [CPIHRAEING 5t WRiPfoi# ddAedrr dn othg amounts
as disclodd Gatal yst product may then be w thdrawn from cont act
zone 615 via line 670. Were filtering is omtted, the
remai ni ng catal yst conponents may be alternatlvely
[0056] ¢ oAt saeand nixtyfe e 4erned BrrenBgigoRa B0y dhe Wmpos i Aompiisiegs pyrrole-
contamm@ Qbm&'iﬁ&l\/[hay Be E‘lh}g)sedzigcoﬂtgﬁ)éﬁl]e 8261 8n LBt Ok QBich takes place via input
ri sing the chrom um contal ning conpound nmay
line 807 eeré]a)svep}[l KFORpIESIRg ﬁwgplerceﬁa@@lﬁpqop@pxﬁ@ m contact zone 820 may
optionall b’drﬁeﬁﬂ SveRNbBdrRhtAgst COARANRE of SorfiRialbi tﬁ@ré%tf l—b‘i@do% hQ ot Rise (i) a

cting the mxture with the _non-hal
metal a“%ill}l@i) & A it B AT 240 Pr GOrrRTaE i RS § @nd azzr;talalkyl Non-

halide m@cyll 51'1-@1 ewkibH 08y BBdThotvdat, Endient RRed @ B QoinposfiRh toBhin#® REpyrrole-
ontacting a conposition conprising the

°°ntamm§;9?%qyugg PSR APIYG 2L SitpBaAY Preng B GerrbB T e poshalide metal

alkyl may it adidd€in 23 et ERENGOBPQEAL loOMoGOMPHEisht NBrcbMEf the composition
q om um cont ai ni ng conpound fed to contact zone 725
contalmng

THFORER-SPREF NG ROWEYC BriEhiit sgdstor ks APelTEs Sisglossfl herein.

over a first period of tine. Feeding of the

[0057] C OTITHfQﬁﬂstt thiRfre EBkd BixAge, b Both Aa9 BhiR G ﬁlte?édrtgot shown) to remove
npound and t he conp osition co

risin

any Pfembw@f%ﬁ‘ténaz mec4pHIeA & t@%ﬁ’ﬁ‘é‘ﬁ??d qpaolgaﬁnte&b%r%fd’ﬁ@ spemd.rpaoth gnixtures

may be sﬁ)@éﬁuemklfﬁdt ak®seBondGhik &iPds Wily fRdnl 1RWBE iRy c RYEY Bh&€ 8D via lines 811 and
i ce-versa) or sinultaneous and at constant or varyi ng

821, resaggftwe%y forcPiecling vihsbr geBtinpE evirbtistoprotisemeldng the’ composition

comprisif@thdt 213115&? %\%Bﬂnbtmem A ashoRE SIFig OIS A6 iR arddefRB LG res may
e

z
be contacted separately in another contact zone prior to being fed via a commingled feed line into contact



pyrrol e-chrom um m xture from contact zone 725 may be
pl aced in contact zone 731 via |line 740. The

W@ 0oL hr omi um mi xture may optional | y cont aP€I/US2006/031303
sol vent, other catalyst cggponents, or combinations
thereof but does not conprlse (i) a netal alkyl

zone 815 (alnﬁi Fch éors?g?#%e? g?%hlge 10%5‘1&%@te?att?k n?)lvg Kll(?l npr 1fitate that may

have formB&t @dntat kyk 815nhitielty rn@;be knempnnseé of WWOSIWOMHWWP@ alkyl, a

halide- cor%t;?ﬁag T %lul%,] %rngﬁeﬁgi‘? Fn )e((gr%{? ;e ﬁa&)ﬂ% az? Eolvzegtnﬁle Cfé‘ga él\fﬂg&hon-hahde
metal alk@Nmenmuilel hilss Sor t:brﬂmnanibnseiqeraif atlbofazkim]t ha}:@qu iplgbrd into contact zone

15 i By S Bh e N ST ELHE Y i

zone 815 /Mat lhﬁ 8g 0 andbptivhdiiiltered Fﬁlg:r n&@how:l@n tln elterpative elftRGinggnts, remaining
tact z ontact zone
catalyst C?IPWFIH? i O}P%CQPta%%ﬁgca“ga %08 f X gg(g%eg ce as descri bed

above remains the same. [0054] The resultant m xture
[0058] i NTiRORddabh a@othe cédosity doherisibe tragwede- -fonimmingo pangopnd and the
zone 731 via,line 73 e ﬁqb d
composmep] S?m@ﬁmlie %onplér%on%alrgﬁ%/c By eCI fg %st sgw {nyiﬁ%l Zé EA gy ¢ made
in constarft Of vaRging Py:Chetisviax disul@ed frgouslyxt ur e may be fed |nt o
contact zone 715 for contacting with the remaining

stc onen cI din
[0059] t ﬁéfa% %g? & ﬁ?,' ci%r é%g%ﬁ%tglﬁﬁ%gzzgﬁié&ﬂd gﬁ&gg 'céﬂt&g with the
metal halfletBiitaihing abmpt&md) pccnglingrte tvaiouk aitated @paterhdne erglesidireant 18(&%9(1 herein.

In an emgpggigrﬁbﬁ% %gnﬁllis]rg l{:(hn Suing & L &%e\ll%s‘? f%;\éktodgrgﬂé}a lBT g{):rléééz edL\%lct)H Qr?azeotroplc
solvent s b am:ﬁromemecoﬁ]bsund; @rafﬁm padest, p}ﬂpmatdd| splerent,rroher sHRR ofF prixture of
A cat al d
sotvents G 8 oA B Fst g HRNHES., I L B, RO tinin
compountl,i dnﬁame Qvaten peesdnit [fdrera (ohmm shfbvhq)soluWemey bé Bltbaﬁcteﬁgo Pls azeotropic
C a

dlstﬂlatloglr?f) éerﬁ%\{e %lwake&ovry] 1cl e %ﬁ/lent Oﬁ?&tto %l&ﬁer b0111ng component.

I'n contact zo 5 or
Opt10nall|'yO(11553]olv'é'1hteusemmpmdve ovatec Gypazegionty @stﬂlatlon may be recovered after the

azeotrop1ﬁ EHP ]ﬂlé 1|r1 d 0 nt alb&h f’?ln??eld?gplg?&fv Pude® H)t @&B@edwe\%r:ﬁné Iafeotroplc

Irst mxture;
dlstlllanoﬁemnp@smpmsemﬂmﬁ)nmmes bevmgena, pste-rpkee, cdvtaiang, m@ra@g}@‘p@ g¥ed xylenes,
toluene, (Pg e non%net oe%{: %e u rgq&ela 8{591%é @?élldhgﬁm gl%gré %grlcrflc)l'l onti@ chloroform,
dlchloronﬁtwhel,r ek2 Irwialobnetha@n paombthatignstharénd. Theramelnh gl walergripeted from a
catalyst com nen Pt Jariols te%{ggpg&ﬂ&ﬁtm V\Boﬂlfa)reﬁ' Hing i analytical methods

on-contalrning a chrom untcontal n| ng conpound
such as 1mfmyedkaeal§z|s’.1sposed in contact zone 810, the placenent of
whi ch takes place via input |ine 805. The conposition
} I n Cont a 4 € I O(Q) &rp%r@eilﬁ Ql M -containin
[0060] ot fI1ner cat ?lm]ir& Sélg%nlg&nen g& or C(?n%?nat [ orﬁsrﬁhecr eof o s
compouridunaycbe rdtsa@s*bd nonga@1@e (Qd)@shend?tcem@m}@f high {ekes plpcerge an mnput line 905.

The comg)o&%{on Ql)acl;oln%gt’ zogl 9%0 %aﬂeq&)ﬁ!anah glqtgm%ﬁfenlﬂ H’[‘ﬁ&aéata@ls{(%mponents or

combinafigm tHeadof,det cobtast zoad Kip|doesstot edmprisy (ihe mictal @bﬁ\h@hﬁe (i@ ynetal halide
Rkt A DR Ivent, a composition
and a me %ﬁ ﬁﬁf Or;hlg 5 %Qa%ﬁt%ﬁﬁgmgegdnhgunda ?frig,cont OB SV S & e
cornprlsﬂlg mrear8Batid @mpbung sach dsregtylbaizene mey b¥ladded g ths gPinpRsitiep cgtaining 2
. DS Nine 968§ AR Alied®d 8hratoP900. The
L R e R e A s e
azeotropichsleht omy umaﬂdett & m Iaglomﬁ mffseting toofonhanhazeetropis solifiey with the
chromlur%[contaln%tg I%gr%pgugg.uﬂ} an embodiment, the azeotropic solvent may be added in an amount

from about 0.5 to about 1000 times the weight of the composition containing the chromium-containing



as di sclosed herein. [0056] A second m xture can be

formed in contact zone 820. The conposition conprising
w@2@ynoe4shecont ai ni ng conpound may be di sposed PEI/US2006/031303

contact zone 820, the plaggnment of which takes place

via input Iine 807. The conposition conprising a

cornpoung?:{)c{r ‘f(/]gllﬂ’g (1: Y %@%41 Efﬁr}%tlg‘%}’ o rgigout 13559 I%(Ql? E?OZt?rF«% t§e,zvge1gﬁyaltematlvely

ent, ot her cat
from aboGi0. Scxanibmn ano amss hberghf altematlvedtoﬁ@n mbxut @értqaabosteS(( fipesghe Welght

e 3 S R0 b T L8 A 5 B 15

the welg}ﬁdomhmﬂemdtentmeéoabpla ls&ytion imvbintet 2oay 9 Hemaynthsobayeated quobt@ct zone
910 via hgg?flngngig%%{ﬂg) %?eﬁ%atgr é%)gg eo taeo . L]chsét?lat%og oef t}§2381ut10n to remove the

water. d)ﬂemnﬁ Eenipefaﬁjimoﬁ gepfalfaE)r 96e (Wnkﬂ dapeml wnehe Tvetroonsdiedn} deed and the

e.added in an
s 5Bl BB AFSRE: L0, BRI BREALIR Wi v
line 912, @pmuauyrthm grotnhitx dmnﬁabmgemoemﬁ, aximuhﬂgemaomgcmbatdd ¢anppiengstmay be fed

via line %1% Ollg‘;fg“dﬁfg g?r}%r%% I}oroctohtgc;tlélg Wltlr‘llr%ﬁe ﬁ%ﬁmglg c% af,§§t mE@r{eﬁ S I’1]1‘1clud1ng the

secon

composit@lﬂtcbmpﬁnhgythb Eneﬁal latkel, €d rlitn@en-sdntenri)e t@npogmfb(pg ’@ny)yrrole contamlng
compound)at ?ngﬁlg{e? {1/1%0 gentz c:ﬁntam%ﬁﬁ hay eou}cn? &eg%g)g% ﬁeg&n)g @héﬁa‘ﬁfcﬁ]ﬁ%ma gosmpound

(eg.,a mﬁﬁh/hab& cSihOﬂi—eIdtal Hahide)f the @talﬁh@l\sﬁtc@m’demalmngm@ghah@g/mqtﬂ@}kyl metal
alkyl hah?eé 30[5 80 bmat ons ‘?%rreo C%v%%og‘;? §611§1a d@nt& (éh?&?:‘é ?ro%)% g?ﬁgia %grguus input lines
not showa &t Bip )BS-‘t A: omiysm ervdsct inag thqm bmglthdnmfgcprp oeyitact gome 915 via line 970 and
o BSOSO RL By ft L25P 2Lt LA, S0 i
contalmrrgomhmmé chas bep goad plioy to eontantovithethe t@omlaxgtca’tz]dﬁéorpmnéms @Ptlonally,
ok MaBnfe s ﬁ@s‘éﬁ&ﬁ% fi
the abateg mﬁn s fsr%r% neggol%“n glk(}) ?%teﬁ gcgﬁm{rl]éé%tay %e opt 1 onal erein, for
example fobritdce el at mnrmhdn/metahwkyfhr@eqrbﬂmalr dothtator tragonkgl with the remaining
catalvst Cfom Oneg Contact zone 815 initially may be conprised of
Y &) 03|t|on conprising the netal alkyl, a
hallde cont ai ni ng conmpound (e.g., a netal halide or
[0061] noib: aedngdodinghi, de) r narsaitalshtompohets atlrenithan (g2 metal Higll ihalede, (1) 2
' Lele th it
e R Y O B LU R £ 890 FEVSAS e compoin,
comprisigp e @idnivinaontaining rempeymdt thee | qeeposiesn @*‘ang ﬁhepingogeg{gontammg
Yoo bR a@&g@&& tacted
compoun/é t% %1%&51 }Bﬁ? (H)% agﬁ}% co g&%g P[Iﬁ% %&é\teFtd Bxfaéefpxt élr o contacte
with an artsbrbsh dwvebate Wateral Tl@rm@mtme T@POehr IPEA &, CONBRFEE rWlﬂilg(l) a metal alkyl

s, G ADNPORERICHER B, LAk LS SELLOEA. 1o

embodineotypeangicting thhehpymumnpbetaiore einioney! wihpeurigogagortpaing compound
may enhgn%gﬁlg §6lgﬁlﬁ1§ O‘Eﬁi fnjoﬁl lﬂgcotnﬂﬁu% ﬂﬁbﬁfﬁ}lﬁg ml@nme I%ge‘chylbenzene) as well

as reduccthn squﬁnin rcostalr §['|huﬁg thPyed@edrvmcosgtg agdg,mg];e§g]ubl§ é@lu’uon rnay enhance the
SU.ltablhtg o?\ﬁl &ﬁl!l%n tL anﬁe(%] b L&k v eagg of ?E@Qi‘ﬁg d; ﬁﬁ@l@l th Sdsorbent such as
om um cont al ni ng COfT'pO prior to contact with the
moleculamtead:s brategue el ot ainortiog of @mo @\@mj pees@br di 19Yy eﬂ’bO‘i}@?nto@}:% nitrogen-
L
compourdiaseqiiesdctonnaet thel celbly$t ampesitint r Offiec kewiny exenssia Fedggng fiscosity,
enhancm§os]%Hl%ﬁllt}p of %ER?IH% F Qﬁ}glg}fledl et fﬁa‘y g %Ltal]y&mo%bl{éﬁtt Bomes suitable for

vent or m Xt
contact with an adsorbent to remove water.




sol vents capable of form ng an azeotrope with water.
The azeotropic solvent, the chrom um containi ng
w@oropoeusod and any water present form a sol utiPCI/E82906/031303
the solution may be subjecigd to an azeotropic
distillation to renove the water, vvherei n the
[0062] agltAi\{igoPé}o\{l\%g L?ﬁre?l]eezreglgt ei}’o 1%?0 usegar%tloovr\lleorgera 1on1 gwﬁ 8{1?)&&%%ent of a gas
or liquid az:eat mpllecmvely sdtaihddah ihe poremyf aheslrroes:mmed’ya:ﬂhmsomh eA gas or liquid
azeotro

mixture (5)2‘88:? (glldgth% %cfsglrllé)ﬁr%t %gglgmi(ture o On%&% n&ﬁ%&ﬁe;\gﬁcb is typically water)
adheres taZRGnf@pbLthelofiti [ at em]mdmyt aoaiperbesiemey Msbxieﬂombenewater by adding

the adsoxgyrﬂ éch %agalys?e cinaagﬂéét S 1& v%r%stepaglg)%xmg or ?lgaforyaﬁgc&lgte cgﬂtﬁ%%gg of the
adsorbenivki the btXgsn esmpoastt(sp HE atieyrecaay bign bt eltlcmad Id saridched after a period of

time, theg%{ﬁ%l;c%g?e? dltt}ﬁeht% %8?1@1 Eeaxr)(aes.éel %‘parz '(:)I‘rl Ic Cnh!)e co %%Q‘@y de%gntmg or

e’ anoun er
filtrationa (et &lcki@t fmmpm)nendmematm@y i mtsr abat @nrebﬁtednrby hr@dmmﬁyt catalyst

componeinﬁ?)rlgrlolé% ﬁ’gfl 10;[1 %6%\%(1@:91%1, of | 53 ?T%sor 1.h %?O%%@WQ H?)?]cure adequate

contact firhe for 3ke adscnbatp CDS istfificianttyomthere o Iﬂg: @ls@bent dnd rthenorsmaiing thy abated

catalyst %q?‘%@%ﬁ%t ony thy WﬁdsoHo%?aéecfj II' gd%@r%%? !inag %ﬁ‘ bg }e% acécp& éaggnerated for

via a
the next e Thnmtgaiat adsprption czpact@octf t}zeosaelregd;bquayaydm nemaﬂeﬂ Yy any suitable
regeneraﬁon n%g[ (% %og lre]:)\éaen é ’chot h %?etrg oﬁ{c’r% e@@@ﬁgo%e %33%%5159 Ewm% or regeneration
by purgiconpri se (i) a met aI aI kyl halide, (ii) a netal haI i de
and a rretal al kyl, or (iii) a non-netal halide and a
met al azeo g : dsorb
[0063] co n]% é}éel l@éﬁlmézg rsr,pem.ly suﬁab?egadgoarl?eglrm %1%6 lcl:sg?‘rp gﬁan 1essuocf:' I§]u1’glgle adsorbents
include Q{Ahngdttbenme]nmlarrwesbé @mgsl‘eq)jn tnepldchler siovepobiX motecular sieves, alumina,
1L.nln r 1
i oSSR BR0R, £ ST FOO ) 200 FATREINR) B ADERE b
the mateBifiCan Idverbatoe etanppy, the Sal mdmulalrralyveb@n adidddnélecudas mﬁﬁlalmﬁ angstrom
and the ?jﬁ mg?%m&;\irfsée%% Jnoardsorg lﬂao?e%glgst 1%%91'13?1 572 %éfltohqg g\é&n@nﬂf ts%g@eﬁ, are crystalline
structured 2€0tniikgpOngS® bm/entolen@lyr sbée et chaienn sofid dsmaverkidefuing large internal
cavities ngfg tmopemges &n %Q %HstoereQOQP%se r3?&%‘[16;5 Q?e ﬁ%@fcgﬂkctgé b§ ggre 0 emngs through
on cont al ni rom unt cont al ni hgconpound
which ntOiICWEH ccah pasts Bscaa@lﬁ@dhenawseerﬂmtnamed thefporsarartbeytticars theggame size,
g 1068 L1, SRR Q?H&t t all, th
and dep%}i%g‘;% abstl)ZtS t o&ag‘ﬁrﬁfhgﬂéan Va\lg%o%fﬁl&@&i Sy ng% Isve ? ol r% a us
functionglg @mnol@cLEar sievea bodtorBi0g mplgedestofi eeripmmisight Whilglreieqting targeeprps.
fromabout 0.5 to about 25 tines the wei ght,
[0064] al tlg r nagﬂflﬁ% rXent r e‘ﬁp% mQro?en—q%nt‘}ltﬁ ol dTES ol ole-containing
e resultant azeotropic so Ut ni1tn con
compouxzcbnau@wedmflg R8na berekagsedivimiruteonayet formsd én gcm(fﬁcwoae 1025 by
Ond £ +J Qitact zone 1025 via 1i
contach%e{]ceotrn%é%‘?cglr%n&) 11% H{e%gﬁo ?&@ 11%11 t n%)t ?1‘6 nCt g} {bgl r%g Vzeon% ho via line
1020 andme@pmp@@napmmgsntgshp ehrammlrrecomamg@mma?@ﬂ feh@ opptp¢t zone 1025 via
line 101%e QV%Q)Q 1'8 Séggr ?tﬁo%? 'ir{sf?imaﬁeoﬁ &%?%Eeruas %gst %%dt Eietllrﬁé esf%li’c[n?g of the
separ at or he wat er e renoved
chromiufrr Mama;ga;pmpmhog@@d tﬂeprpgug]h containing a@npqsﬁlgn g>1®ntact zone 1025 may be
AL 0p 0 o
sequentlol (lt’ré h?(!nju*é(rgggl%%v%ﬁ %gﬁ%lrcﬁee ?}roxgpe n\éé?ﬂ%&%?fﬂlﬁﬁéﬁgs rﬁflﬂ cB nt or varying
Py:Cr rdting @ chsqh)s@qiremle Dbse ﬂ]@mmdm}agmwngmw‘whhw@en contacted in contact
Nl C 0]
zone 1055e tﬂg o!]agcg?] %%%lﬁﬁ?}lt{tlslrle% %ﬁﬂgtszoﬁ{fbbﬁg‘i ?ge é%?&:d to contact zone 1000 via
line 104ﬁ| Thqu'emle@bnqmrmnmglrc mapgmwual‘(ye:ogtamh@lvent other catalyst components, e.g.
pyrr ol e- cont ai ni ng




conmpound or any other nitrogen-containing conpound
descri bed herein), the halide-containing conpound
W@ 2009/02454 met al hal i de or non-netal halide), tPEr/US2006/031303
catal yst sol vent, any remgigni ng non-hal i de net al
al kyl', metal alkyl halide, or conbinations thereof,

a non-meﬂ b%{}ie,l qr ﬁg@&ﬂ%{ogg tn Iaut c&lgsg rflo%chrpgr%g 1&? ]ﬁl156ta\f| 1\/}@1 5&9 tdﬁ’) a metal
halide andraynetah &lRylpe@ (itd) & hoki- mmal lﬁmldmrtdonmaaﬂtallwb n”éhe@yﬁ olmcaromume mixture is

contactedtviz]lgm Wg%)ﬁggnodgsp%sgd %‘/ﬂﬁog agte b glo()&g ?&on%ac? }] ‘100%| Iﬁa%fr e %tﬂxgc? Jic%orptlon
bed as de€dfib &t 4 fE0idtBdnttiotlignea D BIp@imebrdmgAy tq)ehes‘totbm&d opmatetialg ping adsorbed.

0 w.th the.remai ta
L
3A mole@wia jsieed, eltbwtigy fotitht Iaéqrorpmn procab &t exventveassedasperidreef tlme to adsorb

for exanpl e co ct with n
essentlaH% Ia]:i %1 tﬂé fé S%alteis éﬂ%‘?he oqyrrBﬂ:— on}uilrg i ’aére ng tﬂ@%v ﬂ\%ﬁlte A Joﬁdent in contact
zone 1000 &ﬁﬁbmaﬂg:d@aﬁaawy&hg twanmrsémcb\m mftB@B.1Pnd skilked in the art will understood
that other(r? oggn—%natéﬁmgg{]o%})gﬂrﬁlggg scrﬁ) g!h%(rem ngrgggﬁﬁnl{l ﬁqa g&gﬁc{ m&ﬁ@&own mn
Figures 3@et al al kyl, or (iii) a non netal halide and a netal
aIkyI for exanple the conposition conprising the
ai nin ound
[0065] o OEE?’ nguter aéatF%remxﬁlfr glocogn tczc?ﬁ %90%)'?12 élc’\tﬁéxpo%?agslgfpﬁorﬁ contact zone 1000
wahmammmamfﬁammhaanémcanMamgnﬂ@yﬂ@n@muMM$nl@@m§0®véﬁﬂ51@mumngﬂw
composﬂ{og Cgﬁgﬁ%tg{ metgea%.lﬂ/g h%fl(?e cog{a n%l%tcgl%pegﬂélg E 2 Q&@%@q{aﬁg@&r non-metal
halide), thsﬁ) Eﬁlﬁzﬁt, lamgrevdaining (noh-halideerheihl aé}tykyheteh alkydielidg; jor pormbipaitons thereof,
which may %ﬁ place r%? cor}tzk& FonealO@/ via VQB%L_% 1%5& hges %‘8{“1{3%% F&ahf} d?& catalyst

ment's, contacting
product rﬁiyrtbem hemwihdmtva lfrmnmgntacm rpeulfds wetihe 1076 and optionally ﬁltered (not Shown)

en- cont d
) 9505 SO LS AR R EALARER g o b s
prior to @niavtemh t(lereglameighyﬂab'etrmamer)enas Qpipthallpghe ‘ergtglc@a’q_eﬁ @ompounds from
contact z% - 1000 (I)rf ﬁb? éec{ed ¥ fu;mé%sw:itérlg zg%ngeglyt eééisc\sﬂl’tj)afgiél{l yfora@(gl%nple contact
with a ndrHelidometbli abiyl, tazeowame dls‘albabmme hoth pyionte gergach vith ﬁ@gﬁmgming catalyst
rough an adsorbent such as nol ecul ar sieves, to
eimove all or a portion of any water present. In an
enbodlnent t he nitrogencontai ni ng conpound added may
[0066] co Eatbdintes Sublstiag Wk, layidiIprotens, ariioth a djseleteid drren for lggample the
il SRR ! Q ' LRATBKE ftion to oth
enbou BT AR A A8 T2 LA IBHS, 4
processey arsioxa&lyst)ppmamslrtwns:lmwnsm thehait) for yxample, ettt aqidiy pigeons, or both may be
abated ﬁg’gﬁi’% %a[%gys? yompoglnf;\{s Ny 088{)@4&{@ bisC 8&@%?&%&:&3@ SA B3 tent No. 6,133,495,

or ‘cont act an a SOf bent to renove
U.S. Apmalier20DD0B3)29ANE0 0pisp 447, AE0 WSH43§98r Bith 03/838P5 WO 6477, WO
04/0564’?86%?(5 %91}09&79 Sh b dsBad R %l&lolmgﬂ}ategfhe?elrg #Sits entirety.
xture is seleetive y retaine or es
Likewisep émhodllreslltsrfousemnngnamlﬁtsr fps txaliplerpmbgdimenfs shawg asFigs. lA—lD and 4A-
t
AE, may bi %plhed AM& oY glnCé)%lgﬂ% a%s%(?‘%)éegeg elln\?m%?tgigﬁ rpltﬁgﬁ%)réﬂ&ggvﬁ in the art,
for examp@ttETS): Sﬁmrleé 133049l5h290®{@0$5@@% 6O 0188449 oWiQ03/0538%p WO 03/053891,
r b
0 oo T S5 B oy Bl O e v
dmmnmmeméeudamdmmﬂ%ungnbh®n@mthwﬁﬁ@ﬂﬂaﬁ@qmaﬁéwmbmﬁaﬁmmwg$ddeWd

in refereﬂ%e ({,ﬂ% 484! %86%?@'3502‘%" Wq t\%byo%ﬁos%Em@@e@t/ds%ém TS 04/056477,

ure’ma ‘to stand an
WO 04/Q56478QW®04/056479 and WO 04/056480 the appropriate substitutions and adjustment should

componeng



time, the adsorbent settles to the bottom of the
vessel . Separation can be conpl eted by decanting or

wo dovoatshon (e.g., suction filtration). Alterne€T/usi096/031303
water nay be abated by pasgging the catalyst

conponent(s) through a fixed adsorption bed conprised
an adsorb

al.| owi ng_th
ve e B GaMPARSEHRE s tE PReb R S Lo s o
6,133,4950902/6036029, amd 01gsA4T, ewmuoa/gszt&ﬁe mwéd)%@tla[\%to‘l/%@” WO

04/05647%%002@5 %Z&é) v9§‘ COégg%éﬁgff % renr a%en d;g?tam n ﬁo%@ gﬁ&losed herein

and adJusEﬂ@usodSﬂ e mlg;landazis(e B piroole: capainin) ynoldr retve te acqqmat fed thb emmber of

equivaleng2¥f lggegg#%ﬁge\rl en{mﬁee P% q}gé xxru%?elm%org e&?aﬁ] e{‘] gcgrm %Qltlg%t &Oéi)mponents
disclosed i @&&kice 85 Padent O%o. 6L8R4051 &td. okppropZﬁOQIOﬁ@SOZQ 0‘@@391/8&447 WO

oo ETRESUTET a2 BB FELVE By, Dpciaptbosr, wo

04/05 6479(0Jnewd> a4/05448y e5y béeo&lbg&tl mtmomf ea@JWsacongqos‘v@s or ¢@dponents as set

forth heref'nntg l 9Jr§%%ﬁrba§%a;ta&%s%g%&?c? fégnta %n%ln S Bl édcl)rrgn E@&%@F%@Eﬁesm and water
may be abbaftd fRinz@y@he bihveortrof @cht@npokigonyat ecpmla)lnerttsaw a1 90¢ ¢y, mdre pbatement
hod d é r’rgh1 the 3A nol ecul ar sieve can adsorb nol ecul es
method djsglascd PERIR- 3 angstrom and the 5A nol ecul ar si eve can
adsorb nol ecul es |l ess than 5 angstrom Mol ecul ar
[0067] SI EN@LS eﬂibﬁdlﬁf@lytstvatekl médis tpretedsy roe sboffotmay nbe Rleptasip Gamgethe catalyst
ey h sl
Composmtffgf Ph Prr?auﬁnégr &%al% Oekraf%naf)p %]%/er ;%y Sglé)ge\?h%rte@ r%‘feec u}g\gg lf%:3a4r19 5 dnon
embodimbie, thel smtrd:genicon'fdmesg coapoihd es descigbednitegsitc @nlﬁelefteéd’\'lﬁya poyrele ring-

contammg ﬁ%rfl}?ougg yss%iesi:r:ﬂ%d 1r\1M8 h 49@DI eﬁl%!)&%mct%ged %?a sti ?&gé&@@b@gnngmg a

I'ne na ure ores an S are
pyrrole rilhgeorsamiﬁg smrzpb,unca rad aﬂ@bdmmnngt qompmhlé- gidzehajfgen-pentaining compound
n 434S0 i darbos| WM u
into con’%c? Vlszllg't gacP gl? ro aﬁnc Isog%lhﬁ %woge?la{e? gu éetlg OSI e or mixture

thereof, anddhar btnl.‘[@ng’rﬁlle emud:cbseswant Elﬂlt’t@n nn1s| actwiith eer dyweingmpound,
[ ane PLRI e prio
wherein Wi?tﬂggcg‘%w PESH S’au ﬂ:ion e ab‘rﬁgohuiﬁ i s a gfsr Fol e-cont ai r(?lrerc;gpnor oo
during pﬁpﬁmmmnof ths catbllysjstlnaane@landmﬁng theg glromlupybaﬁ@l eatadys dnprgpared by
bringing @?8 n‘%rom g, % grgl;%lg g‘fr?olé ﬁngg %ﬂ{aﬁ'&l{sg c%%ﬂ&ﬁlgl Od?;éalp}{ aluminum compound,
and the hplybgemaioetammgtcmnmmg 1r¢®mntmhwjlﬂf eadh beerem ahydrecaghen eolyqp halogenated
nei92 0 2 Ngich R&ondition that th
hydrocar%%l Sollventrr?rc%lﬁ( ai %?rﬁ%fhgg%p%}&%b #)!f ?%&gmgn@gt zone 1025 0
concentratioa of the@hﬁ)ﬁm@n cavhochd imethe ediant mixedisolities tinthoained (s foy1 mol/liter,
altematlveﬁ/ DG 14 5' 54 1pe rlﬁo?/gtepfalélln%ely': %glsjs'teﬁgtoq{ot tREe than about 8x107
mumcontann tron an
mol/literftemativelye oottraira fhag abpgh@ém mg EnmLowherpin wter. A6\ Prggs, or both are
abated fromy th? %atglgﬂ Y I’At o%%oéeﬁt tﬂfrewrgm&m @l %%\P%gra{?&l PYhE QhtBlyst. Tn an
taneous and af constant or
embodlrrmatt; wwg aﬁylw@lrotorat powttage dhaied Beed piabi QUBPIENt OFPESEHE pyrrole
has been contacted in contact
dematlvg%eﬁggﬁefégﬁ%ge&%r%orﬁl (ﬁ'r om um m xture from cont act
zone 1025 may be passed to contact zone 1000 via |line
1040. The pyrrol e-chrom um m xture may optionally
contain solvent, other catalyst conponents, e.g.a
non- met al hahde, or conbi nati ons thereof, but does not
conprise (i) a metal alkyl halide, (11) a netal halide
and a netal alkyl, or (in) a non-netal halide and a
metal al kyl. The pyrrol e-chrom um m xture is



contacted with an adsorbent di sposed m contact zone
1000. Contact zone 1000 nay be a fixed adsorption bed
wa@soodesspbed m a previ ous enbodi ment, sized acROF/Ub10096/§31303
to the volunmes of natepal s being adsorbed The
pyrrol e-chromi um m xture may be passed through the
adsorption bed conprised of an adsorbent, e.g. 3A
mol ecul ar sieve, allowi ng for the adsorption process
to occur over a second pgeriod of tinme to adsorb
essentially all Bf{hedree water fromthe
pyrrol e-chrom um m x Ur e gb‘t t %ﬁth t he adsorbent m
contact zone 1000 maly be/Sarfiedm ot according to
various known net,| e skilled in the art wll
under st ood t hat ther niyt r ogen- cont ai ni ng conpounds as
descri bed herein nmay be ®sed mthe embodi nents shown m
Fi gures 3B. [0065] The water abated mIture m contact
zone 1000 may then be passed from contact zone 1000

e 1 1 38 A SO RS b 5L EOPEB ing 120 cvon
atoms, 1an@1{¥4§10331 dﬂd(Rf egMmategsiln @rmlvalngeP(ab adiplogdn atgm; M is an element selected
i de-c t | 8% of chr
fom e D RS ) 1) AL Lot Ve + BT SOrR) G Rsfe of tromium
13-Group) omchah;d endretsabroap kofl the Petiadic alalklyl whand deare gqumbers satisfying the
LS other | YyiftE b G0Ni36 bna
s DSHL o' 8220k VLGN FRARCADLASR RLR o hna
identical A thatv#éngs bf fhe oduett Mayrepragntsite nm’rfohtdquwdﬂbma@@ g@tatom ora
o SRR AR P00 30 PR o Lt o8t 2
Rs may teolysams ondjffedest. chr om um cont ai ni ng conpound may be
stored prior to contact with the remaining catalyst
[0068] ? m%g gcﬂtb%d qzqtolnvg'c{%al 6%1&10 é}gtgté\satsoﬁ L‘ﬁ)o"é’ig ?Begd u%’ rﬁ‘gﬁl the catalyst
composmmt cﬁxcloadahtneﬁs Mateat Noe 3¢3HE3H0BRr di pn elrré)pdlet@atnﬁleenﬁrogen-conlamlng
compoung & i sicrl\/\édt 'ﬂel%lnn %B(ﬁ%ﬁ %i; (\JX{EE %lrgg%%fg%mluﬁéﬁﬂé rl%QﬁdC as described in
2mnmaﬁenﬁﬂmwngm@ﬂtmmystmEWHﬁunhﬂmgn%W©@66ﬁnEwade§ﬁts for
abating water, acidic protons, or both as disclosed
er el S TEAISdARRWMartdhatih 98 structure,
g g%g&mgéﬁgghﬁﬂ%gﬁgg%Fg al one orwgﬁ cgﬁb?ng%?%n
mmcxm@@bwﬁhéﬂowmgéegsédlhnd catalyst conp05|t|ons known in
the art, for exanple, water, acidic protons, or both
may b bated fromthe catalyst conposi tions or ¢))
conmponent's di sclosed in reference U.S. Patent .
6, 133,495, U S. App. No. 2002/0035029, WO 1/8%447 A al
wherein @ams@smﬁutrmldsﬁ@%sb@nd Vi @B%%Wcmmwg B3 Fgnsition meta

atom of &Ql&”f'{ooé%ﬁ% of@l’f@pemlg fhie 5(@618@ ma§He hndéf)cnldkﬂﬂﬁj Relb@ed from the group

Incorporated herein inits entirety b 1 to 10
consisting pha dy egrmSiamy @ hglogpnpirhg iishl ystlsm bfadF 68 %ﬂ%@%‘m aving 1 to
carbon afoHR %icﬂ%ﬁ S HOMWBstinRnhniyl gldtp iR igd6liodb-carbbn atbmy whieh may have a

appl i alone or in combinadtion to other processes and
ﬂbﬂmmﬁa@ahy@ﬂn%%Hﬁd@P@t%m@“WﬁﬁﬁﬁﬂPﬁv%ﬁ@egﬁW[mﬁor exanpl e
t hose set forth m 6, 133,495, 2002/ 0035029, WO

%/83&}14371 1034053890, WO 03/ 053891, WD 04/ 056477, WD
41 05647 V\DO4/056479 and WD 04/ 056480. When

said neutraPmu%lden ate ﬂgand Am formula (1) being a tridentate ligand represented by the following

formula (2) or formula (3):



abat enent and catal yst preparation enbodi nents to
t hese catal yst conpositions or conponents disclosed in
wO0 edogostsee 6, 133, 495, 2002/ 0035029, WO 01/ 8344WCT/V&2006/031303

03/ 053890, WD 03/053891, 04/ 056477, WD 04/ 056478,

WO 04/ 056479, and WO 04/ 056480, the approppate

substitutions and adjustnent shoul dbe nade for

conmponents that have a similar functidi! e.g.

subst pt.utpon of the heteroatom c |igands of 6,133,495,

2002/0035029, WD 01/ 83447, WD 03/ 053890, WD 03/ 053891

MO-QALO56442, WO 04/ 056478, WO 04/ 056479, and WO

04/ 056480 for the nitrogen-containing compound

di scl B&sdLherein and adj ustnents of the ligand: Cr

(e.g., pyrrole: chromum nolar ratios to account for

t he nunber of equivalents of |igand(s) per nole of the
wherein j| k@afeh mBtpehdeetiyrbpessert ah ahtyst of OripEséach dHgndspendently represents a

. C nents di.sclosed in reference b -
divalent hé?rggag DOR GEOUP th% rﬁg&av surb%&?ﬂf 8ad§ %Oifge’peg%hﬁ%g%%g{?s’a S\L}%tltuent
containin® & OGIROEX, gradp 10,3150 BE&IT, of WO pedddd 58T, yith WP 10dyig5hat 78 of the three

L WD 04/ 05477, 4/ 056478 79, NG MD.cents a carbon or
L's ore e AP OBEARY ALY B COMLNLR T ok ROD oAl oy esens a car

silicon at@AIPORI feprosests arhydopmponentes abyl sep ong b thit eirfentapmyaybich may
variqus final catal S ' ' - X

rave o ol ah 08P E Tl \RATERSA SRS B K MRS pubstipens
fromany one or nore of such conpositions or
conponents by any one or nore abatenentret hod
di scl osed herein. [0067] In an enbodi ment, water,
aci di ¢ pperohs, or both may be abated fromthe

catal yst conposition for producing an al pha-ol ef m
er—Hnstilosed in US Patent No. 6,133,495. In an

e
enbodi ngnt, t-he nitrogen-containing conpound as
descri beéd*herein is replaced with a pyrrole
ri ngcont ai ni ng conpound as described in 6,133,495. A
chrom um based catal yst is prepared by bringing a )
wherein prandé aderendpntioreprsant agintseened trd; UaPPresentsy pn Efeger o Qrer 1; cach D
- conpound., andya, hal,0q8n: 6ANLALN e AMPOLRE J RbQtiment; cach L
independgdyPEERESesy dé\gacl:%?oh?' g@?aliﬁogl g‘%h{)/]dr o o ol yent e .
independhalyogeesatied shiytiogartianing on vlepentor guRtldr & tlﬁé’lr égfo,f the periodic
table with r’glge ptrohv%g tll?nt hl'i] gﬁlﬂg th#%izﬂré ﬁgj[ cBI?C%H!‘:ﬂt@ @tsuﬁglu_@ﬁt'cgﬁaihﬁg @n element of
> WIGontract Wit i the chrom um conpound, wherein water, ,
group 14ac I Y represtupragiitregen boithespiipes sib@rewn P isdhPt HIosRiogis o when u is
1, and R2epRsehiR IR Y L of gﬁfu? orP" - LQGE s, BBl BRAAIDaRA from the
’ ofPthe cata st. In an enbodinent, the chrom um based
catalyst az aterhyosent tsrepf erpva toeat dbsnenrénaggtiereitirea@lsoni um
conmpound, the pyrrole ring-containing conpound, the
al ' p theliR@oh et BYRMe 6RRIAEN NY
[0065] coﬁ%%ﬁ%%ggﬁé%p%%ﬁgggg affﬁgéééh 8ther in a h;drocarbon
sol vent, hal ogenat ed hydrocarbon sol vent or m xture
her eforganomdidliaersmirxdiapng angstalieiideniate jigensrhagiyg p tripod structure,
wy. L RabwiBorm@Rgepnt rati on of the chrom um
%@%%g%%gy?n thg'?e%ultgﬁ? m xed solution is about IxIO
7tol nol/liter, alternatively about IXxIO5 to 3xI0 2 1
mol / | AM&k, alternatively adjusted to not nore than (
about 8><10 3 nol/liter, alternatively, not nore than

wherein 3Q94heuaidhfid¥tafer ol haAS k @ipdd Walctire, VAR ia Ghiafisith @he®dd Stom of group
or both are abateg fromthe cata

S or a C onent . .
3 to grotth &9 ebHthe me;i@ic falegpach R ﬁ%d@ﬁ%%tl}éieieaﬁd grlomt ﬁlgpgroup consisting of a
hydrogef Qtt)ﬁ! ¥ 841ogeh BtoRd) a straight chain or branched alkyl group having 1 to 10 carbon atoms




enbodi nent, water, acidic protons, or both are abated

froma catal yst conponent conprising a pyrrole
walecorwatsive represented by the general fornul aPCT/US2006/031303

(I):wherein RL to R4 are a2Bydrogen atomor a linear

or branched hydrocarbon group having 1 to 20 carbon

which naly Q8% a JuBstiMehiC b 91 @beh RinbBYo I MELHmSkdnY M&HM, FayD 9 substltuent
X'is a halogen atom Mis an el enent selected fromt

and nis gp gpgerEg rosatﬁowal B’FldgctﬁBg%eI}S%PWgﬁnﬁg to 3-G oup,
4- G oup, 6-Goup (exclusive of chromum, 13-G oup,
- G enpkpnGmhoxfk od®p of the Periodic Table; mand n
are nunbers satisfying the relationships of | < m< 6,

< mtn < 6 with the proviso that the

28%1 Fhﬂ?%ﬂﬁm%m9§mFﬁ§WFP@§P to the val ence of the
element M n represents the nunber of Rs; and Ris a

said neutydinalgésntagt IpamdA i fbrir@a(l) Beinghd Ridedae ligind rgeaeRenby the following

mnnma%é%uR)hgvhgg 1 to 20 carbon atons and when n is not
eSS TRAARY2, and Rs may be the same or different.
[0068] In an enbodi nent, water, acidic protons, or
both may be abated from the catalyst COHDOSIthp

di scl osed in Patent No. 2002/0035029. In an
enbodi nent , P 1i t rogen- cont ai ni ng conpound as
descri ped 9r n |$ replaced with a neutra

mul tid ntate as described in 2002/0035029. In

an enbodlnenﬁmha tatalyst for oligonerization of

et hyl ene conprises: (i) an organonetallic conpl ex

having a neutral nultidentate |igand having a tri pod

structure, represented by the following fornula (1):
whereinAMQanc( i) ind¢pendeithy Fepreagnt be igegeeuf f ad 6nedch iDl eémiepérdently represents a
diValentlthchfﬁéslg)toqugr Prgvthg bl ral o(fg‘lr\](fjeoSt {)slr%gl%agtr %icp M] gﬁé/ elbc?eE@r represanis a substituent
containipeqmi edaiieot dfaidug,14£lacht @ lﬁE)‘ij th @emdaldﬂﬁiﬂdf] d&etﬁltﬂheyprS\esioehdt el of the three
L's are 1];105[ ?gﬂcan e%ﬂg L ng.’Btl G9 n%énsfén'ﬁ?@ %rh%{clar%eng ér{fd %ﬁlgho(gdgg(}} kr)e/qresa?t% F3arbon or
silicon afygry pmbRTeprcseﬂ:u@ a bpdrbgen atoh) e alighi gtdup rhmym@ awellecarbon atoms which may
have a s@\%g‘tﬁ%{{t o glpr%rg \ﬁg&g%ra%}}%?{o?lﬁg:ﬁr:gon 1:09s Whlch mgl}gha%g‘fri gu tr1tuen?;

equal to a formal oxidation valence ofM and (||) an

al kyl al um noxane; said neutral nultidentate | i3gand A

in fornmula (1)pbei-pg a tridentate |igand represented

by the follomyng formula (2) or formula (3):(2)

mherelﬁg ------------------ -myizndependent |y represent an integer

of O to ea@ 1 i ndependently represents a dival ent

hydrocarbon gioep-Whi ch may have a substituent, each

L1li ndependently represents a substituent contalning an

el ement of group 14, 15, 16 or 17 of the periodic
wherein . albdng ¢ indepénderily rppreseitsa intépat ofdl th 606 rdpfesentshundtedet GBO €r 1; each D’

a concurrent! %&ﬁst Ltuent co |n|n an el nt 2
n epentﬂ:?ﬁy reserﬁgs d1 %]1}1% §61P81§ S Hgg r%%yn CRFY flﬁ%%hem each L

1ndepen<il¢t1‘dmlepl&mdtslelbqﬁm&semnianﬂngwﬂe‘l@mn ofagrovp 1zar15,a1<kyﬂ 1796t periodic
table, Wlﬁlat\ﬂ rgwso tthat a%i of 18 rt}?rgenL%tar%%%t c\:/(\gmzurrentrlmgl substituent containing an element of

group 14 or 17, G*represents a nitrogen or phosphorus atom when u is 0, or 2 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.

