1 METHODS OF PREPARATI ON OF AN OLEFI N OLI GOVERI ZATI ON
CATALYST CROSS- REFERENCE TO RELATED APPLI CATI ONS 5
This application is related to U. S. Patent Application
No. 10/783429 (attorney docket nunmber 210453USCL
(4081-04401), filed concurrently herewith and entitled
"Met hods of Preparation of an AQefin Aigonerization
Catal yst," which is hereby incorporated herein by
reference in its entirety for all purposes. FIELD OF
THE | NVENTI ON 10 The present invention relates to
preparati on OMETHMGDHYOF PREPARATEON OFAY DLEFES f or
produci ng an ol ef igLIGOMERZATION Rartstcul arly, the
present invention relates to preparing trinmerization
cat al ysts COOROBSREBERENCE DOREIATEDAEPDICAGIANSpOUNd, a
pyrrol e-containing conpound, a netal alkyl, and a

5 hal i deThie agpditanbing retasdao U] Pitart Apisiieation Na. V138429 atfooey docket

produci ng an al pha-ol efin oligomer conprising 1-hexene

f rrombet HPH#SRE01 (4658 BAEKGRIEMNBrnORTeRERdrédENDH Entitlel EMethods of
ol i goneri zation catal ysts are known in the art, but

s offrertafatiersof| an Stefin Mligoménizatiop Catalysts wheddi is batebyrivsdperated herein by
al so have a | ow product yield. Enhancements in

priefseencetn trentinitierHSUPeES ol i gomeri zation catal ysts to

i nprove productivity and selectivity to the desired
product can reduce CHERPPETHESSVERT IT'nprove

econom _cs. 20 SUMVARY OF THE | NVENTI ON Di scl ose

10 her ei n THS PR TFRIEOHIENR P REPEAIRAIFENSTT BY verB % process for

15

20

ol i goneri zi n olefin conpri
crﬁfﬁqﬁ'i“ﬂ%r?‘b%‘ﬁ%’a‘i?‘ﬁf’%’ Mama‘aﬂyaiﬁﬁﬁsmt &nvenligp xslalgs iy preparing
e- cont ai ni

Coﬁs# Aten Sl frmeRar Py e R v e R EPHE %mele containing
gg'nr Iusnlﬁ,{] % ?agr{]lfrl](alc ta%acp grpﬁ%%ehcngtg%&é Icgrrﬁgor,:trzglcggfor ise nnqz'l process for
producing an alpha-olefin oligomer comprising 1-hexene from ethylene.
BACKGROUND OF THE INVENTION
Olefin oligomerization catalysts are known in the art, But som.etimes lack selectivity
to a desired product and also have a low product yield._ Enhancements in preparation
methods for oligomerization catalysts to improve productivity and selectivity to the desired
product can reduce catalyst cost and improve economics.
SUMMARY OF THE INVENTION
Disclosed herein is 2 method of making a catalyst for use in oligomerizing an olefin
comprising a chromium-containing compound, a pyrrole-containing compound, a metal

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

contacting a composition comprising the chromium-containing compound and a composition
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conprising the netal alkyl, wherein the conposition
conprising the chrom umcontaining conpound is added
to the conposition conprising the netal al kyl. Further
di scl osed herein is a nethod of nmaking a catal yst for
use in oligonerizing an olefin conprising a
chrom um cont ai ni ng conpound, a pyrrol e-containing
compound, a 5 nmetal al kyl, a halide-containing
compound, and optionally a solvent, the nethod
conprising abating precipitate by contacting a

Ni dotmpripiig-teometali atkvh gvhesimtbe) cropositide @mpeding the Figthiuprdonpining
to contacting the netal alkyl with the

¢ hompaundris@ddetl &i the eeppesitinpoomptising e msiat allstle- cont ai ni ng
conpound, the non-netal halide-containing conpound, ..

t he soFwthatdiscloseddereiyiinametbesof makipgvratatyst PREsE itRligegizag an
herein is a nethod of making a catalyst for use in

ol dlefonemprsingga ghromiug-gp@ming coEpif & PHEPICeAMEEgE sogPpid: 2
dimeric pyrrole conpound with a chrom um caontainin .
c ongR alkd, 2 balideconfaininaicorpougd.uad ongenally A solysat W&Wﬁ&%??&?mg
a hydrocarbon sol vent, or conhi.nations thereof alkevi ori

F PR Pregip G tySOataR & Hoseg ConAIb comPEId A At 2k prior o

R CE NIRRT A e—
ﬁz\clro%g%ﬁ%, %tnntg?-lﬁllré lgaliﬁe(-)%&l%lgg ’c%rgbou&d'? th@%l@én%ﬁ{ &}qbina@oggﬁg‘eoﬁ

g ‘conpound- conprrsing contacting t
chrom o) i iy - o
o e, LS TRONR  PUEA0 1GA0 04
W c}lé'ﬁn?co%{pgylhé) @k%ﬁg tﬁcg Iﬁgrgiﬁ% ggﬂﬁ%ﬁ)b@rﬁt W8a CRbitudSdontaining

composi tron. erein is a method of

maé&nptgmé‘, G ah&dYaky| 2 hali®EohRindl | SAPEINGEZ a NG aRBard @ Sivells, or

18]
conpfising contacting a chrom Um cont ai ni ng conpound,

a‘gﬁﬁﬁgb@ﬂﬁ&gkaining 20 conpound, and a netal alkyl,
with a previously prepared oligonerization catalyst
CONMPOS prrin@iNdisclotddt HRin 6tk MEthQPFehakifg £ dalisbfotud¥ei S1pPmerizing an
ol i gonerizing olefins conprising (a) preparing a
C &iHin Yo bnpiNingC © o RiuRTcoRtaflib QSing 5ing O pikird1é- @ A MEDEipOund, a
a pyrrole-containing 3 conpound, a netal alkyl, a
hahdid exign ndndi 4 bilige-cangadn dompine, @piprisivg| éoptagtingothe @hrbrivm-
and (b)

containing compound, the pyrrole-containing compound, the metal alkyl, or combinations

thereof with a previously prepared oligomerization catalyst composition.