[0070] In an embodiment, a catalyst for the oligomerization of ethylene comprises:



have a substituent, or an aryl group having 6 to 10
carbon atons which nmay have a substituent; (}) Us
WO bwher4sih a, b and c i ndependently represent BEIT/US2006/031303
integer of O to 6; u represgnts an integer of 0 or 1,
each D independently represents a dival ent hydrocarbon
oup :
) o an e L SR bl s hving 5 e sirucure
Kmmﬁm@ﬂénﬁnﬁdbwmgﬁdumhlll 15, 16 or 17 of the perlodlc
table, with the proviso that all of the three L2Sare
not cgﬂﬁyrrently a substituent containing an el ement (1)
of group 14 or 17, &represents a nitrogen or
phosphorus atomwhen u is 0, or a phosphorus atom when
wherein @ ip g ng_utrabm@hqi@tafeé*gp@gl@ﬁmg a gppoé Xyesape , & s iapsifongnaighatom of group

3 to gromaq@ro'f tlﬁ:%eglb&lc RIRL GRS, ? glﬂ@éﬂeﬁﬁeﬁ@}y sé?e%te@%ﬁﬁﬁllefg'}&g] ctoﬂﬁstmg of a

catalyst or a comnponen t her eof prior to or UFI%
hydrogep plapap delogs afm, tarﬁ@a@btt APRE brapei@é 9{o grownhavigodioni®rarbon atoms

which m@y ﬁﬁreay sﬁ%lﬁﬂ(ﬁ&r art J?'ﬁ g‘?dubglgﬁﬁ‘ 5 %@I(j Oboffatctls %c@qgay have a substituent,
andn is n’grl Ses. an or ganone lic Coerl ex havi ng a

eea|eq%10ta1 erast ande 1P11§é@rlﬂﬁe?fd\@a| ng a tripod structure,
represented by the following formula (1): AMO (1)
wher ebaifyldismidoagt ral nultidentate |ligand having a
tripod structure, Mis a transition netal atom of

oup roup 10 of t riodic table, each Qis
dep%ﬁﬂ%ﬁ? §A1g F%%?@HmWnggﬁhe group consisting of a

hydrogen atom a hal ogen atom a straight chain or
@v)anc hredka lstoyp-c@itainipe doaipbingl rdpréentddbyciae llowiag damuiai(4h
may have a substituent, an aryl group having 6 to 10
car bo tons which may have a substituent, and n is an @)
I nteget "gqual to a formal oxidation valence of M and
(ii) an al kyl al um noxane, and (iii) a hal ogenated
wherein p aud gam nombongetuyiog the &indulae Ot @k 3 rud @ £ derdt proeidéd thatrBt-is in the
in_f0 n [ p t
range of t};‘to t3hfe5 6%6%{%“ znngg#l o(%l}rlrgg |ﬂ§31 (agﬁrﬁltogér% atéﬂ&&%ggo(iéq 5 (632)(:1‘? l%dor 13 of the
periodic \ibe; edch K independgnidy anewd‘epe rbehgrbyp repgdsterit cathon abwgand each J
d r t
mdepemﬁfl’fgpre s %gsna e 5 %hlﬂ %Pﬁl@oq(?cﬁ a%(yup hedgll;l 2?5] tlﬁ gn%)g‘l A’t&lnﬁ rHl aryloxy
group halzmg ade Héwd@ntatoyls,rae pryé genp hﬁvalgwb $6 carmmontsom hilpden gtoam
el ement of group 14, 15, 16 or 17 of the periodic
said neu{ﬁ%%%’%%e\glﬁﬁe:he nxK}fAQﬂ ﬁ)\ﬁln lgt(?)[‘%gn taaj ‘Jgg%{taé% E nll lPJ ?e%erftédsongatkg following
formula @ ogtosuiga BX or 17 Gﬂrepresents a carbon or silicon
atom and erepresents a hydrogen atom an al kyl group
having 1 to 10 carbon atonms which may have a
substituent, or an aryl group having 6 to 10 c%rbon
at onms mhlchfﬁavmhave a substituent;

R b Gl ey

Dby 1

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



wherein a, b and c independently represent an integer
of O to 6; u represents an integer of 0 or 1; each D2

w0 pabepaesoent |y represents a dival ent hydr ocar bp@I/gsmo§031303
whi ch may have a substituepi; each L2 independently
represents a substituent containing an elenent of

silicon a@frQ bRl '4eprddents & By@bged dtoRf arf 41y1 RRIub ‘Eg‘}n@g I &PloSarbdh Etgm% Bich may

roviso that all of the three L2Sare not concurrent
have a sUbSUHHNE OF pr AW STRBAEERET fﬁdo 53100 A9 higl mer ksvipa q_lﬂpstﬁrenm

@represents a nitrogen or phosphorus atomwhen u is

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

an oxygen or sulfur atom Water, acidic protofs, or

both may be abated-ifrom the catal yst or a conponent

t her eof prior}fo or during preparation of the

Cata|ySL)ﬁ%@@¥9%}$ﬂwﬁm enbodi nent, a catal yst for the

ollgonerlzatlhn of ethylene conprises: (i) an

or ganonet al | i cPtombt ex having a neutral nultidentate

ligand having a tripod structure, represented by the

follomrng fornula (1): AMN (1) wherein Ais a neutra
v £ P e B e b
1ndependpxg}y| ogpraserttalal él,valeracﬂiyd@carb‘on reepenhieintrhayy Sleest@bstifueMeach 12

con ting of . a hydrogen. ato | o
iyt 5, 95048 SCOELELLD 91 SULS0ED 26001 3518 208y s
table, with thqpra_ﬁsoctaatkaﬁ rmf it tns: Ihire hotrayculramty asubdtinshi doutemmg afiBlement of

b whi
group 14%? ¥ e%?e%enQ$ Y nlg%ggn or C}losp%ﬁ & a%&oglgvg%}n gg%%lor $ Bhogf)‘ll}’%é,sﬁwn when u is

1, and Rorx:pldgmscm oxggeare euldf afofn. (Watpr, adfldla|pkqld)rﬂj &HHOhOX&NE: abated from the

en d |nor ani ¢ .co and (iv) an
catalyst Oglldﬁé))}%'pog‘reﬁgﬁljbe?co I?Oerfon?rrﬁl g araﬂ%n g‘eyﬁtt ed by the

follow ng formul a (4). RPEJq (4) mhereln p and q are
[0071} nuirreresnbsditricst y catrfyst foethé oliguitleieitioforettylefic Sorgded < ( <
3, provided that (P+q) is in the range of 1 to 3, E

99 pr ea%%%a oxﬁ%alﬁ& (% pﬁegthgxg he%ﬁ al tni,r]ult)(cfcja{ngt% % n?thfa%% %Inpod structure,

eriod
rqx%mﬁeh@h¢¢&ﬂhﬁegénd@hKDy represents an aIkyI group havi ng
1 to 10 carbon atons, and each J independently
repreggpts a hydrogen atom an al koxi de group having 1 )
to 10 carbon atoms, an aryl oxy group having 6 to 10
arbon atons, an aryI group having 6 to 10 carbon
wherein %fs&rﬁu‘&‘l rraﬂtnfamer@ deang haye astaiper] simotreaM isra brtrisdien tratabatom of group

3 to groupl WAKTHA tpbrﬁbdfrcofa?ﬂs” Acl @2) is %eﬂ&d&tl&rs%fé&%ﬁ ;ﬂnﬁ tiulf gl%ﬁlg consisting of a

represen | owm ng formula
hydrogen(agm 3 Bjosgm ok sﬁralght rehaem@r brﬁnch@ﬁe@@ﬁmrwwneweé@ atrbon atorms

which ma¥habdd QBefudk, o8 5P gr@u @ﬁ*ﬁ'rlé‘ 6% 1b @%Wﬂ%ﬂ@vﬂh LRPLER %@Lﬁ‘sﬁtuent,

a_ di val ent h drocarbon roup iC
andnma%ﬂﬁ%?ﬁ%ﬂ@ﬁ?a @WX@Tﬁﬁd%Q@ﬁeéﬁﬁly represents a

substi t uent

(i) an alkylaluminoxane, and

(ii1) 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



contai ning an elenment of group 14, 15, 16 or 17 of the
periodic table, with the proviso that all of the three
wa l@anzssppt concurrently a substituent contai NPEIYUS2V06/031303
el ement of group 14 or 17,26&lrepresents a carbon
orsilicon atom and Rlrepresents a hydrogen atom an

independ@htisy fep @K AMBIatdm! all%xﬁﬁ rgIP&lE 1ahiags té!\'hb Qﬂbg@:ﬁotﬁ@\&? aryloxy

a substituent, or an aryl group having car
group haxing o {{HiaRin AtyRs ey arogmltfé/tn»gm@ H caﬂzos)atom of @ halogsn atpm;
and c independently represent an integer of 0 to 6; u
said neutr@ [ ESRAGLE I@fnd AL &RMul (1300391% alirid@@edNiddRd té%ge%aﬁéad@rtﬁé %llowmg
apresenté a dlvalent hydr ocar bon group which nay have
formula (7) 1 {89842 G&nt : each L2 independently represents a
substi t uent containing an el enment of group 14, 15, 16
or 17 of the periodic table, with the prOV|sqwthat al
of the three L2§Ere not concurrently a substituent
cont ai ni ng an ‘el ement of group 14 or 17, Qrepresents
a nitrggenser phosphorus atomwhen u is 0, or a
phosphor us atontmhen uis 1, and R2 represents an
oxygen or subfuri’atom Water, acidic protons, or both
may be abated fromthe catalyst or a conponent thereof
prior to or during preparation of the catalyst [0071]
wherein §,Nk Qfﬂi RNBQgE Ry reﬁre%tt. é’n%égelf &o 1he é?il:}ll }!)e%@é‘n]h? Depresents a
of ethylene conprises: an org anoneta lic co
divalent h}éitt%@oa%éwhla MY Iht‘te@én stituent] ftaglah dHMdeglyaemrpSet!i@d substituent
containir®lah WekAi®f foBP1£96 nlt6qg 19Yf ﬁlpﬁerfoetl lté%‘llg b frl %{r:lsg tl(atl%}l of the three
(1) erein I's a neutral enta
L's are IRESPRPHEEREL ¢ mbtfttueélt papéRinEean chgmest %t gtqua Adiot 1B nmamtnts a carbon or
silicon a@mOMAdAL’ r&H QRS BhiPoddh YR, etlnoallgﬁ gltonﬁ hzi:’v‘?x{gl lﬁg' 1% CEI%QA Soms which may

each Q.is i ndependent |y sel ectéd fromthe group
have a subgugns o Fprd Eroyp Rypdregyien 0 sarban atansyglidigesy havomsubgituent;
strai ght chain or branched al kyl group having 1 to 10
carbon atonms which may have a substituent, an aryl
group having 6 to 10 carbon atons which may have a
substituent, Bhd—h‘is an i nteger equal to a fornal
oxi dati on va/ence of M (ii) an al kyl al um noxane, and
(iii) (Ran=ada T@rﬁﬂp cont ai ni ng conpound represent ed
by the follows,ng fornmula (4): RPEJq (4) wherein p and
g are nunber éatﬁsfylng the formulae: 0 < p <3 and 0
< g < 3, provided that (P+g) is in the range of 1 to
3, E represents an atom other than a hydrogen atom
wherein &b a5q  ijdenendently geprepant an prteger of § tof; U pressats i ditaget &l e 1; cach D’
1ndepend@1ﬁl§/h e?re‘sé’ﬁ@egeﬂl%é:}ﬁ | B afoCRE &S erlus \gllﬂdl‘? nkaﬁ h:gire Oéf' Ruf\aik 119 each 12
0 epende

carbon atons, and each Jin
mdependﬁrélgrrégr@ﬁ%@ agubRB R FoRtaiame N clmert dextutel4g ﬂi)d;ﬁ drdViofi gheIperiodic

table, with ®he}foGRRA A1 8f BB Bweed s AL Mét%ﬁﬂcuﬁérﬁﬁ% sH@sYthﬁgt c@nt%ﬂm% % element of
carbop atons, an aryl group havi ng car

group 14 g¢ b?n? EPTestA BigRAT t Bhvespherh @tomemem alls th 2 plua@whoats @tom when u is
1, and RY refidafls An | K tel
an £edefts oﬂy%ﬁ’ omi:ﬂlﬁr Qt%)n bﬁét&g acﬁdlllél%{o ? ? b%}h 1#1%?1%“ bgted from the

repr esent ed | owi ng for
catalyst F gyomponent thereo r10r to or durlng preparation of the catalyst.

[0072] In an embodiment, a catalyst for oligomerization of ethylene comprises:

@) an organometallic complex having a neutral multidentate ligand having a tripod structure,

represented by the following formula (1):

AMQ, (1)



(2) wherein j , k and mindependently represent an
integer of O to 6, each D1 independently represents a
walrooalztsv4 hydr ocar bon group which may have a PCT/US2006/031303
substituent, each Llindepgndently represents a
substituent containing an el enent of group 14, 15, 16
: odi table t
wherein s e ppGEPTORE bt g b 8 LFLENLR fR R brgour
3 to groupOliNt &ithd pegiodin taﬁﬂeensm’mt Qoﬁ nglﬁpn:uqlrnﬂ_ﬂ sgectell ronGllrceppesenmsisting of a

or SIH
s S S5 RS 3 A 3PS 981 2001005, DETPRPRy s
which may&mv&m%stmeﬁu bxs $riyt greunt having Gam 1@1p'cylbongxtmspwlhdvmﬁ%gha@e f @ubstituent,
ar

andn is am?ggxi Ef%g%t 8%&& 0x1d§t108 %chh ]y a su bSt I tuent ) ( ’))

ependently represent an integer
of O to 6; u represents an integer of 0 or 1; each D2
(ﬁhdep&Mﬁﬂmhmymxﬁpﬁeéents a di val ent hydrocarbon group
whi ch may have a substituent; each L2 independently
pr ' d and an
B e L e
provmsmkmhmpmmﬁl of the three L2S are not concurrently
a substituent containing an elenment of group 14 or 17,
said neuncg nﬂlﬁlﬁ&ﬁﬁg Héaﬁd a A i QELN ) BLinPh asRARE %%arﬁt%bééﬁt@@ byl tHeSollowing
phosphorus atom when u is 1, and represents
ﬁﬁmmb(ahﬂéwvgbﬁﬂor sul fur atom Water, acidic protons, or
both may be abated fromthe catalyst or a conponent
thereof prior to or during preparation of thgq
cat al yst. [0072] I n an enbodi nent, a catal yst for
ollgonerlzaﬂ?®nt%f et hyl ene conprises: (i) an
organongetal{ic conplex having a neutral nultidentate
Ilgandﬁﬁév%ﬁ“%affﬁlpod structure, represented by the
follow ng f (1): AMQ 11 (1)wherein Ais a
neutr al nultlﬂen ate ligand having a tripod structure,
Mis a transition netal atom of group 3 to group 10 of
the periodic table, each Qis independent|y selected
wherein ]‘ rmmdtmenc@p@ldpltlgaqsﬁsm mgintsgerapfHydr @ geeh Bt tdgpeadently represents a
n ato r; I
divalent ]F]y%rocgr%onlgr{) dpn\& &C%%%ﬂvg g:s%bﬁgﬂédfl egilh ]p 11’?!{& %@%t rgﬁféseﬂg QHRstituent
containinglah slbmbru efigrouat, 45,16 og iibmfbhema@mpdrg ta@let ‘ﬁlﬂl’@e oroviso ihaballpfghe three
L's are nV\@con?urrlgH%f h Ms%’ngfrfs 91% I11r lé%rgemeﬁ% gﬂ) %?4 @pl’} it ?@)?eréents a carbon or
orrmal oxI dation va
silicon ammkgddéi mlvrqa@ksamle'dr%nﬂat()ml 4n)aligf gﬂoemhatvmgriemdgﬁﬁ thﬁoms which may
have a su%gutl?e%{, glganfaﬁg g%ohp ffavgﬁr Q4B 1§ Qzﬂﬁ'd %&dl‘rﬁgvh‘?gh Y h@\rzg d\&ibstituent;
conpoldnd and~an e conpoun sal d neutr al
mul ti dentate Iigand Ain fornula (1) being a
tridentate ligand represented by the foll ow ngfornul a

(2) or fornula{3);2(2)
Vs

ﬂ{”" ............... (2’”*""332 "’"”"”"f. 2

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



wherein j , k and mindependently represent an integer
of O to 6, each D1 independently represents a dival ent
whyarozanbon group which may have a substit ueneCT/Es2906/031303
L1i ndependent|y representgga substituent containing an
elenent of group 14, 15, 16 or 17 of the periodic
with the oVi
1, and BB 8, PP Py L e M et B b Ry o Boflt o the
catalyst o4 cogipanknt thdreafipriditp oGhnrmp pesamcm oéthcaattblm’u or silicon
aton] and Rlrepresents a hydrogen atom an al kyl group

[0073] s 3%/} F]%%cﬁ@en% &rcatgﬁ{bcgcr)r tﬁet &rgglf}erl {‘: fon oi}a%élel?evo%}f%nséeg ‘ bon

atons which may have a substltuent ) wherein a, b and

© i ndepmactentalic compleebwite aaeuial m@éﬁnt@té lignnd baV@lg afripod structure,

; ESF R%na% | nt gger of O or 1; each D2 independently
mmewn?@%? s8Nt & odi'val ént hydr ocar bon group which may have

a substituent; each L2 i ndependently represents a

substANIQent containing an el ement of group 14, 15, 16 M

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

wherein & E rl%ﬁtr&l Q{uﬁﬁe&tﬁi,sﬁ%gd H&lﬁngﬁa%ﬁ&f Jn%E}EIIeYMEIs SHRskibt #6881 atom of group

ntal ning an group 17, Rrepresents
3 to groua» hli ofr g @eriadic tpbi@?pﬂbﬂug H&i@ﬁﬁiﬁiw‘ﬂé ﬁelect?dsff(’}n thyy grgup consisting of a

hydro genpal?&r? mﬁ 1?”5 when Hha!msgr br%ﬁgeﬂkﬁ SRIBIBNES 138 1% carbon atoms

gen or suI ur atom Water, acid pr ot ons,
which mamavm subiétesdl an phgprebayingd 9 4P Céfboraat%Wblﬁ% ey Pfﬁ’é raéalfsﬂfuen’f
andn is aﬂﬁﬂtéger ¢ al% 2 Bhd1 %Qldﬁ{oﬁ%%@e'o@m of the catalyst. [0073]
ah enbodi nent, a catal yst for the oligonerization
of et hyl ene conprises: (i) an organonetallic conpl ex
(Ravi rig 2BylbgmoAinenul ti dentate |igand having a tripod
structure, represented by the following fornmula (1):
AN o Tehst WheERipBurk skiScted RQH tHedrouplibidistied bBdn@ntinegdigound and an
having a tripod structure, Mis a transition mnetal
atonﬁ@?‘@P&@ﬂmﬁfPG group 10 of the periodic table,
each Qis independently selected fromthe group
(&ONSi StalkyDgrfp-@ntamthic @gapoval edffteséntddaly dgebll@tingornaula (4):
strai ght chain or branched al kyl group having 1 to 10
carb onms whi ch may have a substituent, an aryl
grouggﬁgwing 6 to 10 carbon atons which may have a
substituent, and n is an integer equal to a fornal
wherein ;oaﬂddmda mm&alsmf;mmhe Mmflad: P <qre hiadydl 5d € Fi movideddhat (P+q) is in the
ne n C 0
ranse of 4 &1 & Fptes B R LR Ak an P bof SRl er 15 of e
periodic ahld, ¢aclv R indepaldkntly rgresangs elmmlk)all gnoupchaziogp ¢ hel carbon atoms, and each J
independe Vﬁg/ rgPrEQ:%t%% hg gerﬁfaégng,h nba\g%‘oglgg fg?oug}i%\lﬂnréf’)c%l algoz}ﬂs arb aryloxy
group having 6<o 30 aaﬂbbn&tmsqawrsl groupcheivide @ to hétarbaagyms cg a4 halogneatom;  said

neutral rﬁu?/{] 813. eenhgd{xom 0¥01Em151§ B@eﬁ&l&zg t%@en%& ﬁ%&(?tr&%fg&&faﬂy %ee following

formula (2) or formula 3):

(4)

e
Dli e

RF—Gt—Dl—1!

Dig—L!



periodic table, each R independently represents an
al kyl group having 1 to 10 carbon atons, and each J

w0 pabepaesoent |y represents a hydrogen atom an BCRUS100€031303
group having 1 to 10 carbojy atons, an aryl oxy group
having 6 to 10 carbon atons, an aryl group having 6 to

wherein 11]%31 %:n% bo?dep %Iemsﬂg %fgs&gtazlno?feg acffqﬁ%olf aéb(% Beiﬁﬁgp%hdenﬂy represents a

divalent hydr@terdbaproup vhiainthay kqye e sénti@entizpcit h encteptrid@mng)rcfserrtw pupstituent
formil a,

s Bk 1 3, TPy gl A A DASREISH e e

L's are anqmnmnﬂbsa albehtueat mntammgchm&mlentmf gpup U ok, 61 rqwaiyenltﬁaﬂ/f@rbon or

it uent | nd

silicon atombsr{ 51{ reé)n?serg% zh n o%qha e?lgﬂj ?‘}ir%?l %36 %{B r?gc’)msi \ghlch may
have a subgtitdent, of art dng gpep ihmhgﬁ tbab baebom/atctnhs wiheh rpa'ydwwubwatenfal I

of the three L1Sare not concurrently a substituent

contai ning an el enment of group 14 or 17, Glrepresents

a carbon or silicon atom and erepresents a y‘drogen

atom an al kyl et having 1 to 10 carbon atonms whi ch

may have a subétltuent or an aryl group having 6 to

10 car hoAatgis-wp-el¥ my have a substituent; (3) D

-L3 wherein an b and c independently represent an

integer of 0 t8®7 U represents an integer of 0 or 1;

each D9 |ndependently represents a dival ent

hydrocar bon group which may have a substituent; each L
wherein i,rbckag ergiepdnidgntly eqraee at mtaersn;f s b1 weptesanrn altfmem}” Oggy 1; each D

| ement of qr 6 I, O h 12
depend a0 % AR ool bR el Pt hP PRECA Thigras o=
independamiy mpnasmtsr@wbd;tlyueat ®ubsigt meakmepbof gow Hy 15n! 6e¢re1r?mftthe periodic

ini 1 f
table, vweﬁ’;theg% ﬁxglgoutéat a f {t‘hz ’thrg?]f gere %g@&ham%n h%) gsugﬂg%aggog%agﬁg \NR element o
group 14wrilg, @ rermwdntmmtrem@smwoaﬁ atyry/ e uos 0,5111 b Phsplpresratom When uis
1, and Rw%ﬁyr énts, a% (g(y enporr%ﬁl?u@%to WQ%: q ﬁﬁypr(ptgn Qraﬁo%'g fdr Bglﬂ;atég from the

ef’ onent -t hér eof pri or to or glrln
catalyst cprae:plaptatenkiher@ff ptldsreo maiuahgastpar{t@@@'ﬂt]ie ¢atelh enbodi ment ,
an olefin oli gorreri zation cat aI yst system i ncor por at es

[0074] V\DI?J% g%;ﬁ ﬁ%@ a?n o'le %}ﬁorg%{z on ca C}Q@s&gteﬁslnc% % Itegsc‘iqgloggh source
into a pyatbltligehdfas diselbdee m:%(ﬁa] I%ﬂmsyrs:‘t\emromcbc eotpn nlebwh mhebe@bﬂed from

the cata rtl sg/éte 5 cgﬁéénggt ﬁgrg&aﬁl@otrl 8 norociurﬁlE? ﬁgp@ltaﬁéry 3% thel &ta‘?ﬁt In an

trogen-contai nin
embodingbets dmuMemmlnmg cs>mpelp1daie édscmquﬁle@lﬂm retp]@yfrdr\mﬂ)ea halqpamele ligand

as descn%gd g?% '0?/%?44'7” I}{Qn%ybﬁgiﬁégt \x)afgr aa id g‘ghsm%p'bo VX‘?J Bated from a
I C protons, are abate rom a cata
catalyst ctmmom wpmpmpya bilegraletighshy ThoFaalyst gestren mﬂﬁeompnse a chromium
i r
source, 4 1%:‘31 Xlﬁ)fl Erfés‘cﬂ 01%2 gp%/lrgr I yglnzl l?%@é%&&fog gfégoﬁﬁnmﬁ’ge ethylene to an
olefin Comppﬁtlﬂlczwnipmmg)l hfgtelmﬂr il oFtaee- et hyl ene to an ol efl n
conposition conprising 1-hexene or 1l-octene. [0075] In

[0075] an h@n;?lo%{ngg&ﬁlentagn o&l@f{ﬂ %hgcléqil QH}%Q @ﬂl%{n? nsyFtéﬁ‘laJnX Qrates a mixed

St em |1 ncor por ates a m x eteroato | gan
heteroat@mc ligemg twithlat b@t Hededeiomiioms, of othioluat lekst ane Hetezaatonuig gulfur and at least

2 heteroﬂgﬁ’lsez[rg abQqm §a§1e, I ldszBseﬁ'ﬂgW@ 031/(%%%0 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 nitrogen-containing compound as described herein is replaced with a heteroatomic
ligand as described in WO 03/053890. 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



2 heteroatons are not the same, as disclosed in WD

03/ 053890 and water, acidic protons, or both may be
w@bavezhsbs om t he catal yst system or a conponenkCT/li82006631303

prior to or during preparagion of the catalyst. In an

enbodi nent, the nltrogen cont ai ni ng conmpound as

descri be erein pl.aced w.th et.ero
ot SR PSS P PR PU RS0 T s o
comprise \Wath@iniun €diiléeC a Piietdl @IS, a0 lutddiokenay and abamekﬁdémwtmé heteroatomic

s e B S a0 B B SR SSA TR e -

octene. at | east three heteroatons of mhlch at |l east one is a
sul fur atom The catalyst systentnay conprise a
chr ontuq%aourc

o071 G AU, T B o TR0 g e e

ligand maytbk bb#gBed 6theOfollgoiiBLidand fgeset hyl ene to an ol efin
conp05|t|on conprising 1-hexene or 1- octene. [0076]

N
selected E@ﬁﬂfelg&&ﬂs ednsistiey dfalldyhwiyh griloxyaimdogey; e, alkeyycarbonyl, carbonyloxy,
alkoxy, awaaf(,aé RIS ﬁ?nﬁ Eg%rg)mg ﬁ(?lflmmgedrsdé?\éa??% Jﬁ?r K SUb?tgﬂtB% with any
of these €bANBiests; ngznd)fR“ adaj b theamyd- or diffyrbrayq athdh dyeout Gis h}’dgocarbyls Ais
nitrogen %rgtlktgsg @?@fﬁ?ﬁ# énél err&yﬂrl%r WY al koxy, ~am nocarbonyl,

arnino, or derivatives thereof,

or aryl substituted with any of thesg substituents; R2
(and FMAﬂﬁERﬁb“)(RF@ aheeioR dR¥'f B erd Ramey by bydgeen gr imdependently

be selec?eg H%ﬂan 4 %&g} g&g%% of Alk%ls ( 1t W%Z%%B%ﬂXRS ra‘?lkb%ycarbonyl

carbonylmdye riioxy, Rinind3tbonyk4 carmmdlam@owal}allb@rrhw rqjgéqﬁlvgrves thereof or aryl
substltuted wﬁ]p Gl ?F t'ﬂgge%}dgﬁtuéﬁ% g Erﬁ%sfr{iag"@ettﬁkesaﬁE Qyﬁlﬁer‘éﬁr&ﬁdi st 'O" & about Cys

gen, nitro,
hydrocar’ajﬂfk @ayld arabfolngnmdudhfmmw @hosphiresxand Gisswdsarbony | |
car bonyl am no, dial kyl arnino, or derivatives thereof

i da'%('R @M@&ﬂﬁ@e@h&% eaRy, £l FNESE b8 UPEbEGUSNESpeRRAtly be

sanme or different and are Cl to
seected &bt LPE lyesisGemeiafindaryh aayiexoBhalpesn; Hip \ﬁﬂ@@éﬂatbynyl carbonyloxy,

alkoxy, a% tﬁ_.grf%%%&% Qarb%gﬁ’?ﬂ% rdﬁﬂ(%/lan%d o&leh%atﬁgg heteor, @"b@yl (sGBstituted with any

XR4 erein R2, ,
of these npliteryesnRownd; K deqydndemiemy obgifigsnicad gt Cf?lrte ﬁg% gy dageyls B is
nitrogen gﬁ&géﬁ‘&)ﬂoﬂ% aﬁth%llM Le s@f¥/andar yl oxy, hal ogen, nitro,

carbonyl, carbonyloxy, al koxy, am nocar bonyl
carbon di.al kyl ar ni,n r derivativ t her eof
@ aroR SRR S ren Tang. B s as ConS et depggently be
selected ?r@lq t@%&g&é Bidihe o@;ﬁﬂﬁ 241, S1b £ h@BEenambo aillﬁ)xﬁarﬁoﬁ?yl carbonyloxy,

about drocar B.is nitrogen or hor qu
ko, GEPROHHE CPRRETSUS IR D Pk ERoRal %ﬂéﬁ%ﬁ tufed with any

of these WREHHEIR; Kand 8 makRBe 1R @Qmﬂ@ JifBYert?d %JWQCP@QBOL@ C,s hydrocarbyls; B and
|ndeFendentIy be selected fromthe groups consisting

C are indjyidug|lxpifrogeg oy phosphioyqugapd Adsiilflen, nitro,
al koxycar bonyl, carbonyl oxy, al koxy, am nocarbonyl,

[0077] Caftlb%yle:ﬁ%mem dinal 1@&@%@0 corﬁlsnsé etslt:,(ys}tﬂyté@l&nmtwﬁye)cn‘mlne bis-(2-
or aryl substituted with an t hese substjt

methylslfsey LRPYRTISC. biAd2BAeIEp T e R B SRy D e bis
(2buty151ﬁi%ﬁ§ritetl‘§l)5clrrh%g BQQ%Q'X/lsﬁlfan% @flﬁw)-amme, bis-(ethylsulfanylmethyl)-amine, bis-(2-

ethylsulfanyl-phenyl)-amine, bis-(2-ethylsulfanyl-ethyl)phosphine, bis-(2-ethylsulfanyl-ethyl)-
ethylphosphine, bis-(2-ethylsulfanylethyl)-phenylphosphine, N-methylbis-(2-ethylsulfanyl-ethyl)-amine,
(2ethylsulfanyl-ethyl)(3-ethylsulfanyl-propyl)-amine, (2-ethylsulfanyl-ethyl)(2diethylphosphino-ethyl)-



C are individually nitrogen or phosphorous; and Ais
sul fur. [0077] In an enbodi nent the |igand may
W@ 0upio24sed bi s(2- et hyl sul fanyl - et hyl ) -am ne, biBET/ES2006/031303
met hyl sul fanyl - et hyl ) - am ng,
bi s- (2but yl sul fanyl - et hyl ) - am ne,

amine, ?2(?%‘3’ saqfﬁgf%f@gﬂ[ Ill@'t'ﬂ%l&/}]ﬁ(}%{)lnxée}hgﬁ %1?186 ﬁzsethylsulfanyl -ethyl)(2-diethylamino-
ethyl)-arines - ( 2-addey| s (dttivdsuifinyéethyl)(P-dethyheino-ethyl)-sulfide, (2-ethylsulfanyl-
ethyl)(Zc%tt% ﬁhg%?%la%%f) gﬁ%shy %,_Ia%/ %ﬁim#%ﬁ%a&ﬁ-’eth? @ d(&hylamlnoethyl)—ethylphosphine,
bis-(2- dlbthﬁpl(oaslmtokﬁﬁiy@wh]fﬁdﬂy bméﬁdjgthy)lé;mg@—pmylmsﬂﬁde (2-diethylphosphino-ethyl)(2-
diethylalj%ré %gﬁsgﬁg e]p\"}{wf: e@h{%{ﬂ’ 5‘% eﬁhagf?i mr(g]tgns or both may be abated

any osp i‘ne,
ﬁmnﬂw&%mﬁthylbls (2 ethylsulfanyl ethyl) am ne,
(2et hyl sul fanyl - et hyl ) (3- et hyl sul f anyl - propyl ) - am ne,

[0078] ( 2_I§talﬂy lm%ﬁ'(!dgrﬁglllxl art totl] n) ggé%'n%h‘i%'or? h&%ﬁwgf Q?s’ce%rl m{éc)rﬁomsng mixed

heteroatc’(nz‘e &gdmg ivgthlaf Basy khrest H‘t;ﬁlrc)a(o'msdi)fet/}h% epﬂ;@strimem@nhiy Injtrogenl 4nid at least
two heteg)%tornné %liaeﬁlé{%é ?alfﬂef :?srhYJcl'o?éan l\,}é 63/95 3%5 f‘)éh@%t@x? Q&(Iﬂé/ L)I)ofons, or both may

be abated &pmytheseatalyaingybtemton g lcphponditethdngdf arpnto o thinyie preperatiorged the catalyst.
In an erélgf)dg%%wtﬁﬁhlfﬁ@ lc%ﬁtgﬁli{]%(c)omsﬂund descrlb d here 1s replaced wlithea mixed

I no- et yl sdl tany
heteroatqriyy ulga@g asd(iie@qrﬂvydl anwvRee0ay39) - &t Wn@h@gpﬁn’@e ligand may be a multidentate

mixed h%érﬁat%xéia q’%ﬁq ;f%ﬁj a%%%g&g%rﬁgﬁ](?t Jl* )6}%111§$£|tafl}}sg hich ligand includes at least three

amn
heteroatqrgs. ditaastlophietqbrtomomey h@jn)r@@n a@{ci @tkhlyq taprheferogeing Mg it bejihe same.
|
The llga@%a}gcﬁ)éfaf‘ﬁaﬁq %(ﬁﬁ%r} tla%fu%ggn a % X%ﬁc?Shlg h@?iggﬂr?gl Ilf 6% e7rrébod1ment

the hganld mazihe eleistsd Furh iat neng oéthempmcaabqngv@w hptergatormpare diredtly dpnded to any

of the oth¥r P&{Qa{b%ﬁ %EQQr %ﬁ)ﬁtoﬁlsmlﬁ%q &@B%&ﬁt I allld gﬁ? QotMnbilde a sulfur
at east three et er oat ons, ch at

heteroatdyat &Y Deandwilinsnt Welen geidicarelonst o kegsmay bmaha@ti éfoesm Beagd having the

structureaf@%g@@kz’ﬁ‘*?lg ﬁ@ﬂ‘% wl%ﬁ:n{jks ‘Rb ggteﬂs ér{d 1%”%39% ?Eﬁ%g&; or%ﬂﬂ?]endenﬂy be

protons, % be abated from
selected ératnathglgrpu@;ﬂsmseq&ng)pf dlqémfﬁom@hﬁy thplegmetitrpy allgxygaghogyl, carbonyloxy,

alkoxy, Q%éc%oﬂﬁ %Ql%()@léngﬂo %all%nﬁ@%@héfﬁgtweé thefRbY, glng}ﬂds'u&%mted with any

he nit ogen- cont ai ni ng compound as descri bed herein
of these E@strteqmsa% e d R ek the sarog ercrliffesens prsbare i @ 2beug Grdiydrecarbyls; and at least

A,Bor @ &3ttd g@r?\gltﬂ e 1R 234QP %SB lna €& Beid 1n@mglm n Bﬂ;@losphorous
1 gan be a nultidéntate m xed heteroaton1c | i"'gand

for an onmeri zation of olefins catalyst, which _
[0079] | i darre ﬁﬂﬂ@%{ﬁl@f@% thet ligand swayt Isprarrish dtisf2okitbrighosphinoregigdramine, bis-

(dlethylﬂﬂGthﬁgtn%fh?/@ta enay b%mr& tdfe@ﬁ%ﬂos@ﬂﬂo @ﬁen!yﬁ %ﬁ’ﬁnet WO N-methylbis-(2-

roat ons may i gand may
dlethylphcéphlm byl %mafdd|btSr(éﬁlp&l@lyﬂnhp?p@@eﬁthyatam@as(2 dsﬁbylphosphmo -ethyl)(3-

dlethylpﬁug&ﬁwf)%nﬁﬁt er gatem |l @Jhe@%}g%}ﬁ%[&h yldAnd, | g@ngen dylbls -(2-

be sel’ected such that none he non-car bon base

diethy I hRsplERCoRR B o, N HCA R £ Giothypheeh e RS e hy I eospHpRIpropy)-amine,
(2- dleth)Fﬁ{&sﬁlﬂ{optﬁﬂ)(QaseQw ?faﬁﬁ&aéﬂgﬁﬁsamlﬁéq anys %{Eﬁf?g{.?r@&ﬁylpﬁogﬁlmo ethyl)(2-

not include a sul het er oat om
dlethyla@m@@iy}}'@mne apgbig2- dlg@y]gm@oﬁ}g{)gthgphquhn% th sqytﬁ‘gle g@ltldentate mixed

t £0 S tahll CeHY, f wh
heteroa’t(ﬁ'piél 1%?34[?3 Rgl’s ?Zthg ﬁggos?ﬂ%gt?%ll %ﬁlﬁl a a%ves R‘%lereod V\IIQ 7erem water,
%mhcmnﬁvsb@mﬁy@%dgéhm@iﬁmﬁdﬁéﬁﬁﬁbntIy be selected fromthe

groups consisting of aIkyI aryl, aryl oxy, hal ogen,

[0080] ni tIlrl Qn eﬁ%ony?rﬁ aggg ?lb gm éri’:lgéﬂ%h %ﬁé}ystaéygt%xncorporates a heteroatomic

am nocar y am no,

ligand, ad eltsclpsadi iy §%0 OHEFEAT., W@r 04&5914783 NH@;@F (RITRERy OWWCPI Oé{ﬁ§,64§‘? and water,
t hese substituents; R2 and R5 are the sane or
different and are Ci to about G 5 hydrocarbyls; and at
least A, Bor Cis nitrogen with the renmai nder of A B
and C being individually nitrogen or phosphorous.




[0079] In an enbodi ment the |igand may conprise
bi s- (2-di et hyl phosphi no-et hyl)-am ne, bis-
W@ ehogpbphosphi no- et hyl ) - am ne, PCT/US2006/031303
bi s- (2-di et hyl phosphi no- pﬁfnyl) am ne, N-nethyl bis-(2-
di et hyl phosphi no- et hyl ) - am ne,

acidic protg:zsf ali( é{t}glvg hen lﬁtg(ilg ﬁ@ggllﬁ §y(sgglst2:m or a corhponent thereof prior to or during
preparatloﬁj behd Mitﬂﬁ@sﬂmnféﬁfoM@xﬁml 'th aMOQm-cobtaBnr(gkompound as described herein is

replaced vin g o%fpgg% a5 htlieﬁ(]%}b)eaé Sk, 8T8, W& 536474, b Fa0s6479 or
WO 04/05?5&809% Mh E’ggn‘{dﬁ*;@t m?fliep ih@ﬂﬂhirﬁ@nﬁﬁ‘ myih)rﬁa? “bel ialtdlfrqrh espliwtaneptomic
ligand desgirhed W QONB6TT, &Y? 8@(&4}%%,%8%%‘5&% LN dufssaso.

N- et hyl - ( 2- di et hyl phosphi no- et hyl ) ( 2-

[0081] dllﬁtahydsgéa rt%f lﬁét&ﬁfit()mﬁmhgaﬁd amd be described by the formula (R)nA -B- C(R)m
i A bR £ L LX) PRSI 0% 8,544 Sy,

oxygen, bﬁhﬁrh( 216k etBMR @S Pitkd2en, ehi B )-adinking gaovg befeveby At indeS and R is
el el e S L 2 DL TR
respechveﬁ}a%fléerbn@|0b(ﬁ§k[8ﬁrsta2686ﬂ Nandat@l gsémisysican) Amndj p1p@ maly s agpotential

et eroat o

B
donates el@toB§ uRE irdhemipslPinelaGing G4tivd @Malemayoﬂdefoa’wm&dnfsvroﬂ\rmWélments at
cat al yst syste onent t hereof prior to or
least one Ty gropp i SE}?SB%EE 3’?118301835 gﬁgj Catalyst. In an enbodi ment,
t he nitrogen-containing conpound as descri bed herein .
[0082] | SInh@plpa& ek MiddttanibBimH oat edescribedjarite ﬁsmdeét}CRbéeB CRIR

WO 04/ 0564 WO 04/ Q56478 / 05647
where A 334 (%8 H@@oengeﬁtl%ﬁleé%% {) V\%/A)% compral%els ghosplﬁ)oy%gf arsemc antlmony,

bismuth aﬁ&)hﬂﬂrog@%n@B iaHpdled g‘rdh@l’ﬁeﬁﬁbyn hetneCodh embalirhingraRt R2 R3 and R* can

descr.| be 04/0 6477, 56478, 05647
independegly V@CO 4 36]%3; 111]ted| nh%@%(:gr% Igc ?ete¥oﬁg<¥\%:aﬁj§4 o g)? o ms%léstltuted
heterohydlrdc@@?ﬁgrS@i@ Bﬁsoﬂﬁ&ﬁfbb&lﬁﬂntb,)& t Re R @nd‘rBﬁ @n (bRnnMaBn@iRynpromatic,

wherein A |nde epdent Ly
including d}e@mﬂr%@p%h tﬁﬁ glrrB:H 8’8% giﬂ,uié %nfc’igfgma% %‘E'deh{n%ﬂtﬁ be substituted
aromatic Q%Y@E&lﬁm‘ce&ﬂl BdidtbAomSid| é‘rtiﬁps s @&l dmithgmembhodimerits, rlbg(:_Rqa Rar@dgl can
1ndependernﬁla gf) EWH:E gg}%g e Vl\f%%erln oL ﬁontg%lnﬂﬂn%%g uﬁﬁ B form a cyclic structure

together WiylAGEACHKang BOiﬂ[B anddC. nhaaamdaspnct shecbebsttupmts eldeyR tReand R* can be

ive vaI nd, 0 i.on
ot B et oA Rl Bl S AL SR AL Bt
embodimét@$) @mof-Blect@a dbwehtingtubsiituantstcan bchm)ntpohtn shteniopdlmemta |2 polapsubstituent
elecéron donor is defined as that entity that donates
can be elegiran 89M3{8- yused in chenical, including dative coval ent,
bond, formation. In sone enbodinents, at |east one R
[0083] Qar IIHHACE Seﬁslhdl&mpblat aschnwintity veithpat agrerrsmbs eletttie dipole @@y Suitable

ronplal SR RBSEL LI, NELEH 0800 6l L9 £30, o, HESET RS o),
cyclopen@([ -maﬂ;a@emd@m Icycl&ﬁkﬁpt}émbeﬁmdlmya rhel rbl-whnnulh naphthyl, tolyl, xylyl,

H 1N a
s, GETBLESS5,PHSSEASI U S BRI g IO cPUGFRE 3 ey v

permanelﬂ rddedbiranbs , mddent. RAny RdlaarsdbdRéieata on | R‘fd B-f) eid emd Ry ﬂﬁ@ be electron
dro sub titut

[
e S R o N
alkoxy, OFHEMS, ﬂ)dﬁtaﬂ@dfep}ﬁﬁdigldl trizmettey]sil By, Rﬂnetmrrarmd Reethyisnlfapgl,  tosyl,

methoxylirllao ar o tl S %yﬂel r%(rmc%_lc nCl u an 4 hg%ogl oaq'ﬁlﬁﬁthbs‘f)hmo arsino,
stibino, sliftd€ aﬁma@mb yikbe substituted




aromatic or substituted heteroaromatic groups. In
further enbodi nents, Rl, R2, R3 and R4 can
w0 pabepaisoent |y be |inked to one or nore of eacPCDUR®NG6/031303
or to the linking group B 3 forma cyclic structure
together with A and C, A and B or B and C. In an
[0084] &S @1? @Itnbodtngﬁlté lAbﬁd!’ P— el o Hldgyendéga otz QX/ 54360 0P8 where the

pO ar ; al terna lve non- pO ar ; terna
valence efj 4 gadfasii: dlorvafarmech %«rdafwm dn athed Qﬂ@loyhmem@,tA emde@ ma@ e independently

phosphoﬁ@&aﬂﬂo%orug @m@igga% SQ;?@E&'NQr@C)n el ectron donating
substituents can be non-polar. In enbodi nents, a polar
substituent can be electron donati ng. [0083] | UPAC

[0085] qefit preasparinR pBf. & and RApaneinddpeydenist bﬁohbtdroaarpﬁr srhpiguitd hydrocarbyl,

heterohygljo@a%}rl'& ﬁbﬁﬂh&l H%&Gl?dr céﬁ%}t gja{g%haﬁé}e ngy %u‘?sﬁtugnﬁ afe non-electron

subst’i tuents may propy
donating; zg’@gqa’@w subjsigtotod rpinatict (grstlbsbmtegl |hetelp@ntnythc grbupx ybntammg non-electron

a | (C ohexyl
onating ngﬁslgglgﬁc? tg}{ Itlvéenic?ﬂ%&%éééﬁlg? hg %Sr%lté%u)l}{i ¥§ nAa(%h ’h(iﬂ alterina’r]lve y, substituted
aromatic %y p%]qstltutﬁé gq:t@rwaron@tm gqqyps copiriope myh-pelackubsineyts oy t}@wp),m mi]acent to
the atomtbbﬁldl th K€or £O tnasromle %mg&{ {j t\pé/ 01J I‘HgIA(O:f %ﬁ Ra rk3ea% ktl Xan%e aromatic or

pernanent el ectron
heteroaromﬁ% contajaing gt lspst Rae ncmzelecmgmc dn@nm swpatycu@e oe tt@c?ttm mdjacent to the

atom boANBIA Y . Examp! <§§0091fm69t9| R Rguﬁs Lid RephSe! N&hiide Oés]qegﬁogromatlc

wi thout |imtation nethoxy, OXY, | SOpropoxy

containing|aj 36y OnqyfesrRoley Subpiswmhen o pioptrdiosay to the amhyddsd looryG. In other

CmbOdllngl!ltml hﬂi AP ROR* c@ﬁ §1ﬁ¥ﬂe§&gntl§ Bé’ Lromgtﬁséf subsma{ea %ﬁé{lﬁé EM)Lps where the
nethé&thloneth 3- oxazol yl hoxynet

substltue]pfy)art g,tpm ag]m:eﬁbto tbehf@grp hpwst to fy gr q:‘m; nogteiebt]rqpodongtmgf ert adternatively,
aromatic B Edbﬁlt@:@&j arbiA&td dér&ﬁ:‘)s 208 41’16 shﬁ‘sﬁﬁm tﬁ'@ﬁ&ﬁ adj&eﬁ%g V\%ratcgh bound to

él be independently oxidized by

A or Cispqiga Rolir ey & fupthes ghasimetaR|, GueR’ faad Rsm fre @xeindiat grdmteroaromatic

and each lof‘R]o Rh & £ROGh g@ﬂﬁ)ﬁrtutél &g 1ebst Wo% dé %@&?{At k%/atom bound to
phosphor us or phosphorus oxi di sed

A or Cbyy nqng glgagjjom Anagpg geye et altemptivelyp aromgtlcaqqdﬁetpm apcapetic and each of RY, R?,

R® and Rt @R eRigftel Yon BEIeY SH-QF BleBYdms aﬁ}épe?ﬁ fotid 6:11& Béﬂgld(?(ggrop ¥ by a non-

het er ohydr ocar byl or substituted hetero rocar byl

POhr@D@%oups where any substituents are non- electron
donating; alternatively, substituted aromatic or

[0086] SUBSHi dsptce®! et RY QRAMC TR inGepdhRHRS sFRRE AL ﬂgg aromatic and aromatic,
non- el ectron donatin substituents on the atom

including hqieroetontatie, graupevkroFhidsgimel of B, R, & a1 R'Gy substituted with a polar group.

In some édho8inRak] MPb Your SERS R A £d RALARLE gub%tuél%tthé yttn%cidj acent to the

het er o- aronatlc grou s containin

n
stom bougq {9} 1 e Ft SRGIERfE ™ Pithlend] e eh RO ¥ n@i Bt iopntiiuted with a poar
group, eaéh 6R'QR?, IR a8 DRE:aR BD QAN i iudindPeRfoaltRh e, 8fit dotan 5B2R!, BS R’ and

agd R4 can be aromatic of heteroaronatic containing a
", if the|all a4 argHalic a1 susEiicf GRitke dom adisergt Hubs etpmbemd forh PhE. T some

embodlmaitQﬂhéﬁcﬂt 2@ dhe bR'T R RALAIMR DO WG hRd HitRY pGar %‘rgupo hd&hore than two
pents, RI, R3 and R4 can be aronma

of &', T 081 Brihed TR HPAY HPSHLisAT theom ediagedl i he atom bound to
AorC. Iﬁ%ﬂﬁf éﬁl&kﬁlﬂﬁen%narﬁf%laﬁh@m@éi’ﬂtsa&ﬁﬂR;Ri R’ Eﬁlﬁ{ﬁf fﬁ? Q@Hfb%ah@ may not

I n ot her enbodi nents

be on the ?ﬁ?ﬂ’éﬂ@hﬁ’émt@ifﬁtﬁé bR 6 Cor ¥4 Bbe aribodepenin ot ne of ', B, R
and R, ifGk kS, oMRBE SutksiiBre® U d ﬁdl'z@ Rbibs@edt Q)ﬁ Rt P, aiAc 881 A6 the atom

the _atom bound to A or i's non-electron donating; or
bound to 310f &y nat j vel y, aromatic or substituted aromatic groups
where the substituent on the atom adjacent to the atom

[0087] b omngh dPect, R', R?, R® and R* are independently non-aromatic or aromatic, including

heteroaromatic, groups. In embodiments, one or more of R', R?, R and R* may be not electron donating.



A or Cis not a polar group. In further enbodi nents,

R1, R2, R3 and R4 can be aromatic or heteroaromatic
wana7easiM of RL, R2, R3 and R4 can be substit up€dUsw0&031303
| east one of the atons adj ggent to the atom bound to A

or C by a non- electron donating group; or

In some @h%&fﬁxgé}ﬁé %€ lRy R3%@ @EananBe Iaél:d? HOnéH ﬁ&ﬁ{{tlc%r ?fafha@ca %luﬁlﬁqg hetero

R3’and R4 can be substituted on
aromaticoBiopperrdtioht] éh@] exePAR A, Rhendelt'o herounie lnaae Asebstlt@erb;@néhe atom

adjacent'19 BRAlA! bcglﬁ@ HPA O[‘ @Oﬁfhthérn: difeRE Ghoh &’eleRgon (ﬁ% Jﬁ@(:éulgﬂtuent on
are |ndepen ent | ecte ron1non aromati c an

one or ragre AERI R > Rn@du%f | gy bﬁemcmrmbr ofregmtedimgnisugssh Rhek eRagnd R* can be

1ndepenéleﬁf'i’yS L1 QBR Rbm ke gf%ﬁl% c B‘%eﬂz?l %HQEIE 't%fgi ‘%81 8!}1\” ﬁl&lt?l, biphenyl,

olar group. In Sone enbodiments; up
naphthylRo anthgcensil Raethozn hefhexys ub@npxyuemléom tdh@eﬂ@ﬂ@mno diethylamino,
h r
methylet\%glbl%ﬁl@ %10%%8%1 g%lgcfyg %19@1% d[hl()ﬁqeﬁ)x? trﬁethlyﬁgﬁg%ggﬁ[hﬁﬁ%%l methyl,
othyl,  gthenbil. a PioeYlar b‘g}V]@uBYOP@th p@ﬂ)ym CRQOP%’Lan?ddPWXElanfebfecenyl and
tetrahyd%rﬁgﬂgs b;%up ' %%Mgﬂnfégr l@ﬁ:'heil ORY ¥TBLA & chpBe %Epeﬁ!iénﬂ?fselﬁed from a

4 i f the all’ are aromati c,
8roup COPHEINE %Eheéﬂ f@lyhtbh%lelaﬂ Septile v enheny and ey allobl?n bound to
A or C. In sone enbodi nents when at | east one of RI,
[0088] R2.m %gm@réglbaﬁm'eﬁs Sﬂ]bsﬁﬁ | Rub( chglh bél uﬂfai)&rderglryoslél%cte&] (ﬁtom a group
nore R3 and R4, if ey are
Comprisige @ ﬁﬁfhiyb ethﬁlaﬁhﬂwé PEQPlyls Piopesh ropynyh h@tyhpmha@ﬂ,a?c@ﬁhylmlohexyl
2- ethylc!:y@l%he@&lo ml Pﬂc;trc‘]}bhéxy@ Mbefezyl, lﬁgen‘% sy, %’T%og'rﬂaﬁ}lﬁwenﬁr\y ethylphenyl,

| ar” subs uent f t'he

-lsopfowhemﬁxh %—t-bwlyh%{ cHaylp ﬁneﬁlw&a Cabsml a@ﬂphtbﬂn@ntbl@cqa% mgthewy, ethoxy,
phenoxyd QM?I@X}I odlr%et?%lalgmol 'ﬂn%ﬁéﬂ?@t hefon&Fp qg{n@ﬁ?lrsﬂl altmelt@%@razyl group.;

one of aronmati c,
alternatisqlipa Ok e ttelyla Xl AR T OHP T, pEogm, gethory, cthoxy,

phenoxyf %lﬂllh)%r (ﬁin@imllgﬁqﬁlm tdh:ﬁlyﬁﬁr@ b@éﬂﬁi@etﬁy@mﬁl@ rthgphe{nglo &0}y thicethyl,

are i ndepend

4
thloPhenﬁ@h “&Fﬁ%ﬁ%ﬂb’b dé’fleﬂb}fllé’ﬁﬁzi’lcmethﬂc?t@da W@nﬂe?’@ﬁ’ﬂaﬁa%ﬁaﬁp@nﬂ propynyl,
cyclopergl Oéii@§hexlyﬂ FEPRAN FRNESahySBRARY1 Mp, opilteﬁilatlvéﬁz R' & &nghd R* can

bé not electron donating.|n sone embodi ments,
mdepenfhmﬂy b@zseleR@d AI9E RETOER KOTRHEE @rﬂi]él?w | 19lyh dinhenyl, a%%sthu thioghenyl and
ﬂmﬂgnﬁ onatlc i ncludi ng hetero aromatic, groups and not
the groups Rl, R2, R3 and R4, if aromatic, have a
s bstltuent on the atom adj acent to the at om bound t o
[0089] A OB mey be pelesicH diomepy 6B Phdrfrap CempTFingoprelie inking groups comprising a
hydrocaﬁ@?ln AloktiGted UREHIa Y HeteRRyBORHHI afiDf SubSHituled hetg{%hyd%éalggd inorganic
4 may be non-polar I n enbodi nents, each ,
linking gwapmma%ﬁﬁl%e spglgepeRdiNEl yorie ks etndf f ofPih ogPeg methylene,

dlmethyE’& Teh&il Qgetlﬁngquzﬁﬂenyl&@ elnzq)ropetngl 1Y) catetdiy1 2- dﬂfeﬁiyfh)ﬂirazme -BR?-,
nyI napht h g hracenyl’, . met hox et hox

-Si(R’ )7 Xymc’l DR »-owbere Cﬁ‘ n*ét}h’ﬂ’foé?ﬁ rfo hydapcatoe |05ml‘tﬁgtu%€ed hydrocarbyl, a

substlmtéfﬁhéiéfbﬁ&ﬂy)k aMafen.t NIGRRBRY B AW bAWIR L RhORF hyh b drocarbyl or a
|ophenoxy, trinethylsilyl, dinethylhydrazyl, ?
“m“mﬁgvﬁyﬁmm' 185991, propyl , butyl propenyl , propynyl
cycl opentyl, cyclohexyl ferrocenyl and

[0000] t EtR° RRy dE H}fd%g@ﬁ‘ ¥t may %ectéﬁ f&h nRLIWE ébnm%% R Ry, Fstituted alkyl,
R3 and R4 can be independently selected froma grou

aryl, subé‘rghtﬁ(} Pyl ﬁ@’l(&}’pfhléﬁwted @r@how, halggeﬁh@ﬁw alkqagg@phqqyll, carbonyl%xy, alkoxy,
amlnocaibhh}QMBWlarﬁﬁg delIRY %Za!mlﬂf GHPp éro{ﬂg(@ Bdrivhives MR of, and aryl substituted with

enbodi nment s, can be | ndepéndent |
any of tgee%p SRYsEeHts- o#:ltémg?‘{? may be an isopropyl, a 1-cyclohexyl-ethyl, a 2-methyl-

cyclohexyl or a 2-octyl group. B may be selected to be a single atom spacer. A single atom linking

spacer is defined as a substituted or non-substituted atom that is bound directly to A and C. A and/or C



conprising a nethyl, ethyl, ethylenyl, propyl,
propenyl, propynyl, butyl, cycl ohexyl,
wQ20mompbLycl ohexyl , 2- ethyl cycl ohexyl, PCT/US2006/031303

2-isopropyl cycl ohexyl, benagl, phenyl, tolyl, xylyl,

o- nethyl phenyl, o- ethyl phenyl, o-isopropyl phenyl,
may beOnde ﬁ@id&xﬂyp(ﬁﬁf%ld byCONYd, N GE®). t ¥l andbdl RSB mdéb’éﬁ&hﬂy bhosphorus or

ant hr acenyl, methoxy, ethoxy, phenoxy, tolyl ox
phOSphoa?Sr?éldﬁW%?Fogeofm%r%t hyI t hi ophenyl, trimet hyI silyl,

di met hyl hydrazyl group. alternatlvely a benzyl,

[0091] PheRYhothek @[InVAdlmé%Y I %Y of flﬁ@%foh}yg in tﬂ%‘lﬁﬁﬁﬂw R2 'Raﬂb‘top IQIS may include any
ant hracenyl , met hox henoxy,

cycic g P 0 £ SR iy o il G s & ol homostomic

group such bQ@E‘l@ﬁb\ﬂ{adleﬁW rlh&Yl&’l sor fRbRRL t hi ophenoxy,
trlnethyIS| dlnethylhy raz yI nmet hyl , et hyl,

et hen ro ut yl ropenyl ropynyl ,
[0092] Cyc’lfh@élé gpaypaiyép@ﬁ@)(wltlpﬁ)g ),ersé?eﬁgﬂr))m a]i?ié )é\lot limiting examples of such
ligands fn€hdanyaiad¢ rl%ﬁlﬂ/ds ag kel @s li nd@lvh&é %tlﬁd{‘@hﬁﬁi uftts aré:‘)goupl@ either via
and R4 can i ndependent | e selected froma group

one or %‘ﬁﬁﬁ’t %Rr%ouas Blhgﬁ )t,l}e llnﬂqgg)group 5 phaggimitig smbpgiments, the dendrimeric
hngandst Biroprery ! 1 @Hﬂ(g\ﬁp(h}élthywh@r%ﬂz)[bg%% Bs BN (b@ e%}%hlﬁlgﬁﬁ)d)z) -benzene,

N o b e Ty BB a By e DO TiDBe <y ohosy:-benzenc

alternatifdr ocAdiM @(4%%@&%@%6@%(3 angdy &- @m&%emé&ﬁglenyl)z)z) -benzene,
het er ohydr ocarb gani c nki n oups conprisi

NCERG st R T R AR It R TR IS i L NS

benzene/TEDL Y m@(%ahee%)n)gtﬂwieﬁst Mhﬁmp(pﬂen;b ?5-'8&&@113 N(CH,CH,N(P(phenyl),),)s

and 1 41d1§P(E]? eﬂya]?@g?nﬁgz) belge%) altemage(yR% 2-di- (N(ﬂ(élﬂgf)thoxmnyl)v)z)

benzene; MB'ﬁQN(PMkiﬁd‘rlﬂ)xd?ghehﬁ) g)’géngﬁl% nN(@{ohﬂq{I@@ﬁﬁl@ﬂﬂ)xﬁﬁenyl)a)z)g and 1,4-di-

ub gted h ocar a_substituted heteroatom or
(P4 me% ﬁl {)ﬁ@tqpqﬂéqu p'hBlyHaS}aerz@ne R’(%,ﬂlﬁﬁ% 1Ry (gI(Péphenyl)z)z)
benzene hydr 0@aki-DY(P(HENyD,)SIEEdE Ut edNyECecRPRHen@, PP [£890] 1 4-4i-
P(sh 3@% t§1q> h%gro gen or may be selected fromthe groups
(P(pheny }raptayly z@" D2lbqegene. substituted al kyl, aryl,
substituted aryl, aryloxy, substituted aryl oxy,

[0093] halTag ﬁgbndsﬂ(tah e pre@ﬁ%@%@i@fr&ﬁﬂlﬁ& knb#h RS sBiXYa 1naﬂlé<é?1?<a\ﬁd procedures
m noca Son , carbonyl am no, dial kylam no, sil

m“*”“&?@@ﬂ? SritgEY Fyat i ves thereof, and aryl substltuted
with any of these substit uents. Al ternatively, R5 may

[0094] be hﬁﬁlohfﬁﬁﬂfn@ padlbodanelatsc Yﬁél pHeXY baret ¥hde Ro- gthﬂﬁltlelﬁylbzPN(methyl)P(o
oct be sel ected

Xyl may
ctytpheii; fgatony GHa R A RGPEP RS i PRy iR DP(o-
methylpldaﬁf/l)z r(Siéth?@he’ihyﬁMﬁlbﬁlﬂ§ﬁaet@§lpﬁ&ﬂ)@ ?I) I @L&}@q)ha{mﬁ(naﬁmpym(o

ctylohepse GERREIY D AP R DyoPeg B 4o NeBH N (AR BRI, (0
butylphebﬁ)sz\(@en@nBtentbhwm&@sphogou%u@fr haﬁ@wmwsp&@}ﬂéﬂﬂ BRIy 1), (o-

0091] I n anot her enbodi nment
ethylphe@ﬂ%%%ﬁﬁ%? YlﬂheP | i galfeftiriph efﬁ@z”ﬁehenm?(eﬁthw@hmﬁn (o-
ethylpheh;ﬂ);ﬂ’l‘l(ﬂeneﬂﬁxyﬁly@}}l)% &BﬂilﬁK 95,0100- &hﬁ%&ﬁﬂ?@N@ﬁn@BP(o ethylphenyl),, (o-

Isily

di
ethylphe@é)el%‘lg F(é Igtgtwﬁ eglﬁlézh as (Q:‘?%YIB]Ef@%t) Oglp%%gqh}?lcyclohexyl)P(o-
ethylphehylgdeny! (oQﬂlyfphM@Dmcﬁ!dhbb@l)P o%%?&lelﬁ‘l‘)‘? i g%o y!mb!ny@ FNzauyl)P(o
thlhe%;gnta'n rrg% --t Ré %‘; 3)?3 : %
ethylphepybenml es  df<&yichithiop AL N FEieRS 8@ﬂd¥%ﬁ@h¢w01|gands 2-ethyl-3-

thlophenﬂﬁPM@héthyii)B(ZLdﬂg&Bdlﬁolybﬁﬁilﬁ t hgnd ndicybeiiad pyHalh $NEh&hyl)P(2-ethyl-4-
pyrldl)Zcoup ed either via



one or nore of the R groups or via the |inking group
B. In non-limting enbodi nents, the dendrineric
wo 2ovgaruds4 can i ncl ude |, 2-di - (N(P(o- et hyl phenyPQT/US2006/031303
2) 2) - benzene, |, 4-di-(N(F(gget hyl phenyl) 2)2)-benzene,
N( CH 2CH2N( P(- et hyl phenyl) 2)2)3 and
[0095] L Lh%dl 1(0 %{)}Fﬂﬁqﬁllﬂg ”g'{;@!&ﬁi&@ﬁtgy' )t c(<711gan Y l phenyl ?nclude 3-

e ne,; er na
methoxy@h@waN(rN(tﬁ}(l)E(hmthomp}ndmgny |(3-n2hd¥ypberyh methyl)P(4-methoxyphenyl),,

3 meth%%réﬁg%%gg)}pﬁlz%ﬁgi%g P%l)zzg gg 3ba2éﬁ;‘<‘a oxyphenyl),PN(isopropyl)P(4-

methoxyphety i, - ( P( 4- mﬁmmmﬂwﬂ»wm&m@w%@ malidigptgaghenyl ) (G-
methoxy%ﬁeilyg&)ﬁ%%?%ﬁ) eth%))?énhé—yl\lé P( nlae X n‘)e%z)xz})phenyﬂéﬁenyl)PN(methyl)P(phenyl)o,

ene

(3-methdNg CIECMENG AT @Rt )X} me&oaypateny1><pheny1> @

ool EOROGRIL) LR ARCATIED), ) et

(Phenyl)beﬂz(émthokyphﬁrdﬂ)zwrﬂ(tm)ﬁ&ﬂlhc&)y rﬁhﬁmshb))ypﬁé@))zl’b& hzgihexylethy)P(4-

methoxy'{}% olgétg )gﬁ)y Wﬁ\ﬂ? hyel}}, %Egﬁex%flﬁgg methﬁ)é}ﬁh?r)yl)a (4-methoxy-
phenyl)zEl)Tédb@ﬂDf@ﬁrectth@hﬂbr nat4- veﬂhyxyphqnﬂl)ﬁ’N(I(eN@l?(’(éhmﬂ}dxyﬂkQ})l}z (4-

methoxyﬁft%ﬁm%%gﬁgﬁ%%é%x%g?@/ [a(%f]—g%%’%%}ngg{_}ﬁ%ﬁphenylw(4—methoxypheny1)2,
(4-fluoroprmpy NNy Re4-Aydryidemieny (2 fidyephenyD démethdIRgBfludibghenyl),,  (4-
st ORS00 SRBL A S BLBE S0 55 0N L SRR
methoxyplgsbDshed | i (leenzl)-8NEs0opfPYYRAP-methomyphersiDed t i ng (4-(4-methoxyphenyl)-
e SHOAMNT USRS |11 L b
(Pheny)PIS(omeop iy (YiRyLs- | sopr opy| pheny| )2, (o-nmethyl phenyl)
2PN( et hyl ) P(onet hyl phenyl) 2
[0096] go'h?t hX/L:flhe& %) ZEH%I Soprglo) Pé phe ) (lgégrgcﬂyl )c’an include

py| oet ylp
(phenyl)(Pél(msfbﬁ)P(ﬁth)l)zP N( i (Blespy BN Dery BE (Praph.0 py | (pheﬁ}’l)zPN(phenyl)P(phenyl)v

@henyl)%ﬂ(?ﬁﬁﬁ)&%ﬁ&ﬁ%ﬁ?ﬂ%ﬁfKftéeh)sﬁ‘lfg]g? t%}ﬂyh;ll}éxy JE(ehenyl)s (ghenyDsPN((CH)s

N-morphoBa P by Dpheny| JEENLRSSHEEYDREhas s but yI m@nwmmzwcmcmm,

(ethyl)ngxﬂl%hﬂ &%Jé))rz] y|2) W@'ﬁg L%?%p r()g(mefétnﬁ feny ééﬂ;ﬁ)s(phfnyl)PN(methyl)P(ethyl)-
(phenyl)( @M@%@éﬁ%@}opz@m@?@hfrmﬂh @WM%WSFP((QOI@@M)TP@@W» ) (phenyl),P-

,CH, et hyl p enyl )
CHLCH 12(ggt 9 phen %&%}Z ﬁﬁg@@l%%%ﬁil SIglgert W@ﬂbﬁ% 8t hyl pﬁ(g Ay }Sylphenyl)z'
PN(1sop12py1XP(§a @pﬂhylp{ﬁq@h(yhgnyl) &/)henyl)zPN(benzyl)P(phenyl)z (phenyl)oPN(l -cyclohexyl-

ethyl)P@BN(l)Z F(Fﬁéﬁyl }%gﬁ%ﬂicl ORRL }é kﬁ?ﬂﬁy' ﬁ)h%n R,PN(f clojexylP(pheny,,

(heny )P ok vl,gwéqhmmmyé)a | 7hope) Mywn@nyloz) (2znaphthy1>oPN(methy1)P(2-
naphthyl%PN?t bl%ﬂhen?j e{ﬂ;ﬁﬁ%& %pltl r1]1|yl())2 h(;é metl‘sylpheny éPN(meth?ll)PS(p methylphenyl),,
(2- thlophemleN Fbmenlvpﬂgal ) P( 2(1@161«3311712?@(@% ¥ (rheryhel (m-
methylp}(egzogf’ﬂgheﬂﬂflﬁ@ﬁ @b EH '@Béﬁyi)k%gd %ﬁ@ﬁeny% FdndY{phenyl),P(=S)

other non-I'fmting e
N(isopropylgf4pisylean i ncl ude (3-
met hoxyphenyl ) 2PN( nmet hyl ) P( 3- met hoxyphenyl ) 2,

[0097] E ‘3"1122{1 %g%%tgm&i %l% 1?@%%%@0%15 (I%feg?%)m?@(ﬁ g;ﬁéh&gﬁé b& the formula

® )(Rz)fwfﬁ@t)ﬁ%xymngymm V@%@@Wh):@(mbsﬂmpmwwﬁéﬁwe)nz 1-octene, or
S T t 1 a’ 2
Gt R TR

(4 nmet hoxyphenyl ) ( phenyl ) PN( nmet hyI ) P( phenyl ) 2,



(3- met hoxyphenyl ) (phenyl ) PN( et hyl ) P( 3- met hoxyphenyl ) (
phenyl), (4-
woreionoxpphenyl ) (phenyl ) PN( net hyl ) - P(4- met hoxy pPenyk300@081303
enyl ), (3-nmethoxyphenyl) 2PBlfnet hyi)P- (phenyl)2 and
(4- met hoxyphenyl ) 2PN- (et hyl ) P( phenyl ) 2,
C(R?) (R()4Cd‘f'ie£rﬂ1%¥i¥@ r&ﬂ‘ﬂ%’ﬂé 3PNhekedeY célt&ﬁﬁ?(fmlyetté’ﬂﬁéln)agﬁe‘lethylene to l-octene; or

h
altema“?il ﬂ%ﬁ%{%ﬁ?ﬂ%ﬁ%l}m@c tEEiRres PE 1 -Briensanyipagtept hoxyph
enyl) 2, (4-nmethoxyphenyl)

[0098] 2PN(idaeibkonRite WBAaQ%Y RBEMERed to be atiached
] (4- nethoxyphé% n2PN ent%lfP(z ﬁé}ﬁ%ﬁyuheﬁﬂ%nﬂ<ﬁ§Psoﬂmtme

fesulﬁngr%ﬁﬁf&%wh émﬁlyat@pme%ﬁz ofl Srppransitien messa) pﬂw@hgvle) % elevated temperatures,

€C oW l T) t N € vompl€x Irom the
) AR AT o o

reaction (rgxtpqe é@‘rr@ﬁﬁ 2 ?FEN(LW{-@I[ gthr patplys a¢ é@pr@lm} by D2E Beggbreiter ez al., J.

Am. Chém TS@E" hydsam aophemy. ) RRNGBL) B t@hﬁ@&rll‘%!et@ir@o F%le%}{ also be
(4- nethox%phenyl)ZPN(alIyI)P(4 met hoxyphe

1mmob11tz%é¥]91p§12@m(e|h§ ROpA l)gp(lcg twil%glv?ﬂ@}.y)pyygloxane or a umina or the like

backboné 4s, ft-cRBENOHRBRENYE] by C. Yuanym et al. ChmeseJ React Pol 1 I9 1&2) 152-159
gwgn yl 2PN(|sopropyI)P(4 (4- met hoxyphenyl ') - phehy %

for immabygpinie PlatRvR SxpRiREhy | ) -
(phenyl ) PN(i sopropyl ) P(phenyl)2. [0096] In yet other

[0099] nOfln lh Binbbdigher N3G I 51% coﬂtmﬁmk lgapRd C@Hh{)&@llc‘d&gning compound

phen I)2PN(weth pheny
may be ctoﬁﬁétﬁ IW} ﬁ}rq(rﬁgﬁtai}/qy; PP %Wra):t@g the metal alkyl with the chromium-containing
compour(dphﬁ@%&)l@%%t@lﬁﬁ@)&b&f&uﬁ@ aRY bpiénal halide- contamlng compound, the solvent, or

).2PN( p- met hoxy henyl P(pheny
combma%.(g'ﬁ éﬂ%?%f ztpm(la&e P o&ﬂyﬁ hessyR )omcma?@ﬁgag)ag ‘olefin. Typically, preparation of
catalyst &qphesgt! th 2RMsEEE )e3ctio ctheF hﬁﬁ) Ripheny! digminum alkyls, with water

2PN( Si phenyl)
mpurii (GG 2o e NP Py et iy g zpe al
compour(d&hzi}ybé QBMrbeﬁ@pﬁIQ&M{a)eE&}ﬁh 8 ledPio polyrner forn}atlon in the oligomerization

henyl ) PN(pet hyl ) P(et hyl ) henyl )
reaction. ( glll %cg;g’ﬁ‘@ﬁy}ay @N@P@?ﬁip}i’y %9 Ian}cpiﬁghgﬁaylpl ggen compound to the metal alkyl,
thereby élﬂfﬁﬁcﬂryg )&Pgﬁgﬁcwgfs% rﬁﬁé‘skrllﬂ)t( RbeRM ln?oducts and preventing them from
hen
presiiabSGE R GGy AR PR sy depmeriptopasacion.
(o- net hyl phenyl) 2.

0100] PNThs ok biydup e bé RBEPMel mi in
101001 pqeneﬁ%%ﬁ(%gziﬁm%henyﬁﬁz (p itk J G PRy e pymoles, pyridines,
substltut% Q:y)x;é) e§ ﬁ'é%by?’se]flijﬁ}?s) dwn&ﬁgrﬁ}tmggn heterocyc es, or combinations thereof. In an
embodindefth QKWhl)ﬁEHN[—(Qﬁ@@T@ GhigySibé %&hﬂeﬁ?@b@ayl WRich in this case the nitrogen

compoungi %ng g%y% ZPNE)ZX %gg nexyl. %}Egﬁgi%yrl)\qp(mm 9f2the active site mn the catalyst
system; s lved) yl pr2viNGiad dhy breBlpipfiiem ¥t theproduct of the water and metal alkyl reaction (as a

solub111tyb?nr§ﬂ}étﬁl§1 %lﬁ%ﬁ%ﬁ)ﬁg{eg‘t}él ) F;ézﬁﬁﬁlg ?fg%tr]e;ugngl 2:02mpo$1rF1Jd is tributyl amine. In an
embodiméiit; ety dahasislyp r))CBBN(STEBﬂh d Bf RorBb&Y |OQ)|T Q@%&J’c 20 moles nitrogen per

2 PN h 2-th h
mole me%ﬁ ﬁ%[ﬁl??t Vﬁgl\‘%{iﬁé{lzﬂf gﬁét ? tl(lf p{)lﬁiﬁl&%? E)? om about 0.05 to about 5 moles
nitrogen (omrif&é ﬁyﬂag Eﬁlﬂtéh)atlmlggﬂg(] )ﬂrl]til?f(t Fﬁdﬁﬁ&t s ﬁhﬁééﬂo)f l@r)og_q S%)out)o 1 to about
en i Sopr opy phenyl ) an pheny =
OSHME$§ dﬂ@?%@@ henyl) 2. [0097] In an aspect, the
catalyst conprising the heteroatom c |igand descri bed
[0101] byInt deerhtdifheng fdr FRlaktripZ) ArtdBrsCEdRbrisiRg)a GRGiBhlBRERME Z8mpound, a

ene to olefin c osition conprising 1-hexene,
itrogen- Tnga}él‘%‘ié)m%?ndm" it S91L HERRIBFAl BE e O aRInG ApORR BP0 optionally o
solvent fdrhge hedlRboaiMp 4 d1¢Hand BREMm-Bathily Lol Ml BrdBh- -containing
)(R2)A-BC(R3) (R4) can trimerize ethy%ene to 1- hexene;
alternatively, tetranerize ethylene to 1-octene; or
alternatively, trinerize and tetranerize ethylene to
m xtures of 1-hexene and 1-octene.



[0098] The heteroatomic Iigand can be nodified to be
attached to a polyner chain so that the resulting
whedoenEdon ¢ coordi nati on conpl ex of the tranBCT/U82906/031303
nmetal is soluble at el evatgg tenperatures, but becones
i nsol ubl e at 25C. This approach woul d enabl e the
compoufid® 68V @ik Yne afkglpmg}g'g@Llﬁlﬁlt%é&@i‘ytcaﬁa&&ﬁ%|aﬁ%n@b&ﬁh@ﬂtemé Qhultaneous
reuse and has been used for Other catalyst as
contact g the (sefglygt PRAONEIES OFsyF g}graéiﬁ]{u@rp i@ sjigle contachgeneChBlg simultaneous
contactlr@}ﬁay &&ﬁ%verlaoj%noa- 6 tirke! S froMatBusSi MinbRlo Xl%upl?_t ff&usse al’(c:fn}?tlvely from

ansition netal conplexes can also be i mobilize
about 15’9%‘? gy aPpE %@9@@:0%& difimetielyg pmisabey Simtipese, to siqut c3ahours In an

embodlrﬂﬁjt thePRh ISt RX ¥BBa@ihg ay '&:d"u@ o@crr ab%%oh ok ?espﬂl%lf B B§taPR: about 120
or exanple, denonstrat ed uanyin et a

minutes @,]J‘I‘o%é &atglystproduet. P 1 e@‘g:glgnenl (029 or r]}grg ofgg oﬁﬂ@]yst components may be

fed to tHe rEUﬁKHt lzbred AAGnaRd ALY, PHES FaFR] 866850.1 KA abdht 360 Kgs/hr alternatively
odi pent usin rrol e-contal ning conpound,
from abﬁ‘fttsr 5g&hie bl AP r%(gg%b ryeuAe cHafoBebednttaB el Lot 15 Kas/

alte:rna’a{?@}‘E &omadteMd 0 RI K Qhr ¥ooa%gni(ﬁpklgé71§ taﬁ&neﬁﬁfte@l fréth K¥but W 1 kg/hr to 50
chrom um cont ai ni n %a%gpoun
g

Kgs/hr; Wgy%y &6 2bOH; Q-'a sk, @1 élﬁqrqxa@ﬁgy from about 1.0 Kg/hr to 10

Kgs/hr. I5atH £less oM @ieh by a6 BP efdyedtit &ﬁgr\éﬁﬂt)dlm‘eﬁts described herein. In an
combi nations thereof, to nake a catalyst for use in

embodimgpy JErERTIENTRYS SAPtRAiRs fsrperiygpsr dmp cgRtingpuRpases Geism the period of
time maf 8¢ &l M&énd&ﬁ rfoﬁSiﬂ'tﬁne} Rr HRERETAR! aebdgt&ﬂﬁgdegé"hpﬁloaqlé%§dlment the

. 0., alum num al k ,
metal a“fYLfW b e g ¢ LR o T Uz e] AU hnp GFreh el halice, a
metal haditle bl atrhdi®@ 41RBY ora&ﬁh’tﬁ(iQﬁﬁtth?edf h?lﬁmtﬁlt é&hbcﬂlhrﬁéhg O MPRIREntaining
Itates al Can | ea

source of prec
Compc’u‘ggf{%y .I?EP e SimieTeany SprieRed it R ?Q?F?Hrnégampewd the nitrogen-
containinBU®MpPIndC bl thatrRsal Y1, 16 Sbabie by RymiiRGeRAd dhdiliNo0he Bydrocarbon
nitrogen conpound to the netal al kyl, thereby
solvent. enhanci ng the sol ubility of the undesirable reaction
products and preventing them from precipitating out,

[0102] an@h bl refnfb@Ainteht bdMsEd w0 1rp@1gy DRI Ry @&H}Qfsitlgﬁ dothplifi€s the chromium-
oner.i zati on. reacti on. 100 The

containinicp PRREH 766 e Ao BBt O 156 14 birdhe mporshon comprisin th

nitrogen-adhitd G5y c@mbduﬁh @ay BY FdddinReSontast Bslel 116b 6Ha MME rlq’b(f-‘ Sheé @&Hposmon
and tri nitrogen heterocycles,

comors B G g . oS BRS84S o cmpenon

comprlsnﬁg thé agdnal Gl@lﬁﬂé@dﬂldmﬁ‘%)éo@ﬁ)ugd B bRl M BydPloRe 1 V001 vEire N 180, all
the ni trogen Conpound can serve in two

composir FTERY I RETIDHEE |ONGTTTHEHEY PO ARET GHoIGa He an embodimen
as showrﬂmtﬂlgl @Bs the@oinPodititd apadinsSthe SMﬁﬁqﬁlm-coﬁﬁ%ﬂgV\Gbmpbﬁhdhmay be fed into

t tion of the product of the
contat P Kadekt O Biryposy @n comesiee %ig%g?PﬁBIi“PlP’P% compound may be
fed into @nhenoes ) 1001via Bie EIZDOEE I‘Iﬁﬂﬁomtl&ﬂ?@oﬂbﬁsﬁ@ﬁg nié&mﬁlﬁﬁlrﬂnﬂ Ghe optional
ound is. tr an enbodi nent

halde-cof SNE SQPOHPY SV BF ORI SO0 PO A R AbdIee 1116 ghe fnal

compositlops Beirped iffo oakR6z0RE I [0DGQRuIRRIuIPbRr ABERAd of time. In an embodiment
t.he final catal yst product is conprised

tivel
as shownl g A5 imbogfis cpamabgte i BeoRprPS gemPBd ARl the nitrogen-
contammgedirqiohn@ﬂhaﬁbd Iﬁé-ﬁéﬁtdc‘@é@aﬁd feH' td donRbt o84 ﬁl'OM %ia lﬁE @ﬁZZCﬁle E&mposition

d o m about 1 to about
commprisig P GiAL S Y Sorigt GO oD #nes MOAvi ol Hemd g rcomposiions
comprisirgakd d’p@o@l Baidaloyr8iinia® BifioShd eaybe Gty AR &P 100 B line 1180, the
final compoyp 10n8 nbeing fed into contact zone 1100 simultaneously over a period of time. In an

embodiment as shown in Fig. 4D, the compositions comprising the chromium-containing compound and



ni trogen-contai ni ng conpound, a netal al kyl, an
opti onal halide-containing conpound, and optionally a
w@odoveesof or use in oligonerizing an ol efin, tPEI/US2006/031303

chrom um cont ai ni ng conpound, the
ni t rogen- cont ai ni ngconpound, and the netal al kyl may

the nitroBéh-ShAhidz3BBPSH Ynal B fn%cct)ﬁgotedl ald 8 iR BRUORRAL 11d¥&via line 1122 and
si mul taneous contact of the catalyst conponents occur

the compesgioateAmArERE ths aetdliafgl endcen pritopelZBlids-comiigng compound may be pre-

contacteﬂ |aﬁﬁJffeB BANEQHBIGERY AOD WRATinERYI 7066 Hhal Q(ytﬁﬁosﬁo&ecfein% deCifito contact zone
of fromabout 1 mnute to about hours;

I.me
1100 srglFgorlt PYeS PR tipouln the stiedinsnts éh%b@tFlﬁ AbUDs o hydrocarbon
solvent ﬁlhﬁ? B @@e’d\h@ lomtdck Q&Healh@@ﬁ)eférenhﬁéyt& bRuABAM Wi RRHIR of HR various
odi ment, the si nul taneous contacti ng may occur
catalyst ewn%{ltsp draniet 79ne | KOSNBIFAMPHIe 26l vesssl, A GHRmpIoe storage tank, tote,

containeHiniikih @ Sested efcO ARt 1yEESBANBhayPbeOfttBtawn |ﬁ%n%nﬁ€@9ﬁjé ﬁ@@ (fra line 1170
npre of the catal yst conponents may be f

and optipily BEFHELETIOh E0%R). e STRoHTIoRle €50V in frgérﬁf’aﬁlau@e @ddltlon of the
composiieH EvimptiSin@ihe Hitrogﬁglocoﬁﬁﬁlliﬂy comphiin@ r(é‘@tﬂhevﬁlh}élefcf)ﬁ%ﬁg Q%pcﬁmd or any

Kg/ hr to about 50 Ki alternatively froma
other mkggeﬂ rcoPtamg]g n(i siesc ggd/ hefrem)a Prfdef’hﬁ eﬁorr\p@qltgpnf CORATISHS Lﬁle chrormum—

containifkh loﬂﬁﬂ)’uﬁt[ na® Bedlie WQokesi R ivadideePet kiR Yasf di@Msed previously.