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

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

preparing a catalyst by combining a chromium-containing compound, a pyrrole-containing
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contacting the catalyst wwth the olefin wthin about
1000 hours of preparation of the catal yst. Further

di scl osed herein is an ethylene trinerization catal yst
conprising a chromi um containing conpound, a

pyrrol e-containing compound, a netal alkyl, a

hal i de-containing 5 conpound, and optionally a

sol vent, wherein 1-hexene produced by the catal yst has

a purity of at |east about 98.8 at a tine within

about 800 hours after preparation catalyst. BRI EF
DEStRhAd,| Obktaialklhia HRRWhMNGRnE c@spoutdiaidepticeglily b Bolvent; and (b)
illustrate various enbodi nents of a method of

preepacting the aatalysotvitigeelefirwittiroaboad 060 hpsts ofyyegaratisn ofghelvatalyst.
addi tion of catal yst conponents. 10 Figs. 2A through

2D i | | Betherdisslogedrhexsings aareBulinaemerizatdn catalyeschprisinga chromium-
abating water in the preparing of an oligonerization
c aopthiping corppayad, agnrplgrconiginng Boumopyk pregld aﬂ%ﬂr iadlabde containing
enbodi nents of a nethod for abating water in
preepaemAgng pptgpally jaiseluenb rihemsin ldwxwawrlw by the g%alysms a purity
through 4E il lustrate various enbodi nents, of a met hod

f°f5‘rl%3§'eﬂbi’% §8-87 2 tigns vithinBoRL 0Ny afier prepaggtion patalyst
comonent 5. Fi gpRERTELRI N RV BS e catalys:

o “nox B 1 bbb ety BBk B g Bt
chorhg %8861%{%5 e gﬁb %mongcégl%% cr § oflee cont ai ni ng
Comooual 28 tﬁgﬁgﬂlzﬂ{hﬁ}f%& va@mmlh bgﬁmg,mfﬂ' qf&%mgaqm in

a sol vent, or onbi nat 1 ons er eo e variou

conﬁ% o?aj‘fjél%&ln&?’z%{?un'}%ﬁée OIrcont acting of catalyst

ent's rray occur nore contact zones. A

CcONt aCkioZ QRGnrhbh3BAMRFatk arildbN &bodiliBnis HATRARARIbAME water in
conmmi ngFed and/or conbi ned, and thereby contacted. The

C QR i W%ol&%ﬂbﬁnﬁlé@%ed in a vessel, e.g. a
st or age tank, tote, container, mxi ng vessel react or,

etc.; Bigéaal ﬁfbgg'rh4@filhﬁlké§§varﬁusgemlﬁdﬁlﬁﬁts of B'n%thod of preFan'ng an
|nJect|on port, or header for comnbining conponent feed

| i b8 &merization catalyst comprising simultaneous addition of catalyst components.

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

purity of hexene produced.
DETAILED DESCRIPTION

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

may be disposed in a vessel, e.g. a storage tank, tote, container, mixing vessel, reactor, etc.; a
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into a conmon |ine; or any other suitable apparatus

for bringing the conponents into contact As used
herein, the terns contacted and conbined refer to any
addi ti on sequence, order, or concentration for
contacting or conbining twq or nore catal yst

conponents. The term 5 added to refers to a first
cat al yst conponent added, e.g, poured, into a second
catal yst conponent Were a first catal yst conponent

is added to a second catal yst conponent, the initia

C QAER BE Fifd, £.2Ma ted) inlé¥Bhjédtich Prt, Or hedder FR Corfibifiifg cotbidny fetd lines
conmponent conpared to the second catalyst conponent

t Vit £&ninonilise; bLdngloiheuitabsemPpdraniifel bingigths @mmponeats inttheontact
duration of the addition. In sone enbodi nents,

C @R ugdtheriy, thé teonnpanaat sndrambiogioefer foanpaidition sepoense, bler, or
upstream contact zone(s) prior to further contacting
Wictrieerarativexr for el orc@mbmingriwf 9 niore catadyst eempppenss. The term
downst ream cont act zone(s). \Were a plurality of

c edted¢e refantosa firse calalpt oyorpnent cddrlaeti Pryreaintha depeond catalyst
si mul taneously across the contact zones, sequentially
aceroppgent hWherg @ fiesh catalysh pampongsy isgdder to gzecond caglyit pTRoneyy the
a_given enbodi nent. Contacting maybe carried out in a

b énitésh cqeenEalion; oAl THieoRldhstirstatalyst campqnancarmpagsd tg the second
gi ven enbodi nent.. 15 In enbodi pents utiIiziqg % vesgg]h
f GRtalysh (FOHRIDER JYRIFRLY b FRMSHEM el AR ETsAsSY FER e dpratpnp the

R Ko, T BBl B
SR o RIS TRt R 5
5 e P ST ST ST St g
kot B SREE HATRRYED 82 LA L S o

gg cp%lngsdorfbgﬁgaslig g&ﬁable\%zee[ ve emﬁ@&ilggﬂ @(gntsl@ﬁll@ MY 1R carried out

al'yst ‘tecites contact of conbination of catalyst

gg@%ﬁm &,mihﬁlu&fbmc@@yas RSB e e Givel bmbMint@nt act i ng or

pining all or aportion of such conponents in
vari oug enBhiRei"BiiRg aSvessbiSot $GfhcR Bé Bompdn& @y BR Sofub&ints
conprising a catal yst conponent includes the catalyst

C QP 8§ HbonAY GHRA BY a kfikeF SIEPOLARAM 1hO Pesi §rfd tRYFOmMEEA niHire may then
addi ti onal conmpounds, solvents, or

be removed for subsequent processing. In embodiments utilizing a tee or other means for

combing lines such as a header, an optional in-line mixer may be placed in the commingled
catalyst feed line to ensure that adequate contacting of the combined components takes place,
and the mixture is thus formed as it passes through the commingled feed line. Where a
method of making a catalyst reciles contact or combination of catalyst components, such -
may be carried out by contacting or combining all or a portion of such components in various

embodiments. :
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bot h. None, sone, or all of the contacting steps may

be carried out in the presence of a solvent

(sonetines referred to as an optional solvent), which
may be introduced to a contact 5 zone via inclusion
with one or nore conpositi@ns. conprising a catalyst
conponent or may be introduced separately to a

contact zone, for exanple in a solvent |ine or as an
initial charge to a contact zone. Disclosed herein is
a nmethod of meking a catal yst conprising a

chr om AYRsedRkchi, AichEposoNaRipRicing Acapiyst imporearihdides the catalyst
compound, a netal al kyl, a halide-containing conpound,

1 Qoraptaler® Rloh® Bigdn| pmbinstish wathtont of moeedditional toygoends,zdlvents, or
an olefin, wherein a conposition conprising the

c hbimiNbie, gemé, ar ail nf)the copatingsteps nee vk aatietiowtnn the posatrae of a
zone with a conposition conprising the netal alkyl.

| molirdng(sorfitinfepreferredrivad rmentiosal fuven®,ovhicharay hg intrhduced to a contact
conposi tion conprising the chrom um contai ni ng

c eorsoiaidclysiontwithieae eompre SPTMPOSiHONS COMPFESING jarvafaly$i €ompangyt or may
al kyl in a contact zone are illustrated. Figures 1A _ .
t fbe awigpncrdbsepRTalely o jarfeNtad @anca T jeraniplg gy folygnt line or as an initial
representati ons of enbodi nents of the present
dicsBEeARFWGITEN%o not |imit the disclosure. In an
enbodi nent as LIJustraée in Fi%. | A the cqﬁyasition.
conpr i EgRyed breein f getho ?S’W‘mﬁﬁ)‘/ e R A U L
zone 115 and the canposition conprising.the chrom um