Kg/hr to 50 Kgs/hr; alternatively from about

Addltwrﬁﬁ%[ﬁ}% ﬂiﬁr Btc 1O P e e §pt fortB i Bigp gd-2D and 3A-
3B may Be &)rrl’ég:/ehl tith he Lohul@iSeotY 2ddiBUE BrtiRSSentsloPWet. ahemp may al so

be enpl oyed with ot her enbodi nents descri bed herein.

In_an e t, the sinultaneous contacting is
[0103] el 4 gy i oG8 T GEBBESE I BH BT T Hetagii gpound, a

mtrogeanmththE cHEYOURE adRet eI QS dpt@bl 1R6doontatn¥B) comPhund, and optionally a
ternatlvel in a bgé process., In an enbodlnen

solvent ?‘ﬁ USPret o lg%Hl RNy Ol5En e ORBPTHPD ORBE Siengremium-containing

compouriip the Atlodn-ddalaing BRgortdMBE AktaPdikY |the @})tﬁﬁ{l ahlidelckhining compound,
al halide and a nmetal alky

or comTAggT B GhGIInEY GF T ' SnbOUPHBNGIePbRG Olisomerizaton catalyst

compositid. | URe pRAoalN ipfgare® TREIHEIZARY BlaBet futish Myt AAGLHS ¥ same or
Jifferent q¥ tacted with the chrom um cont ai ni ng npound, the
HHerent ¥ QR EBRYHE RS rﬁowowgnﬁwm-coaﬁalﬂtgh@%m I%Etﬁklyqﬂwhf #id optional

halide-copeaiiiy @yl Mk bpi@elihliadehntairdy dofpbilid o Q%ﬁgebé:’ﬁetal halide, a

102 I n a enbodi nent as shown in
nwuuam?ﬁgmg%ﬁbﬁéﬂquils S|ng t he chron1unnonta|n|ng
conmpound may be fed into contact zone 1100 via |ine

[0104] 11]@91y of i e oqAsHE ldQEloﬁaﬂ MBreinSfoNghaltifte catalysts may be carried out wherein
ound may be fedylnto cont act

the new ah ?%gn cont ai hi ng
SHARGT TH0BE RFFRERd Thana g7p0re f?f@a%%ﬁ%mmaﬁg EHiREi P Vigpsly prepared
active oattdil}@t nEdSréﬁxaraﬂplth thHiMnﬁlﬂlrﬁdhﬁi ghék® iCPigs. AALD Z el AR 1Y0(Bmay be a

onposij.ti on conpri sing the optional
holding fﬁ%ﬁ og 8‘9‘88 i F‘hg &5nip & ﬁhg%w%@nfr%aawf AdobeceomPEsed of previously

preparedZ‘ﬂllgﬁn&ﬂz@tQ)anaab‘sl NEhel $8us aaltz!tlys‘ﬁ QbRAshdd RNmebel g 116 1117, 1120,
eously over a period of

act one 1100 n
1122, anfi Qﬁr@ myy be s lélﬁaﬂg%lisl%épﬁpblzl g/lii}baﬁ PreyLoEsl Y pre@ged phgomerization catalyst
compositiodriipasitdci he CI@OPri si ng the chrom um cont ai ni ng
conpound may be fed into contact zone 1100 via line
0, e .conposjtion conprising the

[0105] |, OUFIT AN Bditp linePuinglFope [30amayreq kodtsiapk for active

catalyst tZ ®B €edktd @R oNdomelikdtion 2chey arldNBmERRP Eérbias%nﬁa&iﬂ’fﬁf)ﬂn%ﬁﬁon catalyst.
all ge-contal nl n

Th t he netal. alﬁé d the tlona
e chroj s P TS -6 e LRTBE et WG solvent n line
1250 formB @ fikst @8lutvdnan kot Achd 4224, hﬂlefnll’fﬂ%lan-contammg compound in line 1220, the

metal alkyl in line 1215, and the optional halide-containing compound in line 1280 may be combined with



conpositions being fed into contact zone 1100

si mul taneously over a period of time. In an enbodi nent
w@googhoism i n Fig. 4C, the conpositions conpri sP@yUS1966/031303

chrom um cont ai ni ng conpognd and t he

nitrogencontaining conmpound may be pre-contacted and

the hydrocg% é]%/e;% 1(%1n1nte ?% 1 f% n%gf %«%gncy éoﬂltllbﬁ i(oilr%gtzzoné 185 The hydrocarbon

Wpri si e neta be fed into
solvent in A1 E50tmag ba ehe flsérﬁ@or\,dlﬁerbnt hedrachit®n Sdﬁ@t itH@me C1 &iip oiettirs gQution i

i.Si t he oR t | %@Hﬂﬁuaﬂuﬁﬁx .
contact Z%n?% rﬁt ngcho Rl%lgrh elQ B%&v?oglg l?%g 0 the T It o (e-g
simultane QRO sujuenmnﬁy, hr&ludglgfaazdlurhlny of ﬁ@ﬁtva@ﬂdl’gwq@% ) with the previously
made ohgggergﬁ%{%g OfI%I/S[rEXmgélsﬁBn%} ﬁo%{ac%né) {20b i MBined 21880 LT %iﬁ@ﬂfvely, to

conposi tions_conprising th
make the GlaWwOdatalyse mrpbahan nGpioriinuntixgndehde disposed in contact zone 1200 to

nitr en-cont ai |n y h Bﬁﬁh%@ﬁ it
B i
comprising Cth@@ﬁtotgtremtammpmnglowgi (e thetpatrolg—pqxrymmag] gopp@nd or any other
nitrogen %Et&(}%% lécl%da %escrl%ag 8‘5}%{% ’ﬂ{dntge 9&%91%5‘1@ CWISB the chrommm—contammg

ontact zone 1100 via |line
compoundliidy be trade ficaastant onpoging Pofs raved qrﬁgdlsfc&geq PrEous t Additionally, the

water, acéhbgat]d%so%f %Etﬁualbgtglg&qté Xdlﬁl&% s& fgﬁﬁ P e ggf 24 bB¥8nd 130 -3H nay be

shown 1n A- 4D, a hydrocarbon
<mnbmabmﬂmbnmnmmgabEMEhaoedbmwn@@ﬁf%Etm%one 1100 before,

after, or concurrently with addition of the various
C 0 DQodel O fT@M COHAMdnS Buficient to
[0106] gqtr}lcfcir\ll%ssgqg é&fa('l};sts to LA Lar? 80 €0 erl @y ng &u

r exa e a stora tank, tote,
thoroughl@(mﬁtmt Iﬂercpmmr»cnmg Tymedls] con@agimng 1§npq15g>[rgq:cg/1§tan W&@HE‘?SP]P’F&? such as,

for exam@&t r\;A%r(HgaPl r ﬁr o%m gﬁ%%%%{lorz@ﬁﬁermQoﬁ’th@dls&l&%d LLt#BdPdttnaking 2

ere ter not shown). In the
catalyst fenb@dmnmg@raerstmevm dlefirFpagshe 2 GEperatiE. digicEseot QPFrafigpe ambient

temperattgeo %g %egcjn%%y&? n?rLbl%Epg) LAE Ak tr Qe NGt AaBiidhd temperatures which

e pyrrol e-containing compound or an .
maintain dteheiCthm Ilnmug@m admtdasta’ﬂr Prg desigblad tesenhodipnh &72atig) lergpfgpture 1s

maintained &fk&sﬁﬂ%o Fg%lrle{tl%élg &l S, £BLABH U@%@c@ﬁq@tﬁd@ly"l&s than about 75

e I n onstant or var yiI ng
°C; alterﬁa@bél?Sesﬁ%adla‘é@dt aet; pir eltbroaiskly . lesddtiant dtonald yC Wlhag contacting the

wat er, acidjc protons,. or both a a
compositiogs c?lgqqswglth ﬂﬁaglumzcl&h'ﬁﬁmgnc&m@&un E}%r{ﬁ@ggorg %g*g n{x)ﬂ%@&rﬁpound the
metal alkVd, {8 obﬁkﬁlalshaﬁﬂﬁ ctoam&ﬁngs;oﬁﬂdmﬂ; cnrmomhlb@tdmn'émesf tofmaf g catalyst. The

A3 hod ! evels o
preparatl%tb?]fﬁ]?ei (g{ grét Sglt?fﬂP %rgp%r Itur}g Moy 1 Qreagg%gﬂalﬂ%’a@%&@taﬁé Yeddce levels of

arning conpou
undesiraié ¢ Re@0t @HMeAI Ni ng conpound, a netal alkyl, an
optional hal i de- cont ai ni ng conpound, and optionally a

[0107] co H%%%}actn:;ng %@gsi%éﬁrﬂ Oclll?,](%os?% tﬁilg]dg @ A %g Ea{te{g;?lst Ifotp Q@se in oligomerizing

Fom umtont
an oleﬁn%@ﬂ@@&iﬂdxes&dﬂ@thﬁﬁ doeOgpe adwﬁzla]lya:lffmt I&g: rcem'ppm Lm@eraﬂh@rqm@ within the

t h t I hal, i d
operatlorpe[t@wpﬁétﬁﬂp)/es@jfceqﬁ@rl&:cén@ldyg{b nmerizati o n cat aI y st
conposi tion. The previously prepared oligonerization

catal yst . s I uti et h | r
[0108] cpr ﬁfeﬁmoe meéﬁ)rﬁg%tga %ogﬁcggxgtﬁ S of pgikin eﬁrr&%lggt t‘f alufrs1£ & oGﬁQémenzmg an
olefin ca%%my Rehour¥RIf &1|me6th$¢}dan r@ﬁﬁswﬂﬁntlalﬁbahll reattide (ico rq:a’ra]ypn qegrponents).
npound. The o on Lide-containi
Depend1%%me§8acgnﬁe1s \fl) tlin%ﬁ t%ra éeaatéonntglin%ﬁr%lrf kanil p%ai%ﬁ?é“?é)aléﬁ& By can vary.
Usually, Gi¥b b REd tBasabbinelr &8fcan [)Q qiAdientniyr exfamp]eéroamdmdt hreviue to about 12
hours. hglgﬂs gr{;&?ﬁ)é}?%na ?era%og h];n%rm }E]o%t ‘I:%tm%t g’ou[t'rg%o@rg aft@hdt v@lg from about




the new catal yst nay be prepared in one or nore

contact zones conprising existing, previously prepared
wa@ewresiseat al yst. For exanple, in the enbodi mrePCBEUSIVOM0B1303

in Figs. 4A-D, contact zonel11100 may be a hol di ng tank

for active catalyst to be fed to an oligonerization

1 minutd BAGHAB 1BRE. DeheEATRE |u§tﬁﬂy BloviE BY h@lSnY AR & EGorter times may not
gomeri zation cataly The vari ous cat al yst

i
aHOWSugf%blmﬂ@rfqmﬂlqt?réaﬁmlo 1115, 1117, 1120, 1122, and
1180 may be sinultaneously conbined with the

[0109] p I eftcQakahant AERPRM S HerOhti QBRI ténQFr %@é@dsﬁégcnbed above in any of the
nposition in contact zone 11 In an

embodinBiH5 AT e FRlsled SRR WPHeTF &y inet atpiphee 1t0 Pepinchgnictgipbility and

reactlwtp eIn%n RebEHiReh: iRk, HeQksiAblel 't(y @on%@@ tﬁé ¥diyst QittPe Bl%ﬂn @Vﬁ‘hlﬂ Qbout 1000
Onerlzatlon reactor and ri ses preVIOus

hours O%IPTF@‘E%@F io% &eicanlyelapliermpsely ¥ResBRFORRLIS CoreRs hwrl%gthe olefin within

about 800(11'691@ WRBrepddatioh BEh %IEQyMteﬁ@tl\%gqpé &%ﬂysﬂnﬁ%b@contacted with the olefin
drocarbon solvent in line

form Irs
within a‘%%%t B0 legrirsi oA picerttign of ths saly gpaitermptiehithe ?Bg%@hmaobﬁ eniapipgwith the

olefin Wﬁl@lﬁﬂ&i}hﬂﬂbd Houds |oFFr %age%gn of e cAmYyl or @itéﬁ)@tlvélﬂ tﬂe'cﬁ‘t@lys]t%ilz@ be contacted
t he optiona | i de-contai ni ng conpound in_|iné

with thel%fer PR B8O SR e Omeﬁ%rh@nhfgfd% & 56n 18,61 vahedipept, the olefin
oligometizafl6n Mﬁﬂystf Qbiprichg @S €6IRBH O datair@y lcBmsRAL,2te 200 n contammg
. The Xdrocarbon solvent in line 1250 may be
compouidh, 4 e g e ARURE B Ear BEiP IO Prttnd And prinaliysthe SSivent may
product Iﬁbﬁ)dﬁdztf(ég s&knt) hind Np@aPbast 1e40DR4 122 BmaRGhinNB oS00 Mburs after
contact zone 1235 may then be contacted

Pfepara“ea oé the %ia%fﬁ PIEMEBIRY e @rodggda@nlﬂvampyﬂtmﬁ &} lyerit apug 993 at a time

within afdutl ﬂ@ﬂ lhdulyé oBEr fréfRfa8bi Yetheetilyst; Qﬁerﬁz&ﬂ'bﬂ? mﬁétefﬁéduw hdy Kabcea purlty of at
ﬁs conposi t

least abqel{]% ]IOO g Sl@% “g%%gbg% Iégool;rlfr?eurésl a]zfli%%}lgglgia%%% gg «acaj_ai}fg alternatlvely the product
may have @ $RES lof ¥aéayt abbi@ 98B La tilAe wiBW aBalt @d)(ylﬁﬁlrs(b@tgﬂﬁ%iaﬁdtl@lﬂ of the catalyst;

ally, a mxer may posed in contact zon
or aterngisy” b, Pt SRR PO REleT R TeS 4t e ey sbout 900
hours afteOFRRARIBE Satalydgai N, the contacting of the conposition
conprising the nitrogen-containing conpound (e.g. the
[0110] py:‘#hg! 0 cont ?W%égxggﬁ%]g%aﬁ ré:]a gg%yrolta%g roggqllé;[cro? glr?or;ganlc chromium

compourGie) n@fﬂﬁhtchﬁﬂu@{)&ﬁﬂdtl%h @ﬁtet dTeroR Ay OIRg gt 6' msnﬁed in this disclosure,

m de in_con nt or varyln
chromifi g S 46 G LgrE 4 308 fB RS "I‘?‘“O%H’l e Qenqnﬂbf the chromium-

contamlr\@ai)ﬁlg)ourﬂﬁmm héve pFQ@IORDS COX,, RBdrbin Xah 88BB barky @‘ﬁgfd’@girﬂ can be any
set forth in Fj 2A- 2D and 3A- ! e conbi ne

organic QR i AN LTGRO CdirBodm FEREaRe Fidgals g have from
about 1 {0%665:] 20Garba afomt gerahditdeana atedde)ested GORPMGE RIIGXE ABted) Retone, amino
it S5 ISEE, B, 0N 0N Ut Lol et b, SOBLAUONL L s o o
acychc zﬁ&rﬁitmrdifﬁﬁbhhﬁb &1l cBY thadktoTRs AR iFhatiS WEihads and/6 cycloahphatlc groups.
sl 5Bt A BT 2h S8 0 BB Dl comprts
thereof. cat al yst for use in oligonerizing an ol efin can be any

tenperature For ease of operation anbient

t enper at ur.e na .he e In order ffect te a
STV IRGH gt (N AR g A T8 HFORRP L Fomium(II)
compouﬂdher cfc@rﬂﬁiﬁatl&ﬁ tHBre6k. US@ltalbl’é ArdmigHirg cﬁﬁ@&uﬁdsaﬁl@lu&iﬁ Sirl ROh® limited to,
odi nent, reaction tenperature i s nmjntained

chromous P 3BAE P solorcn s weous AP atharitgpy jodks ehgRumID bisC-
ethylhex@oatdf, TBnBE(IRl testnat | shednyiuh@BS Bu@sle, abMdmidA(II) neopentanoate,

chromium(ll) laurate, chromium(Il) stearate, chromium(Il) oxalate, chromium(II) benzoate, chromium(IT)



0C, alternatively | ess than about 50 0C, or
alternatively | ess than about 25 0C when contacting
W0 b@7o015posi ti ons conpri sing the chrom um cont BCTUSIYP06/031303
conpound, the nitrogen-conjai ni ng conmpound, the netal
al kyl, the optional halide-containing conpound, or

yrrohdéfgnfﬂJ ch‘thQﬁb%s E}Eﬁ[)p Oofultg‘tﬁ ultnhﬁ) éﬁlﬂ{cﬁtmchﬁg Sut are not limited to,

reparatlon of the cata yst system
Chronnumewﬁwal@fass echrpayuh mephthenaiese ahramyst helides, vhtomiem dyrrelifies evhromium

benzoates ec\ﬁf‘dnﬁmgfdloﬂgtgse %f 50%? n%‘u&-ﬁ t}gga%ﬁ ufﬂe cit® lc%%&nné{lﬂ %?%%H%&anlude but

reactlon pressure sed net
are not gligdieca |ty s hrpmium@@R irighlotideq bisseirabdrgfuzm obraiflen ameisi icarbonyl

chromiufA(¥T),Pr %ﬁ%fﬁfdﬁq(f at FQ%%Stetlfh%et ﬁl\éﬁtﬁ&gLo){atg fi %ﬁltomg III& f naphthenate,

reaction. Gene ressu I'n"the range
chromiuplgin elbeside. aﬂlrms@ h@pm@e,p rebsig echiagidab shtontith rféemde chromium(IIT)
h
exacar@h%%?@@llﬁc@g%ﬁeﬁ%ﬁ%ﬁa@} elu eﬁla @%gde?{ ,oo?ggrflﬂ{ml%ﬁ]s thereof.
reaction tinme for the disclosed nethods of making a
[0112] catlal apsemifodimans ghd phromivgerveieinrigngmeau) sfd phromnmhE) ampoxylate.
Without aﬂﬁﬁ’.‘a@&n otaxatn{pﬁ@ Bih %Brofﬁﬁ:%(ﬁﬁa&trbo%zlgég al?&lh(%e Icl§fro ulméIII& isooctanoate,

reactants (i.e., catalyst compohe
chromiugp{{H) eﬂf@(%ﬁhﬁhexa@atﬁbl I Ch@rrtﬂhﬂe(ﬂif)e ac@xyohethlelhqzemateur e clagrdium(IID)

d1ch10r0&ﬁﬁl§e§&ﬁo§be EE A% a'c&ﬁe C L SU?@I? y&gﬁel %Prglr‘n'u{éggl q{eopentanoate

| ess than about can
chromiup{lin lapaige Ciquwwmﬂé) tS@a@B—‘o uehrarpiupdlly s oxaate, aﬁhrmmum(IH) benzoate,
chromluﬁ Pgdta[ﬁ%ﬂte’ clfr&ﬁ‘ﬁ;ntlﬁpp&ftn%té or Jommaﬁaﬁ%eréof ML YLe erhlgl)dlments the
out 6 hours, alternatively fromaboutl mnute to

chromlulatse%rﬁm@lg keypand ganrbg ehromiuméll) tris(Ragthyjhesrmopietie no

addi ti onal benefit and shorter tinmes may not all ow
[0113] S ufaf { 1cﬁrb§1ro‘irh% c&@&xyfé@érﬁ?épﬁfaﬁor{ &8¢ E(!)HQ-’HH a [HQ};!TQI%]Of I&ﬁpounds referred

resultant olefin olrgomerization catalyst system
to generally ap e ebromimyesshoxylpe @reataiics mintueerapd exfertaddo sntsotécifisallysas the Cr-
mix whef @ &ﬁ)nﬁ%lc%t)@qjat@@ Qh%f?lﬂltm(ﬁﬁ @eéihﬁeg%r%ﬁte' Q%ﬁl%(amds in the preparation

at nosphere to maintain chem'cal "sta
mixture gy étcfugle tthe. destiedasiremipodirherlate,i denoted h@eaf@ess £eBPOR).0a hydrated

chromunﬁ%ﬁéc%t dednbd Ratatey 8¢ Cm{td) tc‘fh%nﬁ’tlrﬁ gon‘ﬁérit Ia'eﬂbte%%%?&gg Q?rx, free
hours of preparation of the catalys ternative

water angl frge poid- alnyastenfragim, e eisbi rseronii dhFpriibFe i Fhéfprqpar\ahlqnhmﬁture ranges

from abo@pmg wBHR DRUKS,, Qlftenﬂyﬁ%?@fr@rh'l@ 2w b RES %%a'llﬁéﬁx,tanvely Fhom 10.5 wt%

|ternatively the catalyst nmay be contacted w
to 112 W@YocbieA Oitierp il MU o BODePEIS gty Ehaichen @nboéfmmh ge chromium

content 1884 B deslense@kd RAtHiRthVHL.Y rir@@s Gl ALY SheiRYs RE d&?ﬁﬁglﬁ% 1€ Yrromium
with the olefin within about 400 hours of preparation

content gy¢h pty légaé'étﬁﬁlaw anddeatifiet s Kegwnvie| gpe 1o erdinara Plgll% tin gheyeripeThe wi%
chromiurf QHtBEa6 thekiBotyNgo®) BEd. N W t hi n about 200 hours of
preparation of the catalyst. In an enbodi nent, the
ol efin oI%gonerlzatlon cat al yst conpri si ng the
[0114] ¢ h Lherhyshatedstraminmgecis npdiiaty nchide an srsgienbaymstveianicprgplexed to
the chro@APRAfor tReniIB iR ludRL W not g8 RS 'h9<ﬁ§tled chrormum car lroxylates The
hal.i de- contalnlng conpound, and optionall he sol vent
chromlurﬁﬁgygog}eésd (& 1nglu¢éﬁ,%@@pm(1@ @)ntmm@@p@gs (ﬁat@]inﬁ]g n*a)reptll}m qng chromium
atom perocfhrcﬂﬁluﬁlﬁ:@l%ﬁlm%g sflecfk. Q“ h@ 'c%mmn{ Qﬁ%&n@p?w hfPRe WSy species can
after preparation of the cat ernatively the
have 2 negaB¥f /PG Oh aa&féysapistnmwe &t thatohg@@sltzat@wé pthglgnestodtheaene or 1-
octene. '-T'h{f? tMd bﬁbéﬂc@gpﬁfe 400 Lmlﬁorﬁérg %ﬁd RLERRE Q:Moﬁﬁhn?f % E? should be

aly alternatively the product”may have
Contfolle%fo ﬁéblevee%g flesipbentalidy perfermangetin the oierhiriatin f:thylene to hexene or
1-octene.600_hours after preparation of the catal yst;
alternatively the product



may have a purity of at |east about 98.8 at a tine
W t hi n about 800 hours after preparation of the
W@ ai0alg4sv4 or alternatively the product nmay haR€I/ES2006/031303
purity of |less than about £8.8 at a tine greater than
about 900 hours after preparation catalyst. [0110] The
[0115] ChrI—f%fglﬂ'l rtﬁe%?f@i%ﬂ' P& CRIRAYN garg&glagere %? 8" he{m mount of the desired

ani ¢ or 1 norgani c chrom um conpounds

CT(COOB}X ##id Lo thy foghd eingvnt of ghrempin-¢anizmingbepatiesOintthe a]bmue a$indicated by
equationAS used in this disclosure, chromumnetal may be

included in this definition of a chrom um conpound.

General ly, the chrom untontai ning conpound will have a

ggr}rﬁlr%m% xgrlxllwt\me:raequyl)szta:an be the sane or

fer sfit7oERd " Be. @nypepgani ¢ or inorganic radical,

and n may be an t eger fromO to 6. Suitable organic

radi cal s can have from about 1 to about 20 carbon

atons per radical, and are selected from al kyl, (1)

al koxy, ester, ketone, amno radicals, or conbinations
e S0 T L Ry AL 0l B el OB B R
chromiurg nefigower, ble'drwﬂdle chdomimink eglecidsj phat the , deaitgin@hiogjun@ndfboLylate.  In
elnbodlnﬁthltf?@M @h%blﬁluglr &%%Yla‘é%ll;e le eeatelﬁnfﬁan%%m C {‘{n E%?az ézesiy greater than

are no

92.5 Welm pgtg@t ahprn:myn}m greatérchen Bhver BodlierfaGidelyl [ereiteethan 97.5 weight percent;

1t a%b& Ui & ound may be a chrom un(H)
orafiem 9%[‘]? Qrﬂ%%nmaglﬁlp%%gmconpound or conbi nati ons

t her eof . Suitable chromun(l1l) conpounds include, but

[0116] ar & smogmHoflimietie thetrognorkriostpersiufil cootentded tiehreddmiGxcess) radicals are
optlmlze%hlrlg{sn x%fﬁ {Hés % b9 t?e{% ﬂﬁ gr)l(ogerr% g(grt Smﬁescl?ﬁ%n&i X nrjfl(r‘bler of coordination
equivalendg eff tae élga@m’l@molﬁ Argard)/Ch wkidatat eyumbén. orfn Lﬂtﬁ(ehﬂb))dlment the ratio moles
Cr: ((mOlJQ.el%Qg(ptxaﬂh%EF of %DJ né) F%t;éme)%!n)zal%n HER %he I an n‘fjf) )cl;%glégﬁ%@/q oxidation

rate, chro
number) @tﬁoambanﬁ(q %) py&bpm I H (@ymatively Gombiboutt (. Sistotheurt a O8:1, alternatively

ﬁomab0§%|9t7qqggbogpf@%ﬁ.un(l I'1) conpounds include, but are not

ed to oni um car boxyl ates, chrom um
napht henat es, chrom um hal i des, chr om um pyrrolides,
[0117] ¢hivomi euxbp@@mztdaft @somigih eyt olatesy(TH2- dlgyifikabtt, Oﬂ'ﬁch may

also be r%af%}%ﬁ E(g{ls (I? (s %hﬁlgﬁg ﬁﬂ%m ¥ IT? P% cih)ro ngmttﬁf E h&lglexanoa‘te a mlxture of
compoungs gy heebiaateglovitiy I'Dahld@dhfpﬂ®lqu Ciiekh)g, enydatet] rchmambm peties, free and

coordmat@ché th/lﬁ%llldnl, lmd tc\cp]f ?‘Eﬁeﬂé %%?In%}s and free Wa er. Here%gef,lﬂlqe) chromium(TII) 2-

6-tetrang I'onate, rom u
Cthylhexaﬁ@ﬁﬁﬁmlﬁélfmwlél beaﬁf?rmd]tws((irpl)uxchl ori de, chr om ¢ bron de,
chrom c chloride, chromc fluoride, chromun(lIl)

[0118] heﬁﬁaaﬁ%ﬁ}ggcﬁ%lant &b E)R%qn&égg _tloi) Latﬁ?& g}}/o dR%g! 191at[he (Er mix dlSFlOSGd herein

chrom un(11T) pyrr |na here
provides 4 gejeriye Wﬁlﬁhwéhrb diitibraentersidntratec Wv’xtimmmshmg ttcabenhmxyed by theory, the

relatlonshﬁpmyerﬁdthé %oﬁg&gﬁtg o g% Id krh G QO{XI%BJ[ LefRet V&;Fur conversmn and

limtation omu carbd
PTOdUCthlth@PBUbfeie?meﬂ'hmﬁﬁ@]el1IA) i sooct anoate, chromi un(pi)
tris(2-ethyl hexanoate), chrom un(lH)
oxy- 2- et hyl hexanoate, c ﬂ W(hn)
di chl or oet hyl hexanoate, chromun(l11) acetate,
chromun(lll) butyrate, chromun(lll) neopentanoate,
chr oni un{ pi) | aur at Seleatimityorti Bwrdty | | ) Csbwarsidne,| Productivity
celremmplizorhers oxallat e, - chrdni um(1] 1) benzoat 6,
hydrated chromium species + - -
Free acid - -




chromun(l11) octanoate, chromun(lIl1l) propionate, or
conbi nations thereof. In sonme enbodi nents, the
We brosiz43od cont ai ni ng conpound can be chrom un(PCT/PS2006/031303
tris(2-ethyl hexanoate). [0343] A typical chronmium
carboxyl ate preparation may contain a m xture of
In TableCIN] &l{éuﬂlﬁ&t of 8¢ pIh®tr kRcBE PEhAL HixdSh éaﬂ%/sf:ﬁfegmng%umy, conversion
car boxyl ate preparation m xture and referred
and prodypfaty piedngiqaipd a%a RasEiverlisek (RpreFedmseoatinesibyimplus sign (+) or a negative
effect (d@@éé@&?(ﬁ/éri@fn%nbé b§ BRI {.) n2r-8iehi QQMW{O t- exertxehreelates to the

ds in the preparation m xturé may Includée
Selectmaréé |theéataléﬁﬁ%ﬂﬁ0@mrtgdr%w| varses alledefn digomermsedutasiang gurity relates to
the prodfGtlotGERINéxend vEXGY Al ed pLRALA Prdi P eﬁdbﬁzslA g{eg What t e presence of
hereafter as O (H20) x, chrom um ol i goners, denot
chromiupgegligomergin thesCrapuy, mavrhewe papsive amprot ?fe@na@iﬂ@h whife r@gatlvely affecting
selectivi§AROBUE Mh cortR, Wb 8RhcRETMEEREA &D&rﬁmnléq%cﬁeg n&? Bave a pO%lthG impact
preparation mxture ranges from about 10.3
on Selecwl%whé}F PegRiel PBPSHng COEEON Andpsitc vityl , Finally e presence of free acid
in the Cahde &ﬁﬁhbg&ﬁ%\b R B0 sb:cvitt %tpﬁ)od%gtn%grvw\%’tM§ @f%hfﬂg 16 B limited by

t ot al ght of the preparation mxture. In suc
theory, a(Bidin ﬁ’é’i*ﬁ fed‘fcﬁ‘éq‘taﬁﬁi%()ﬁ e eigoner: Twéra@ééhre@s@vspe@es and free

acid achMnfs hi Fhetri@eylisYose@NEEH HlySGbRZEH o ﬁ%ﬁﬁ%ﬁ%oﬁ 9£talyst having increased
decreasi ng the chrom um content suc

selectivity; Py, | SBRVCLHE e DrdefvAY ovhen sampares tne Cféelyeé rpmdn@edywnh a Cr-mix
having tiokd dompbiints R€an@uhts odteige W iPe GHRE I‘dﬂgebs relative to the
car boxyl group used. [0114] The hydrated chromn um

E{)I es, (H20) x, include any species havi ng water

10119 CbTimesibn g e SR oF GRFPERIBHRLSPRIPTS @seappinethe PlEpTRIn Rgrboxylate

preparatlbwhmdﬁﬁé (dd. Ulr 129 chiObd WG g BrRT; %ﬁéxﬁﬁfx’@@x%;l,SQﬂa%saboI{"fS wt.%;
Crx, include any chrom um

ltermats i (51 B0 BOCTIeR: EOHEHPI Mg [oies VAGH. ‘rmeseaion oo weight o

chromiur@tif MheP@mp6hddl OGEdeR16 Ot 3hBiNen SREGIyBS is HORLENA ABIMAd] while the
oner and tk%dr ated chrom um speci es can have a

chromius QBTG o AL BT (ORI J4E P F0rWETOS i Aigeity of chromiun

oli gomer@ Iby gﬂzﬂiﬁfgl aZigotvR Ru ity b obk SR Bm Rephral&iX ﬁr}ﬁet%oll ﬁlt&ﬁngﬁ]@solutlon to
esence of the chrom um ol i %prrer s and

collect the %‘P}&tﬂ@b‘ﬁ@%‘% it ipe iremiugRligpres andsivtlaéng theiweight percentage of

chromlurﬁfbhg(ﬁ.‘ﬁé% it b@sed aﬁdnrtﬁé‘j tofed gikdnyityl oF cRRFRH BRBELN! the dHGnium carboxylate
oneri za et hyl ene to 1-hexene or

preparatlfin 128 ﬁ%’efto‘%“li gl]r}org'élpeqafpogﬂéte wpaﬁ‘@onplé p crmiva B fiigrethylhexanote

preparati@a(i. BORiyhiRy ghdrief dBfosniti cArBScyRRIIY Biro@fumi NG crdSSdiyBt xanote.
Cr (COOR) x based on the total anount of

th ture as
[0120] Ch om u Com al edta l?pr%iom}%fsira!ce%,chggrpgax)@fc&sdxwm iy, thg chromium
carboxylzﬁaplbph)ﬁatioﬁl(c&?g :Lheb’\Cr-Irﬁ') 1§E§>Cthﬁ§ab6ﬂ¢)5 W Bteaibely, _st than to about 2.5

i nclu al I chrom um cont ai ni ng speci e

wi.%; a“ﬁ‘g%é"slﬁt lefs BAPEON o EIGRUT TR ITERaIHG O Htofh Ghliematively, less than
0.25 weighk pgesierIn ah y@bediacht, ahe QRIUATdYBG18 Shrodith kRBteA8Sdd B an acetone
solubility ‘gst mhereln alé]r%toe)éych?otrmumélﬂ) carboxylates are not soluble in acetone while non-
hydrated chromium(II) carboxylates are freely soluble in acetone. Alternatively, the amount of hydrated
chromium may be determined via UV-Vis, wherein there is a color difference between the hydrated and
non hydrated chromium(IIl) carboxylates. The amount of hydrated chromium species present in the
chromium carboxylate preparation may be adjusted by methods known to one of ordinary skill in the art,

for example titration.



enbodi nents, the wt. % chrom um carboxyl ate can be
greater than 90 wt. % alternatively greater than 92.5
waowedoghe4sper cent; alternatively, greater than 9BCTMIS2096/031303
alternatively, greater th 97.5 wei ght percent; or
alternatively, greater than 99.0 weight percent.

or21) | GE RSk SRR L0 TR GO W rsion 5, e
Cr-mix) ﬂ&ﬁdv&ns@ 6&l9%; Tidntativedy bdovr SO €&34; gmmwla@yath eo ma.bd; eltenmdtisely, less
oan 1057 SO Bt PR R D504 B SN
methods cﬁJ&lo@éM@H#ﬂmmengahﬁﬂi, el agnoi®tl of ﬁe@iclc( (nay)beeaﬁhdstleg anﬁ}:ie ahsclosed ranges
er. o oor ation ui val e t he Li
by any mgjho g FOGRIART DAL AP rEiegh o Rl A g% bfigpounds
described abl%litmelho@s dre k@v&ﬁlﬁté aatdf vRlinaryf skitihm éleattt 0. 94: 1 t o about
.08:1, alternatively from about O 97: 1 to about

05:1. [0117] In an. enbodi chrom
[0122] Ca}rbég()erngt)(gmplg glﬁrgﬁlmcalﬁrcaﬁ 1}1@&)& ﬁ% 4 i chrwn%mmh carboxylate
preparatid¥B¥.g @ hiR0CHRix} 6 dklo@dl W@lgﬁtspeﬁeﬁﬁb&eanatl&]y belgw t0tbewt.% ; alternatively

below 0. M@i%@g g{nglegfqﬁc nLom ur n Zhsé}rg%ngirgg s a@% edebﬁlctinetlaods known to

one of ordi ﬂ@ﬁm&@ﬂnéhféh&ﬁkfmmﬁmated chron1un1spe0|es, free
and coordi nat ed 2-et hyl hexanoi c acid, chrom um

o129 L0 B S5 St bbb DRAS TR L) e
mix) is b&IowM %t.%f Qlek@livdiy béow ersbetio [TEltHrnatﬂ/é}}e bﬂbw ganet %z atliegntively, the
eSS B SO E 1 e R0 G At s
suitable ah@liBoal M¥EhBO tdr tMH &d’ﬁdrﬂﬁglaﬂi(ﬁl d&feweltd:rmohteni t@ucﬂi h’@‘dllD@S, fot Hgermination of
water congegllf %}3 \fngtlg B%eg tkgﬁ}l %t?ef 121?‘2 Jec}}npqgesg{léhrgs % I’ii‘iischer and
infrared aﬁﬁl?sﬁlél Cth ial kflodivRent, b)l&: V%ﬁ@bmtklﬁﬁh @ymiﬁa’ﬂdyé)elré&uce'ﬁafmlt}@r fhadugh the use
of water @'%temee&t tsﬂm{ggeesglp q.%cnt%oéecgl@{ f,lelve g{ etlz:gc uop?‘:rdls%lﬂeuoneo§ rﬂeﬂl glﬁ)ﬁ C?ddition

conver si on
as descrifRl @Rvltdlyi ty are indicated as a positive effect

(i mproved performance) by a plus sign (+) or a

ey DO YSASIASEE LSO SRSE REL SRSl o B, e

chromlurﬁ-eoﬁtdfiﬂng ebrauhd/ihtiyfoafing b@r@*ﬁb@idythztt idn lqzast@chmtlmg)f the act1ve site of
o o S5 ol S0P b LR T AL A s v e
disclosedahdreif- apd G€Hliele Pirold une chyrrdlaiobiaihifgi cothpoatis ghé hatolt hing-containing
compour sr g%fg gfrfq}gfdi: G hgomdgsgl]ogeléll JoI%r %aterpt IET heG 19:% 4% )&hg?yun]aﬁ}{ﬁltldentate

nversi on whil'e’ net
ligands dadcloeat 1IangSSEit@CNoVE(IOQ/OQ’Bﬁﬁ)2@,LH pyryole ligand @nthsdg&ed i fEO 01/83447, a

mixed hege q%i%% a?nﬁﬁggd rl%tﬁg de\‘%gr VBSBI %BOSOD %\9(:) B3/ Og%}é Qraay ]I%te?oatomlc ligand as

I Vi nega
disclosed i@ 04/08H4T T W@ D40 56d 7 8 WO p‘ﬁ/ﬁﬁﬁﬁﬂ@? bVIVIOY04/ 056489] ly, the
presence of free acid in the Cr-mx nay negatively

act s Cti V] ductl Vi t Wi 5hi; 4

o125 | TRESS ot B RO gt I DO B
The pyn%lbadcbhiatnhrgsc@ﬁpommr il bamany ipgostecentaitivgl catpaind Hhap rwillmeact with a

peci es. and &@ee aci d nDunt the rar LSEhASE includ
dnmmumé?%ﬁ% A R H%rlggFﬂgmofata'?% aglnglncues
hydroger fefoiag ., pyrrole (C,H;N), derlvatlves of pyrrole, as well as metal pyrrolide complexes,
alkali metal pyrrolides, salts of alkali metal pyrrolides, or combinations thereof. A pyrrolide (or a pyrrole)
can be any compound comprising a 5-membered, nitrogen-containing heterocycle, such as pyrrole,

derivatives of pyrrole, substituted pyrrole, and mixtures thereof. Broadly, the pyrrole-containing



selectivity, purity, conversion and productivity when
conpared to a catal yst produced with a Cr-m x havi ng
W0 bmgme245sohponent s i n anounts outside of the di BCT/US®A6/031303
ranges. [0119] In an enbodi4grent, the anount of
chrom um ol i gomers present in the chrom um carboxyl ate
compourgk @p &k @tytrdﬂ, dﬁ&&%ﬂdfo&pﬁ@oﬂhon@le‘pm Kobtal & dr&S1% c&r%ﬁr\%]\ilg 61/&)yrrolide

at ively, |less than about 2

radical or f%a&a ﬁ)é{;qrﬁl})élrwonsl tﬁ @t hat about 1.0 wt. % or

alternatively, less than 0.5 w. % based on the total
[0126] weiGghdraldf the Ipp@cm: EdHkalirting G GRARAN Aske HERNBE@ !4 t%/\ﬁboh% Cﬁrbon atoms

ermolec{;?ﬁdﬁalg oxyl ate is soluble in nethanol
P R bmﬁr esérué:h}dﬁ Jyfiagepyrelide (yaals), .defiyatiges of pyrrole,
substltutmlﬁlrtbaﬂesd(ef Syialeg KthempPAblided ¥odlm %&me t%'s,lhlgg;gl?rroﬁde cesium

a known quantity of chrom um prepar
pyrrolidey ﬁ‘ ﬁ@% R4 Fﬂ??“mtf"ﬁl PYEifisigorcRmb@gIags fhsfsot dxenbleeefsubstitited pyrrolides
(or pyrr(ﬂh;D Oﬁﬂhum ‘Bhﬂ ge Nt Slmlféﬂ Yib,NGyrtdnes - 94}5(9(?11@ %1@' Q—qge%%ﬁro?en %yrrole-’?-

t he wei ght percentage of chromu
carboxal&??/% iglolee g2 gﬁB?F thpyrplst ap- 4@%%]@}{113;%@3}'@&9,0 nd-aaviyl-2,4-
dimethylgypets eSethWZImnsthil@%Mﬁﬂy@ﬁB@%ﬂ Yl GRAHAL | eraryl—!’» 8-afhethyl-2-
ole- Caﬁg &r:ﬁt[ the chrom um carboxyl ate preparation is
Py BAUN(IH) tris-2-ethyl hexanote preparatlon(l. -
Cr-mx) and the chrom um carboxylate is chromun(ll1)

[0127]) tr Mﬁb&ﬂehﬁﬂﬁapﬁf& cohRb2f] cobBoda e %Q%Myrrofeh GThe content of
of gﬁchr om um speci es present

2,5- dlmet%rﬁg\grrﬁ U %rg gxellglilte}&g.‘reatt |a]6<ﬁna(t1é'elg greatep éha(1;r99ﬁ)| \Xglght Percent;
alternativkle ggeatehthan oo ngﬁt pitcefify Tk ‘W@feﬂ Bdnkhebdine f)ﬁﬁ% Joﬁﬁﬁ]nr%t%ompound is

ter nat veI ess t han bout
below 1 \?})g Ip%rgeﬂr%r aaﬁtflil}%ﬁl\fﬁﬁy Qelggz 3 Wgﬁht@eg:e% alte%am(ﬂly below 0.01 weight percent.
The colombf e maitrdle @bitaining $6mpdtad (PatdRmAesER INRRH 88 Bclox’v B0&Mlternatively

anount of hydrated chromumis
below IZ@nFematgaégiél\‘ngan acetone solubility test, wherein

hydrated chrom un(I11) carboxyl ates are not soluble in

[0128] aCIet a‘nnﬁnbmﬁinheﬁt NN Pyl edoB B Gy @k Eéﬁi(d’ fided 119%5 Qﬁé&fﬁe@&ﬁﬁm catalyst

system o ae Y sol u{)I e i n acetone. ternatively,

4 mr%lsesta 3] éameﬂin@nf%?ﬁawa&? we Oﬂ@P@rOﬁWﬁwd&/Tearesented by the

followmglgbhe‘félstrucmmrel n there is a color difference between
t he hydrated and non hydrated chrorni unQri)
carboxyl ates. The anobunt of hydrated chrom um species
present in the ghrom um ¢carpoxylate %Eeparatl on may be
adj ust ed by net fordinary skill in
the art, for exa trati In an
enbodi ment t he of fr in the chrom um
car boxyl at e pr 8faration “gery. tmXx) is below 50
w.% alternatively|bel ow 30 wt % alternatively bel ow
20 wt. % alternatively, less thgn 10 wt. % The anount
of free acid nay be adj ust ed to the disclosed ranges
by the acid abat enment ? di scl osed herein.
Al ternatively, the am)unt 0 %ree acid may be adjusted
to the disclosed ranges by any nethod suitable for the
adj ustnent of free acid chemcally conpatible with the
conmpounds descri bed. Such methods are known to one of
ordinary skill in the art. [0122] In an enbodi nent,
the particul ates, insoluble in hexane, in the chrom um
carboxyl ate preparation (e.g., the C-mx) are below 1
wei ght percent; alternatively below 0.5 w. % ;
alternatively




bel ow 0.2 wt.% The anount of particles present in the

Cr-mx may be adjusted by nethods known to one of
wo@e@irnzasys skill in the art, for exanple filtrap@DOS2006/031303

[0123] In an enbodiment, the water content in the

chrom um car boxyl ate preparation (e.g., the Cmx) is

below 1 w. % gjternativ%[y ,bel ow 0.5 r . %

alternatively |ver, t he wat er

content is |ess equal ||[to 1QP0 pprw. The wat er

content in C-m ' by any suitable

anal ytical nethk I, tyion of water

content. Such nmethogs for deternLnation of wat er

content are known tQ one of ordihary skill in the art

and include techni qes such as Kar1~ Fi scher and

infrared analysis. In an enbodlnent t he water content

in O-mx may be reducedutiywe Her through t he use of

wat er abat enent techni ques such as nol ecul ar sieves or

azeotropic distillation or netal alkyl addition as

descri bed previously. [0124] In dh enbodi nent, the

ni trogen-containing |igand coordi hates the chrom umin

the chrom um copt ai ni ng cprpQund KQus kormng a Cr-N

bond that is at | [ e active site of

the ol igonerizati [imtation,

exanpl es of such | i gands have been

di scl osed hereim”andy dek'pyrrol e awrd

pyrrol e-cont ai ni ng cqnpounds the pyrrole

ring-containing conpgunds and pyrrol e derivatives

disclosed in U S. Patent No. 6,133,495, the neutra

nmul tidentate |igands di g U S. Patent No.