¢ GPPREORY APVEBl SRR AR 8 AL Pl Mgl Pt prabgunc.
t he, co itio oapri si.ng,.the .20 nmetal. al kyl. p £
AL SRIBED 5 GREet o8P o Pdsrgte TR afbenPd Bgsion
i%gggﬁ?ﬁgltg% ﬁfgrg%lb e-coﬁt%%%\égcgjﬁlg?uﬁé i? ﬁgr{m%%q}l avclzoqltalcl! Dte with a

SI'ti on Cco
O RBP4, KPS M o

hal i de-. WelP 0 1 o0 i composition
e SrpASEE Uil o0 TRQHAG o DO bikfind With the composit

CREBHsHEEORLA! MM e £ORRUAR: TRYIIALRAL CPEHES FL tRbugh 1D
a%%ﬁ%% g? non-ﬁgﬁ?de 6 netaF al kyl to abate undes%ihredare

VacRlled £Qﬁtgﬁﬁiv9fe$¥e%&ﬁo@ lof B JAimeRS oflin€ ple@mE@sdiddur@RiiEdo not
detail herein. The final catal yst conposition maybe
f whithierdidlodwdd. € W th a sol vent (which nay not be

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

comprising the chromium-containing compound may also comprise an amount of non-halide
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identical to the catal yst preparation solvent) prior

to use in the oligonerization reaction. The

conmposition conprising the netal alkyl present in
contact zone 115, may 5 conprise the

pyrrol e-contai ning conpoung, the halide-containing
conpound, the solvent, or conbinations thereof The

hal i de- cont ai ni ng conpound may be a netal halide,
non-netal halide, or comnbinations thereof The
conposition conprising the netal al kyl may al so

c ot ik ta aba¢ ahdesitel yateh alidideprotansnarbolinbs discloved @l more detail
al kyl, a non-netal halide, a netal halide, or

C Giatginrittteifiosd satalist cafosiioramaybe filrthad didyte with b saleent (which imgy not be
and ot her enbodi ments may conprise 10 diethyl al um num

c hfeotidable the DEAYSE prepriation eolvsat Pt kd uhe inrfest cdigomdrizgtion pragtion.
conprise triethyl alum num (TEA). In an enbodi nent

t he nethgl cogprsjionnepyppgng He meidli alley] Pesmhiithcedact zone 115, may
conpound, e.g. DEAC is the _halide-containing conpound
arfamprse thepyragie-ganiajning comped.dhadutiderropipinig compoyed figselyent, or
in Fi ﬁje-ch[oniun1ni ture may f or med

i ﬁ°‘8@%&“&%‘tltﬁ§‘m%e Thok By TR SRS ™ G e ficd. o it
CSARL ¥ SonRo s R BB MR P o
nprisi ' t ai nj . fed .
R A S ) e

i \ | ] . ' £ L f
SO BTRSL PRt o P Sl i ol ey b
an t . j .
ey R g ORRG R i BT By b e
ABAnh FE45. ! On ARAOUHbodindRUhE mddt AP UGS AN haldiSor dning
conpositiron“conprising the chrom un¥contal ni ng

C QBRI e 8NSEADR t&%ﬁiﬁ&é-%i)ﬁt&iﬂf}% oohpIRIdIaRd ﬁlngtQﬁa]larL

pyrrol e-contai ning conpound to contact zone 225 may be

sequentiglenfbbdifhent & hﬂlﬁt‘?ﬂté&mhflﬁ%]l@\ﬁ@ %ﬁ@Me-QMBﬁlﬂhﬁmﬁfure may be
vi ce-versa) or sinultaneous. ce the pyrrol e-chrom um

Mifdtnbd B BREct BARMD2S BN &@%@g d Rupetlod CbmpRH tﬂe%g-nbmomammg
pyrrol e-chrom um m xture fromcontact zone 225 may be

C @httyRmhE edWot ddnRét adeleds Wi Kdee2200Ma0%é cb@posBONMRbmBrishg the
the nmetal alkyl 7 present in contact zone 215 via

| ichemiddOsontading RomPoand Galud calitan tzore 22t afd Biee210S Wiiclo fay ocour
over a second period of tinme of fromabout 1 mnute

t abaabipstantahébuble or ever affirsteenivaitof imt yf ffomosboetd ooihute to about 12 hours,

alternatively from about 1 minute fo about 6 hours, alternatively from about 1 minute to
about 3 hours, alternatively from about 1 hour fo about 2 hours. Imfroduction of the
composition comprising the chromium-containing compound and the composition
comprising the pyrrole-containing compound to contact zone 225 may be sequential (e.g.
chromium followed by pyrrole or vice-versa) or simultaneous. Once the pyrrole-chromium
mixtore has been contacted in contact zone 225 the pyrrole-chromium mixture from contact

zone 225 may be contacted with or added to the composition comprising the metal alkyl
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m nute to about 6 hours, alternatively fromabout 1

m nute to about 3 hours, to formthe final catalyst
product in contact zone 215. The final catalyst

product may be withdrawn from5 contact zone 215 via
line 270. The final catal yst conposition nmay be

further dilute with a solvent (which nmay not be
identical to the catal yst preparation solvent) prior

to use in the oligonerization reaction. The
conposition conprising the pyrrol e-containing conmpound

i Erekénﬂiﬁ camthbt a6 2151 @ia IGOPAVOFhith Ay CRIfEbbR iBgntai®usly or over a
chrom um cont ai ni ng conmpound in |ine 210 may be

C edtbraigtesial of titf@ of figm aba@w € mmiduteto Bbous 12 ipars| detmefivetyi e abatit 1
an about constant pyrrole to chrom um (Py: Cr) nol ar

I atiiuge toaboad & leurs titemativgly domabeud il imddukego Py Gy howtsl arormethd final
to formthe pyrrole-chromummxture in contact zone

2 28alysT hredysy inr eontactcaneo P Su riher finel spial vitypredyett iaat bezwierappgiom
may then be contacted wth or added to, e.qg., over

t kentaseennal et linsR76f The firal catalyst spempaition may|be dprthisegiluty with a
contact zone 215 via line 240, or alternatively
aF?ll?ab(yVhEF@@éﬁf’t heridengieal rcthe syt pregratign S%lvﬁnaw&a& to use in the
constant 15 Py: Cr nolar ratio, for exanple in the

r ShgEeesptievEfidbout 1.0:1 to about 4.0: 1.