2002/ 0035029, a pyrrolegﬁfggh 1%2 di scl osed in WO

01/ 83447, a m xed heteroatom c |igand as disclosed in

wherin Qe R R 3L P a0l ol ERET A oy 1P 0 cach

other, tidy @FEUEIvitr the\CrrDdd 668 Ovhi¢tOth2yb hre |bonded Im‘ybfodmmemtqmatlc or non-
r.o i.n [ . .

aromatlg 11?1% n}/ és ac%lﬁlntglra(lrz Brﬁ%eglg\r?%%gﬁgag k‘rl%gonp%?nral% Tnéi_m%/nlfl%l}l%el lhnéaar, branched,

or cychc (parpﬁ“mwdorwmp«tte @nsonpyr cyclie paefinai ori amgnagsnyooms tthdimay include

eac 0 S

hetero aanl%srsg I %egxgg@nr% Pre%lfﬁq,l{] e@g g(%no?tleﬁng%th%?%}g%g C%El?o”%tﬂéé“ silyl, sulfide,
mﬂbneww@wu@émmhydﬁbgen pyrrolide, e.g., pyrrole (C4H5N)
derivatives of pyrrole, as well as netal pyrrolide

[0129) Corﬂ?ﬁl‘?éﬁﬁ‘odlrﬁénk?dobmq?%@& rr;%é/ LI%%‘ 'F@eﬁ‘* oa? 1%%11% }%ﬁ&éi nd R® are

rrolides, or co ‘ons f ere
hydrogefin nnChYp@szIVél)ere@amlbeO ahyancomtpdurdt Sonprs Simgure (1D, R and R’ are

methyl %o% n?:eﬁe% %%%e&dg?rtb n'vxﬁllgreheﬁ erloﬁyct_n %’1 §M§Jalrﬁe§1t shown as

es Ffol e, substitu

StructurgGH), R, )Rf ,uin@g @rh artof gro@s,dﬁdlk‘y andtlh @re hydrogen, and Y—(CHZ)11 wherein n=1-
10. pyrrol e- cont ai ni ngconpound can be pyrrole, any

het erol eptic or honoleptic netal conplex or salt

containing a pyrrolide radical or ligand, or
HHBOIcodﬁ#wéﬂk@h&%@h&nebinmfﬁ®@@$a@eﬁbrh%ﬁynwmhedWﬁymﬁsdﬁﬁwBWOa

: : c V. om a t

desired %5{341%8%2(2%9@% Eﬁcg?aghgo%gﬁ%qe C eCéﬂSHl% %exene] P&H%ne as well as low
polymerpyadpgioas) i ncl ude hydrogen pyrrolide (pyrrole),

derivatives of pyrrole, substituted pyrrolides (or

[0131] pyr"lrhg ln?’e?al al II gomlrelf{g]eg yerferrr%ld Itodaes an agt%aqué rpE)L?rlld may be a heteroleptic or
homoleptlc metal alkyl compound of any of the metals aluminum, boron, lithium, magnesium, or zinc.

The metal alkyl may be a metal alkyl halide such as DEAC; a non-halide metal alkyl such as TEA; or



pyrrolide, the salts of substituted pyrrolides, or
conbi nations thereof. Exanples of substituted
w@eorot4soes (or pyrroles) include, but are notPCT/DF108€1031303
to, pyrrole-2-carboxylic aggd, 2-acetyl pyrrole,
pyrrol e-2- carboxal dehyde, tetrahydroindol e,
combmazim% tﬁjérés? t (Ijﬁfé @Ho?é)xln&al a@kyfs th P@ltlggél | T}%'h%&ﬁxg) By e (Pllle?al can be aliphatic,

3- acet - di met hyl pyrrol e
aromatice {Of P én‘ﬂm@ﬁ theteply | - ‘{Xetnh]@xyl@drgbmi@ln)\aysbqamyr wheatpt opiupaturated

ahphatlcn@&l@al %@Mllatalgall%?l %ag'%‘é %‘Jro?% urdd%hdt ‘B&ﬁeﬁe%ﬁa&lé?éfé’d @Jﬂ?é [ngsoggsld and a

I n an enbodi nment t e cont al nl ng compoun
metal allgyl 5Ad|uppé1t1m‘r,hlsp§apqlqu@, pieis @eid teapi tbe gffined as any compound that may be an

electron Qa;cgepg)k WEAJ@N&B& rc()ﬁ’lb&m'd§ t\ﬁﬁ&a&@ rb8{hh§l %eﬁa% Ylégi gltlH aH?M? a&d mnclude

alternatively greater
alkylalurgingigr prgeriovedsy alylemeessiunh asllodons aﬂe'lllghtlmpeqn@@nmds "Phecombinations

thereof. WRE &letaCAK § @Jhtha% ar;ynﬁm@&r dr %SorFé?&Hasag%Q&r GRIRAY e{cf'al ﬁ\{allablhty

bel ow 1 wei ght percent alternativ bél ow 0.
and easeyfuse e mefpladphatll veply eratpoive @ssdhanméqogthlo qaEhog etems pfhmetal alkyl

molecul&%lldga{itlelﬁ%t}‘r/%l Qng}!H‘a{l %hcﬁlt 66 @:Ir%ﬂq%&?soﬁﬂ) éﬂg%%g | %nea}nnear?ﬁo\c}mrent the metal

alkyls a%e}lwyﬂ@@‘zedalltee rrwamr@reqn;ac@émw 80ter,[ V4P 8} aflprlaimminum compounds
derlvatlv%ﬂpmltymﬂﬁmmﬁ E@nﬂ?ﬁﬁ&sohﬁog’éﬁﬂé@l@lM&MW %5 &t 1&1&&9& thereof

goner i zation cat af St syst em conprises a dineric
for lmprwfl P’cﬂde"t EBFRHBtmaES Wflb?S iRl eatdysbsysiemiTeacevitommtioiin @soductivity, or

combinafi@RBS&Nt BlarPdmBoRBnchP ik QMM 11 eR&F 94 no%t}faﬂget Métglsalkyl a metal alkyl
Structure | Structure Il Structure wher el n,

halide, gpopgydrelyzer nelofenaarn gorproupd, @rhyéromedczl@lakummm ccompound or

combina@éRRreo®r any two vicinal to each other, taken
together with the carbon atomto which they are bonded

may forman aromati ¢ or nonaromatic rlng Yis a
[0132] 54 %B]é%bl?r@ﬁhblﬂed@"éal i#EVisrieelade bt 26 noblimind tat dipdalemigurggmpounds,

alkyl boﬂoﬂ ChitithRnds! NRGhagBERARC ?oun@sr al‘f(ylglhé Qon%[u?tfsf z{ﬂcﬁhtﬁﬁlm compounds, or

omati ¢ or contain cyc arafimc or aromatl

combinagqri et eV ale npFALde FeibEHeneinge, hrinsns leticas, oygBithium, s-
butylhthi@fn Swuftﬂfthlhﬁi t(h&h}ﬁﬁ& déﬂegtunl 'dqﬁ@ﬁmaé?kﬁiﬂﬁh%‘fje'thy%nccyﬁ‘llefhgf\lalummum

et her, sil . , fone, sulfoxid
mmethylﬁl&rwgt%mrqwlﬂlummm N R ———

n-octylalShhugl diétﬁylz(lﬁﬂlmumthoﬁae d%hyla@ﬂﬂmﬁ’l@ 1@:5@)(1&@35%)(&&& lﬂRﬂreoBZSmtable
d R5 are ogens, and Y=(CH2)n wheréin n=[-
metal G ouip PR SRS BTG fogetylglymingep g diti aluminum

chloride n&%ﬂﬁwbluﬂlfrﬂﬂlpﬁhon% Qﬁetﬂﬁﬁulh%g&o%‘ﬁlﬁohlc@fag YROGE R minum  chloride,
erein n = 1-10. In an enbodi mrent shown as ructure

ethylalul’(ﬂPW) ?siquwfﬁ@@ﬂd%nd sty bmimehy | bgedns, fethylRaminggy iodide,
ethylalunﬁﬁurﬁdﬂﬁ)x?&dﬁl@g eRd ndrey Hefdo) v an AR08k Rnt FHle alk%fglun[ngl;n?’ Q&mpound

f the dineric pyrroles may produce a cafal yst
nmybeh§§@@§ W h activity and selectivity to a desired
ol i goneri zed product, such as, for exanple conprising

[0133] 1- WEXe Beli@metizAioh CAEyA Sy 1naya§e 1h@W¥ksired product, the metal alkyl may be
at least one non-hydrolyzed alkylaluminum compound, expressed by the general formulae AlRs, AIR,X,
AIRX;, AIR,OR, AIRXOR, AL,R;X;, or combinations thereof, wherein R may be an alkyl group and X
may be a halogen atom. Suitable compounds include, but are not limited to, trimethylaluminum,
triethylaluminum, tripropylaluminum, tri-n-butylaluminum, tri-iso-butylaluminum, tri-n-hexylaluminurm,
tri-n-octylaluminum, diethylaluminumchloride, diethylaluminumbromide, diethylaluminumethoxide,
diethylaluminum phenoxide, ethylaluminumethoxychloride, ethylaluminum dichloride, diethylaluminum

chloride, diethylaluminum bromide, ethylaluminum sesquichloride, or combinations thereof. In an



pol ynmer production. [0131] The netal al kyl, sonetines
referred to as an activating conpound, nay be a
whedognpisepti ¢ or honol eptic nmetal al kyl conpouPd/v$20861§31303
of the netals alum num boggn, |ithium nagnesium or
zinc. The netal alkyl may be a netal al kyl halide such

embodirfieht %Nﬁng Q(Hnﬂ'&%d fgiearfr& (@lﬂe@a&ﬁl ca ll’}%p ty@i]@mqé@ k1e a tnalkylalumlnum

or combi nat 1 ons t her eof e or nore ne
compoutigh AlRpdor cRpraplp ﬁg&y@(@ym@m PHditipnstlzl hYéls)iwbisalwlalpmwmccompounds
alummoﬁarngsrr%a e REd. CONRERRLES O ﬁeqﬁé Rl as Iltc%wr?fﬁatﬂpgr@’bygggtmg water or
I gand(s) may be any saturat'ed or unsaturate
water Coataﬂmgamt%ﬂaﬁsaﬂﬂbtﬁhlkylﬂih@lnm edmpglikdg| Switalle Beminosawpam mekpared from
malliylaﬁlﬂﬂ1§rﬁagbn%u1§cf§ nﬁfcﬁj ee[seg'l g’%ygihﬁrgh‘lgw %rl&@lgurﬁlﬂgmﬁ tgs{_?ggﬂalunumum

used 1n th sure, Lew s
tributylayenigien; esgbugalamipiven rﬁfgiwyidummann A Ibée and eﬂlv@mssr thereof. Mixtures

of differét Qﬁﬁl‘i&&aneéﬁlg{éd% Berhgedc ?Kﬂm \M%leﬁmlqﬁ lﬁmﬁg&noﬁpﬁh&kclude but

ewm s aci
are not ébﬁﬁéuﬁd@ethalplnl@womn awidified ra¢tho;}4hzm1n@xana| qud| bthrlhlumlmoxanes and
mixtureGRFRFUNds, or conbi nations thereof. The nmetal al kyl
can have any nunber of carbon atons. However, due to
nrerci al availability and ease of use, the netal
[0134] aI |1&x9|olwn| oliggmeriatiqn extadyst isyéenisees fullzen caypuise &7 Catdwst soprort. A

supporte@tc%mﬁﬁ rcatﬂig&c alsiah &Y be Bigbz@g&" L8n A CL%F(Eer? ﬁ%ﬁh atl% gll@f)o}t &SAromium

han about 20 carbon atons per no e. | 1 )
cafalyst. &%‘d? AEYst syRertsiaglude, bt I%VI n@t bmigedriorretlifetr bbsgael oxiflesesither alone

or in corﬁlgﬁatﬁﬁ St PRLAE hedant bhddsel 1xt§d'é§ bheRSE, %r@(zgrfﬂly Eﬂ&&u Hlica-alumina,

npounds, derivatives o’f a kyl'al um num conpounds

alumina H]&'P%t’éir?&tr@m silaksy) Anuip, therin.cormpoUaphate e Drasgbate, phosphated

silica, ph&ﬁﬁa%&lf alu@nal BRELYEDs PERL D atSE BEL AL, yﬂuo@%ed?ﬁllaﬁed 8%umina, and
nproved catal yst systemreactivity, activity,

mlxmresﬁ]?eé‘?ﬂﬁcﬁ apiempodigent, éh.ﬁ?@taiya‘t suppest it Hemmerhospbatean
enbodi ment the nmetal allcyl may be non-halide netal

[0135] al NYIIE’SO@CIHEEIH@:;/ Rl i(}hlydrlaézlrb(qp sol@en@og ﬂ%yo%élﬁltéﬁzﬁfdrocarbon solvent, or

al um num conpound yzed "al kyl al um num

Combma&,l@?fﬁ%@?ﬂf USEB%HY@GW PRiTIophGan Wg‘?aé@ﬁl atqng] SpgeifBuixermpleeof the solvents

may 1ncﬂﬁ@ aﬁl?hdtheanmlléifclléléaﬁl}gte%l h{}nﬂ(l)clalﬁ)%ns Btk Qrﬁotﬁ@aﬁqel ﬂ)e?catng dn-hexane

kyl al um num conpoun boron conpounds

hexanes aﬂYRIP&}%@% ééﬁemanwmmasahpbthn% PMC]&WW@ hydrocarbons such as

2-hexendlckdtbhdxt R d%mygl@@@ﬁm %Soma@ifz ?@i%pir%ts 'sQJlllsasttBﬁE&Ofoenzene or xylenes,
. Sui t abl e non-hal i de net al I cyls include, buf are not

othro-xylenyj mglg-<plsne, neasrvipns. i siirebanzeapy hylpgenetpd dpmlrocarbons such as carbon

tetrachlokidd) Whibkd fbrd) intéMyledé BR1NdeMBRIARSILEMBendbiid PRANES| MFhe like. In an
di eth | zinc, triethylalumnum trimethylalum num

embodm%e'n} ﬁh‘eO}WYoﬁ?rb?ﬁ WW’[ 3] ‘t{ﬂﬂnyqrcgpa&]ﬁ]or] a ﬂﬁalogenated aromatic compound having

between bldut & @UBbY28 ké%%lﬂit'éﬁls b EdtorBre D EPORk Akl g;lﬂmcaﬁof)ﬁ Riving from about 3 to
yl al um num et hoxi

yl al d
about 14d?aétt°|1?3ﬂt§1lrgj hmuh%ﬁ?fiﬁ%té it Bydiverrhandpaying stopn aasbil to about 9 carbon
atoms; oStHnibAREEnsBdredf. atHe¥blvaRInad e QARSI shiitlsUd8onRile, RbKitane, n-

ot linmted to, ethylalum numdichloride,
hexane, gﬁxé‘%@ﬁy’il B PR EﬁnFaa% or digitey hereghri L Brksdirerat, the solvent is

ethylbenﬂzh@t Wﬁrﬁérﬁﬁﬂdﬁﬁ% B8 SO I RfrhddEone dirh S0 BHEAGkAn i Mefins may be
I al um num sesqui chl ori de

ride,
used as fﬁ? éfrf&mwéﬁ BEGHT- e, an gmbediyeal Weroliam mexipemeprise normal and/or

isomeric @ﬁlﬂynle@ bEittdhe R ER XERE, et G, doBOEndTtth 6%, 61113%&1%91&5101'}5 fthereof.
an enbodi ment, the al kyI al um num conpound nmay be

triethylal um num
[0136] In an émbodiment, the hydrocarbon compound used as a solvent can be any combination of

one or more aromatic or aliphatic unsaturated hydrocarbon compounds. While not wishing to be bound

by theory, it may be believed that an unsaturated hydrocarbon compound acts as more than a solvent, and



[0133] When a oligonerization catal yst system may be
the desired product, the netal alkyl may be at | east
woee@7notsehydr ol yzed al | cyl al umi num conmpound, eREF/ESROE031303
by the general fornulae AR, AIR2X, A RX 2, A R20OR,
Al RXOR, Al 2R3X3, or conbi nations thereof, wherein R
' Xit
can be ag%}ftaﬁ)t %Qfg@g Oél?n En%:llﬂg ((:) ﬂgh %@t Igr%ealr?%%ll?@ %?tbgt 0cgnforma‘uon of an
inventive rcatﬁ}mthyls’rmnu miSpable pnaa’@ltaltpyu b}[dmwrﬂ?gmn compounds can be any unsaturated
hydrocatlbgr{ ¥ @ﬁl&@aﬁq Udﬁbllﬁzreltherhag%tygﬁﬁéﬂ{ %Hlnémbodlment aromatic compounds
tri-1so-burylalumnum tri exy um num
having fom abput®de y‘tpcalt Yhdarhematogis @@rhgqlq:plgwis A @nhiﬁm ete den be used in combination
with an}ﬂﬁnggtﬁ%ieg:ag aﬂy c[r erng ;ccg%r%&n@ﬁés@ltﬁﬁﬁ] a%blﬂ%h:g% gec‘ltoms per molecule.
&wmﬁcsmhymaanmpM%mthmmymﬁ$ond@k d@ﬂﬁyiéﬂ@ﬁmnuhﬁéw@ﬁm@swdéInmuH%
%'c-ﬁt ich
ot Sy SRS CUT OGP 5] AU A0 By, i
may be hOth mémmdd preqactantt ﬁeeca’ts:tunwalratﬁfdgar@m duidrdeaileon cgmpounds include, but
are not %Irdltg{?q@r{o Bé %n&ﬂé a!)r}ﬁ%tx ﬁ:ﬂétlﬁgféﬂf?&x bﬁar@xyl ne, ethylbenzene, xylene,
tria n1nun1conpoung or exanpf
mesitylenq; h@tamyﬂhalb@mﬂmmd opigheiies theused | y, hydr ol yzed
al kyl al um num conpounds, al um noxanes, may be used.

[0137] Al g %ﬁﬁ(&h ?ﬁahﬁ@@on@a%npg @otﬁg{) o &R Hé%%oﬁqﬁbuw %orﬁz[ntnng){ halogen, for

reactil wat er or wate ntainin mat eri al s
exampletqrgaapWri%I Gnelusingnthese nistsd regl suitaBlgi sobighte); @prarﬁﬁgﬁ@hdrﬁe%— ragte halides

(mcludm%rn%@aq %&91 %a'hgﬁ shc?ﬂuﬁltﬂl&%/ %g%mg&eﬁﬁb%? Eﬂ?ﬂ%ﬁqgcyfslﬂgtgl 13%ides such as tin
tetrachlopgici g)‘domgpgql@mplﬁprmr% npp-dsiat Ralidesy g mm‘pgahons thereof. Suitable compounds
include, Bﬁt a]reSerMédatL) %ﬁ%b&m with b BExMl ﬁ)hjrfﬂll Qf R' I O\thetraﬁ Rlchk8e any organic

m xtures thereof. M xtures of f'erent

radical, @@raatﬁlw@sbaﬁe@ bely Xaps be balide édectf&frqnaﬂv@ldwémw Peognide, iodide, or
combma%rﬁ%ﬂle@éoq rQn@ UG ORRU rﬁﬁﬁhu‘nﬂ&]s %@%‘eer Qllzhtl Oar\?@he?@f{ i érm)rgﬁﬁjc radical, R
to net hyl al um noxane, nodified nethyl al um noxane, ~“and
may have fip| st rhith aleah éscarten @ tors peryrdienl tafiernatyely oo Big]20 Fagon atoms per
radical, f& 6dst @or%ah&ﬁ@ed’n'd %Qttaﬂy&@yﬁé}ﬁ Qétm Sy RIS é}laiﬁoréé%ﬁct ﬁ@lﬁal R may be
rise a catal yst "support. A supported chrom um
selected érgtnaqlgtgmu@ygh@m geglﬁarb@n,ﬁwé@g@e ot lifhizry tig galbigmy indium, lead, and
mixturesHBEEH! 1l £ e?d-bg@lg{eﬁt fhe G0 %ﬁﬂﬁlﬁé‘&ﬁﬁﬁéﬁﬁd is §thl‘b§@ &)ntammg compound
catal yst supports include, but are not [imt
such as PEAL) qr @ggang idemni ks a@ane hejidgsecpmppumde m@],udq, ﬁ)ut are not limited to,

methyle&%n@@t dh%foﬂﬂh %&@ﬁhﬁgdé &@Jr%ﬁieﬁe Q4L Sotr aéﬁ‘&hd@" HidHb&iSme, 1,1-
t hereof, for exanple silica, silica-alumna, alum na

dichloro¢thqngyr | ]d%épclgp@ﬁqhﬁvg tg;rqtcg{o&gthaqu mh?@chlt)qﬁ)ét}qplg, 1 4—d1—bromobutane 1-

bromobL@alnH M, RO pémm@ ateBbof! (b NGSRBANE, bRIQPBRRLE diodomethane, di-
|ca hate alum na, silica-titania,

1°d°met@i§16fr X watb@t?e%q | trighiproieceipnien . hexaqsre-aesgmsi | hgasloro-cyclohexane,

1,3,5-triéH10#80bBekened Mdx A¥h it eBsent Nty @hiloridd) of Mni @RS dhef®Rt .Spbdi€e non-alkyl
catal yst support is al um nophosphate. [0135

metal h%léF%lﬁbldi‘«rﬁy‘f ye ngt b iatibon tewichlende, tig (Hbl"‘]éi@‘éclﬁ’af”écﬁw) chloride,

gerrnannEHs{ RBIRERRN b&Bh WeRloridQ schai AAbiRN$ERS rcﬁl@flde Usita@hhi chloride,
aV|n? not nore than 30 carbon atons, Specific

titaniumeteaghloside. oFiroopRmS tsfrodbinride mpafnimcletierdlosidpp Hamamaphioride, gallium

chloride 2bili6ACebrfchRdLr &t ?&raaﬂ&fcﬁcﬁﬁo@%sstyﬁﬂloﬁ& I25@RstHy@RRhloride, trityl-
pentane, n-hexane, hexanes, cycl ohexane, n-heptane or

hexachlqﬁo—éléttracﬁ@te aarnftlmqajf i Rengtﬁ}éorg}e, CIV@W}H@, mqglg{l@pr ab@en tribromide, silicon

tetrabrorMEr OGRLRARS HldEie al%O@BJéﬁ%ﬁ NSntaM6i RN 8RR Hexachloride, aluminum
cycl o-octene aromati c .%mrocarbons such as tol uene

trlbroml@gre ArERRy Fnc%ippéﬁég CoOgPHIR ﬁ)ﬁ]peéqq)é Sve¢ific )pyqtaé ﬁaékyl halide compounds

include, BRA hzmhlﬁﬁﬁm idkaE, QRS NAGARUM R RLIRIBALE B R6a: BRABride, mixture
SucC as carbon




tetrachl oride, chloroform nethylene chloride or

chl or obenzene or dichl orobenzene, or the like. In an
wepdvosz4sent , t he hydrocarbon sol vent may be anP@r/osmné/e31303

or a hal ogenated aromatic gompound havi ng bet ween

about 6 to about 20 carbon atons; a saturated or

of non-h% Sat hcygt é%élakﬁg%ggglme gChé%[ 1ralgt’? glglg@ J}rno%hz()?%gtdlbutyl tin

dlchlondaax/bcngmﬁdhom mhremﬁ 1 to about 9 carbon atoms; or
conbi nat i ons t hereof. The solvent may be a hydr ocar bon
as C exane, i sabutane exa exa
[0138] ‘@@F%ﬁ% }?é: O co %]HP%(H)&‘IPOI%PC[ tli]l %faellgl? iy écr> it n% can Cﬁntam and
provide a&ﬁhwf@ adirgmetidn, mixhﬁe SEdr \iﬂﬁiplel, the bdlidy lscbmméze ah plkglaluminum halide
and maye%g%%l ﬁ P?tpnj%%ﬁ %ﬂe grpﬁtaﬁ% ch)gnggl% §: §un£ bge Salgzlylalumtlnum halides
include, T@fareenof If[ﬁlhted o hﬁ@oeﬁtﬁlaluhﬁhuﬂﬂchmﬁidadim]@mmmmtme chtohd@ fethylaluminum

sesqulchlB]a%/ € ﬁglnpah)é S O&1§ﬁ?rg% M %{C@l@%glﬁlgnqleﬁg %gon?%% tea{etﬁxé ?lun'n um 1od1de and

mixtures €ere6H DI nati ons thereof. [0136] I n an enbodi nent, the
hydrocarbon conmpound used as a sol vent can be any

[0139] Egl %}?Qtél:}l‘ggf %%Foegg%r& Bl%eﬁq% BTr?‘g%eo gr?ghg% r:‘i:fagll)gh ga?aﬁ%s:t gﬁfeﬁbcan be any
amount shf.ﬁcbﬁt tha umickn iy mbined toyforni the REylydd eysltrm iobgoegbrizdimh oggwrs upon contact
with one §6?r€)t%euctlgf1 ngg 8%%&;{211 g%ra'rrkl)o ag ag:«?eg%)?iu the me %lk?l rTgede I;l Ql? Bmbodiment in
which the ﬁnﬂogemedmhtanmtg ctmtphundens talpgirold, uampnegspd sub saetquu mtnlo, ingerms of moles of
nitrogen g@ ip gxgltpgrr%]% rggliaq%c%ug éo dmﬂlesdoiJ me\(a? qhecl%gtgﬂ %%rti uEYa %& than a 1:150

rocar mpounds "can
molar ratitni atadr dit aderhbmﬂnrnmrtb@metelc(wb mmaiuinmhlat Ircanersl@ldumrﬂt |ﬂzaeN M molar

. e .cat St S In.a n |
o s SR EL Sl S P B PP EACEA Y SPTEDLE ecpacs o
about 1: pterabcmn 1 66 uGeneaslyaths even bf mtelragkyt/ayrdiesoigiod ubad is determined based
tion with an urat I|ph ydr
on the n&ogﬁ,p?fn %r%lullnesgn a%lb% egsaed %on a?lta‘} (r:atlla g‘l REA QIOHIOICS of
chromiufGCHC0 nles S @diogerc MNns alnelpyabbcbomlpmpidab |rmplezs0ﬁp@[tﬁh @) in the metal
alky, i.e.w% :u&{g gléeer%ﬁé/ fe tﬂ? bhrlrﬁﬂlgnﬁceog{s nmé c%mﬁg}ﬂ%§ﬁ hie %ﬁrr%lt@ Sgntamlgg compound
is at leastdbiopthiats zmdhlyadam afrth@chrmmm@umdmmayompowﬂ ty etalealkybs a¢ keast about

1:150 sug%a %attzﬁr I\P{% 1 a?]eas? 'E“i 19 rl]gb % r%%ﬁoad%ent %Hee@f I(III\E o dar ratio is within
Uheaturated -a I'¢ 'hydrocarbon conpounds 1 nclu

a range dflabotdBB: Sr(also bxpnsts@bbstabout oty moutbleih ¥ elternatively, the Cr:N:M molar

f.ho- X en ene talyst

o SR SHEE0% T B0 A R S BAEDB o sy

system, abhetrcmefmole[ @i@?qmlﬁlheasdm Elemerlt ChraimuaieéC(rb embnfautpcted with about 1 to

about 50 mo FQ gygfo%anoﬁag%{%co%?ﬂ% ;{Lq J\%&Rt a'LnAbB& i 91 39 g?ﬂumfngﬁq as the

ose liste

element smmrabj' & &obmesstcﬁ)mlsammt&bhsgiaqmrham i The Sraligeescaiice h@ﬂw hgagesent in an

amount ﬁ"om %!)0%911 rt]cg els(}% h @(l: ag% ﬁﬂ%ﬁ a](‘xl'éﬁi%gdl ent, about 1 mole of
usly ed and rion- al nmet a es such

chromlumscatqulateﬂ @$ ﬂlach:hmnu diengvrd (Cragaebd thaeﬂqdi with @egut 1 to about 15 moles of
pyrrole- contalnl mpo dI, %ggut %Q %ﬁ)orﬁp 40 %&l?&ngf %ﬂlgﬁn%g cahs,ﬁ!htte@qls &he element

s Inc are no conpounds
alummumn(A]) aad gene! tlabbwBfrmiodes of thilmldevbretasiing Rupavndpealeupjed as elemental
ani. I Gabr K&

e o 30 Bl ISR, 55 e, D g0y B o

the elemlemC{Cdemayo be gomzmtadamﬂow@ tb Heur emfles of polrote-gordaining gethpaaipdg 10 to 25
nbers gr | igal £

moles Of%?ur?lé?mﬁaa\g} éh%% trl%n rﬁna{gﬂﬂtﬁndlz %Ahl% %%St()ﬁ}a car%oﬁeﬁ]égfe 8{ ’plg? CROSS©

unsaturated tlydredatboml t ernatively from 1 to 20 carbon atons per



radical, for best conpatibility and catal yst system
activity. Where Ris an inorganic radical, R may be
w@edogo24s4 from al umi num silicon, germani um hRCr/O§®N6/031303
boron, lithium tin, gall% m indium |ead, and
nixtures thereof. In an effbodi nent, the
hal i de- cont ai ni ng .conpound js. a,c ri cont ai nin
[0140] o?ﬁ?dﬁ‘i‘fd of %?Pleag"g‘ﬁ?@g‘)‘@r &Sidé)aﬁo%‘ﬁ :}18% C&gagy st OSlPon Rcovered as
product ﬁ‘aﬁlgﬁé"ﬁn&%l dnBSneAEPREINES hérbis istdRiredidtas & gintldty:Crinndldregio. The

met hyl ene chl ori chloro e 0
vl By ool G901 QS BBTERT Pt et FREhT GRPR o To N S SRR ARL: ety
from abogﬂt 115' 1 & 3ot pet hdnetively, forflbdit 050eh hane 2.5:1; alterna‘uvely from about
achloroethane hexachl or oet

201 0 abou g L ETOEER A S0t BPQRBBOTARE L 4 JIaHI<y Fg sbout 251 to
about 3.19ar bon tetrabrom de, bronoform bronobenzene,
|odonethane di i odonet hane, hexafl uor obenzene
i chl oro-acet one, hexach]o

ce
IR e
system sd1@GRC MhO FRnIRBNZRMR: systehd, Eﬂlorct@ hﬁﬂbdﬂﬁon @r anffiof therrestant, may have a

thereof. Specific n ncl but
chromiury ENCABEIPR B ! £GPt a*&aﬁ? Ber éPh C&HY&&YS{%S#HQ Rt exampe
from ab(ﬁlhb‘DDng@r/ml%: d&ta@g%ysﬁdﬁl edliteha, to GB6UTEDSI 1U§1Gr&1ﬁlrcataﬂblso Byswm solution,
oron trichloride

di h
ttrnatvgh 7 HE2 DA GGGV REY ST AR gr PLACHY B paplyst svsem

solution, &ltérEAREIN Mokedboactd aigicienl chafysd stym:m eblnahto aboudé 5 mg Cr/ml catalyst
alun1nun1chlo

system sqlgtfqna%rrﬁltslfn?td@ t??lﬂ a?al hid nq: leﬂ]] c&léa ysﬁﬁs thOﬁlg.Ol‘l to about 15 mg Cr/ml

catalyst dytbré Bbi@idnde, antinony trichl oride, trltylhexachloro-
anti nonate, antinony pentachloride bi smut h

trichl oride, horon tribromde, si on tetrabr d
(01421 ] G A ) o R R AR AT S e, POy or e
ohgomerﬁ@tﬁcam bRfhsl €r crdnid, ApHA-blefiddr qlte dEgorr&hzamDm ufnvleﬁns may be conducted
by any Stgqﬂqlbi:ﬂhgl%éélgr%étlcg]g ng&%d atah g%@gg%f %{ ?]1 ﬁ% :qu Bon ca{mys(ta is contacted
with one @Pinereiofi€ins Btalydctiéd oAt Ghiet ﬁﬁslﬂuieﬁchiloﬂ bd)rdel,onse¢el'gy Itemperature pressure,

etc.) to Olgépgpryﬁgetj the o ﬁ‘éth ﬁ{g}lgg%f Pﬁ“?%‘?‘ﬁ? cﬂ%}o 01 h?rrgaéj % 30k argl(% at%r{%yéaﬁ be used

as the oltfind réh hatetigle Spebitdigyplel bf e G]bha)dslbﬁ‘ie mayrmmdwtnthy@mﬁ,qm@ylene 1-
thereof 0138 riher fhe

e, S LR T IR 1 L S s
the alphz@(ﬁl@ﬁ/ﬁ (itas @oé@ﬁlel td@rddicd Jneoléiaaaﬁnpommm octmprising Fdexeng anplteper or 1-

the hali ourc an Ialun1nun1hallde and
octene aglgtragecr P:g nﬁ wg E ﬁjﬁal%&e d \?\n%tgﬁ}é AV Pal uni num

conmpounds. Suitable alkylalun1nun1halldes i nclude, but
[0143] ar én aetdekdriptidresbovg,like ipbmhuh-xyaﬂaﬂ ulrowghountcthe epecifigation and drawings
dletaglalun1nu chlon

with the SR Rt GRS rgtc,lﬁytfvg Yy H[ihﬁ éﬁ%%amlg Cfu 8? yrg not necessarily to scale. Certain
features &f @t Rivkd@iod Iilihalylbﬂﬂsbcfvﬁﬂbdggeraﬂedeh hgdlmbmmsmumhaomhdeaﬁcefnm and some

s S5 S hiy OB S SRR ol 88801 e e
disclosule€s @Mptﬁﬂ@tu r&fnb&ﬂfnélhtﬁ bfedifferérh &drms. whisre aro stownea the drafwdngs, and herein
are desc{:jger%t in tg{}mysé%l 1{9:3]%};3 cg’ g rrle & att éh E]or%lérr% ;’H’h the Bﬁ)&rﬁtandmg that the
present ﬁm&‘é i®fo Beh@nsiedred arﬁb&)ﬂphﬁc&hdﬁseﬁjﬂle bnnca}ﬂesecrfdbd invemion,j and is not
mtendedé% Bling gieggvegégn;tg ﬂﬁngﬁé’ n%glané Eeig?{ﬁ)o eorelﬁg d%tllss tohe ?Mfézfrgéo%nzed that the
dlfferenﬂbetcﬁlﬁgecff tﬁd\medﬂuﬁdﬁfg dnengsed ﬂ)oc@ﬂipp bdﬂ dmployadubmatdf onet sy suitable

combmaglon to prociiulgg derzg?rte resu tskygpem}J calﬂy, tké/ presentc' d1s<ﬁ§sureafo msegnod of making a

catalyst by contacting of catalyst components should not be limited by any of the various embodiments



nolar ratio is used. In an enbodi nent, the netal (M
is alumnum In an enbodinent, the NNMnolar ratio is

wo ewmoatsout 1.1 to about 1:50, alternatively fPrPORnUSI»06031303
1:1 to about 1:20, or altegmatively fromabout 1:1 to
about 1:10. GCenerally, the anmount of netal

describe@! Kbéh()&ygn{bghﬁieﬁtg lsé’ttfbl‘l?kp iRE ngoghrgs Qﬁ %E %l‘ﬂﬁigap a?cg'dexgrg%llg htﬁe water,

nol es of chrom um an e , EeXxpresse
acidic prgggingror bathiabaterpept tﬂl@bqé@n@fcs sob foeth m)flge /o and B&r3B may be combined

W1 c J8} S t T 1 1 [8] e [6) 128
ith th %lkea%dﬁfo (@1"1\1/%6&39&1% IMiod E‘A 1Be T(RMJ 5 ﬁ’lbﬁa Q%HE%HW érﬁn MRLES of Fig

4A-4E. Mﬂﬁl@n% ‘t’alﬁléuwlmﬁm@ms cerrﬂbatmgl W?@ercmﬁ@wnmbmgd inhpay desired number

and sequ@ﬂcrer Rk %(aﬁfﬁﬁta%cﬂjoﬂg dféﬁ’ﬂfﬁﬂ% ﬁ)@loﬁ& I%I onﬁ&%thaabl%ﬂg‘laljrde]rgetg r&ﬁ(yl (e.g.,
he ratio he c romumcontalnlng conmpoun

TEA), Cam‘fkcylwuhsana%dsqrb@étor dobun any DEBT;sAgnthctt Wit 2 @pn-NetM haidgtfollowed by

contact \Ivi@rgﬁ‘l acﬂagéfﬁ (01- vice: Ve]éeg azle&rogﬂ: cﬁ%?t%n%fgre §h% %rcaéat\%ell}/kontact with a

molar ratioi1s wth nge of about
non-metgd hglide; dellowad batr@a@ctlwqh )} aﬁ@r@b Lptc- 1:TBe ¥G@sr, acidic protons, or both
abatemeﬁl BlﬁE Q@flt‘lo\ﬁeé@ﬂ smtiJltgneg{ls :NldMoH‘%b@{)dnrn glay Be Wtetgﬁlte'a iff any desired and
ran : . Inan e to prepare
operablegr Fr g@rﬁewewﬂn @ﬁ”le‘{‘: aplendymntsS yE}teemth@b@@pﬂos%éermlmefooﬁnakmg an
oligomer$AAG HIc A st Bfiatt IIH%/ 6t GRBAL i Qx{}p Qﬂﬂéﬂﬂe (rgc}u)n %QKﬁll B&t the reaction is an

contacted w th about 1toaout nmol es of
Ohgomelﬂﬁ?ﬁ?que@ﬂ% npan ﬁmb@lré%ﬁﬁ]éﬁm@h@rﬂf t@m@m diselpsuzdyp fitr a pHgomerization

catalyst fR| 88 Pk tﬁh@@aﬁ%ea@%ntﬂ?@du@llng %&eﬂe% Q&? leh of BheBBtramerization
excess of unsaturated dr ocar bon. de source

reaction fpgyjodyge hp@ansged thydejgileg ﬁ?ﬁﬁlﬁlttloﬂ EeRTE 8180 b@ fogused omtbesgtenipediments but
with the [ﬁ‘iﬁe%?an@iflg ﬁ‘l@ll théj&eseﬁsmxfeﬂtﬁ)n%a%mﬁw broddBr APLGARRI ment
about 1 nole of chromum calculated as the el emsnt
chromum (Cr), can be contacted with about 1 to about
15 nol es of pyrrol e- corESAMPRES conpound; about 5 to
about 40 nol es of alum num cal cul ated as the el enent

[0144] al l]l’?@gﬁh‘dﬂén( & an 01%61%31@2@9&1 calal&s@ h beer eﬁ@eh@sdeg’cfnb&h Qhe following

hal i de- cont ai ni ng npound | cul ate | ement al

exampleg i jggyign @scpartiqupr sHbelpessOidhe Y diglowd aﬁ@/ﬂ%%@ﬁ%ﬁ the practice
and advalnﬁtg@srth&%fodﬂ BRRderstRQ QMK RGO bive b PWh bR i18Sratidland are not
f) may be contacted with two to four noles
m’fendedéthwmﬂaweél eiinal e FIETE G080 &R aY (NapRST25 1ol es of
al um num as the elenent (Al); and 2 to 15 noles of

[0145] ha'\/iaﬂ&is SsboditheStk EBREpating thel Iig@RerBXERSHtaBlt 0SB At &mples 1
ocar bon. [ 0140 The rati o of pyrrole to chrom um
through k%ylﬂ

é?“)mﬂl‘hl’tSFﬂéC“F’F APERHIYR s REGRISE ST Y6 iPRpBBiteedebromium

concentr:ﬁfoﬁﬂucﬁl ek bheelaad Q%x&%ﬁly@@ﬁtﬁeﬁlreﬂ%ﬁ&ﬁﬂltﬁ%B@' zﬂidltlon of
erred to as the fi mol ar ratio.

The
chrom1uq17iseWé{%erf5§neGnd %@E/}C‘:{Pwl%qm}tﬂp?@ze@gf%{h?gﬁe Qféxyevwélsly ﬁreaared catalyst.