Alternatlvel t he rrol e- chron1un1n1xture

Cont aciie sERSSi98 CFHRF R it TR LGSRSO %H‘“%&%Dei‘.{ld the

cond perio

.. t
f'agmfllf@b@awswh% SReaE e e S ing e 546 T St
xglrg: gBCf g'l %S &cnogoqf%me a%ta}l gboul (Q) ?g?éj Eo%gnlm?’ﬁ:cl‘) molar

rati o SI ng over

8&% gsttv&g% o] vasqgg?p 1B8hg fa@ﬁoﬁ@ﬁfegwgc}g&mmnﬂxm in

10 rerers ecreasing tre

ngén‘?{c%ibgé izg. @%@fgg@%ﬂﬁf mQburel i GonBdohd 28 n%?%f?ﬂ@@onﬁa&ed

IS increases In the ratio

V‘"w'itfl1 ! n%l 0, Q%L LA ke dBORERBbIER tﬁ'r{eelﬁgm@tﬁleall%?ﬁ‘gﬁhﬁb E&htact zone

In an e dimént a decreasing trend of the

r 6 £4i8 lide224b NG aﬁ%ﬁzﬁivél? Giréabi} ﬁ@@ehﬂﬂ cHRE Sonk 265, a?ﬁl‘ﬁ:!lb@ﬁk constant
Py:Cr ratioi1s less thant beginning Py:Cr ratio. In

apy. R R for c)éﬁ?leﬁﬂ ﬂhéﬁh o 163 abdiiPl @1 td' Abi@.0at AldRatively,
start of the addition nay e greater than the fina
Pyte Girrd@L1pdmitatrhiRufin Edi@cSon€ 25 ahay$hen badhtated &t ion fided to,
Py: nolar ratio at the end of the addition may be
| @§SodehfB sdehil fetittbd f tindeythe moell atldy] prédentdn edntach@neZitsadiaie 240
In an enbodinent, the final Py:Cr nolar ratio of the

at a variable Py:Cr molar ratio. In an embodiment the variable Py:Cr molar ratio is

decreasing over the second period of time where a decreasing Py:Cr molar ratio refers to a
peneral decreasing trend in the molar ratio from the start of the addition sequence to the
finish and occasional increases in the ratio within the overall decreasing trend are acceptable.
In an embodiment a decreasing trend of the Py:Cr refers to the specific situation where the
ending Py:Cr ratio is less than the beginning Py:Cr ratio. In an embodiment, an initial Py:Cr

molar ratio at the start of the addition may be greater than the final Py:Cr molar ratio of the
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catalyst may be in a range of fromabout 1.0:1 to
about 4.0:1; the initial Py:Cr nolar ratio nmaybe
greater than about 6:1, alternatively greater than
about 20:1, alternatively greater than 5 about 40:1,
alternatively greater thangabout 60:1; and the ending
Py:Cr nolar ratio nmay be greater than or equal to
about 0O, alternatively greater than or equal to about
0.1:1, alternatively greater than or equal to about
0.3:1, and alternatively greater than or equal to

@Qﬁ%&&; afla &r e]ulin% By @SRRI BB End JrBR alidiidningdly bEYes<Chan TR @ikl

ratio 1's about twce the final Py:Cr nolar ratio of
PDEr GRS lordht LatlysB 14 bl ShbcHRAdH, tRNEnad &Y Cr adoldr Rgtio of the
addition and the ending Py:Cr 10 nolar ratio is about
Qat&liti g b@inSRGARG f oAb 1©:1Nakbouos 01 Nife Mdit! Py-Cinmolar ratio
wherein the final Py:Cr nolar ratio of the catal yst
iy bégraatdr &Hag shouf 6: T, hibemasiidy dreater Giad attoot 200 palterndtis@lylgreater than
I ntroduction of a pyrrole-containing conpound and a
aliiuo4t: | emnively piester tbamrgbou 66 1i and sghecodingBy:Cr maler fado may be
formation of a Py.Cr mixture) as disclosed in various
grelted thae mr sqwahyio bous o, ralterdatively gaepter dhagcoroewal fonafonf 811,
paragraph, including but not Iimted to the
elemotivehpgreater Shanvon equal i agent 0P, andjalferngtively greatgr fhan gfifgual to
4A-E. The conposition conprising the ,

ebpub b dmitsrandioimsy. te mvgﬁﬁsdcﬁ WOlp T i fepubiijoe the sl Pyer
a non-netal halide-containing coppound, the so

orolas iip hiie Pt diag 8 Grst abowple-hdhi ghy addigen %{S‘ﬁ‘tﬁ‘ivnglfq% gy

S e b 200§ e e R PGS B0 e GRS e ReCr
Sol Tl Bl oI beon Lergel ) The 20 comaidL Bl
TR ARG S O PSS TRYmS B2 93 e
Ty P O f s
47514 R BEEaR b Pl Wl bOERPRSAR e Fighl,
P B BOIRE T Dt Some 225 6 (hot shown) . ot bot h

to abafe WRLaRkL ek Ghe chidmhifth GottiRhBimpoid RAb 2107 By

conposition conprising the netal al kyl present in

GRRLAE L HRAREE htide BNz RInipagnd! R sBRédt,d8-eRBinaiont Hereof

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

fo the pyrrole-chromium mixture, for example in line 240 via line 230, in contact zone 225
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compound, the solvent, or conbinations thereof. The
conposition conprising the netal alkyl nmay al so
conprise a netal alkyl halide, a non-halide netal

al kyl, a netal halide, non- 5 netal halide, or

conbi nations thereof In angenbodi ment as shown in Fig.

I C, a pyrrole-netal alkyl m xture maybe fornmed in
contact zone 325 by contacting the conposition
conprising the pyrrole-containing conpound fed to
contact zone 325 via line 320 with the conposition
COPHosN)NG Bokte itagl unda@irddywatéregtidioproomn achotlz oM &Afposition
via |ine 315 which nmay occur about instantaneously or
Owtarprisinglifle mietabdlkyb preseadin oéntdei zoBe 2 1acinbhyt ¢oouprigef the kedide-containing
conposition conprising the pyrrol e-containing

c ompourdd the molvénh eor comipinations hereafo e iceinpngitiph eompsising the metal
al kyl to contact zone 325 may be sequentia

pyikyl olag alfotdmpriec talaikybitalidd, R pon-katide inglal-alkyh Qa)e%gaiide non-
simul taneous. Once the pyrrole-netal alkyl mxture
hastaldelds, Q?Gﬁtﬂaﬁﬂ'lé'@ thereofont act zone 325 the

pyrrol e-metal al ky m xture from contact zone 325 nX
be di élbﬁs‘-‘@f@O@lrﬂémlai? W@we Btfl$ AC PRl Y 3gure igiba ried
conposition co e chrom um cont ai

cBNBRFdZRE 2P TR PoBaril e, e FOPLE e A contining
RepA LB st e qr g é@cvgﬁﬂhepceomp oS e
C AR SRR e e Sutil B 4P %?ﬂ By orovera
D4 Bl o B Bl
%npw e A gn'ggauq%fmwss& OHPYRL} LRl tggoﬁ&msﬂe%ze Snay be

ure an he conp

Jnha? (Q% I]I%Atl]cg% gﬁ%&gﬂ et ?b{blfkgv(egs%%gﬂﬁtaﬁegus Once Ithe

e sequeénti a yrrol e-nmeta

I
Me.m Aol @g@qgw B&n %&{tm@dm&a&tz@mz@%ﬂme% Ayl

ce versa taneous. The final catalyst

%%lb‘& FrotTRYntRE zWiet 329 b e (i PiRed ORLIAE B6T R@nB&5zoME 835 The
1 ne 370. The final cafalyst 10 conposition may be

f Hﬁﬁp@ﬁﬁon@bﬂnﬂaﬁsﬁ% N dhfdnfurS Sdnv@fitg doWPbGh mARheNBé cdAicted with or

identical to e catalyst preparation solvent) prior
t QIAUPR chitadt Rene®3b GRAMRE BIRWIRA nip@ciur @bt Mbthhieghlytdr@ver a

enbodi mrent shown in Fig. 1C shows two contact zones

b&kdig paFRGItide. The composition comprising the chromium-containing compound is
thus contacted with or added 1o the pyrrole-metal alkyl mixture present in contact zone 335,
to form the final catalyst product in contact zone 335. Addition of the composition
comprising the pyrrole-metal alkyl mixture and the composition comprising the chromium-
containing compound to contact zone 335 may be sequential (e.g. pyrrole-metal alkyl

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

catalyst product may be withdrawn from contact zone 335 via line 370. The final catalyst
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performthe addition sequences, the addition sequences
could alternatively be perforned in a 5 single

contact zone, for exanple, in contact zone 325. In

this enbodi ment, the conposition conprising the netal

al kyl may first be placed {0 the contact zone. In a
second step the conposition conprising the

pyrrol e-cont ai ni ng conpound maybe contacted with or
added to the conposition conprising the netal alkyl
present in the contact zone (or visa-versa) to

adetpoaitial iayberirdet dilnred witha milteldgwhigh may ®t beeidentica idkt¢ catalyst
m xture. In a third step, the conposition 10

c prepaation sdvent) priw e wrinthe digorhaizationeagbnpound may be
contacted with or added to the pyrrole-netal alkyl

m xt urAdthpeghftiy emboRigentishewn ig &igal § showp wriepatactzres being used to
conposi tion conprising the chrom um contai ni ng

c oerfon the afiditian spquenren thegdditionseayercesecopld ﬁwwlﬁalve performed in a
hal i de- cont ai ni ng conpound, the_solvent, or

c SWEF prREAC RS, {9 @?ﬂ%’ﬂe IERBAG B9 é%ﬁ t P& Ehrpimes e cqrppgsition
pyrrol e-cont ai ni n ound i ne 320 may_conpri se

D EomRsnR e qnet| 2B bt b ?cﬁ‘g I Bh PR hE %gﬁcp?)&?fep Tre
or conhi natigns fhereof. The sitjon conp
RO Pl SOBATROTH Ty hECba et p e i o

TR o Bg 555 et 51 R0k B AR Ay issvera) o
Ozdeg&'ael hal, aa%nmmggﬁdé k) aﬁgﬁ%& my siﬂea%ﬁfg M@L@Jm osition

ons conposition ¢

?%tag&&gaéh Al ¥unt-Ponlabnls é%éémﬁﬁ%(af@%&a&@d WA or added to the

contai ni ng conp 0 sol vent, or

ﬁgﬁmwam ,L]Qﬁfe%%onnm%n&iggmp&b&a&ﬂ conprising the

conprise a netal alkyl halide, a

nhon- haﬂh'e@@m fnaﬁ ﬁhd%n R ARhAm- Bk cofpHdBh Fhe 310 may

hal i de, or conblnatlons thereof. I n an enbodi ment as

SRMMisd B nbh-Bretal RAlidAcmRMRRSotbQihd CRERS V<L, 1Y c&rﬁﬁnatlons thereof
pyrrol e- containing conpound in Tine 420 and

C AP RpbdiA c@ﬂlﬁlﬁ&iﬂf&h%féﬁzoﬁtﬁﬁiﬁﬂ&ﬁﬁoﬁ% Fing) Bitgmi:ﬁcomprlse a

compound in |line 410 may be sinmultaneously contacted
Waédim@sl Blideebntading Vi theD 6dlvtnt, @@D@utibinations thereof  The
i nst ant aneously or over a period of time, with a

C O¢HROSitién @MmpadiHg the Shiigiviii@naiing lcompdulky in Jree @nthe camposition
contact zone 415, and a final catal yst product may be
Wednidisiaghthe fyoote-containing compound in line 320, or both may comprise an amount

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

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

containing cormpound in line 420 and a composition comprising the chromium-containing
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contact zone 415 via line 470. The final catal yst
conposition may be further diluted with a 5 sol vent
(which may not be identical to the catalyst

preparation solvent) prior to use in the

ol i goneri zation reaction. jthe conposition conprising

t he chrom um contai ni ng conpound and the conposition
conprising the pyrrol e-containing conpound may be
contacted wth or added to the conposition conprising
the nmetal alkyl at Py:Cr nolar ratios described
PERPo@dSHh Hne 410 mbl ®e Sitmedutly othtR@aPhth 8t Mijed toewhich may occur
chrom um cont ai ni ng conpound in line 410 may conprise
aabioaninnantaatoutig bt deer aeetial ofiting, wilnp somphsitibh eompisipg fite, metal
or conbi nations thereof. The conposition conprising

t 4lley! pyasent firecanoat zinpidhYy 20dafnanetalyt progust wRp bergjthdrawn from
conprise a_ non-netal halide-containing conpound, the
sentaepne 45 visdinef TParThe faal catelyst eruporifon 1hay bedprBstiiwsd tvith 2
shown in Fig. 1D, the conposition conprising the netal
afokignt (Whick By Beitbe jdsrecal ig r%@}alw ?Oi"éﬂ por to use in the
halide:containinq, onpound, the.sa

| : C vent . or ..
BT E B S o 186 FOTPOSRS PORRRRA e RGeS o peond
CBISPEPGHE Eoipi G R PYRRS TR EAPRgT Ry B o ed Wi o
[ tal .al kyl. . id - hal |
=FRB1 16 e ol Rion RotftrsaCint pe i BRCH s TS asorved

con &Egtions t hereof The conposition conprising the
chrom dm cont ai ni ng conmpound in line 410, the