In examﬂlém g€leddive { hoEhabOUst i pRpdred %r L%B%Létpyg‘olg tcﬂromlum ratio of 6:1 for the first
t o abou

half of t H—g({l?r}lgxtﬁpéxg% % a{k{xom agoulﬁyrr%leghrfnll@q 558 0L Ozdugng_ the second half of the

chrormurﬂﬂph%’lél atdive. y if empaba), U§ele%t1@> 1 nbRna kel st3s éx %)ared by simultaneous
gﬂlter tively from about :1 to about 3.
addition 8§ 4R PEPYIeRiSo i BRI SOOI Snfiibe Faipyg qmounts of

water and Et@orGbnad1gShers Y8 LHASH Se PrBRBKEADIIHR sBlebiid 1 OE2NE SMalyst. In example
sol vent ma be referred to as a catal yst sﬁ\{st em

6, sclectig | IHTTR, CHNE" SCREIAAntY ERiaey Bt SSYLeERtS FldEm glothe pymole and

chromiurh I&bmﬁcﬁiéﬁth kcO&) sthﬁhoﬁ Y T84 dndOHEAACtARkamIBY, slafé?f!tﬁveQ—hexene catalyst is
om um_concent raél on of about |ess than about

1mprovedd/£anﬁ sr@gtag}oylgtof d ? isadded q the gﬁompgyr cog;pg@fsﬁ]: and water, acrdm'llc 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



from about 0.005g Cr/nL catal yst systemsolution to
about 25 ng Cr/m catal yst system sol ution,
w@bdoeonadd vel y fromabout 0.1 ng C/m cat al ysSPCHYS10861931303
solution to about 25 ng Créa catal yst system
solution, alternatively fromabout 0.5 ng C/mi
1P } Afum rati
a2 BBl TS Y51 00 LAl 3y T 0y PR R o
chlrlngﬂ@raﬂfh‘b\01?(:1;51151“&%%@,1%@,ystemsolutlon to about 15 ng O/ ni
catal yst system solution [0142] Catal ysts prepared in
acgQr, e S : S s
[0146] h‘eiﬁ)ogﬁ'g;ﬁﬁelp’: éxjg?alsr%ﬁng) %—gel Jeé;elpﬁ\ise 13 %{‘Eﬁge gateg%? ésf)%a&{e gs@ngf R&h initial
pyrrole: C@iq@han obrihét matios Then _ocbntag@dwithEA@iEA& lol esfrinpls 1ihapyreraetion of the
selectiveclqﬁ]eq(ﬁget %ga%yis%q%e %Hl‘x% gg‘lluﬁan%dsggﬁ?efté gc?d'it ogrl)f %&198 %&’npérl@nts to the
an enbodi ment, an olTgoneri zation cata
heel of peryivusly pedared ¢atrlohdn @fanmbrlé, rotrefatios of the @leptefadthemne zgplgst is made
. e 0, J i
viththe HAE, T ok AL ok BARALPBe SRR b 8ok ot o S REE FoMivcsiting
from thetyezztioh efiwatkipind-abinefunnellfiay Ingra2ple d 3 3@atetais botedavisnghepmrole and
S fi
chrom1uBecoH1?|> ahé Q&Tfa%#elﬁ rtlés %ﬁi%d;?q}{\én %F&gﬁlhqaéoﬁ]f eeﬁlgé tf s?ogl%?( ‘”ﬂ&)ﬁt&ﬁlg water
removal ];smg)gpl@pﬂéar sievpre Xo ggample e teigels a@atepbbyha}zbotropmbhﬁugqtt@n to remove the

water fréi {ﬂ@tcﬂ%gnfdl% D ?ﬁﬁ)‘aﬁmﬁ hlﬁ el(:inlggSI %\‘}gﬂ gﬁclp Xil tgé]ceateilycst &é%%q 1-hexene

It 1s uce an
purity 180¢eécfr1bﬁd C @ﬁrﬁ@j@ i Otf |ﬂm1ab©mm@am@16ﬁ @lsa prdude rike asb@mqm fsrthepddition of
chromlul:h an&%&tl%ﬂ%le%th@ afiGlah AR imsOf ethylene with a high yield
a high selectivity. [0143] In the description
ove, |like parts are marked throughout the
[0147] s pé@ﬂlﬁleémpl@srbehvwvdcaéhbéng%emeﬂ msinhened o appdreipesreps. One set-up
t N £ e
is a lab %g&é@j rli)f‘e?%g cbt\iggtx%g%?gﬂl%ﬁ at %F E}ksag%q ﬁ)OEﬁrﬂ whRh are typically
used for pargeamgipomosray Theotbhadin edeaygtplant eehld st- @ctmleallm ﬁeﬂlmiled for preparing
f
e e TR 1 B BBl e
of clarity and conC|seness The present disclosure is
[0148] sudlke frbisetle sat-up erebareli crielystsn e fdrolydxfie aish tfeqimespheThiapide the box is
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o RSN 40 B RO PO BB RS 80 e
the catalwt tchmpénsnignidle preparpd Fatadystshatt batihe Aplr lefs écnte etadyst prsppradion grocedures
I t
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is diluteq jite ey ¢leliexens toHig anPeInU@tOFl dleargd efwdoltge@emﬁamﬂdremrém The diluted
catalyst éo‘ﬁltlt)ﬁ iD8ed Wkl £ERANB0E %gmtetlalaéyhh&? téjf)rf)‘glgcr tﬁ@ he&rﬁ Q&h&aﬂ%n of the

he enbodi nents di scussed above éé oye
catalyst @eﬁp@ﬂl&?@rya@n rpagion Aydespipteaipd emeephirien tedhat 1207 ‘fﬁ%ﬂ@@u@fecomponen‘fs

via syrin Sledchibed B 814 e&énplé@)@fé{vflé &Rkt rMhe &?%mpr esent disclosure
or a nmet hod of ‘'maki ng a catal yst by contacting of

yst conponents should not be limted by an
[0149] t h é“ h@ a?rﬂiob UPAIE eSS Pt tPERPRISE cRBlet. unday 2 o@@O@ﬁ‘d@@i?ﬁeWt gontrol the
atmosph§f@tke£:}9ﬁ§ e oit (B(?gefn' aHY fn%ﬁtuf@ayAlpﬁlo‘% gﬁ?ﬂ 288 catdr pﬁﬁﬁﬁ%&l Srocedures
he water, acidrc pr ot ons abat enen
descrlbe% Gierels PreETRics belew afecnerfprmied itFd §gallopAeapior aerabriing 3 Blagigljoy@eautoclave.
Once th& b ?sdpr%awa 1‘5 Eﬁhlt@ﬂéh K@ dai g) Oé%ﬂor? HEB%)T@@&S Rf)oult: fl%s grams of the
1A- 1D or he siI nmul taneous a tiron e Inments o I gs
preparedsatalyst ISAth trangferad) fom therliree syladbrodiorresmeatier 300 ady anefah gylinder and
transport@@io% inEYgal ?ﬁaﬁl&[@ 'dﬂ)qﬁg a@dé@&%e&i %GVE e"ghﬂ#ggf:eﬁ cAMOst i transferred into
sequence, or exanp e azeotropl c dist tion s|
glasswargync};@ n‘l@lg‘r@@ wﬁhpﬁcl@emg ihip ideféredreangéntiatignyfor festing in the ohgornerlzanon



TEA), contact with an adsorbent, or both in any order;
contact with a non-netal halide foll owed by contact
wawndohoasoadsor bent (or vice-versa); azeotropi CPCT/US2006/031303
distillation before, afters5or between contact with a
non-netal halide followed by contact with an
reactor. SUS QilARIHataly8lGlutid8 tﬁé@&@rfsfen@@ il é:3d@r09§‘rf3ﬂ§ cyhﬂﬁer Qﬁﬁ @msported to an
abat enent, bul k addition, and sinmultaneous addit
oligomerigaiontiesfifit s may be integrated in any desired and
operabl e nunber and sequence in other embodinents. The
[0150] Methqet SgpleoPedwh @feeﬂrébaﬂﬁ cfitgfystr@l%ésﬁg i Lither 4 batch or a continuous
ol i.gomeri zation catalyst may be useful | any
oligomexizgfiorpspcgory & b%‘?ﬁt@whg%wzwareapm@s pédisr pefnclive ﬂaamls sealed and is under
a nltrogeﬁlbﬂagw fi% 84 @fheli€@klideMvicd R sﬁlnthg @&%&s@?%@ sezh&leco%ﬁlgro clLrepared

of the present disclosure i1s for a oligonerization
catalyst golytign feapsppeipd fgstie phgoareriraiipre raastan indhe 2 ae tietwh cmdeuciahgnt, e.g.,
cyclohexlmeh X @Rkl TP M B ENRioR rreat:’éafe ah& 'ﬁfeatﬂﬁf 2 2L 00:F83C %fe Qhctor by
produce 1-octéne and the detail escription a
Connecﬂﬁwe tsalifdst tpsthe Tesstor prseressyriydgi the ﬁxlgld@fuww&lﬁemeh ghich conveys the

talyst HRARS SRR ITAYoltARELAG RIS e
catalyst 1 oadler appl I%aétal Orﬁs %E;:esls 144%&1%?566&%}/6{??%1 ene and 50 psig

‘fhwk°§ﬁ>%ﬂ1@%ﬁﬁ*ﬂié&@6ﬁﬂ@ﬁﬁaf§§ﬁtHé ng been general ly
described, the follow ng exanples are given as

[0151] pant k&id af teNRAdhIBERSy, of c&ﬁﬁoﬁ@%@o‘ﬁ%ﬁzﬁloﬁ GeRRed ?s@&j to test the
to denonstrate the practice and advant ages thereo

prepared; catalysfe| o (L& égamtl%tohgq@erlég@gm pesfogped 1@{ mﬁol@yg @ﬁg&l e feeds to the

reactor bylukig Eé’lﬁltatleén@&g flefohtedd doﬁ‘ﬁa&ﬁgﬁ Rodeh W fed tWe reactor at a rate of
jcation or the clains to ow I n any manner.
about 0. 5{@&1451}

d silyleng issfeg Fpot@a{eﬁséqﬁaga faéerof ,g‘p% 497 &by t1he reactor is either a 1 liter

oral ga‘Hbﬂl QQ(EB’P'JV{% Z&bérahg AR 8ited3EL1RRUME hinEXaR! €Sadtion temperature is
h 14. In exanple 1, selective 1-hexene catal ysp
about 11? § ﬁ? §Pwa 5oy P9 8% t enperatures and chroni um
concentrations. In exanple 2, selective 1-hexene
[0152] caioaliyesdambRs B RORIESh R t%é %ﬂﬂhﬁﬁl@ Bl QRctB were collected via

chrom uni et hyl benzene an
liquid sarpplineriplney (ppitaster e bhyrleR ﬁ%‘%ﬁ?é tq & quiee grsehrogtograph (GC), a Hewlett

Packard 689@ Vfblozhhﬁiyyis W&Rﬁ&cﬁ%(ﬁ@&ﬁﬂlé/ﬁere elﬂﬁly%@&admh@Gé forf Blht'6? ethylene,
- hexene Catalﬁ% prep ar ed % usi ng
hexene, ERA’ Fo %1510 #du ]Peét qh(goréqrs 6:Ffomd 1St1ﬁ@rfﬂ4t¥0§tthﬁ aglgctigity, tiety, and

convermdilh{fa@ RLIARY " Sak&ivaddit = Eféfe@sntg ek \péfg;}ft E!ar@en@ B¥ Qﬁ?l&@c&f%ﬂté& into 1-

of O ?urln the second half of the chrom um pyrrol
hexene. gt o [ tekcamisn @e eisbbpeeni 08 Licrmeren éhecf@tabw &l Gogsomers.
Conversipi @RAY @€ebrdy 115 Weihit @)@1@% of ét bl veh c@xlnlert@@foaclhﬁc?ﬁler product (e.g.,
onents. | n exanple 5, rom um conpounds
hexene OE%%?

P15 hlg PLApy ey kbRt i -y P B pTBHogr A elates to the
amount oBbt@osiREed. RERIuSAY id dhaktiRd BT @RF6ALAAN o Of ndbs: ReLamdr¥Bromium
1C—}'$§X ﬁ»%atal yst. In exanple 6, sSelective 1l-hexene
(8 1-Covlg §g aich pesePEdPTBHC P sTanandtovei #raf rER e frame. Other
evaluatiofdhgthdel 0@ AheOfrodul SinOMdd 10 chor @&?m&JTRQ ‘istIH}e %HEE’M BLISmED A the end of
| ution of TEA and DEAC. In_exanp sel ective

cach day 04 Rl W QPHICH 40 HlenpdrphRoly gk §¥ild8 therggicfor apelctesk allowed to

dry, and THeA Weiighadj d@dis tatholukt 843 HhANdxH AR oFANIS rhe{&mﬁc?gal\’@‘é@ grocessmg unit of
rotons, or_ both are ‘abated. In exa

100,000 @étpé}mds BT IR FBPBLIATSCAClF Polng avastifigshingreun ncg pemeour expected in a

100,000,000 @& dsber §Bar Hlant (1&/1E] BMMNEPIAA ex@ rﬁﬁelcé'%)trrﬁ)hylﬁﬁ 2 Rinless steel pad
contacti a small amount of T
placed AR A g\? rPA5108 V&8 145e irgRover n@@én’f‘ﬁﬁ éw%he@) ek fharead o gacyf day for

amounts &fipRlya®t. ETHid Mfouht SIPBRBr $ARLYSHled 1D tHRAE0, 50,008 bdinBYydb\Rant and
pyrrole:chromumratio



during the addition to TEA/ DEAC. [0146] In exanple 10,
preparation of the selective 1-hexene catalyst is nmade
waigiong24s0gh initial pyrrol e:chrom um contact rBCT/082006/031303

when contacted with TEA/DEAC. I n exanple 11,
preparation of the selective 1-hexene catalyst is nmade

added tdiﬁlie RehchE lyﬁqénﬁﬁ&fﬁt ?&H@ﬁ(ﬁ‘ﬁr% g %t&l'ﬂ%ﬁm&? cﬁﬁﬁt ¥Sh pounds per hour
nponen to the heel b&éew ousl prepar eg

eXPeCteddaPé@Wp OOQ W%&H%P@piﬁzt (L ﬂ)@ﬁl\ﬁW}@ lag®- t he sel ective
1- hexene catalyst is nmade with the addition of a

[0153] Ni tﬁo%@ﬂmﬁ@t‘ﬁp gladcd O he o@h}l@qﬁ%h MOH‘E%%M#I@QML frared analysis

solubilize products resultin romthe react
was dongyagingra %ﬂﬂéaféﬁﬁ Pﬁm@mSaffhyﬂ%bandgp récanepiplexai3yaterat-gr abiogt 1450 om”, of
hydrat1o@t%%%§%e%ﬁ@ ol Big oM &ig@m@@ q‘n:ﬁéﬂf th%l? Wgﬂgﬁgﬁhéf\&% Therefore,
contacted to reduce the chrom &m conponent
in some %S@smﬂhaywl sphiEPn festaen mepimiatianrof chiomivat oligemag was iperdaringd to help in
evaluatlr%'ﬂ?evﬁﬁne D BX R Blefnitéhe tﬂ‘@ge%e df%va@?@ftlﬁlgra 3, 8Zeot ropi c
istillation to renove the water e chromi um
catal yst conponent. In exanple 15, the inpact of the
catal yst age on 1- hexen&’_‘p!aﬂ_t_y i s described. Several
of the above exanples al so include the enbodi nent for

[0154] t h@aﬁﬂ‘ﬁt 1801ra0f s@\ba(s%éﬁdﬁﬂ BPdde l@ylrlf)éjj)% QuittddEn-Alrkdltoluene to a

um numns In the exanples bel ow, ‘catal yst was

> gallon fﬁa%tﬂfa rTé’dheLfgglﬁ@ iaddrd B0 e spparals %eéhylhfp@noatadésolved in 750 mL

toluene f5BSweld By h 3008l &lucn6AhR. S @IDlﬁﬁchfflgirrdy n%@ R&Y hﬁg wﬁ@éd@gd’t% thel Bromium
smal | quantiti-es, for exan‘ﬁ whi ch are

solution {nyfh reagiqry Theactprorasperesd it gltrsgﬁnm@é Bxpughfiea tsripeeture of 25 °C. A

mixture SALGOYR nkS trﬁ:tlﬁlalh.%lmﬁﬁ atia) Sk@t %ﬁﬁea%eth%ﬁhﬁ?lun%hlo ide Q)EAC) was
desi gned for prepari ng I arger quantities o P

then addedpip tnxensisr é011:9W§d 0.2 drsf talenetinsgo fﬂl@tebleelsmet 1a¢1¢aeed‘ 18r°C and was

returned g)f%gg?xg@ cgélllng]t }‘g% %ents L)Qf]’lé ?e%ctor s?ood V\ﬁerr%(ﬁ: ed %gr:e I’tr}tl) 2 %gF% using a

filter comprssinger tdmebitedinn iof acmmlr SDi‘elEIe dﬂw pifpearglasm e\robl gisonidcesnk @hrth, and

R Sp e R R T - —
concentrgmh af ths teatalys Iprdp@rlahonsAd'dre Vaalbd STl @tmatsaﬂ/eycstestpd &p arodhdtiony n a 1
cri t he ampl es bel ow are
gallon coBﬁﬂ%Ssdrléa(cg& alchtﬁ? resqus e e shown 13Tel%(l E‘% Once the catal yst
i s prepared |t IS d| luted with cycl ohexane to the
concentration desired foFab&liBgoneri zation reactor
tests. The diluted catalyst solution is then
Catafysansf €¢med | i fioocatr83@® cc nBtadhctvity i nder to Bx@viyoher
the Imedi® for f{ra@epb)t lof (¢ h€oemt@) yst (Idb/Bnl00MM/yr Plant)
Ratio 6t/pyyohéfEABEAG1/BAa) or under protected at nosphere.
INot e thz® apy transfer of comgmorsants Vi a syri ngesi
2descri bed in the axanpl es belmpios dorne 1 n theodgy
3box.| [ 03#9] | The pisl ot pljant sgaiee set-[up prepan.ess
4cat dl yst5 ungler a nitrogen blapksb 1o gontrol {Hgoo
Ratio 8F/pRSRMEIADEKE]PIRG.9/5) Tree of oxXygen and nol StUure.
sSAIT TpiTgg plant sqale c%al ySkT ggiepar grion pr OGgFIT €S
€

6deSCI'| bed T h the qxarr‘pl Del%()gre p&fT ormed 60

7galrtjon gEactor CORpri ST a I"h:gbslﬁl | Uy\l) aut oT) gyE:

gonce T h?j catal ySt SIS pr epar equ' 1127| s—ft-t i U‘?% a
or )

510 —gartom metal L,y| rnder—About—150—¢ the
prepared catalyst is then transferred fr o mthe | ar ge
[0155] cyThe@xamplest show thanlchialyst BOdictdly ireteatedcylth redesduetivd in catalyst

preparation temperature. Additionally, the examples show the best catalyst productivity was observed in

catalyst 3 and catalyst 7 with 45,769 g 1-C6=/g Cr and 43,373g 1-C6=/g Cr, respectively, when prepared




transported to an inert gas blanketed dry box as
descri bed above. The prepared catalyst is transferred
wO0 niog/ogsassware and is diluted with cycl ohexaneCT/0S100€031303
desired concentration for gesting in the
ol i gonerizationreactor. The diluted catalyst solution
tlow el AR0 CISTBNSL B L nder. .and
o o e T i o HamsBnel (TR Ssf 1BY e[ fotmer wa
alSOObS@rM@itelﬂemipﬁlteSpbéh@mtytdméltlpnepar ed catalyst is tested in
either a batch or a continuous oligonerization
reactor. The batch olig [ ion reactor is a1l
liter autoclave that is%‘s.g;i'egp'@g&t and is under a nitrogen
bl anket. It has a magnetic stirring device to stir the
[0156] corfeanlyss 9oH0: tArectbdbdneshe colnticri wetalmr@r?eqagrclm@maan(awsﬂhylhexanoate
ds1d d i Ct.or
an g ﬁ‘é{ibgﬁ]zeﬁcr s Iga&?%f n% ﬁﬁ%ﬁ&h&?ﬁc%ﬁéa&%‘g 60(%% trlet}éylzﬂummum

cc neta
(TEA), |4§3 charege dlethlﬁlah«lh@um ichlorieg (RBACHN].BPEaclo rdlmahxlpm and 22.6 g
ethylbengél% thaX §fso ddd@ Fﬁ%&ﬁ&/g gol&t@ong Q'%r a%@ecﬁttg Bo. Qy GPRIEE Eatﬂygst over a 40
I? e reactor an& pressuri ng ]h
minute I@?P‘il ﬁ@ertham“fherﬂdéltlhlytleln dor it @dhutwom steryed anfy en®dtaa theseme time. The
catalyst Wy t@st&ﬂﬁ all iac%ht‘ﬁfuous-l;ga%tog laﬁcgﬁg‘;\;e E%@?’és&m of ﬁ%)ct%% Ii’uns %re sh?wn in Table

pressuri zed wt ene an
2 as Catplyeirl8gdhe avarege Pfs’fWQ ﬁ@t alne df faﬁ‘faraialtdeﬁpb’ﬁfatr@naemmf 1sab@m in Table 2 as
Catalyst$15 0C. [0151] In sone of the exanples below, a
conti nuous oligonerization reactor is used to test the
prepared catal yst. The continuous oligonerization is
perfornmed by controlling #bledl| the feeds to the
reactor by using separate controls for each feed

CataBHTP Oge@dtivityHy dPQEEN [1'S plRbcdvRy T NE TRAE]] era[ T@&l@’of%ner
about (@_(;gz)L/ hr(,l_(g@d et(gylgeﬁ drp ed tQL 140 JyPPIal%
9a T at egiy, abpudg #F7 |97 Nrg; sFH3E TEACTON o €f Lher a 1333
10 TTer gy 1] g jopn [aut ogzjgeg\ge dependppg o e g

desired residence time i m the reactor. Reaction
tenperature i s about 115 O0C, and pressure is about 800
[0157] psilge cp@usa] shom|thatensmogpiadl ofalyst oatube poparéd. offht lkgamples further
t I coll ected via
ndicate ﬁ%hu%@&glgﬁ% f%g va a\%)gtré 9{&&? gl%%’zbr% %\é\ﬁ%i Val co) and fed
to an online gas chromat ograph (&), a Hew ett Packard
6890, for analysis. TheExamiiledt i on sanpl es were
anal yzed by the GC for the amount of ethyl ene, hexene,

[0158] an ‘t‘a%ys't $PNES &u@dﬁqwg ?&B%'éd B§z {ng&iﬁefzsm g: e 1¢gt$?'flﬁunnnum (TEA), 9.38

|nformat|onthe selecCtivity, purity, ver sl
g neat digdylabigiinyg dieide (BBACL end/2G42 ¢ iﬂlﬁealyeneeﬂ"emsaltqgots fiere added to this

solution. ekt ogﬁtﬁlﬁﬁﬂi 3 &hl%}nmﬁjl(ﬁﬁ% eggr}ogtg L{H %etﬂylb&%ﬁ%?ﬁd 274 g 2,5-

Purity efers to wel ght percen
dimethylgyrrale eﬂee ﬁewnﬂ ﬁ@t41mdaa 3 gphramwr@ws@hvéhesanoee auet 44 grsthylbenzene.

Ethylben&eq:x% Was h&%:€ Eosoﬂté?n 5 lEl)?al \091'1191@ bf W nt[h%éataﬁ%la ¥1Jh§ 1s method was

been converted to ol igoner
tested in g b & eoqpiénuogsireacior. e aveeage wsulys qf dfresrtest hm\arnalmwnln Fi@he}] e
the catal yst produced, and relates to the anount of
catal yst used. Producti Vvifhyehs quantified in units of

grans of 1-hexene per gram of chromum (g I-C 6=/¢g
C) . In the batch processes, productivity is eval uated

oG#AYE 30 nj nut SClPREYT r ame. OBNER evall uatGatshist Bredietivly
t he product!incl #€Peact of pOI-YeT&ss ( Bx Pol \erbCy~/ak

t ot Hi nolyner. At9%¥e end of e&BR%day.| the red7%P was
opened and cl eaned. Any pol yner inside the reactor was
collected, allowed to

— (D]




dry, and then weighed. This anmpbunt was then
extrapol ated to a comercial sized processing unit of
wag®yoo69H00 pounds/year and reported as reactPCT/US2006/031303

pol ymer, quantified in pouggs per hour expected in a

100, 000, 000 pound per year plant (Lb/H 100MM yr

Pl ) 9@ Shahhess 0P .
[0159] ol Z]!éhtee dex&@\?\% %htrog/gmhcf%}npeﬁ%?ﬁhﬁl /tl), \Ill\lgls‘l @1}1&% I(S%?/ Vgg(,i good catalyst
productigity @6,7&thel 1 Wet/gbdordhe qahé/sm@ataﬁoreach day for anounts

of polynmer. This anount of polynmer was then scal ed up

to a 100, 000, 000 pounds/ P ant andadded to the

reactor pol ymer anount f%xr%;rue'pb ting the total

ymer, quantified in pounds per hour expected in a

[0160] 106?20@0“015@ dowietnpae (V&6h gphantaddddofoHr dOOMMIly volumetric flask.
IndlwduFE)ll 1tn cals [v%}els'c%]decir R qu{ gﬁﬂhps%ﬁ%%}g 28 rnis OfT e%?lca(l)sf added were

ration in sonme O e sanples an are
476 g cmgmdn(ﬁi@ Zigthylepxanogteaitrdelved ih R3§ ;gmahyéheusne TR&6 Igmeaietn@hylalummum
t
(TEA), {]9%% B@fdl%ﬁ’x uﬁ?e(l’gl:&l %‘P@o&ﬁ% (DEAG nd ?ﬁrﬁ b, 5&@% h?lggﬁ!r%?.sfcf each of these
Syrmgeswm:ilaﬁ@edl Spffmefﬁf stistibenzene todiprevidayy teitad voluhne Of W20 e gt opales of the
syrmges' RerOFe§ a3 Cfe aiOU%hD a%%me%‘?c{ lﬂgéko Bnd Gc‘}?‘et glr €S, em tleg into the flask
preci pitation of rom um ol i goners was perf or to
simultangeyfsly 4t theesgaik gaie Pyeg 30 anvéns| Pﬁ’@r @awﬁdlé@st\@rqﬂ@m&m pidylbénaene was
0
added to%gueﬁ%ﬂ Q@o‘tﬁgm W@Jtﬁ ﬁgy g tBY \%(l)grlﬂ‘b h *glbear e § &{reg)}é? L)fy ’%nsl rgegthod was
tested in@fl Idba}ach rmctqr @tgléﬁ *QenrdfBd psipl Udneestits & tlﬁs gs Ialte@howrsa&aldc 4.
To the toluene was added 630.9 g chromun(l11)
2- et hyl hexanoat e di ssol veg, £ n, 750 nL tol uene foll owed
by a 300 niL tol uene rinse. 5- Di met hyl pyrrole (388.9
m ) was added to the chromumsolution in the reactor
Catalythe| r eacBelectivis pur ged wi PHithi t r ogén andCaalpd Gredudtivita
t enper at utleCad 25 0C. A @iGetlbe of |1, 600 gledeat/s Cr)
12 ri et hyl al9%8@¥num ( TEA) an®8.1%229 glneat 34,325
di et hyl al um num chl ori de (DEAC) was then added to the
reactor followed by 0.2 ?f tol uene rinse. The
tenperature increased 1 was returned to 25 0C
with cooling. The contents of the reactor stood
[0161] oveCatalptitl3diad Gatalwt taepreparéd r aliingusi8ige ehflbdntae to a dry 100 mL
volumet§® TR S! s Cffgﬂ%) lv&ﬂ@a'd 0y (1)5 o nﬁéa@' ﬁ[ﬁylﬁS%fng%g{#]EZXp, 9.26 g neat

paper, gl ass dla onaceols ear
diethylalvepyram cflorige ABEAGDwId. 2. Al Qtsictun@:hylmaméd yE¢ thisweixgire was added 4.76 g

Chl'Ol’nlulQl Jﬁﬁ?% ?flhezganm‘g gllgs J&? ol £ g%) g e@i&lﬂgn%er?en dlEh% %lee%]s brought to 100 mL

ncentration o e cat parati ons
with cthylayrizent, TTeroviareiapses sho s B etoylhgsaualtstdte ieg b prepare the

catalystsalﬁll 59%%1 FI&QF%%QQH{ %&%}#ﬁ%n? 9(%]?6%9 Ot?g@-]r&{?ﬁ Iilﬁz A le{hsflhgpgag%ate was 10.5%.

Infrared piipdsisad almpthenq) sadlety itast mghcatfrdcth@asre@l wajet ¢f mdm@qﬁlums ipoasent but no
chr omlufnn)ll%%‘fxé}g y]?ﬁcat@l&&ﬁ@'ﬁ%tch%ﬂmln? Eqﬁ 9\&/&9’ 1% /A‘gnqll ntlt{ra%}laalnglyms Jnlaqnethanol

exa es show the best cat pro ucti vi
solubility indispto@ that weithextvekey of h}@raémmn@aﬂb@lny@n oligqmers'rwts p@@@t gin catalyst 15
Y
the anal&a@lﬂ{cgteﬂheaﬁgse?% I'T%e%%%nlﬁ?e il'%%n%%) 'lrh% tjﬁ\f)?ﬁl}}])){red %?éqtested for

repar edat 1|ow
activity wdhe eqptinupus toactes(1 iy a@t fhalayeragegwsuite au:tt'@p teptaluqufreaq]ageparatlon are
Showmrp\fa%%sobser ved under the best productivity conditions.

Exampl e 2




[0156] Catal yst 9-10: An ethyl benzene sol ution
containing 2.3 g chromun(H') 2-ethyl hexanoate and
w@2m3/0gt5et hyl benzene was prepared. A separat e BOI/US10061031303
containing 6.05 g neat triegyhylalum num (TEA), 4.63 ¢
neat di et hyl al um num chl oride (DEAC), 1.37 ¢
2,5-dinmethyl pyrrol e and 2g4fis9 ethyl benzene was al so
prepared. These two solutions were added to 30.98 g of
active catalyst over a 40 mnute period such that the
Q@dysi on |t Selectivily  bot hP&ay ut i pnsCosvapipRd |andatelyid Bepdugtivity
the samelti@eCeThe| cdl4lyS) was tésred in a 1(1-C/gCr)
codti nuolis PB3¥ or | and9%We aver agédPésul t|s of t &b64%est
ruds are|shé®i% n Tabl .Doas CataP48% 10.| The adéBRge
of 15t wo test 87dhis of a $¥Emdard caBatt¥pst prepar aB8é i s
shown in Table 2 as Catalyst 9. Table 2 [0157] The

ex | es show that .an acceptabl e.catal yst cap .pbe .
0162] o S8 EERerierato MRk R B F PP EP S S bR B e peined when
the watef ofily@ration ardadhkomniiira pligoenetsetiihdt @chtiitedin @pah@ntah(@l))2sdthylhexanoate
o %%ﬂl e, 3 [0158] Catalyst 11: A solution was prepared
m signeEnt gdnOSy 12,10 g neat tri et hyl al uni num (TEA), 9.38 g

neat diethyl al um num chl oride (DEAC) and 20.02 g

et hyl benzene. Two al i qudixampierée added to this

solution. The first contained 2.3 g chrom un(pi)
[0163] gl- ﬁ%{%&?ﬁ%g??gﬁ?’%’%@#e&ggg ﬁvg Q)élg%t%g% % ee 1251 %iéEr?eﬁmgye;ﬂgsk equipped
with a nglgnadinistndr! [To)thQetbyibepkdne xarn added 120 g hedt4righylaluminum and 9.27 g neat

diethylal\?/l%lft]%lrnb&?)(fzrl %Sohtr%rtLg] ¥6rﬁe”§yg{r‘1§? ;V\\%%S a&gg g1(.j61t fg c g}n?)hq:zlé[ﬁ r%téé%ltﬁrghlcfxanoate

une prepare
dissolvedvrs2.2&g tibglbénzerge. Into acoprrdte) LOmE. syeegetvors adddde. Bve?, &dencthylpyrrole

a3 L BSOS PAE SRR £ 2 i
needles hyerg lputpinioi dpyos(t® Sid@%4f theditingeyed flchtcahtyising threatilued hlwmtym alkyls and

0,7 | - =/ 4. . .or r.at L.an.
the cont%%savﬁ%? gdc%d fﬁ%étgnjeo%g{ %\?e§/ é(? mﬁ‘t};‘i E?\%%/lla%éé %édét??éﬁ%a% 8%};99[8)&6 contents
were trangfgreddo edl 00 anla volnettio Glasd and clilute tto atwuf [@3skl Withdéthyillgnzene. This
catalyst g&{éﬁ {%cécglsnsa c\%ﬁél%é)ﬁg %igrg%cgorgl dgla %{,,\slléf:j[sg@gffefr%ggpogr‘tﬁseeteé Qunrg‘are shown in
Table 6.chromi um(111) 2-ethyl hexanoate dissolved in 2.38 g
et hyl benzene, 12.06 g neat triethylal um num (TEA),
9.26 g neat diethylal um Ghloride (DEAC) and 2.74 g
2, 5-dinethyl pyrrole. To eac f these syringes was
Catdyiied sdkkttvient et hyPbdizene |t Cqweavibde |a Egelast Productivity
vol ure of(1-€6920 nmi. UHe~ekdl es of(Cihe syri nges!-GesteCr)
16ddedl to 38 100 ml. voBA¥etri ¢ fl 86k%and |t he syf2.6%es
enptied into the flask sinultaneously at the sane rate
over 30 m nutes. After t jtions were conplete,
et hyl benzene was added tﬁ_{)ﬁ{gﬁg&“ ask to obtain a total

vol une of 100 nmL. The catalyst ( 1 nlL) prepared by
[0164] t hiCatalpst Hdd Neaktriethylaluminum (TEA, 0.27 g) was added to 30.01 g of ethylbenzene.

This solution was added slowly to 4.62 g chromium(Ill) 2-ethylhexanoate dissolved in 2.27 g

ethylbenzene. This is an amount of TEA sufficient to react with water and excess acid present in the
chromium(IIT) 2-ethylhexanoate. The chromium solution, after reaction with TEA, was added, over 50
minutes, to a solution containing TEA (11.81 g), diethylaluminum chloride (DEAC, 9.27 g), 2,5-
dimethylpyrrole (2.75 g) and ethylbenzene (25.01 g). Ethylbenzene was subsequently added to provide a
total volume of 100 mL.



tested in a 1 L batch reactor at 116 0C and 680 psig.

The results of this test are shown in Table 4. Table 4
wex@mpot4s0b [ 0161] Catal yst 13-15: Catal yst wasP@I/ERENee31303

by addi ng 15.85 g et hyl benggne to a dry 100 nL

volunetric flask. To this flask was added 12.09 g neat

[0165] tr '(?attzn%?t 4. uﬂ‘cﬂé{ %Eé}a;}yj?wgsg) %} %ﬁﬁ% ?(ﬂd I‘ngyr : olf@hgﬂﬂgﬂzene to 4.62

g chromtum(gl) %eﬁwupp)@nwég dla?@b/@d{ 2. %g ethbengenieu rfhe chromium solution was added,
over 50 gnr%\t.eg XJ) Q?&lﬂ'@ﬂ %Brﬁalﬁiﬁl? g‘%%égfj(r)ﬁ_@ &etﬂ}%algﬁﬁlhg%lhggﬁg &ﬂ':eAC BB@ 2), 2,5-

une was brou
dlmethqul@fﬁﬁtg) pdegtiatienicon 25 P g hEthmﬁb@nzérlel-\?as subsequently added to provide a
totalvohgme(gfhmggxanoate were used to prepare the catal ysts
I'n catal yst 13 the chrom um content of the

chrom um(ffl) 2-ethyl hexanoate was 10.5% Infrared
[0166] andihgssicstalagizivere tasteh é@rovlm@cﬂvub il 4 t § cogsoisnelicoat €k dviiage of two
separate \éﬁh%gtal tlsll){ S present. but no chrom um

ol 1 goners. n cata y the chrom um cont ent was

10. 9% and i nfrared anal yS| s and nethanol solubility

i ndi cated that neither wafekle70f hydration nor chrom um

ol igomers were present. In catalyst 15 the anal yS| S

Catd 1 CAIRAANG PTESERER, OF [CNICQM 01 QOWaﬁlyst'P}Sducnwty
cat al ysts.cphepal e@l PRIE)t est ed (fo}” actjvity A h/ECr)
16oNnt| NUO§Hyof €act or 9(88“/ L) and ddHg, aver dge rebl,@iﬂ?l or
1RWO T est ggrlu/ns 0 eeg%%%pre yar dlgﬁd/ are shown—i ”86'3'(‘)8' €

Aa ~

[0162] Theexanptes show that—thebest

conblnatlon of purity and productivity are obtained

when the water of hydration and chrom um oligoners are
[0167] notThe adsiitiineé d EArto thvérophvro@iDdréthyhoxapatet salplitrepranidert @catatyst with
1ncreasec§é<:g91|t3{) eIﬁ?fe]l:]aés@ ?g%ﬁ@é Sorrost I q§1axglelg%?lgr%ile %@ })gll%aéto% 1hactivated. The
example E\ﬂﬂt}@hmylé% 0| ekl pd |T@®e@ﬂdw0tl to ahrpmgmetoi abats twatareacidicTprotons, or
both. the ethylbenzene was added 12.07 g neat

triethylalum numand 9.27 g neat diethylal um num

chloride. Into a 10 nL syringe was added 4.61 ¢

chrom um(I H) 2-et hyl hex&xamapke 8di ssol ved in 2.28 g

et hyl benzene. Into a separate 10 nL syringe was added

[0168] 2 @tagysg 19" weﬂe&lgﬁﬂélgl élghqggﬁﬂq 033 % wils S543Y It(pfﬁf %rb?;?’.[hglbenzene.

of the syrin . appr oxi nat e vol une
This SOILWEH W%@dgi/&k?vﬁ@éo et g cleemivar(BD) grethyihekanogp po¥i Az ehydlespzene. This

is a smaﬁfexctegkeofEtﬁé ROy oF TEAaﬁﬁic(féﬁmoalleEUt Q&gthtxbﬁer?gg g&&gs acid present in the

al um num al kyl s and contents were a
chromiug(Iiy | 2tefffydsrassie.oy do 3@ reiveniws TEAS sdptionhwanddiled @3wasof 2.5-

e I nE :
dlmethylgygf%gne?% gﬁéhﬁ;@%ﬁ@&‘iﬁthﬁ?#olé 58 %a? %%&??9, n’(ﬁ’e{]/-\ll 9§)—ﬁ5n'fmnutes, to a

solution eqnfpiinge e i 6219 Getbgelamipsm C\h%i)i:ld@ EREAQ 9 B wénthyheess (15.00
). Ethylbehzeh©R&HRH 2804 & ﬂ%m@@§ H)lteﬁ §ol&rﬁé’ §f@@g0f three test

runs) are shown in

[0169] Catalyst 20: A comparison catalyst was prepared by adding 2.74 g 2,5-dimethylpyrrole to
4.61 g chromium(IIl) 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.

[0170] These catalyst preparations were tested for productivity in a 1 I, continuous reactor. The

average of three separate test runs for each catalyst is shown in Table 8.



Table 6 Exanple 7 [0164] Catal yst 17: Neat

triethylalum num (TEA, 0.27 g) was added to 30.01 g of
weehylbsnzene. This solution was added sl ow y POI/USBR6/031303

chromum(111) 2-ethyl hexangpte dissolved in 2.27 g

et hyl benzene. This is an anmount of TEA sufficient to

react wth water and exceggaci d present in the

chrom unm(pi) 2-ethyl hexanoat e. The chrom um sol uti on,

after reaction wth TFA was added, over 50 m nutes,
Catalyy |3 seleeitvithn tont Bitiiy ng TEAQonvergan g)|  Catalyst Productivity

di_eft hyl(BCemi num dhCet/Cade (DEAC(CH) 27 ¢) . 2, Hg1-Ce/g Cr)
_wm_nFt hyi280s rol e (298786q) and etf4dhbenziene (25. §1258) .

20Et hyl bet?d8ne was s¥bBéquent | v aldsted t o] pr ovi de7za877ot al

vol une of 100 nL.[0165] Catal yst 18: A conpari son

cat e
01711 C¥ oS3 ARG s el Moy t3e 8oy 1 sematingagige comosion
n down&‘m%‘@sgtmnt aﬁeﬂ&@ﬂata@ysetslmwlctbxatieﬂene The chr om um

solution was added, over 50 mnutes, to a solution

contai ni ng TEA (12.08 g)s, t9hyl al um num chl ori de

(DEAC, 9.28 g), 2,5- di n'e%ﬂb'ﬁpyrrole (2.74 g) and

et hyl benzene (25.00 g). Ethyl benzene was subsequently
[0172] ad§edtral crajslyeissi etelintst Dt-23 weod propared irl Gci the [rﬁbl:ﬁ&]atlo of the 2,5-
dlmethylg}t}ﬁﬁt,@ch‘f&ﬁl%mg Varitl ﬁﬁllr%%’?e a%gltlt)l(l) {ot { S%ﬁ_l 81% J.’)fva un%n mal lg' L

contl nuous reactor e ave WO Separa ns

or each catal yst is shown |n Tabl e 7. Tabl e 7 [0167]

[0173] Th Eagpdivst £1:04 dfor¥EA splutien efw.ong ghrpdnuln(IIT) 2-ethylhexanoate dissolved in

227 ¢ etl?rylﬁéngéﬂe §§Rf91@& ﬁltc?f&hfédu%o?ﬁo%}[ 09?92 eacﬁt %jo Bégcth thhese %01'1:101’18 was

I NCrease activit SO reauce corrosion
added a @ffericprastountett tZérdlmttbylmatoéﬁ yE¢ thi disst vee mddedl ace igvatt- dadmethﬂpmole to

the seco@@@@ lg? tof HE tﬂlﬂ f 0.Pf 21'118i &§ tl?enfogfﬁ"f‘%b % o ns rglg%ﬁt,ﬁ %me{h%pyrrole

chromumto abate ter, aci
portions werg ignaddyd [smasl]albdataably@on m’tanmmltz 0f7 rgi neatlmydﬂaﬂahmnnnum(TEA) 9.29

g neat d(eTlgﬁlungmﬂ'f? cgl)onﬁ@g)@g(% %ult ?% (\% 816‘[%11%%%655 hyllhget%le D& tioln ‘Slme was

hi's sol ution wa rom am
appmmmztebt Fyminessa daresuliing @lyaysolytion s Gibteddn éOO ilhivgh etbylhenzene. The

results ﬁéHQEJnng € ﬁl%sca%ﬁys{ Iﬂ{aa qnp l&&‘gm%us Eé%‘to? l’grg 21% (%%]l}rsﬁ?lc n) Table 9

wat er and ‘excess aci d present in
below. TZE Eﬁﬁlﬁiﬁlsmﬂaaﬁ%@@ éVer@fE@)Oﬁﬂqu@emfrt@thSTEA sol ution was
added 2.73 g of 2,5- dinethylpyrrole. The

[0174] C h EQ{LH;H{%ZT Eﬁ/c%o%&rg 35!)19‘%((5{ &4 £6 IS% Lﬂgﬁﬁﬁlﬂﬁ\?wﬁggﬁgﬁg Ytlolved in

-40 ‘m nut es, ution contain
227 g efhﬂé?ﬁ%%i‘mrﬁ“ﬁ@ﬂ&] 1@qq|f91Frl ndetiqipEAQ, each @fbthesf partigns was added a different

amount of I3delﬁ @cﬂﬂﬁ%%le(a]-lé aggmﬂ} am%l-nlﬂ %t Qﬂ?‘kﬁ%’gim@? @?gﬁ@?g‘%ﬁ% 0.69 g

r0VI total volune o
Chmlmuw%trﬁ@ai ﬁ% &3-cctimgthylyrajg gndo?-&pa p@smlbweraddlim@@nd gorgained 1.38 g

chromiun® S(ﬁutﬁi)h,r@?g lt@’i,ﬁﬁﬁrfemyﬁ)yfr&e and 7.52 g ethylbenzene. The third portion contained 2.06
g chromium solution, 0.27 g 2,5-dimethylpyrrole and 7.50 g ethylbenzene. The fourth portion contained

2.75 g chromium solution, 0.16 g 2,5-dimethylpyrrole and 7.51 g ethylbenzene. The chromium/2,5-
dimethylpyrrole/ethylbenzene portions were then added sequentially to a solution containing 12.07 g neat
triethylaluminum (TEA), 9.27 g neat diethylaluminum chloride (DEAC) and 25.01 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 22 in Table 9 below. The results shown are the average of two separate test runs.