conpo i i i B i{1Bne 410 ma
compoani b PRIRE DAy he B RiByh Ay coRbaDthe 410 mey
Oéo_n{ﬁﬂﬂ:' Dadd H&al Hm&@(!onlﬁiniﬁg |c0ﬁ1§bu§@ ghe sokRAIC o} Eh V%86 Mthereof.
acidic protons, or both. Further disclosed herein is a
e QspSfio Ry Bind 1&3lyAbY-SéntGiPionHbiRg iR Bt 420gnal comprise a
a portion of water, acidic protons, or both froma
CAURRESE] thalfe-co@BRIRE Sompouhd eth€ B51oAT, LN coabibtivngitiiegeof.  In the
conpound, a conposition conprising the :
PatibotinntGhdEin Fig) g Dehepeupositionacod@risigahgosthlt aliyhin contact zone
conpri sing the non-netal halide-containing conmpound, a
c4lspmsy tdnprise the qdidesomanitghenpoindethe solvant, oo pdyntimtions rthereof,
thereof prior to contact thereof with a conposition
ceanlppddsd mgcantaet zvet 15 theonild variouninguit dinesgnot abpyouin fig. 1D, The
Abating water, acidic protons, or both

composition comprising the metal alkyl may also comprise a metal alkyl halide, a non-halide

metal alkyl, a metal halide, non-metal halide, or combinations thereof The composition
comprising the chromium-containing compound in line 410, the composition comprising the
pyrrole-containing compound in line 420, or both may comprise an amount of non-halide
metal alkyl to abate undesired water, acidic protons, or both.

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

containing compound, a composition comprising the pyrrole-containing compound, a
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may include neutralizing acidic protons; physically
renmovi ng water, physically renoving 5 acidic protons;
chem cally binding or reacting free water such that

the water is no longer free; or conbinations thereof.
The amount of water, acid protons, or both renoved
fromthe catalyst conponent naybe determ ned using
known met hods, for exanple infrared analysis to
determ ne water content. In enbodinents to prepare a
catal yst, one or nore of the catal yst conponents nay
16bngR8k@AI Ro@iskp, the Ofiorexasphatidé-bmtainingp oampausd) a composition
conprising the chrom um contai ni ng compound. Water
Meymphisingthe seivent, bncombéatiak ysteoiopo enutact fhereoEwidnptompasition
a contam nant or as a co- product produced during the
peceppaisiag the metit halide cowainiig eompeundp dbpitke v, acidigrpnitens, or both
water may be co-produced during preparation of the
chiey clude eyhtlizingiapigic pseiprsuphysically dcmayag wakgrephysipally removing
cocgl ex wth the chrom um Aci dic protons ga%/v al so kfe
preidieprotons ghemisalypinding g1 eag0RR {5 PISTaRuplY gty Water 35 o fonger

QINICTE CHpE R DA T

tris(2-ethylh te))., This f t I .
SR ARSRL s b B ey

re ctt wi th 2 m;etn%al hal i de present in the catalyst,
f BRI PR et al  al kyl hal i de such as DEAC, to

form gorr.osi Al ' onents m
o SRRl SO BRRUOT S ol o WL QB0 ! Coponcnc
CEMRE ik GO dBTIOMe E&nap%am%ﬁﬁ@smgmm-c&mﬁngaoms@m
in particular en heated, for exanple in downstream

R g@f‘g@ i:l‘g&nf RG] LadysESmpAGROfof eREpk asial cof@¥inR& or as a co-

desir 0 abate water, ‘acidic protons, or both,

Ve iuchBbduBdl dulfy G@b@payibn bChddaBY I tom Stdr@rdiple, water may
formation of potentially corrosive by-products. 13

Foy di6 dueddaiurihdpreibdich 6Emé shrérhivg-comibihiog coafipopsids pat suttgwater

catalyst, inpurities in the catal yst conponents can

PRG} cohpad @ith heuchaaniumd Atidie preastmonslsd bagieet,t or eimeple

formation of precipitates. These precipitates may to

| @dtbxyliz deidr elre rethytheanbie dicide eotingug Sfront prodestemof éhe chromium-

polynmer formation in the trinerization of ethylene to

ledn@inggeompyund (e grashrdpivmiris(hethylzexanoatgl).  This free water as well as
acid present in the chromium source can subsequently react with a metal halide present in the
catalyst, for example the metal alkyl halide such as DEAC, to form corrosive compounds,
e.g. hydrogen halide compound (e.g hydrochloric acid). Such compounds may cause
corrosion in downstream equipment over time, in particular when heated, for example in
downstream fractionation facilities. Accordingly, it may be desirable to abate water, acidic

protons, or both, when making the catalyst to prevent downstream formation of potentially

corrosive by-products.
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5 the precipitation reactions and therefore may be
desirably abated fromthe catal yst conponents to

i nprove selectivity to 1-hexene. Abating water, acidic
protons, or both may also have beneficial inpact on
catal yst efficiency, even yhere corrosive conpounds

are produced. For exanple, in an enbodinent, water is
abated fromone or nore catal yst conponents by

contact thereof with a corrosive abatenent conmpound

such as a halide 10 contai ning conmpound, which reacts

w t h afdthalhatees etrbedimeriest a Rabdtof preparnf aweatalest, wuptulities in the
corrosi ve abatenment conmpound such as a

h ahtilgs coroprnentndan gaticipaio naweamisd sideoehstions deading tor @ foymation of
conmpound, e.g., HCl, and such should be taken into '
a@eesiitatesi nThesveprenimitaigs may de legeh to Hirthermwanted wagtions, derpieple
of suitable halide-containi ng conpounds_for reactiqn
wipphmegfpranation ip ghe @él@ef'&a‘}?ﬁf’é?‘hﬁﬁ&!? fodfehexgpe nabfater may heAn initiator of
hal i de,, a non-halide netal al kyl and tal halide,

1 dhen BisCiRiEEeh TSP JReEBROTRAPE RArPWetbae Torhdhe, Gt

I NLEAE S I R TN NG S
bat ement di_ment i her ei _
o SR SRR S G056, ABL B AR ol

Zlggot%g%ge %r e E,r in ﬂ]%r%oﬁir&ﬁﬁ’%fé? is ﬁ'ﬁte@ %Hﬂ c{/ﬁsa%/or kl’f?orf: catalyst

by pre-conhtacting oné or nore cata

\?\ﬁlﬁg}%ﬂ% By \%Znuat ReflONRIPL [B3AKE BRARSIBRHpoaRITRRH A6 o halide-

I's a O conpound that does not forma corrosive

C QERAMM conipethadahigh PAEE QER And 1 ates e SRR ORE!idHE QN water with a
contact with the water, acidic protons, or both.