4.61 g chrom um(pi) 2-ethyl hexanoate dissolved in 2.27
g et hyl benzene. An i medi ate reduction in the

woe@ensisvy of the chrom um sol uti on was obser vRCI/UTI0&031303
chrom um sol uti on was addegy over 30-40 minutes, to a
solution containing TEA (12.08 g), diethylal um num

007 S APy 7 0L DEDRSTAGD {60085 g gt o

227 g edwlbtmz@nmms fOILED IntoT foes Bommsal ‘Kostaclpoé pmea;tolrtmns w«ae a&ﬂed a different

t
s (05 PO LA Yo G0 NP LG o
- chromiumgsphitigrs tl.53s gﬁrduwpthytpyffalb lamd 851|'akp|t}eflk8nieﬂél 7"][1]6 skbnd contamed 0.69 g
t it
chromluﬁqglluﬁénoﬁ 89% g?%&%ﬁ%’\}rp R aagggr&% oesr}z\é\fl%? H‘He @-lgr\rl\ﬁgr? P%%‘%tamed 2.06
g chromlgqlLﬁoblm@ 28 fet26r-ditrhibylpmtad armsit7.3 1sg dtipdichrevat Ete foaxapptien &ntained
377 g cin%?n?& gﬁ & %' 15 ﬁiﬁ ?ﬁ%ﬁe&% pyfiBh gagws%f y t%% ?‘é’é{e? The chromium/2,5-

par e 100
dlmethylﬁyrrséq/ﬁwlpﬁ}xp@e @bmhmsomrmthwakied/mu@dalw«) b ngutidnerostdiding i12.09 g neat

trleﬂlylaﬁll%ln'ﬁ%e(Tﬁgngié) egi{ di #%%h%]%ﬂ%%éf%ylgg %%I%A%Zag%%ﬁ% ? let\fll}slﬁaenzene‘ The

fotal addfiop titng e xepmexangeld 6@ swlutee d ThayreiRig cgta]e&;tlsglhﬂixeum Iﬂl&n\dﬂ&ted to 100
mL with q{h\ﬁﬁgﬁgné N4 rgsgllt'srfrq?rgfég n Bpﬁ&s é:g@xlg {n é\ con eous reactor arg fshovvn as

eaC hese porti ons erent amd
Catalyst 23 B Tgbla@tbhlpvp e tsbudts slmmtatrethef Pese wiwo sqpeiet ekt His. g
2,5-dinethyl pyrrole, to the second 0.84 g, to the
third 0.27 g and to thegfguntiipy 0.12 g. The
chroniun12 5-di met hyl pyrrofre portions were then added

uenti al | ﬁ/ﬁ)to a solution containing 12.07 g neat
[0176] t r kst 3d:uthp Ad PIFERR puded § ggflanaeactor vet ddedal4mriba gfry, nitrogen

purged eﬁ'@ HRhAeRE ﬂ"%gtorm p%ane(@ il of gtfc%&g gr?cpg mure -EH%}]SEI% 8% 1,592 g neat

dition tine was approxi nat
methylalld@%mt (THY) end BR3Bsg n@b Higthylelumivaisn elilorige éEEAG) w@0added (i thirreactor.

The alun@hfy leﬁr}ﬁﬁ%ssel-mﬁ rfn?e%l%l{hso 5 [bgr@ftatﬁys'lgérﬁgqeoatldg ﬁnse wgg added to the

cat al yst, In a contl nuous reactor, are S
reactor. ¢szppugprgn sqlution; s mmr@i 'ty 49ding R0 Mhveof pfésslb¢rtzgles¢1630r9 @stgomium(II)

2- ethylhetx%afév %@Qﬁx’fﬁ}fe v&faQ Wrred ©RA Bluord G54 oﬁ%&i‘ﬂ:ﬁ g&tﬁ Q3 Gnsterred to a 1 gallon

?@?/St 22: chrom um sol uti on of
cylinder @HPW Ry 71 m)L cthyfhepaphdvanean dhe esflmd@s@mtaemagl the chr@ffiugy solution, was

pressured®4ndYe O RERA G AR P tlﬁésvdngleIQtrJ) g{éﬁ 0 Cgﬁ#‘ﬁfiuerrﬂg ﬁtdllrgél?r%r Lm&%lee(ﬁm) mixtures

of these portions was ad
were addzd 5) B FReetRy ingpyrrhgtchesdinan ac@fpmﬁWNRmﬁankofFor the first batch 65 g of

chromiur® bty 138 @NZBNE. welhg1abd t()%ﬁe R rteInk aky &%g'nﬂ?ﬂre%ag gdcgd to th% rfactor in

chrom um solution, 1.50 g 5-di net hyl pyrrol e and
31-52 g igerempry Eh sémes alﬂ\@Oh@cf@rtbe tromtraurredid 20l38eagd @RPEiFonthe second

batch 13(§€$Woﬁﬁum Qn(i3§-7 %i\/ﬁlf Q?&CQX onrﬂé ﬁqBJ i nkaalﬂg c}%% E%sgglxture was added to

y benzene. portlon con al ne
the reactqrhrr td &mrmrrms o1ith sriRF angl @pKnecko et thybquatnre didenoameezi BO°C. For

I N X —

added to gle etahiph szérgalncra'm@tmﬂmmm’yaﬁd Beoling so the temperature did not exceed 22

°C. For gﬂee;fg%l{ l:)agﬁ%lr%gltgeo/f ]u%te arlllé 38 %h]?]g}ﬁ*\?%ng a(ﬁg Eej)fﬁgr%ﬁ(etai ang then this

mixture was iaédell yd @b prattoimi QOFB@)g in@edntOwiteairini .08 bydliag st htéMperature did

2 hyl b ne. The
not exceeﬁ B4 Q& E&lyﬁ)enzene) (1 ?br; %vas gdd%& togthe? (Ehrglmlur?qnsgl%tlon cyhnder and used to rinse the

chromium/DMP mix tank. The ethylbenzene rinse was then added to the reactor. The reactor was stirred

for an additional 30 minutes. After standing overnight the catalyst solution was filtered, using a filter as



total addition tine was approxi mtely 60 m nutes. The
resulting catalyst solution was then diluted to 100 nL
wowan/ostsi/l benzene. The results fromtesting oPCT/OER06/031303
catalyst, in a 1 L continuggs reactor, are shown as
Catalyst 22 in Table 9 below. The results shown are

describell Q@)V@Vﬁ&aﬁgﬁly@lf sofu¥¥Bn @%qgsrté%ltfgr Jcﬁvsify ih rl]i Jogtqngl_ﬂlsl_rb%tto? Y& results are

chrom’um sol uti on g chrom
shown a%%@w Phaxkehlsfthslogi dbe resléta shq«rmzrezthe greeehyf tye sopents testisins.
divided into four portions. To each of these portions
was added a different agpuphie9f 2. 5-dinethylpyrrole
and a simlar anmount of et hylrbenzene. The first
portion contained 0.35 g chrom um sol ution, 1.53 g
[0177] 2 oA 2Py [T 10 Piroamd uTzed § ealleatrpagtas sas edded 147 s of dry, nitrogen

purged e‘ﬂ%@&%nézomhéﬂeg@cgr @asﬁ}glrééd%{hqmr&ggh S Wi Qke cgn%ng 0)?11 2%3 g neat

di met hyl pyrrol e ‘and 7. ethylbenzene

methyla#sswmdﬁ%bmd Heacs d@élybluemwhmds GPEA WS adde@ 7o the reactor. The
aluminurd ,aﬁtyﬂhﬂ%ﬁyllv% HhQl %vﬂ"ﬁ@@ lgs of 1th91b§r¥zgﬁél aQ@ {Hselﬂl@T W;gja%ded to the reactor.

fourth portion contained 3. g chrom um so
A chronguny solytien wasyprgaredl by gdding| 7é>0aﬁld of edglbgnzenchip| @Qr?z@ nl@romlum(m) 2-
ethylhexditd8te C MTHO @ﬂlﬂﬂixezwa'é -stifed BRI YdrRoh Wk Sh&IBY anﬁ@gsetpa%sferred to a 1 gallon

ons were then added sequentially to a solution

evtinder St By hg° 1 Wﬂgen??@afmﬁer iT0e Rylinderusfnirining rEmyomigmpeligon, was
pressuredﬂMdeﬂﬂe&hﬁﬁ's@eﬁhﬁk@l@%ﬁl@hﬁ dée?le Chidefiinh23 %&ﬁyl%roﬂa (DMP) mixtures
was

enzene. The total dition tine

were ad‘%ﬂ ;5‘%/ Bk irratce myoB0bARnAT TR 2 cmesnyeBNIP mitdankatEer yhstfirst batch 52 g of

chromiwR@hdIL§7GAL DREP &€ Bdddll tothelixtighi LOPmBA-thM rhikufel la@cﬁe@ %@t‘ﬂ@ reactor in
The results fromtesting of this catalyst, in a

20-52 g IGHSEFRE il stisias pet Cooamscsﬂiempa@w@@lélnymxc@@ eri’CTdfb* ghe second
batch 108 ¢ BELEMiuhRBd ?@éﬂlﬂl\@ %@1@ W@de@ hSm & %15 ﬁlé\ﬁ,lre was added to

separate test runs. e 10 [0176
the reactey ig#9-50 giincramepaiy Vﬁtlilrsglemlg En@@ﬂldlmortb@@mpmmsiuhm exbed226°C. For

the third lbgcgh ﬂifl gci)rf thoﬁ]ﬂu%{ 49817 %ﬁ%@v&? :ﬂlﬁétﬂ? HEGNE ‘tanilggnecl t%enatﬁls ]gmxture was

nitrogen and a m Xture con
added to 1h65@2tog lm%altol Ericegnippts aﬂmh wiimingradKeAngan dlel¢rﬂﬁ&uge meabt exceed 23

°C. Forrqiéegitgg%}# @ajtém@z@% of %HI]O Ifu'n%:I %qgl(l%cbl\/ﬁﬁ e Féjd\e;\g §° tﬁ? ngietaantdﬁhen this

. l'um num m X vess
mixture Gas2dfdgdgo gfe refctoy lhHRKHS rgencamlentslmm dtiriirgentesoliag sketle temperature did
t eactor. A chrom um sol ution was prepared by
nmemma%% gg 700 mL of ethyl benzene to 630.9 g chromiun(lI1)
2- et hyl hexanoate. The m xture was stirred until
[0178] sollotheCTEAREAC weesd] wachdwais3 A7 reamef EEA @8ld 236 @néht DEAC. To the

Ilnder f a 75 nm_ ethyl benzene
o BRG] €250 o SeHEc TP G SOl T gmected t
the reactovargas pdded 8 I‘nﬁdoHDMPd ahé easor @ebsGewas tkrebded®sth WittoRen and the valves
comess LR e SHLOMMELZ 216l IECDLBYTL0lg () MWD
transferredi;]uecmnwmﬁ m\?c]m)ﬁ(thésa nksselFﬁmultdﬂa)gglbrg@ the b@ﬁt@hwﬁ& tHe &&ctor vxaas being
. r um and 2 ed to the mx tank an

stined it | A e o e 0 adad o TehanieBE Fbe Fefetn tempergfure upon
addition éMigr @@BAEBmPbichtsst i rring and cooling so the

tenperature did not exceed 22 0C. For the second batch
of chrom um and 97 niL DVP were added to the m x

179 1Rk . added .
1t aFiYhrigenen@4 1Phives aqded i the whromire sglutioy eheder @ pssel to pinse the
chromiurd/BMVEBmG. thrlkC rIRER M Beehd Hirdt iwhd ﬂhé}gacﬁgﬁtoqg@llehcﬁ& %@hytlﬂ%ﬁzene (0.5 Ib)

ddé npe b@h’ di d_not exceed 22 0C. For the third
was addeg Jgthey THRG i LT HR 0B the AMIbpytinggs pras @éﬁj@‘é@ tb@feﬂﬂ@ rﬁthylbenzene
(0.2 Ib) wlasddedidcthd d1@HintuRiaficy X! Végsel A4 S$hen pressured into the reactor. The reactor was

stirred for an additional 30 minutes. After standing overnight the catalyst solution was filtered, using a



added to the reactor in 48-54 g increnents wth

stirring and cooling so the tenperature did not exceed
WQ2000@24500r the fourth batch 789 g of chrom unPERUSR06/031303

nL DVMP were added to the ngx tank and then this

m xture was added to the reactor in 100-130 g

filter as H&%&%mv% Wh Bataddst ESheRa v@e@%sfe@ %r a@tgwé% 508 continuous o tor. The
enperature did not exceed 24 0C. Ethyl benzene ? 3

results améovaw &atatvet 25he Tee S herressliy shpwme &y iavenepsof Birrs S@@@éﬁ test runs.
to rinse the chrom umi DMP m x tank. The ethyl benzene
rinse was then added to thgjloeactor. The reactor was
stirred for an additional 30 m nutes. After standing
gverpi g.hl__t_.h.e_,ai_aljcf solution was filtered, using a
Caiglystt pr Selecigiber | bed PaBYve. |Theowarahyst sofdelyskredagivity
t est ed fln(r:s:)qrt \/l(tlxﬁsr/ﬁs)a L _c&ebi nudus r ea®lofs/ g
Aesults9%86% shhun 3%3%Cat al yst 794% n _Tahle 9 bél4%¢ The
2esul t s 948%un are PhEraverage 786% wo |separ at e 82.88%
2uns| FER8aW e 11 [PAPR] CAtal y8F%25: |To a dry 84,536
24i t r ogeALPYr gell 5 #P%on reac®db%was |added 149839Dbs of
28ry, | ni P8%en pur 8%t hyllbenBehA®. The react 0P2R8%
purged with nitrogen and a m xture consisting of 1,283
g neat triethylal um num (TEA) and 990 g neat
di [y was added to.th
10180] 7. ZLPY A AP W e Bt o i BER GBROR  d Beprpy e
produce a Zafalyst whiclethhy Ilrtmaszedneleamtyi bioguat ipnsty, wab peddetity.o Catalyst 25

r r.e h

cemonsti ik SRR sep AR P S PRl B PP s by

2- et hyl hexanoat e. The m xture was sti rred unti |

sol uti on was obtai ned alsample12ransferred to a 1

gallon cylinder followed by a 75 nL ethyl benzene
[0181] ri RS ca& ts(W é gﬁ%ed caaLal % g CE'Q stoﬁr %l{ﬁ@ §cﬁ1t%tnl My nitrogen

was pressure epressured seve
compour tp thg g@cwﬂalu@rmomomp@d% adlwelizeprqdyets mvétlr(glﬂ\m) therreattion@§ water and
aluminuWBli§sddded to the reactor in four batches froma

chrom umi DMP m x tank. For the first batch 52 g of

chrom um and 187 nL DVP were added to the m x tank and
[0182] t h&atalyst 36: mTRtaLdrIél%lea@bmhiCdlaslhwaSr &hed 257.05 p eRPlbeRery, 12.07 g
neat métﬁ@eﬁms ? an%lt br2r7I 3?%116%8/8&@&%&0 0*1]%6 &) and 034 g

enperature d not ex e se
tributylagyipe c Ao 10 wgs edded hﬁ@htlwml%‘l oi_g DvPmive (BI) a”d@b&dhebimoate 227 ¢

ethylben&clﬂg arm 2(74t g"‘f]la( dﬂﬁ%}}iﬂ}%let r}érlﬂghz)é}léj&zﬁs tﬁ@lsad@gidtg %rc;vgie aqgtal volume of

reactor In - I NCre nts wt stlrrlng
100 mL. cHpn stgdiag omelghtemfémam osegtied iibe neskoé & gk @ nofwecipitatc was

observedt rWhﬁ'ilhl‘lJ i @ca&f%rhog Bikde tooﬁle &R{]‘ rﬁ{&q a%%a%se%g g%cgl standing

ded to the mx tan en‘this mxture was a
Ovemlght oAtfﬁ”é wag ab,spmed irhthgoecx@i the ﬂasi@ﬁtf@netmdmgvﬁox in aiditioniliPg hours. This
tal t\aﬁ%f&g@d B9it5 & 4 DE chRARGEALHE Hie Rt
caays ° erfaourt?h batg GZSS Mf'Q 'ﬁ{ror%{ﬂur%fg\ﬁ(g&?% tg%es%%&?aresmwn
mTable\l'\%]Pf‘éO“a%Fdé%ﬁbtsbzq he m x tank and then this mxture was
added to the reactor in 30-108 g increnments with

[0183] St 'da{dlﬁg 2ANg, %Q@} h(ﬁ%@%ﬁ%&%ﬁﬁﬂ%@s‘ Ha6y 54 mglsggguaﬁg& 1207 g

[0178] m X vesse
neat h‘le@lﬁﬂ@mmlmEﬂ(TEM %21969Q7 neatcaDExGylaToninte cblorideri (@HA@WPand 034 g

tnbutylarmné rgnis %ssad%ig&jQQOlaé& &)n%gmﬁ 4?610%1%6 ! ea ?}2'2 Wag%gta 227 g

a separate cylinder connecte
ethylbenzege, 4. 7408 ZQWneﬂDHE‘/HrOkamdok 06 g dxlatprlaming s Eihybewase danibieh added to

provide Dbl RAGR RD6b fLhe U}ﬂgﬂ d&ing overnight no film was observed in the neck of the flask

and no precipitate was observed. When the amine was not added to the catalyst preparation a film was




connecting each of the above cylinders to the reactor
wer e opened. Reducing the reactor pressure transferred
wo b@7oosvent s of each of these vessel s sinmul t aPeDUS1096/031303
to the reactor while the rgactor was being stirred and
cooled. An increase of 1 0C (20 0OCto 2 100 was
obse r r
S et Sy 0t et FORSL i iR R (8, 3 sfiging for an
additiong}24 hawrale dhis entalyre wehiesed forraiityin cohL eqitinpeie reagion l“il@erdsults of two
separatekégt LhBEHLRE irCIHRTh QQ’&QQ{? tAyx tank. The ethyl benzene
rinse was then added to e reactor. Ethyl benzene (0.5
I b) was added to the DWVP cylinder. This rinse of the
DVP cylinder was added t&a8n&0reactor. Ethyl benzene
(0.2 Ib) was added to the al um num al kyl m x vesse

CatHM heaed%ﬁ;ﬁs ured ppgo The regefeRion M€ r(%?a‘f}spfrom%iwty
stirredgfor) an) addi.ti-ongl 30 m pytes. After gﬁ@g,&@@
>gver 1| g@g o%'e gatalgssh, Sof utiomgwas fijrer eo ¥66H9
Kaf il er9§§yaes,poeqw@@ove |ne(@q@9|ys SO|UI|§§51ya

tested for activi ly 1mda —t—contTnuou reactor. I'TTe
results are shown as Catalyst 25 in Table 9. The
results shown are the average of three separate test
[0184] r yrde exumiylleeshows thagD} additical of st gmine 1@ the shwlaluntiaim gaamppinndy inhibits
formatioh BEa R G HEL 0B i hdhbQolfly® decr easing manner
produces a ca whi ¢ as i ncreased selectivity,
product purity, and productivity. Catalyst 25
denonstrates the separ aksampladdt aneous addition of
catal yst conponents to a heel of active catalyst.
[0185] Exafmzllﬁst b8 [@&&Mlmﬁ\ﬁ? ZC@ﬁy@l&éﬁ)g'te W@l @“ﬁ&@fv@&j in 9 1 g ethylbenzene
catal yst 26 and cat h the~addition
producesyg W@g@e FeletioRp olhee %%dlﬂﬁ@ylmrw? éllob%ﬁ)x Yiag a¢hse Ltmauq wascous solution a
much thERLURINRE BLAdUah] tﬁ%ﬁ&l §0|1Jt]19n i§ (Prﬁrﬂ:ﬁ BRrd S ?{ablg No Qfater removal by
wat er and al um num al kyl s. [0182] Catal ys 6: To a
moleculagy \sieygp i AfBraigfet phc Mlagier nesicveddBd-055. ©1 were added to  the
chrormul%ﬁpgbfl)l@/%ﬁﬁ%&ﬁene]sg}uggn Ehd ARved R)egtmlv@{h%fi‘dflgk}(aﬁé)fomddays before
neat di et hyl al unmum chl ori de ('DEAC) .
catalyst ?rsm%tw afi ehitioTyag preraretad Pl erl Holametue ek C@’@ﬁlﬂﬂag af ﬁgylbenzene
(25.00 gﬂll&l’ltrﬂtthifuﬁfﬂu%E bh %)Zan@tngﬁf Idﬁ%ﬁ!h?fﬁﬁu?n ch?orl%z (926 g). To this aluminum

benzene and I met hyl pyrrol e.

alkyl SolEfe%Wﬁe%ﬁié%%%a@f 5 eiﬁlegahre@l%pwm@ cBrenQ seitiopgng; e resulting

catalyst Qhs &@@edMo 1ddPRN @ﬁ@ﬁ(ﬂilﬁglap&ﬁﬁﬁﬁn%g nj@ftefrI st Svernight a film was
observed in the neck of the Tlask and no precipitate

Observedip dhe GBSt FE Al NG P RGP Wi RSy Bt eyt Thip cqtges was fested in a

1L contﬁﬁ&@'rb’a%{or Bﬁ@ﬁ%&fag@o& o fsbfatdes r@RIEMYRE PO Bt zﬁ@'td"}gat 28. A
vernj g filmwas observed in the neck of th

control uﬁlﬂ&%@éﬂé@ flg?mgmmph@thmﬁnzsw RUIPR PeviEde 2 gEeSmeT i standing

overnigh€ @ iRk ¥ad obd@Sed 18 Heaclf S th@fdsk hd ¥ piRifitale \lvasca%tob&%%ls This catalyst
reactor. The results of two separate test runs_ ar

was testedipar § Fprqigtmu% repeforaad $iy aggra@zﬁf é\m/ sgparglg tesf gq}gg]shown i Table 11 as
Catalyst @t al yst 27:- To a dry 100 nL volunetric flask was

added 25.01 g ethylbenzene 12. 07 g neat

t pet hyl al um num (TEA) and 27 g neat diethyl al ummum

chl opde (DEAC) and 0. 34 adﬂe

Catalyst Selectivity Purity Conversion Catalyst Productivity
(1-Cs) (1-Ce=/Co) (C= (g 1-Ce=/g Cr)
28 93.2% 99.4% 76.0% 83,056
29 94.3% 99.3% 64.5% 71,312




tpbutyl am ne. To this was added a sol uti on contai ni ng
4.61 g chromun(l11) 2-ethyl hexanoate, 2.27 ¢
weethylbsnzene, 2.74 g 2,5-di met hyl pyrrol e and BCD6S2906/031303

t pbutyl anme. Et hyl benzene ygs then added to provide a

total volunme of 100 nmL. Upon standi ng overnight no

fil 0 t . S :
0156 . ol BGE KoL i Sifucivc € bR aRR8 s gorosion
could betobtatrieé ugiag the gistd cpiplggaempdnents.a f i | m wasobser ved upon

standi ng overnight. A filmwas observed in the neck of

the flask after standin [le@p additional 24 hours.

This catal yst was testegZ&%rgactivity inall

conti nuous reactor. The results of two separate test
[0187] r urfsatalyst 36438 wrihremiTme2-¢0ylheraGatea(29310 @7wasThatkdeto Bound bottom

: - s t it '
Tk cayigpel s 3 e FoA R e ROk % B st o B el fened o
reflux thdeonteme nRaflupwescéqpiitugd ivol WatgmotIheger atcamylgted s fhgtDeem-Stark tube.

Ethylber%%ﬁ%{gﬁé I%ﬁt:e&i gﬁg%?g‘]vfzrgglts%h%é %ro%&i Ses%%%?rllyﬁggl %hisg chromium solution was
used to maleyckbbpiZerddipe ddeed80 mLwokipous fhelt einiaorng eilfydhenzene (16.73 g), neat
i ".typaile mi 11 L
et (Rt e o W eI PR i 2ol mmple 074 0
Ethylbenzgrieryras subsedugntiyngdgdsto ﬁﬂlghthmt@y%@@pt(@mﬁevqlm%}“@ catalyst was tested
nallL E&iﬁﬁé(&l's eQXto{mf h%cfééluﬁsr of Tl é’g %’g%ﬁ%lks\ef g}eﬁga%s Eﬁ& el Le%grate test runs)

si eves (15.05 ) were a
are shovghipdeblgniZy (Gatslyey Ex hiylchrerel eatdyss pteparpdsimanmty Tt Motverbiromgnm(Ill) 2-
ethylhex%ﬁQQhMEJh& ﬁéénqgéoﬁop%@iléa G/?s JS,Q([. T?}% rgs%)@ofqgsﬁiﬂé e undried reparation
catal yst preparation. A solution was prepared In a 180
are showppias atelypiail ip '€abld Bsk consi sting of et hyl benzene (25.00
g), neat triethylalumnum (12.07 g) and neat
di et hyl al umi num chlori deq1¢8e26 9). To this al um num
al kyl solution was added 9.62 g of the dried

chromunipyrrol e/ethyl benzene solution and the _
Catglyst | ¢ | Prdccliibal Vst AEYdi | Ut pnvesiano nl @itehist Productivity
addi t i on@tCsat hyl|behlz6dméCe) Aflt er (&FAndi ng ovefshli-HYe @
30i | m was 8dk%er vad i #37¥He neck 8F5%he flask butS4A62
3breci pi t 88-8%was lobs@B¥¥d in t hé2.3%Paskl. This cB64PYst
was tested in a 1 L continuous reactor and an aver age
of two separate test runs is shown in Table 11 as
Cat P na.. ' e
10188) 21 Eimpk st BALI s e RhAHD Urten by azcorop diggleip prepars
an effectiyg atalystaed algf vidredyeogaipmgntgvmesiinght a fil m was
observed in the neck of the flask and a precipitate
was al so observed. This t was tested ina 1L
conti nuous reactor and g%ﬁgvh¥§ge of two separate test
runs is shown in Table 11 as Catal yst 29. Table
[0189] 11 [AongisileneArimeripatiorotatalyst eomposigsy wasaucneter abipg methods known to those
skilled RHRAME LIS Yn AR SRR feed BAY @Lg-ﬂmd@@@ bR L 4 O5HiQfbus 1-hexene
coul d be obtai ned using the dried catal yst” conponents. .
productiply RFgspss. 3ud peiigp] avproximpisly H19- Bours. CHbe reoufiUPYs J-hexene production

process %gf?l%tg@éﬂmﬁﬁttﬁe ;{g%@ gatglgstg‘) RS adEed: £0 tand DR of ethylene to 1-

hexene. Periodically, additional fresh ethylene trimerization 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



flask equi pped with a Dean-Stark tube. Ethyl benzene
(147.39 g) was added and the flask was heated to
wo edorx4svhe contents. Reflux was conti nued untPCT/WE1006/031303

no | onger accunul ated in the Dean-Stark tube.

Et hyl benzene and water (27.13 g) were discarded from
productlt)ﬁ] BrobRaProRA ke r&rh!@%d aﬂ—d"dﬁly%rm H&el?é)éo'rﬁehp i %"@Ssh{)w&ge impact of

to make catalyst by adding it to a

the averpge£aalysigiseidinse Hepe dthyripai 2enen (ﬂleaPW{’sY gi)‘ the h@a:ne production produced

by the cbdtindudy Li_kaH #oh -
'y e C_C hll o EM aﬁyrgc%ssg)f?}:% ?Te?r?l%cf}fl‘éi ;&/%{r]% glu'kjfg' E%QH hexene product
1s negatipgly pnselsg wcmgn&w%tﬁle eihyIene tHandeetippcatilyt e t he

catalyst to a 100 nL volune. This catalyst was tested
[0190] i n DRurid 180 RlahBBQMS of QAfohRlm Hig tﬁﬁﬁéﬂaﬁ&teﬁals{) h(ﬁn&t&f Ls Cr(EH);, a

(two catalyst preparatlons and three separate
mixture Pﬁﬁ?ﬂ? issoberedi T hrgisbwpapdspinelmip the gesire@0r(ER)sclonitated] chromium

species, ﬁ@et ﬁh¥§5rdlﬁ£t§p@5 glh&'aﬂalé akd, thpllriﬁlmv\glfggmg@ Egﬂ%r@altéé In eg(amples 16-

hyl hexanoat e t been azeotrope drie
27 the Chigléfal coresifisqfIGrdHos artde§teffﬁg on fhe oligretierietiop piydy afthfowtalyst were

1nvest1ga@Jde G|y ﬁ@a&@@@ls%@serﬁéd ih rExg-xﬁ;?L 6. 1% he mlcteof oc{llgt:fo%s\]arlables in

The exanpl e shows that dryin he chrom'um c
Cr(EH), Blpepgrfgqﬂ qndﬁ}gemgtp@th)q qagaiyismqtrﬁwépgw@ggaé@ﬁ 1@&@@@1;3 \}’éwhlle in Example

18 th ﬂ@t at SdmigRtofdenRatith lahd FEJNGE.RAME BT
°° IeITS L8189 o aethylenéltrlnerlgglﬁgﬁﬁﬁgfgﬁdmmnmmd In

Examplec%’n% &Hest Sh e legRiRBEPesiss A phserRbEsolispown op gateliig setivity was
determde%vhlle&B’e dffect dTSvat: bontd BC @ cdtdlyst ReivERLA 1¥§gst1%$?egqn E?a%le 20. The

under inert conditions) of a continuous 1-hexene
chemcalﬁpgla%&opéﬁ C&Egégeggwdegﬁ)d aégcé)gd sppliclpyss ewethgeted ysigpiofrared analysis

in Examb@ Wr1s. THIBGnAQnE iy Glihed siERA G, REAY UibhikQA0ht p;fr@c&%?ss as"‘@%cnbed in
tarted using the %%Fd catalyst in the t an

Exampley 37 b a5 HHHERS SHUFRT SFCBIHGIE SR Er 4 whroeenaed in t sbsence of
solvent vﬁaﬁlﬂieﬁﬁ‘lg @sﬂﬁrkéénte@ ﬁldEylah@Té@lél anﬁl?e] th%tn@tﬂogglggyt fok Px%f)e{rgtﬁh'o@g 1-hexene

3 reparead an d to the catalyst used
ctalyst if P PRI eSB! [0 BUUEon 2 i ESeriaiog o continuous

trimerizaBotBtR @ @leRO&! iR Exdtieelohyd ?ﬂ@sp@étivgl?me rization catalyst
conmposition periodically calculated to determ ne the

average tine the catal yst had resided in the catal yst
feed tank based upon thE*RRs e catal yst conposition
in the catalyst feed tank. Throughout the continuous

[0191] 1 h&mﬁpﬂe OPEIPEHHR (10 2@m9m%ﬁoatesmq}r@§re@%y Hﬁ%hﬁ%d dzlgo(t#% moles)
£ od $ epr %gqgt gp ﬁro ess product we removed and
of so 1urgrli1§ iy nf & xqé léle Yl nt Ethpt‘qh@xan@c SFHEUR3 &2 ﬂﬁéa@qles) was
added withf Stlhh% ta;fﬁhﬁ@ﬁmﬁalaﬂh%’lﬁ%)(ﬁﬁcﬁ&l qg@%@pa?dt@@on?dme@ 1008b %l(ﬁ 35 mole) of
on 0 e pexene roaucti on roduce
chromiung g R BRAITLIGHE A5 2en) o duetToan peb 8oy gy wster. The
chromiunh Athie blesort Wat sidwle a@ded ltd e @bdidhe- eﬂhyﬂﬁ%a%?ﬁcte ﬁﬁl@cﬂitﬂﬁ%i‘.h' gdod stirring
0 e etnyl ene

ne cted b eaS|n e
(stiming FEAR S o ARE G TGSt e RSy, TRIFR Mg 0SBt PPREletss €50 mL of
hexanes @isclednr BBO3HY(Wdre )ad@ed@tnh)éhlﬁ*ﬁg’x Wg@%ﬁﬁmuﬁi & lqglﬁfﬂt_ll_ﬁg g8e layers were
ture of ¢ mpounds 1s O t ai ne
separated arﬁgpﬁ%nw% Pitdathe tesity deres (Eash)3 conigipipg ttBel Chromium(m) 2-
ethylhexaadsm@mmmssqﬂe;@thas)o nfll 86 seieh %@ RxileRBILBSh oY WReX aeing ), 10%
ron1%%2n£ gomers a free water, In_exanples
sodium czir%onate solution (1 ) and fmally with distilled water (100 mL) two times. Additional
hexane was added and the hexane solution was then dried over anhydrous magnesium sulfate. The
mixture was filtered with a Buchner funnel and a water aspirator. Frequent changes of the filter paper
were required. The reduced pressure of a water aspirator removed most of the hexane. Additional hexane

was added and the resulting solution was slowly added to 250 mL of acetone. A blue granular solid was



27 the chem cal conposition O Cr(EH) 3 and its effect
on the oligonerization activity of the catal yst were
w0 poem24sgat ed. Cr (EH) 3 preparation i s present ePICT/IIS2006/031303
Exanpl e 16. The inpact of ggoduction variables in
Cr(EH) 3 preparation on oligomerization catalyst
filtered B6th khél atcérf(:)l-ﬂe%ndi BY @ﬁ&i e ?ﬁe%jmh% r BRI Gk EHME a?héﬁnoate The infrared

the effect of rom um concent ration
spectrung P%g?%ftﬁ cvigences Wirtion ob isdlupselicabeived a sropmebsorption at 1540 cm” and
no absorgdrileMtsAeiher 1806HATRH Bl g fd. ef fect of hydrated
chrom um speci es and chronium’ol i goners on cat al yst
activity was determ ned while the effect of water
content on the catal yst BEZ3ampoi{y was investigated in
Exanpl e 20. The chem cal conp03|t| on of Cr(EH)3

[0192 promd&fé ¥ ShrSBRANorRURRN b Ind Va8 LY &iliHigRLHd
: nfrared Canal sis in Exa 1I nZl. Thi s rraltlerlogl Cawspgcumy was

determirgg s res ey edele Breneoh Uetieoeient Legrlotosieiied 1 b8 W% chromium
Lot2 coﬂl@ﬁ@d 1064 thdErR R 88 22 AN HudRe c}ﬁ&ﬁlﬁlﬂrcg&emloﬁf §v'a§adfﬂfs%ed by the

from Supplier A was recorded In the absenc

addition G PRI 2510 g PR BAGOErY Eiohnm eI fed basn cherically dried

with aceEd: ﬂﬂﬂychriﬂe tJ f&ﬁmﬂ@&zﬂéﬁd Q@@ tsFvRke ﬁé&%rﬁ%&ﬂ &bh Qif thése Jrotbﬁf&qmzecatalysts
presented in Exanple while testing o

were ev%l}‘?é%lemé]aﬁ‘t %ﬂny%‘t%s Fegetar tradeediibed }nn@fai@&t FonColye @rﬁppmmsf’x and B

differ in tiHel ARG oZ Bk QMY UBmphedlS! E(')th ed &F c@é@'ﬂp{v@@ pge@aﬁﬁ‘ & o hese samples
ectively. Exanple 16 1] A sanple of

r
and ‘“?S“%Sl(he ?Lg}% TRATHOT Fl?r?m?%?%%nﬁé%ﬁ vae éw%rg e ane dliffyences. The results of
the contighis Rhotbightstks Déwhin(Tabled 30l es) of sodi um hydroxide in

249 13 g of distilled water. 2-Ethyl hexanoic acid

nol es) was added with stirring to form
St Bl Ruseer St andom g s ke 6t aponent
100 00 g (0.25 nole) of chromumnitrate nonahydrate
CatalystlLéta \Aesar, 981&e was di Slsol vaedxne250 M Oftalyst Productivity
di stilll ed wateBelectiggy)chr omijum ni% padi9) Sol Ut i of (Wasene/g Cr)
CatalyssM®6W y added to the sodium 2- et hyl hexanoat e solution

wth dood stirrgqg (stirrirng becaggs diffiqul T ToWaEEH

the end of the eddition). Wen The AddiTign Was 44300

conplete, 250 mg pf hexaneg (Fi scggeg H303-4) Wers@poo

Catalyseged and stIrring was contimnued for 15 mnutes. The

yayerg were sepgat ed andthe neryg;‘ |aye| (and 33 68h

FL hexane Wash)oLontar T ng _[ne ch P ot —2- 23’500

grhyrhexanoate ygs washed wi th—10 IL J/u:udi um . $.900

hydroxide sofutTom two tines; —water—(166—+t);
* Mole r:800ibNIP/CRL/DORAE /1% 34, Q@ﬂm(ér%prem& and finally W' th
b Mole ralb SHTHNIY/EEA/DBACTs 16HDQ, THpmloM réabieS. Addi tional hexane
* Not availghd astdat@thdaiidty tifdgpeh ex @R Hi@inlihe-@hes BaSY ddneibndkied over
anhydrous magnesi um sul fate. The mi xture was f| ltered
n it er, aspira
e resull oo A Rl e el o S Sl e T dingovio
fOlfLothressure of a water aspirator renoved nost of the

hexane. Additional hexane was added and the resulting

solution was slowy ad &‘%P? O m. of acetone. A blue

granul ar solid wasfiltere romthe acetone and air

dried to yield trihydrated chromun(l11)

[0193] 2- @bfh?ﬂ;ah@i@a 0l &7-2;T4nd 1i743) plcheninispET) I-Bthylhéxaﬂoada Waté grepared from

I Lhs. bl ue sol i
a chrornnﬁﬁ &%}geggng tlg (s)fr(]%lg oﬂ_ﬁéﬁ 6[£h sam esnxgerggg %%111 %‘ﬁ c]ejrgw(m) 2-
ethylhexa@pat@f,toqk@pluti@o@ differefi@8tirgrmd St(lﬁ)l@.ﬂrﬁ)esﬁ)l:hese samples contain a mixture of

compounds and are denoted herein as Cr-mix. These different compositions of Cr-mix were used to

-




Exanpl e 17 [0192] The effect of chrom um concentration
and free acid addition on catalyst activity was
waledogomisned using three lots O Cr(EH) 3 preparkdi/ius2onées1303
| aboratory. Lot 1 contain 11.5 wt % chromi um Lot 2
contai ned 10.5 wt % and was” the sanme as Lot 1 but the

chrom um concentrati.o ddi tion
prepare o EOBETHA LSRG CS HeF I Lo T o HEEIPECL el (i o Bhent of
the Cr-mi£ REOTH DA NGhe RFdrdaeprah emm@hlhm(my I—etﬁylm)daimaw:semmc 17-1 showed

anhydri de to_ renoye_wat re. re :
sbsorpion peghn ke 6 1AORGE (P Tl EePian 3 EIcE: N On s atibuted o
the nonhyﬁx\é&hl@ Pﬂg Whilel the1 320 Rin nb@Sion mbﬂ:lteda‘Sr ldﬂs‘(he hipeated Gr(EH); and

7. Catal t
chromiumygOPE1 Bt (t HETEA AR OEm EOHBAER SEmEt f 1 Sl methand

solubility G&k &ay %ﬁorﬂﬁdi e TRE eRa-a6 foludility RBS eanskaip iresscandhite gk eghount of
Low reactor chrom um ncentrati.ons were ﬁ'gﬁgagﬁ{eaterthan 90% of

chromiun}pligamFry PrFRpL a1 el e el ARy ArogmBUng UG
the mater!'a@ AGENe 1hESEBanal @.cSHEMAI lafhodra lf @re]:iﬁntata)aliﬂs e 1b@. chisfrhigmt oligomer

of Excess Acid and Dryin ent t he
content. s HERL MNP BB TR DR o 5 g oy conet of
the Cr(ER); Ovad PMIGH1%.N The agit-edd. sphatn batliromGm(IDVR/ T lcRIBACe issmple 17-2
showed s’éétsg{ﬁ]?é%ré%nt% 1qu %?) Hlﬂéﬂ@ﬁ rﬁtesacil%l agkﬁ%% é’rﬁ' leba blrg 8). llleoﬁ%thanol
solub1htygé%t ﬁfétvb&)ﬁttlla bfébibﬁate Theamels U7-8 sheddnmmrish rcatcenttalnen was 12 7 wt% The
etr |

. ncrease n an
ifrared R L APATYSHTPTATTIRES TOPe Lot 2 LARARITgD s o 1540 nd
1600 cmf' 0(1?%31]6 Q")hr d8e S@ﬂﬁh(ﬁSsoQLﬂoﬂrtﬁ. tesfl Zh®ved am dhrgde7 aByunpfof precipitate. The

ohgomerlg‘mog %‘télgﬁ %ﬂ%aﬁ%{ uéltngl ))}leE e%ig%%glﬁqesoﬁ,rvfe [ g?\[(epe t :{t) utrllg gqﬁfc%%??u&s reactor as

describedt ArB@meRMI| EEhewedults (Eubien] 4) rdemvishae clier dffectuof ¢irgmigm oligomers and -
et hyl hexa ate olution at different heating and

hydrated %ptefliei)lﬁlﬂ?’?gc ) eﬁ‘é@‘ §%Ihpﬁees contain a mxture of
conmpounds and ar e denoted herein as Cr-m x. These

di fferent conpositions Kfanfplelfi x were used toprepare
oli gomeri zation catalysts as described in Exanple 25.