NQRTERE 05NRe JRAIRNE BhchCRANP Qliae Sontdinikd béthouhd fay produce a
exanpl e, a non-halide netal alkyl such as TEA

Cebfk ¥anbad, €8 AT, 2609 tHGIE ba ERerCiaRAObaAtSn tHe @b erglBdesign
forma corrosive conpound upon contact with water

ae¥ the GysphDt BAspRS oDNiitbiShtiBe-amtalning cdmp@ingd foatdaytlon with water
halide, (ii) a netal halide and a netal alkyl, 14 and
(inclue a memhhatid, almdud aikglchalder] a aomiedidd methlkylly! arBheemetal halide, a
corrosi ve abatenent conpounds al so include any other
c embingtalt iatide, of codriptionsdberediatThé usenefze batide-espiaining compound to
conpound upon contact wth water, acidic proton, or
b@bdte water reay b@nig@dlp A gf @ e adskitiopty ether seater Mement embodiments
conmponents such as a conposition

disclosed herein such as the use of a non-halide metal alkyl to abate water.

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

acidic protons or both such as (i) a metal alkyl halide, (ii} a metal halide and a metal alkyl,
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5 conprising the chrom um contai ni ng conpound, a
conposition conprising the pyrrole- containing

compound, a non-netal halide-containing conpound, a

sol vent, or conbinations thereof, are contacted with

a non-halide netal alkyl tp abate water, acidic

protons, or both. The non-halide netal alkyl can

react with free water, acid protons, or both contained
in the catalyst conmponent(s) when pre-contacted to
abate water, acidic protons, or both. The non 10

hatd @i® ameh-aletabhddide andy mbigl gikyé- Theearosive abatsoaitzompradealso
with the one or nore catal yst conponents. The pre-m x
minglubearyather doyibisptidued canppitedy thahyrm @ porppgive eRsungRadgipon contact
alkyl to the catalyst conponent(s) or vice versa, and

i with wateniodic preten, orbpfB. pre-mi x may be made by addi ng

t he non-halide netal alkyl to the catalyst .
conporfe i ybodimeats Ong 98| ‘%‘% rfétab%fncos@f’?raées“‘ﬂ? S \FaFqrgipEttion
rati os,  as descr.i bed hel ow. 15@£n an enbodi nent.

he
nEeTIRRigng K W&’%&Pméf“#{ﬂms FOTERPYRY %?“EPS‘%"cS‘n‘t"SE’P%%F @&%H&’”&‘E'

20%%31#%&0” G HoReet i ﬁ%%ﬁ?ﬁ%%‘gé%%a oo or cpmppagons
-hal ide netal. al k | |
e gg”lﬁ ggl}tag eﬁgﬂiﬁ?gpﬁ lhgldr: me%[ il (t:og%tatrc a‘ier n%ﬁ*c%?otons, or both.
N DAL oI5 o1k Kbt i fﬁqgmgr hdig mLJﬂ 6 GHRABIL e

conpr sing YoM Ut CONt ai nr ng onpoun

Ezﬁaﬁ%am?%oﬁ)éﬁ ¥ wiEn A2 ARt BURIvaRD |a§d1‘i: "Brd’tcﬁ@(bﬁ' bvh.t Tihedfdn-

aci d. Conversely, wth a

C RAIE Hef R bt PNmQYf b8 ?fb-rﬂlﬁéd fhea OBl zddle kyiha, th_§ l«bﬁb o SnoreC Gdtalyst
occur when adding the conposition conprising the

C BTl aBe brRirtk Rty 60 FRALEkithe addilethe abi-indilid deraliéydlo the
al kyl, nore non- hallde nmetal al kyl woul d be avail abl e

t @ardiRaEdmpohdntis)ldi @ice Gbrs) Ahd i dh B odifedt.ehy pleatixmay §e made by
after the water and acid were renoved. 15 |In each

e Bl i i h-halids enewbilipll toothe @il cabrpbrient(s). Thiss iddidons (2@ bg made
a non-halide netal alkyl) may be contacted with or
athdatods atiene descrivadbeloeat al yst conponents in an anount
effective to abate substantially all free/avail able

wat er ,In agietibodipemot i syon-balidp gndtel fafkglninsadded ¢ or ednkacigd with a
t he conponents contacted with the non-halide netal
akdogrositioncomprisingibeiihrasyum-corpining coppenne. Givenbel theghioganm may

metal al kyl contacted with or added to such conponents
i zeaefwith|thé non-halide metal alkyl to form a gel, it may be desirable to maintain a low

concentration of non-halide metal alkyl by adding it to the composition comprising the
chromium-containing compound, so that there may only be an amount available to react with
the water and acid. Conversely, with a high concentration of non-halide metal alkyl, such as
can occur when adding the composition comprising the chromium-containing compound to
the non-halide metal alky], more non-halide metal alkyl would be available to react with the

chromium (and thereby form a gel) after the water and acid were removed.
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relative to the anmount of the catal yst conponents to
which it is being contacted wwth or added to. In an
enbodi ment, the portion of the non-halide netal alkyl
contacted with or added to a catal yst conponent(s)
maybe | ess than or equal t,@ about 30 wei ght percent of
the catalyst conponent(s) to which it is contacted
with or added to; alternatively |ess than about 10 20
wei ght percent of the catal yst conponent(s) to which

it is contacted with or added to; alternatively |less

t han dbeath eBodiményhthe wateroe natid @bating enbeiatcal(g:st a non-halide metal
conponent (s) to which it is contacted with or added

t alkylpinkebmeniavted yith esgldehmrenaloowpreSatalstghmpgierte gnan agfount
the catalyst conponent(s) to which it is contacted
weffdativsrto slepttesubstaptially gil ﬁPF/%'ﬁ*bbB ivRishtacidic REOWEOf bR g sprpgor
non- hal i de netal alk contacted with or added to

call af {1 corsRTErOnEst W#hshe Ben-halide mefghplkf 5 Iy pn é'a‘aﬂslrm% the
about 120 no| n‘_errc of the. ﬁata t co onent S). toll
mrnaﬁt pi nquchaliqg gimfaqted Siith 05 dHYFd1 1D SUR| PSS Vet

h b f th
b st%@a e By of i s PR B g&*ﬁc&ﬁt : OPE%C gy or
t ﬁdéle? r Frgérl?bvo mi?g%n:??f)t gagi{ ﬁxgwﬁ}l-h 4196 ?gla? algﬁr Sﬁg{t do\Illth or

cont ac

d
cfdgd %réarc%% :{% gon‘t@p%P ;l};l@;eg%/ tﬁ%:ngor an n%ﬂ%@\?&%})ﬁﬁﬂ% of the
I %@EP&%&%&(@%& »Dh]&hr it ﬁqglﬁgheh Qith IP&‘dchPtonﬁ:@mEk%iy‘i&s mﬁ‘ﬁ ﬁ)lout

tacted wt or added to a catal yst

aglﬁrb%{cé)l of [he ¥alyR EBMEneRELQ WiHitit JsRSndB@ar it drd@ded to,

msta to catalyst conmponent(s) nolar ratio nmaybe

| ﬁéﬁlaHJem%s 30 Wb out 16 whigh@cb @it R e \c@lalyst! cOMBorle AN tolIdeH it is
2:1, alternatively | ess than about 1:1. The

n&ﬁtabt@dl WilR offBdded todlakerhativady lebreth@natoaics edigh felrenirofalcC@chlyst

to a catal yst conmponent(s) in a nolar ratio

S ttinfpofidngi§) to WiichaibA tentated hvith st adddiaelt In2h efmiddirtdne theqbrtion of the

acidic protons, or both associated 16 wth the

C adnelalidt meta mgimemhc(tai) wifhr e sddet td ncatdhet Empowoi() avy balss than

contact zone; alternatively at |east about 90% of the

Wit egua] toaaboud il 20 rpolepaeest ofdtire chtalyd caspoeii(a) te svhigh itlis aohfected with

catal yst conponent(s) present in the pre-contacting

c oriddet tozaitamativalytless than iabait §O mole| psecent of Bis setalyg Goppgnent(s) to

the water, acidic protons, or both associated with the

cuhigl if it copleetgsbwiiner(adjed i cliermatively leshbamabspteA0aHe pragepiRy the

contact zone; alternatively in an anpunt that nay be

agatql)ég@[npmt&ﬁ) to\gigh ifis contacted with or added to; alternatively less than about

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

ratio sufficient to abate at least about 25% of the water, acidic protons, or both associated



10

15

20

excess of an amount sufficient to abate at |east about
100% of the water, acidic protons, or both associated
with the catal yst conponent(s) present in the
pre-contacting contact zone; alternatively in an
amount that may be at |easf about 20%in excess of an
anount sufficient to abate at |east about 100% of the
wat er, acidic protons, or both associated with the

catal yst 10 conponent(s) present in the pre-contacting
contact zone; alternatively in an anmount that nmay be
atvith @rSdataBlioinp@BHM(s) presencShe mb-c@mactipeontactsaohd; ialiérmanively at
to abate at | east about 100% of the water, acidic

pieadt odhsyt 20% wbtthe asten ckcitice groting, hott beth Gadoalhtpd twith the catalyst
conmponent (s) present in the pre- contacting contact

z ovreponcuk(s)eresent invikd pye-Fantagiingapiashzong; [iternaiycly et lepst abeufd 0% of
about 100% in excess of an anmount sufficient to abate
athe|wages tacidis pERIonBOW ke i asgopiated it the ca@imicemmmt@] Breseglin the
both 15 associated wth the catal yst conpone

pP@é’éﬁ?CﬁP%]"‘i"F?ét P AUBFETY g TOHRLRY TP RE 20 {%?S Bout 10% in

2o orpseeeen RS e ahe B e wAR .o
t about 10 h di t

080 R 0 B B B e

t engt{n?c gg grg %%dnp t%)aﬂ/tb%% lbéfﬂ)%'?t 2H9QH emto?%%oﬁf sufficient

IC ons, romone or

c ?ot b Lt¥ §tt1 astzagmﬁ 9%63/‘) ODERE Fa ersziéﬁiﬂ: p?&@tfs e&i g&ﬂta&l)é{:ﬁ&d with the catalyst

conponen S nmay be stored until needed for preparation

OEomﬁn&@Méﬁ nGRRe éanuc&}rg SR zoRE: QB ARivER ¥ MlantSRY tHhay

presence of a solvent. the pre-m X

C QLR 1daSt Bt 30N EdcBF 00hn HXRAnNIBIRER tMa@l at iﬂﬁf%ou@m P he

or nore abated catalyst conponent(s) nay then be

C Qe 64i@E pidhohd) of H&h hREGRIHA Wi (BREaBly¥SonBONEREQY) PRkt in the pre-
including the metal alkyl halide to formthe fina

C adntlctiriplcomicd ghae;talteriitRely @rmiambing thaahby 3t leSDHPAN QI 5 edobss
may al so conprise additional non-halide netal alkyl to
C 6Ngr ind@ntt shfficientt talabavo - Hwad dbohe: 10€% alf theakakey,| actianmyatenst ordrpth
in the final catalyst. In an enbodi nent, the

aekdodiatedngith tho rathizdticdeponettés) presenkipl therpie-dontagting cortark zens; or
that used in the pre-mx. Alternatively, the

aelttraticehyih amameuntthitaey beredtlepst abhdug Wovmyﬁ@swffaﬁ em@m sufficient
fromthat used in the pre-mx. 5 Figures 2A -

r pbats atrleastisheut HAs efthrowatereavidic PrAieslsApth ﬁgfommcbwth the catalyst

aci dic protons or
component(s) present in the pre-contacting contact zone.

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

metal alkyl halide to form the final catalyst product The remaining catalyst components
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both in the conposition conprising the
chrom um cont ai ni ng conpound, the conposition
conprising the pyrrol e-containing conpound, or both
prior to contact with the conposition conprising a
met al hal i de-contai ni ng cogpound. Figures 2A through

2D are included as illustrative representations of
enbodi ments of the present disclosure and do not |imt
the 10 disclosure. Furthernore, various enbodi ments

for abating water, acidic protons, or both mybe

c ep blsrechnipdse additignbmnchabdeghdtal ekflge commise ths totafpen-halide metal
conposi tion conprising a chrom um containi ng conpound
malieylisempesition it el finalicathlysthla ap sAbefingng dhenqsddisional penyhalidgymetal
forma mxture prior to contactln t he n1xture\Mth

t iyl maarrbmth@.swge @;sat:haé mgedtin @ematlﬁela Ahecaddigenahpgichatide

shown in Fig. a conp05|t|on 15 contai ning the
cﬁW@HWﬁWW@&ﬂ@#?W%@m%BHﬁB ﬂmﬁHVﬁ@Xdlsposed in contact

510, th | t ta |
nput S ZéS@Dprm?%%%r’&?fﬁagfwwﬁwwrﬁ R g oG . o
| t at al
cE Gk ER st STk P Bupiine BhEb s pogposicon

O 5he B PSR E L) TR 0L
(i ér}ﬁn %@%ﬁkc&ﬂnﬂ:ﬁﬁoﬂﬁ%ﬁ 'ﬁéﬂf‘gs 2@ thﬁé{lgh ﬂ())gre hﬁ:llddgrfas

optitonally’in solvent, may be add

t hﬁsﬁg@l‘}ﬁk&h@%nﬁ; 81 LA Jaintelts D RATREE M @s@i@ﬁ(‘@blﬁ' déghot hrmt the
conpound 1 n contact zone 510 via |line 530.

NARcIRdlel dariidhat, wakikisl eniBYiRenta del ashting wair, a&Hﬁlifdtoﬂs e&rShoth

t han or equal to about 30 wei ght percent of the

C APOSdombRARY (6 