[0194] !LST I’:III]E{_ afe %1 fcgré)pgugr(l);npﬁg%r% GGG oh%&ﬁer 7 F%tﬁy%@tlvﬁy was

FUm of Chro
determine2t. E‘I"Héy}iyhﬁbea anmmhsanﬂkhrbmmmr@b srom]@tﬂ By pislas chromium

preparatla%%glgl%sa TW%%I—B m?éer& V\%ate( tlli% [g#flecgu ? 2118 ?g Lﬁpag% %1013 Paartﬁgons samples

from a sﬁﬂg@eEH)(BHWrblﬁrdnbE t%ﬂﬁf&m th &bSmrep'bﬁ Topatings ek E@@P@(fmmfng were

drat e O, I
obtained, %‘é ey dlg Pt TR CEQ?%@[’J oL%QJ ﬁ)r 0 urr%ezaegt?‘ggln%x gdelrhr?talySts %
described i‘meEmmpteLB"Se Tia alrnemhtanf)hyc’smdjﬁlrémmyl pesits apa shige o pligagners were
estlmated( ﬂy et ha fo§ %lﬁrldr%d alq n;%/ tﬁﬁtme%ﬂolrk% uBlh'rt?n ﬂoc’cﬁ @l{et lﬁi'dﬁ'teﬁgzhronuum

rom u gonmers prese ar e
species anﬂsszdmbhre oihgomm Btaomo infraggd @bmptwncht tIh4t Crha@ug?h@altyéliated chromium

species 1sS ?,Pilﬁlegg)/ an]pl tngtw%ﬁé I@lﬁxarglé:?‘?ﬁ r%eﬂs %ﬁ%&%}ﬁles (Theratiéhal for the

precip ['ow chrom um
infrared ajjsorgﬁmmealcamgremnts is¢eecrived inaﬁmmplséﬂ ubility test showed

Iittle precipitate. In sanple 17-2 the chrom um

[0195] heenéhronfnum concentration in sample 17-1 was 10.5 wit%. This preparation has the

shortest heating and vacuum stripping time. Infrared analysis of chromium(III) 2-ethylhexanoate sample
17-1 (Figure 7) and solubility in the methanol test indicated that some hydrated chromium species were

present but only small amounts of chromium oligomers were present. In sample 17-2 additional heating
| and vacuum stripping resulted in a chromium concentration of 10.9 wi%. Infrared analysis of

chromium(III) 2-ethylhexanoate sample 17-2 (Figure 8) and methanol solubility tests indicated that only



the & (EH) 3 was 10.9 wt% The infrared spectrum of
chrom un(1H) 2-ethyl hexanoate sanple 17-2 showed
wa@reoongssabsor ption at 1600 cm 1 with only a snmedT/Upm®ak031303
at 1540 cm 1 (Figure 8). TZ@ nmet hanol solubility test
showed little precipitate sanple 17-3 the chrom um
t.rati 12, °/T§jf ectrum
small am%ﬁlﬁ%rgnpedt:l;lr%lhlyﬁf)gteg_%hsre{)%éphsg%%eﬁ S5 12 Saﬁlp %51‘&% ggreﬁresent hq sample 17-3
the heatiabsud pztdumm spealog tiate W5 48tcaded 226 @Chomidm (c&nogmtraeoﬁyf 1ZThet% was
obtamedrmtﬁ?sn g%rrgfig l#oﬁi]c{ esen%s’t hlgtzﬁovﬁgm%nl b 9&, aartllrount In?rare% analysis of
ation catalys pr epare
chromlquIIng @hbélsemhmmmpm Wr(ﬁg&ev@r mdtcs:sct eigk pnasehhae of either hydrated
uou reactras rlbd l.e, 27. Th
chromlul% Sg;)%(l‘,l% 81 1um 0 1)goracrng r g{ HCC %??I‘ C m1 CClSFn were not
present 1@ Ithegaxﬂmrsmah (dsahlykd naly dhmmem @gomnrsweea pr.cd‘snmeﬂ mfur(: bﬂegent. A sizeable
VLY . a e 4 eeffet of
prempltaﬁeylg?%%lllrelgﬁ%ﬁp%ﬁoﬁl% téasp ec&r;rllgjlergleé ﬁqa[p %?ng%no%r I'i'xroqnum 0 r[éomers The catalysts
preparedcedralteytsd f«m@ttiw’/ciy ﬁrythmtidmue raattore@s déEhréoeHyIdEm@ib 27) and the average
] [ chro u I r anpunts vary
rsults o Al 8 S P, I or dr to
i nvesti gat e the effects of the chrom um pr epar ati on
Tably &t EE ¢t oRHydratahhresiufrSpavies il htomian OliEfraerpndptabat freparation
that differed in the tinme of heating and vacuum

SUTTppimg Were o%@&%W 'he%tligﬁj%g i‘%f(ﬁ[ﬁe%orf'arﬁ’&o%%wty

Saible O (EHvod (ST USRH—j O IT P BCSelect Tye_i-e e -Calz C)

1?,3.1& aty tbl@? descridped n ExagpiFE 25 |||w79<anuum Of23 642

11]]_&[.“ atea %Q‘!bUIII Ut bg.gj}.l Ui a||u99, UTTI UI,:I UI84gUIIUI S VVCIﬁgSZ

—‘—1?31'1:#&‘( cul,y'?" a bUIIU$74aL| ott—of 9 01- r-atret alg%4ya| s—and 88 460

~t (4 N fly o4l oAl

O S Ul Ubl 1 | l _y Ul 11 CTiIc l_y\,u at TUuU Lalll UIII UIII
es and chrom um ol i goners show i nfrared
absorption at 1540 cm 1 but the hydrated chrom um
[0196] s pé?hb essults dswinsthieethatriongee hentib ) aoVacties Empﬂnhg eémedresutied th higher

rs fo ecipitates. The.rational

chromiufh (PR Fonso P BE A BL AR TRt GHivishe o 2 SOPsepEop nd eraty
mcreasecEmma?pﬂt}e Mle 1B GA@G]that e besi canbitdtioa ongretict puiritpand oﬁtalyst productivity
is obtaifed ]'h a }é’a 303 Wteo/ Trr]ll S }Fr)r ar atxloor;:rs aas th imized in the

ehor YABISET REORRE SaeciStnd . ¢ FHE™ PHY P“é? B
chronnumﬁﬁbglsuhslhe»tanodm om um(l ) 2-et hyI hexanoate sample 17-1

(Figure 7) and solubility in the nethanol test

i ndi cated that sone hydﬁat eq 61r om um speci es were

present but only small ano Fs of chrom um ol i gomers

were present. In sanple 17-2 additional heating and
[0197] vadieeffet of ppergniessuthe etiroinmnacatyoond omvatadyst anivitatpsodetermined.

B A
of waterswithu biiwlbtryeltee@tuslly cmhtagbataehigheh atolo fiagtnalf wagemdUii4g tioh the binary
azeotropglotfheqﬁqelh%g{zg‘f @nﬁ%%téﬁgﬁf@g?ﬁs hea%&lr 1%@61%'%] o% hgl%n? S7 years,

resen vacuu
chromiwg(TH) ppthm@qann@e ®22.1@ 21, ead edied na a aowld rbottnrm ipsk equipped Wlth a Dean-
Stark tutfe© %@Hﬁeﬁ%ﬁ!@: 7%§ }ﬁas d\ﬂé gn\éﬁ.’?e 1%& %/ag ﬁga%ed-[ﬂ? %e%lu;% ﬁm ftents. Reflux
repre & ah rom um concen
was continyed antd dvagen alb)lfcmgsr a@éunuﬂﬁ’c@rm Uitme( Péan-Searie tulyy | hemahbém of water was
conectedslﬂ"[ﬁé Be%i%%k(uﬁ) eﬁergalnalk%qsdéc%%%g if R&x R E2068, OASTM E 1064-04a
rated rom um speci esS or chro rf
showed ?@MW@M tb)be p&sm & thy ﬂnaéCe(diHc)zrﬂtheumns pcémwes "NxsrChronmtm solution

was used to make catalyst as described in Example 25. Testing of a catalyst prepared from the dried

Cr(EH); was done in the continuous reactor (as described in Example 27) and showed similar productivity



present in the earlier sanple (sanmple 17-2), chrom um
ol i goners were presuned to be present. A sizeable
w@e@ciopistate in the nmethanol solubility test ceaf/US208€031303

t he presence of chrom um okjgoners. The catal ysts

prepared were tested for activity in the continuous
and 1-he5u§1@%%ﬁ‘t5r sgﬁﬁﬁ:cf éapa%gt 'ﬁlelx?@g el%ogsahte@ﬁlqt \tnglcgr c%\{lﬁrbgge?noved from

resalts tvvo reactor runs for each preparation
Cr(EfDabhmmtrquP dreiiriond 4. Tabl e 14. Effect of Hydrated

Chr om um Speci es and Chrom um A igoners in Catal yst

Pr h l.0
[0198] %Qgc%da%g OE‘; g%%ﬁ%% ‘g}?‘?r(é}%f nlrﬂ Etﬁ/lﬁ%g%%gg% ﬁ)%ggrec? tﬁﬁr tesrt]1 % Fand low
mmsturedh\rebmSQQﬁ QQmwewawaMemw@serkf@h\éfheWylawan@dm@ Hevelsi wene attrlbuted to the

r acid concentration and greatly

ethylben%eﬁ%%%iaezgé)v scosity. Table 14 shows that the best

combi nation of product purity and catal yst

productivity is obtai neBxah@e2hydrated chrom um

speci es and chrom um ol i goners are rri nimzed in the

[0199] C h ﬁl%éﬂn—%tﬂly)ﬂs 2Rty %%M%ﬁ e a E% fond. O I(‘ll’?l%é sQrillﬁz]o(c}Ia%um(IH) 2-

wat er content I n the
efhylhexwﬂfal Spawleadt-fa)i t Yhevaampde tes @ bladviolah S@tdhycb\*wn zem@ning 14.6 wt%

chromiufZ (qgh;nq)a@éh%ms fogﬂcm%q)e'rﬂhcf? 'Ieg§£ohI 15%&&16@n2@@%§15n ]Ehe QrREtIﬁ material

|nary azeotrope o
descnbe@tlwmnelﬁ 2éne&olyitiyanil yolerondieatedsthat this phierialrpohteinéd acitatedrphromium

species. Olfhevf@ésﬁ{ce 6P hgcf}z@:d Eﬁ@lﬂluﬂq@?e&és Nl Moﬁ%ﬁ%f[@%&hﬁlﬁex%o&@ %Em%le 17-4a

benzene or tolue ase mat er

was also ﬁafﬁtfteflb‘fm}?th? @ﬁfﬂ@d aphyserihay Fi"(opfﬁé EI@tph@kl #dR40mwat and only a very small
trace) pé !
( )p a%%gié'{)@ Cg%l rgl\é@i?al?g dfl%}r)i Qas%oh%{gg%rgghggpﬂpoﬁ %@ﬁkat @g’d@) cﬁ)rplqulcatmg
thelowaawet@fﬁw etheheereikadiths heated to reflux the contents

Refl ux was continued until water no | onger accunul at ed

in the Dean-Stark tube. gAdftad 2.6 nb of water was

collected in the Dean-Stark tube. Water anal ysis

according to Karl Fisher titration ASTM E 1064-04a
[0200] s e Blug Biofsp rlilestestibechin S arpple dbratwaniurn () 3-FihahoardeEfegple 17-
4a, was &Ect%p@f@ﬁl@ a#ﬁéﬂzéﬂe't@ Bee i AL %vaﬁ:p5iqmdféﬁbl§ QAullﬁ B@l@m@@eﬁ i 88 manner.

make cat st as descri bed

. Testin
Heating %90% %féhlawgeflalpm ébae é@ylb?r@?ﬁetfweleé ﬁlg@gEMaEﬁaf@u%é%h@glﬂe The gel

had to be ﬁn@f&@ed@@f&& kdlb'x%éisflarsl%a% AL er(daastoﬁleé‘f ISR g dr LBy 1BehadR Was gill):d Very
rOdUCt|V|t and exene purlty 6]

mla
little Watf%"éasﬁ]é‘fﬁffé e e §t§1tk tubpgdery aee@athySreQ@Wﬁet Pagt @ dhig Fyaer may have

come froARERlacCRIR Ghe Q@ncfs &dink FEMI@C&lE{TQI%fe@/th;r?&I QR CThe color of the
distillation. 98 A second set of es of

solution pgmasggf Bluen, %t‘ﬁgﬂl% feFatpiaphere ds il wissfeieng, in dhgginfrared

spec‘rrurnI (@Ygufwl 1t WirBmhveyah - &ﬂ%@r@xm@te RRRbMAL L) idMBE 8 6OPSRT ¥&R with the
ese low noisture levels were attributed to the

ethylbenzéflq:ﬁ}:is%ﬂ%ék #1083 craze%qlerof?@bﬂg( ghirjheemgg_refl grfgg]s are consistent with

the presehdfbf Jfa@ete@ BRbYRINSsPaaS:s ljél%ﬁﬁlln% Bft& RAEARL Ech®Pal Bf BRGARY of hydration
3 sanpl e (chromun(ITl) 2- ethyl hexanoate

by azeotrgg% ;_%hg_nﬁ grt hexgpgic %qméld@gggo Risplyion, wgtep asehs¢ried accumulating
in the DPAVEISK t@&nﬁrﬂl ik ROlulich Bl % green color. The infrared spectrum (Figure 12 -

chromium(III) 2-ethylhexanoate Sample 17-4c) shows the peak at 1600 cm™ becoming much larger than
the peak at 1540 cm™. The color change, water accumulation and the shift in the infrared peaks are
consistent with the removal of water from hydrated chromium species. A peak at 1700 cm™ was observed

indicating the presence of free 2-ethylhexanoic acid.



chromum This material was found to be nmuch |ess
sol ubl e in ethyl benzene than the G (EH) 3 materi al
walemcroe4sed i n exanple 17. Sol ubility and col orPCT/US2006/031303
indicated that this materiab contai ned hydrated
chrom um speci es. The presence of hydrated chrom um
species in chrom un(i pkxgﬁ g hyl hexanoat e sanple 17-4a
was al so consistent with the infrared anal ysis that
shomed a large peak at 1540 cm1 and only a very snal
2 peak at 1600 cm 1 (Figure 10 There was no
[0201] s. gjﬂ‘FP fechpiacid BAdign quoreiss ebgeraant fpr7the blsprviplet sl CaEHhPample 17-4a
was 1nvésh@téd0V2 Etﬂgh@kﬁnd?cf adid 25 F 20.64 f%lléb? m&OAﬁné}P{st acﬁé@'im @ solid blue-

he blue violet solid describ

violet Cﬁm[ éﬁlmlmlzrﬂﬁ (3 &1op- R0 mylpD éxand ﬁlleErEamﬁYeé ﬂash thzsaconméed a3.5
molar ex@&8 6t 1-ORAREMidhefl R¥ID GRAEAGd fethaRES aftel t}felgghd/\@és%et 81& solution was

hydration could be renoved in this manner.
not obtaiged. (B gnigretiap beagpdtte  92a1C fon2 T@uwpwighost mg/png@meeqf@ shlaente@he color

changed o 9&}9 g{egﬁ”‘t AN@%OCQIIHEQ gfe@ﬁ Lenli®1AAA | ashﬁalnf]:ﬁh qxf%%' etl'ﬁ/g)gn}e ‘??s added to

transferred twice to |arger
the greemyferniiglid the gplubflitppfile %EHB res graflyaetdessed. Whe infibied speetrum (Figure 13)

of the ré’é@ﬁl séﬁﬁ&h@ Q&}ﬁ&ﬁhﬁéﬂb Q-e‘iﬂ?ﬁlegﬂ@?ﬁ §£ﬂgg 154 d?s &6da @ e}1r1glbenzene

refl'ux tinme.” Par ave
showed 11 P‘B?’i&g@ 1 2ipf 60H crh avitt qmbsqoﬁmﬂeab@mptmgat tlﬁ‘@ ai'f fTT@ontor change,
solub1ht§r Eﬁf‘ﬁfr%@ aﬁa‘glsls q{eglgﬁstlfaieﬂﬁé( §onvél;?1§n 5P hﬁfrattgcf OGO gél% 4 the non-
mai ned bl u At this Concentrati on
hY&ﬁmdﬁ¥“§wﬁﬁﬁmﬁﬂ@hﬁ@ﬁence |n t he |nfrared spectrun1(F|gure
11 - chromun(l11l) 2-ethyl hexanoate Sanple 17-4b) in
[0202] t hero 168G Mhl ﬂﬁ%d V‘é%é;}pﬁ(gle p@atkh 35!‘.3%9 ReRNe é@rﬂﬁ dhIP te?ﬁ%pimelgs were

peak at 1605 cm 1 . [or, sol ubi ein
Performeénrﬁ spgTple of ﬁé%@ﬁé@@éﬁt weg Rreparedan ﬁxeé@m@ew @f)mrp}zmrame ditrate and
sodium LEFARBABLR REEJueSus s@lH@éﬂk‘EQﬂnﬁé {8 2L ETRE teﬁgﬂpﬁ’hai w%r)lubﬂlty in
t he wat er of dratio azeot’r opl ng.
ethylbenzeng g, pieinedn dpared mlsmé igard S shayvet 4 lerge elpsamnom pealgat &340 cm
There wABS0 QRABIEME AbRERA WAL LN YedoNerd: h%et%ﬁze%{e %P YirabidB esp&ﬂgm) and no
the solution turned a green col or e Infrared
Slgmﬁca@rf@éﬁ‘i*@?ﬁakﬁlé%‘énlz - chromium(pi) 2-ethyl hexanoat e
Sanpl e 17-4c) shows the peak at 1600 cm 1 becom ng
nmuch larger than the pepigfle 4940 cm 1. The col or
change, water accunul ation and the shift in the
infrared peaks are consistent with the renoval of
[0203] \\a el ¥ignT Ik diseribed it Branmin 19 3we heated, Withnah folyent to Figigrmine what
changes ﬁﬁhelnﬂ‘ﬁ&i PREHRMRSIId LS ddNThd BEPRIZERNES Wb CHED), Juas heated to
p hyl hexanoi ¢ aci d. Exanpl e 23 [0201] The effect
200-240 &:foa ZaBows Bnmalke shaeemsBi eatisihexdnopte tShemls| Liedey | blbeqddmonal 2-
ethylhexa?n@ cl ééld%&s%gd Sa’m%‘ I%ﬁ%%a %ﬁecm df rh\ﬂ ‘t%ﬁ%eﬁg sollecé?r of ‘r[}%e resulting

2- Et hyl hexanoi ¢ aci d % rom
SenﬂsolldAfaérO@uﬁéHD@@ﬂtYH@X@@qﬂfs arpp aéw@} @pwcz} thephsarrSampdals atl 144 gm”’ was

larger then3heCpealcd 16H- chQFi%Qxlquy ina 50 n Erlenneyer flask,
thls consti tuted 3.5 nol ar excess of 2- ethylhexan0|c
id. Sonme liquid a0|d remai ned after the solid was
[0204] \A/etSmCAﬂE%hf@fmgo‘ﬁdm‘fsmV@Ye wlditiah#l @eid, Mhiecredsx inugheoiam oligomers was
expectedN @%Pnﬁ&hsbﬁ) ofit%g 1n@rgrefi gﬁec?ruxlﬂ g R 11‘@’{1}%5‘91%r1§1 %thﬂk% e %esta%ng%r(EHh

sol vent. The col or an e reen
(chromivggg) 2regykegmnen Sgl@p&ﬁ slar4f d H/me 1)1 @nowe dhe amsepnon peak at 1540 cm’™

increases@b BYdoBRNAED SR BOLEH 16® cm™. This is the reverse absorption intensity of the

unheated Cr(EH);. An absorption peak at 1540 cm™ is consistent with the presence of chromium

oligomers as was indicated in the extended heating and vacuum stripping samples (Figure 9) discussed

earlier. In summary the infrared absorption peak at 1540 cm™ can be attributed to both hydrated



the green sem solid the solubility of the Cr(EH) 3 was
greatly increased. The infrared spectrum (Figure 13)
wo@Roovheispesul ting semsolid (chromun(ll1) PCT/US2006/031303
2- et hyl hexanoat e Sanple 173%d), dissolved in
et hyl benzene, showed a strong absorption at 1600 cn11
chromiut sfaa:le@ nhy clﬁ’orﬁﬂﬁll (hlg@llﬂérgr Pfth QdAhol ]s%Plh{é'%s]f an im NG el{amlng the
change, solubility and |n rared ana deno f qre
amount of ighrogHY el aemet Pespenihyad ithe ate indotublvi o meﬁperdr é 136 thyorptien peak at 1600
cm’ is 2fRHANAE %%Qh)fdﬁ%@ (Qgié—t}e d tﬂ@aﬁ%rﬁgorﬁ?eﬁlg at 16943 is a%e to the free acid
confirmthe infrar sorptio eak assi gnnent
carbonyladdi t i onal experiments were perforned A sanple of
trihydrated C (EH) 3 was prepared in the | aboratory
fromchromumnitrate aFg1 4um 2- et hyl hexanoate in
aqueous sol ution (Exanple A bl ue solid materi al
with [ow solubility in ethylbenzene was obt ai ned.
[0205] | ', Artpies caghyit prspasetior pejisenghe Braowtsd isiveahere. Bhrswfalyst mweparation
was dond¥8 @kirydbx HRH#Ox
absorﬁt i on pégﬁg 3 i%;g) h%r % %g{ngfg%%%seu ¥ %) *ed added to
a weighed, gy { V@H@etﬂ‘bﬂes gﬁreﬂrowmghtfm ee @scqvan)p da khlaﬂask T@Oadskdl 12.08
g neat trlélthylzﬁi&ﬁﬂﬁrln%nd’ngf{ %8&3&1etﬁy1419m§1u}éﬁc‘f{?oﬁﬁé Ehi)e%org dg\[férp gﬂg(eh Bhd allowed

le 19 was eated,” w t hout solvent to termn
to stand @%éé iRy ekhen B.ordiaethylpyrelee@. 6 otes ware bl lbdled glown the side of the

flask. Th@ ReREnEkre hk@d ?Moﬁm% WBSQQ)S&'QCd? aﬁ@tﬂg{@ @1&@@s§w¥%tenmned after 30
: ated to 200-240 OC for 2-3 hours

mmutes @ %P 0 oy thiy <t yfimientrigDe dleé?rﬂpm @th:rfbewene (489 g 7.27 wi% Cr)

was addea asl bdﬁp@fﬂ@b e chEnith BRXAN Q¥ Hfen RE: &S, @Qsdtﬁgd thd Igﬁl%/lberhzene dilution

d spectrum of an ethyl benzené sol ution o

was doner g?u 3y b 1%élm <ibisy pr(eezﬁfr.% tgne(llp}aq) tirpe &rhihe KaGEpotet dissolve in the

ethylbenz&@d’rphﬂ?m ]c%roﬂrﬁurﬁ Shenedat RBIALSRE RbdR mopﬁﬂ}ﬁte@t %4961@@ thss was
s |larger,  than the peak at 1600 cm 1 ure

determinqUy RPUE; Hick e pdoltrbrniivg addidornd Wany bee Taetaplanbivas brought t

100 mL t§Gh&laddaidn iongy. ﬁﬁ%@f Y IeRE Q8N BB Ok GORRI Sf ¢S geaﬁe&&ﬁo%ene added
e infrared spectrum of the heated

ari son of
mdudmgcﬁ%tn%r}il%ﬂ“zeﬂr Rluglgslp thsrehjopaura ¢ %Pft ek yeight EheFatalybtr waniteAP 8. After
standing Plenight 2 BYththA%8ARE] £reo@BIPbiBngl Cotdf. Thelchi@YEtRad 220 B®UWSon of 5 mg
Cr/ral. ﬁhe absorption peak at 1540 cm 1 increaSes to becone
v/ml and w25 agiVe 1FPRRE peak at 1600 cnf 1 . This is the
reverse absorption intensity of the unheated Cr(EH) 3.
An absorption peak at dhpleol is consistent with the
presence of chrom umoligoners as was indicated in the
ded heat d t I F
[0206] Xlgag? gffg@g 311%1%%&1‘?(8} n\llq%,c gvgq?nﬁga}%i;ceﬁq gg 1%&%231 (Varllcgulélr Examples
Trlmerlzaahs amphicRrapiedkutah a 1540 SillksCadd]l RRocRvt Fdabii &ﬂlp&)&i ‘Q@lﬁ R magna
rate chro F%ﬁgecres and chrom um ol i goners.

drive S“”ﬁ%% °1§10V|a Bi MPYRTIeCHY BT Al He éerrrdareﬁp?r@t ltyr?@ internal

steam/wafal‘mhhg afil. ehiypical in Whd GETERIOSt RIRIBRMollowifig bRIEMIUR! €he reactor was
nethanol The absorption peak at 1600 cm

bl
purged wil piogh ¢ 190 Eaor'd Ve SURIHYSP &t EEPOTY RIS, ATiteok Fied other volatile

1mpur1tlesabBG}fﬁr@ ﬂhﬁrtn*Eli)zze.ﬁBln@i S%Z—Q@lypffhé(ahcﬁ W8 diR hNEe fifefet@Ghdne reactor
. a
bottom Va?ve an(c)i the product gﬁmder The catalyst (1 mL) was diluted to 25 mL with dry, nitrogen

purged cyclohexane and the amount of diluted catalyst was weighed and added to a 50 mL stainless steel
cylinder in the drybox. A measured amount of cyclohexane (225 mL) was added to the reactor and the
catalyst charged into the line to the reactor. The catalyst was then washed into the reactor with another
measured amount of cyclohexane (225 mL). The weight of the measured amount of cyclohexane had

been previously determined by weighing several charges. The reactor was then allowed to come to the



[0205] A typical catalyst preparation as used in the
Exanples is given here. The catal yst preparati on was
wa@eme/024504 dr ybox under an inert gas at nospherBCT/Dg2006/031303
degassed et hyl benzene (20.94 g) was added to a
wei ghed, dry 100 nL volunetric flask (dried overnight
: ).o JO.t-Nj

st LB TRl A5 SEaPUPR0R Be D6n ot

compongzity toraild| eniniffhe rcmngblemessumeto dnentacszui a{ydrogd:d @welk dof50sisacvas then
f Tyt o d| rrole (2.76

added. T:j;l% e%a% Fn é%zx dpr%@o cf I"%Véthselth S’lg %Q) { e d?s red éressxrrﬁ @30 ?ﬂ% psig) and

ethylenecy@ﬁtf@irmsdevxxan@atnhmwre(dg:msmm 88 raoomtesa §hoe lraaonvstidyr \msdstopped and

S e 0.mn 0
the cont%‘l? %fvﬁé %%Eto %%% tir{\nl%xcihgr & Sunf;h? %goldg it tcy@c%tﬁg% iét[}re o&t valve The
product eyltmyltrb‘ean;z‘gﬂgheﬁﬁo 8leteignine/ th2 Tveigh®g@n )frqzvaﬁleardaztadl t @h@ Cmpllu‘;tptlon of

] . o \Nhen t he
tvine 08 B SRR Bl 0 FRPER D B B MSE " Mt ot
reactor copitith. y&tsalfnple pé thetcogents of thd brodnct cytmdérovaststre tChe Ed) Braugh a liquid
samphn%é?\%m ve in the ethyl benzene. The chrom um sol ution
added over about 40 m nutes. The wei ght | oss was

determined 30 mnutes after the end of chrom um

addi tion and was 1.05 gExammple?06l une was brought to 100

mL by the addition of 39.14 g of ethylbenzene. There
0207 Wa%: frithd3
0207 e b eal bl ol ek W A S a0 AL Hhifles. The
contmuomq:t@mne dfimeriyatiqnatizs| Wese cappeesl 0B8Bin4gl giter Afrtedrautotlawedeantpr. In a typical

19?{&5&' BIEnWS FROLMEPR ROLALHE € .
Yot or Thr(let cat al yst‘(’JeﬁH)dt a eg(g%c 2}1?% aﬁlgh(ﬁlg? pg%rrggér“?amt_hen added
to the rezetry towgmogecany vesidasl mpiswe petthe ExEomlas h@zﬁeqiﬁZOBf[C Baltvah was pumped

: -8 G d as indic
through ‘{hg @)&ge?}l{ v(\)fltdl[e tgfeh&(ﬁwag Bell.ﬁ%uh%étreﬁ\ga Ie g%nl s:‘.j[%ése% \Rem% was e sta eg and the
catalyst wastadfled ta ﬂm_rtactoefor 39 mimiee stsloghle b nmhaﬂeaif be ¢a®;115cst ieed rate was then
reduced %%Un%ﬁea%ﬁ\gkh&gng @ggr n\l;\\liéf\:ér g%c% re sgf\]fe?t%?eﬁ ‘itglergesne feed rates.
Separatescwntrqdmyntbmbwemw pliomidet ﬁfal eaglt eﬁmﬁdnal ¢red go cﬂha regetoi Btandard catalyst
[ 0 e f

preparaﬁ@[@{)&@i%%ﬁé%@f%ﬁg §{°¥ 1?9% cgt lp/ﬁﬁ /§9 w%rlg Lﬁec&) fc%r (ﬁ{\ése gestst "Jih@orun was
carried ogi@OﬁTaJmomiy foesishouts ninutes to r ermve nmoi st ur e oxygen

and other volatile inpurities. During this tinme-2-3

of t
[0208] eéfglte gxtoﬁ%% Et%egﬁ%g Eﬂ\?}lent a@@i}yacﬁq%g I‘Gt(glgsljlc s o+ Qiehd)%ﬁy i!)\aB;sH an Ir'}:admgs of
pressure @1211 taingesptuie verd fecanded enkiry 80 enhute@ 2he malw febd wteywas also checked every

t a f t

30 mmutgé "th' RIERPUEAGT hig%cg%lﬁ g&'ﬂ% d%%g? éolillﬁrol Wl l%exa% Vyass%gded to the

tal yst was wel
reactor Pmdéfélstr%ﬁm inmekdiatelyrefiehibe chegtrosad thi rn@t@s produkt ghm pmsedcthrough a cooled

filter (1 IG¥F LL?&%@ %g%%égq gﬂ'hlles el %ﬁ% beford I%%g &% ollgroﬂ{%ﬂtaﬁw €At the end

cat al yst into react
of the rug fregthytone, hadrogdnend wa@lm eeflnvae tslhle offe dbe wactoi was flastot tvdth solvent

for 30 mﬂ?@@§ﬂd§lﬁ0\9&ﬂ8 Bdo1 the%ﬁlerﬁ?ﬁ%ﬁé}%a Qo%%‘ére tﬂ%‘{) béovéﬂgto% pg(pcﬁlct tank, the
he ‘measur ed anount 0 cycl ohexane
reactor dpli’r@B&W@é pgd deasembied dat clpningi 4hy poymeviemadd ic herepeor wiheollected,
r 0
i RS 187 LHETIOLLAVESSAOUBOTTL 0, OSSR, LGt e ey
was Clea@érdéd s weigkedfilttumatagpl phien pldeti foi tbenat runhe conponent s
to add m ni mum nitrogen pressure to the reactor.

[0209] Hy W@%&fc‘r@d gx%{)éa%n&fts o?%eql’?\iegﬁonvﬁ% ‘tt)ere]r? thown and described, modifications

thereof can be made by one skilled in the art without departing from the spirit and teachings of the

invention. The embodiments described herein are exemplary only, and are not intended to be limiting.



added. The reactor was then pressurized wth ethyl ene
to the desired pressure (650-800 psig) and ethyl ene
we®7oegoon demand at the desired pressure forP@GDUS2006/031303
m nutes. The reactor stirrgs was stopped and the
contents of the reactor were then charged to the
Many v aBGHGhd SYdiEEEhs Jr-QHe RV al |
ey 37 I'i nder Wals1 wel Sgcﬁ dt (ftﬂ ?gs r %1 neh ﬂ m%‘%“ﬁlmg%% g’g%ﬁtthe seope
of the pvietione FfharoAumerivel Bages @nbnmt@twn@fareeqxnvmn slatadssuch express ranges or
11m1tat1(ﬂ§tsﬁfum Qt,egnéefs%@dttg an%cfgy e?aﬁ@e Hnggg ﬂjel rﬁﬁah@ﬂsd of ﬁlge {nﬁ%ﬂude falling
by the increase in the wel ght e reactor con
within the exppastle stafed mée&:@ritr@mlsnsciﬁ gt fremmbeiucto abgiti iidedudasn s, 3, 4, etc.;
greater gh@l'f't() len&E@s @qlt '@rlg u@ tﬂ3 aeté)l qHEedoiSﬁQWéﬂnn'%ﬁ%é&JaH w1th respect to any
anpl e Conti’nuous reactor tri
element rqﬁ risClyigy | lé 1@@?139@ é@ aetamhal Hdi subite delanpent &r neqmsd,E@craai’pme‘svely, is not
requlredT@%th%ﬁ%étﬂfgsoé11§ 1n%1ﬁé/d tg ngﬁﬁlfl fE's oé@t)f @8 CIF.IH‘[] Uk Sroader tell'ms such as
carried out Iin a ter stirr aut ocl ave reactor.
compriseg, {nglyiesahavingn et0c§l®u1ért@>¢mﬁ@stg®l ipemevidgasuppart & neewegéatms such as
conmshﬁgQ)f tcbﬁslsﬁ %&E@lﬁally%f%omtprléh Elﬁ)glgltltlaﬂ% oiletg M TEA was then
ded he reactor to renove any residual noisture
an the reactor was heated to 115 OC (sol vent was
[0210] hursserdingly ohig srophef Psgfentiemis whii lingted hie the desstipsionwetutrébyegput is only
limited ﬁet &fhs wilibe fo@l@&/atlhéﬁéo £ %@ﬂchﬁ!;‘ Eqpecgﬁﬁleﬁllg ?f]thé %L%fekﬁ‘gat@p& the claims.
the catal yst was ad ed e reactor for nut es
Each ang evegy, eﬂelmbls|m@rmmtq¢ant0rtbﬁ wecifftadion a 4l §reodimsatofrthe preseasinvention.
Thus, th& E‘l@l‘fhs LRAUGRLE tdé’scﬂﬁfo%hd and, %dlﬂ%h @(pﬁe Bﬂt@enlg%f %chﬁﬂen\{@)rf ®he present
ded to the solvent feed at the desired rates
1nvent1018eE1aq. discassianrpf rgtlerpertia the Rgserevtipr el/Reeer Arris @qj@h admission that it is
prior artl 19he/hrdital 111@&1%@11 t%ﬂﬁ% EﬁafE'féPénce %@ ?rhgvecg%l%l%%on date after the

reparations ( nole ratios o

priority qategf thip prplicadien iﬂ@ﬁrdlfcmgrés Qf@éhpstentsrrpeteﬁmplwa@or@aanﬁ ipelgdications cited

herein ar@ %Erel%piﬂédrﬂ#z%@éy%eifeféﬁcesfo%hehﬁltéﬁtsthat [ﬂ% 9§JV1dI QEenEo}ﬁé?Q %ﬁ;cedural or other
stream was nonitored by on-li1ne GC sanpl es

details syplgpeytany e thesegpidforteleaihgs of pressure and tenperature
were recorded every 30 m nutes. The catal yst feed rate
was al so checked every 30 nminutes. The reactor was run
liquid full on back pressure control.
2-Et hyl -1 -hexanol was added to the reactor product
streamimedi ately after the reactor and the reactor
product then passed through a cooled filter ( 1 Liter
aut ocl ave packed with stainless steel sponge) before
being sent to a product tank. At the end of the run
the ethyl ene, hydrogen and catal yst feeds were shut
off. The reactor was flushed with solvent for 30
m nutes and allowed to cool. The contents of the
reactor were then blown into the product tank, the
reactor depressurized and di sassenbl ed for cl eaning.
Any polyner fornmed in the reactor was collected, dried
and wei ghed. The polymer filter material was al so
coll ected, dried and wei ghed. The filter system was
cl eaned and new, weighed filter material put in place
for the next run. [0209] Wiile preferred enbodi nents
of the invention have been shown and descri bed,
nodi fications



thereof can be nade by one skilled in the art w thout
departing fromthe spirit and teachings of the
WO pooefz4sen. The enbodi ments descri bed herein aP@r/Uus2006/031303
exenpl ary only, and are noggintended to be
limting. Many vari ations and nodi fications of the
i nvention discl osed herebﬂ re possible and are within
the scope of the invention. ere numerical ranges or
limtations are expressly stated, such express ranges
What is gaimkeil i t at | ons shoul d be understood to i ncl ude
iterative ranges or Iinitations of |ike magnitude
¢ o t .
Lo i S8 SRR on RS, LR Yonping g chromium
containitgz c@npofnd, et heteroqjtpre]atlgand, head a0me@l plkell wdersinOthg :p,hromu]@-,containing
compoutg)d c"oﬁ‘l rlgets ‘fesg thatpéo% P§ WEIP ptel%glmchl%ﬁ'ﬁdnq BRo¥rs, M t h respect
ﬁ [enent of aimis Intended to nmean that the
sub ect elenent Is required, or alternatively, is not
2. Tlénmﬁth@fblof BomH wharein g 9lofirs oligomerizatiom erdely s dirkher o@reiiiss a halide
containibd\@ndpe@RE of the claim Use of broader terms such as
conprlses i ncl udes, having, etc. should be understood
provi de support for parrower terms such as
3. Elefrte?tétft Hglagn 1 ey e chigmasseniainng gongruneenmprisesdess than about
5weghﬁ&@ﬁﬁﬁ@&h@hh&mgﬁmnﬁk&es[0210] Accordingly, the scope
of protection is not limted by the descrlptlon set
ut above but is only Iijmted by the clai
4 Toymgig i d o™ e CHamHE a“é%?%"@t?tf %OHE’FIStSH%SS than about
50 weigitpbjceitres®id.er of the claims. Each and every claimis
|ncorporated |nto the speci fication as an enbodlnent
5 ?f thgpg i nve n. Thus, the clalns are b
: rYV}beer”Bn YPEmRN AT PYRPLE t°ﬁ§1pﬂses a chromium
carboxylateef er r ed enbodlnents of the present invention. The
di scussion of a reference in the Description of
| at ed . Ar ot. an sion th It or .art.
6 T REOLLR Fvaitn O Bt rrydity PaPhid Bmimam o
ethylhextinate. may have a publlcat|on date after the priority
date of this application The di scl osures of al
7. ﬁ glrg%‘}]l%% rog 2 Spte ; rﬁ%lgﬁ;sg}%oeg%f)aéoaﬁ%g llpg 1?& Icgrgtr%sgsn {Téég -containing
compowgkt ent t hat they provi de exenpl ary, procedural or
ot her details supplenentary to those set forth
: ' : .
O o e T b BB ic Hganf) FRRAGE £ mole somaning
compougthnt acti ng a chrontuncontalnlng conpound, a
heteroatom c |igand, and a netal alkyl, wherein the
0. PRI ATRUIBCARK AHAM £OIRAUNG, CHIRIIS & &R SuhBR AR Ubmpound
) 5 wei ght percent chrom umoligoners. 2. The nethod of
15a¢kdé¢éﬁﬁﬂ@$ﬁﬁeﬁ@mﬁﬂphﬁwdmeﬂ@HWbl|goner|zat|on cat al yst
further conprises a halide containing compound. 3. The
10. TRIQedoDsr Hidi 1%1lthém§ﬁ1§hﬁn§ ﬂﬁhﬁ'@ﬁlp&] é"f;ﬁrﬁ&f‘&fexkfﬁérn &bidic protons, or
conpound conprises | ess than about 5 wei ght percent
both fropy | poperositien FORRTiFinesR ehregiumconingeapRsdnd fa eoPgPHtiqn comprising

the heteféttemufgaﬁdter&%ﬁmlmﬁe@é&fal hi ng conpound conprises
| ess than about 50 wei ght percent free acid.

11. The method of claim 10 wherein the olefin oligomerization catalyst further comprises a non
metal halide containing compound and the method further comprises abating all or a portion of water,

acidic protons, or both from the non metal halide containing compound.



5. The method of 1 wherein the chrom um contai ning

conpound conprises a chrom um carboxylate. 6. The
woredonozhsed cl ai m5 wherein the chrom um car boxBdEHUS2006/031303

conprises chromun(lI1) 2-;7ethyl hexanoate. 7. The

met hod of claim 1 wherein the heteroatomc |igand

2 SRS S e ST AL R BTRY e Sl e an o
olefin. conprises a pyrrol e-containing conpound. 9. The nethod
of claim1l wherein a conposition conprising the

13. Tﬁmgr orpr m glg{r]ragi W%?I%P &Fo@f@%g%ﬁg%ﬁ% eé%s g@ﬁﬁ%ﬁ% %ri]hf]%ﬂzing or

tetramerifiugét_hﬁléncﬁon'prl si ng abat| ng all or a portion of water,
acidic protons, or both froma conposition conpri sing

14. t he oﬁro% Li<t1m ga(.)rﬂglgl gome?f'zrytf)olﬂn Oﬂt ngﬁfgtd O omium- -containing

r S ng eter Oa omcC or Co I nat1 ons
compounﬁherrﬂ‘mégen—]:dntalﬂ'lhg coepthod, efid elra¢t11ih dRylwihere¢thod bempisepi gdding a

compos1th g}]rr?lgllné ?he c%pon%gﬁl% 1¥t§1th1 &ucro gﬁrﬁlctgrﬁp&{’]%gﬁ%lur {lﬁﬁbrﬁﬁtgathe metal

. tai ni ng npoun e net
alkyl. conpri ses abatlng aII or a portion of water, acidic
protons, or both fromthe non netal halide containing

15. ﬁ%%&i’w&j t)flglamib‘l h@l%gl ﬂ}] &kdnﬂ%@h&fn&% &h‘@gﬁrﬂscomprlses less than

conprising contacting the catalyst of claim1 with an
about 5 vedighth gerodng flirpmivaligihers.net hod of cl ai m 12 wherein the
nethod of oligonmerizing olefins conprises trinerizing

16. éﬂ%tdr &%51&11@ B9 oRER ng&ﬁenzlﬁlon HtdIRk Q&gp&ﬁngn@ khddghiv@icontaining

oeln ollgomsrlzatlon cat al yst conpri sin

compoungh gmog]mqp@‘mng]grﬁowgo%ng@metalaallﬁrl,tt eolﬁghocgmpélplﬁg ﬁbatmg all or a

portion MEQU lagidlc%gtoﬁs REGHAh Bdd Y contpdsiBE LHRHsERNRE ichiloRgim-containing
di ng "a conposition conprising t

the
compour@m erTPRATition PRTEINIng dheciipstienteBing Cetal?ﬁsla%auoef peypinations thereof prior

toOrmn%gﬁﬂhhahﬁﬁoﬁQﬁh@@ﬁﬁ%ﬁalkyl 15. The method of claim 14
erein the chronlun}contalnlng conmpound conpri ses

| ess than about 5 wei per cent chrom um ol j gone
gheaﬂe

7., mthefo Ol WeKTRAGFIC ] BHACeBTUSR SERpSdbitsh combrises a non

metal haG@ @n¥elinS QOIS d tie ﬁ%@dﬁtﬂtﬂb@ﬁﬁ)ﬂbe@ la%mg @]’Iﬁéﬁ 3 Ijidmoﬁl of water,
ni trogen-cont ai hi ng conpound, and. %
ol

acidic. DERATHIOEF GOMpRTTS | (y Eb AR H P A csletalamgo%ompaw X%‘toe?r during. the

mﬁmﬂm@ﬁbﬂ%gcgmggons or both froma conposition conprising
t he chron1un}conta|n|ng compound, a conposition

compri sin
18. E}&%Fﬁaq gﬁ% t ! O ?1? ?ohrgrg%upnl—c% tag:n?n go%pohncp comprises less than

about 5 weight percent chromlum ohgomers

19. A method of making an olefin oligomerization catalyst comprising a chromium-containing
compound, a heteroatomic ligand, a metal alkyl, 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 heteroatomic ligand, or combinations thereof, and wherein the
heteroatomic iigand is described by the general formula (R),A-B-C(R), wherein A and C are
independently selected from a group consisting of phosphorus arsenic, antimony, oxygen, bismuth,
sulfur, selenium, and nitrogen; B is a linking group between A and C; each R is independently selected
from any homo or hetero hydrocarbyl group; and n and m are determined by the respective valence and

oxidation state of A and C.



to or during the preparation of the catalyst. 17. The
nmet hod of claim 16 wherein the olefin oligonerization

W@ 20084094504 f urt her conpri ses a non netal hal i dePCT/US2006/031303
cont ai ni ng conpound and thg method further conprises
abating all or a portion of water, acidic protons, or

0. R LASTSE 10N TEL L hal i TR £ AR o

metal halld .cothigingRbMpelind fand tha inrettiba fmll‘r&r evmprisbeabating all or a portlon of water,

i m§RSTLATSSRL2LA 18, SO, SRR R3uL 558 DR, BoHhus o

preparatiéfBdfitGalysol ef i n ol i goneri zation catal yst conprising a
chroniun}containing compound, a heteroatomi c |ligand, a
21. 618?“??:‘[1&%' 1%81[ g&wr}rlg}ghoqlg Cg? z on—g&gan%% L ﬂxg?&ld CORIE)I‘I?ES less than
about 5 veippsicht dforiompiigahdrg t he chr om um cont ai ni ng
conmpound, a conposition conprising the heteroatomc
i gand, or conbinations thereof, and wherein the
heteroatom c ligand is described by the genera
formula (R nA-B-C(R)1n wherein A and C are
i ndependently selected froma group consisting of
phosphorus arseni c, antinony, oxygen, bismuth, sulfur,
selenium and nitrogen; Bis a linking group between A
and C, each R is independently selected fromany hono
or hetero hydrocarbyl group; and n and mare
determ ned by the respective val ence and oxi dation
state of A and C. 20. The nethod of claim 19 wherein
the ol efin ohgonepzation catal yst further conprises a
non metal hahde contai ning conpound and the net hod
further conprises abating all or a portion of water,
acidic protons, or both fromthe non netal hahde
cont ai ni ng conmpound ppor to or dupng the preparation
of the catalyst. 21. The nethod of claim 19 wherein
t he chrornmum cont ammg conpound conprises | ess than
about 5 wei ght percent chrom um ol i goners



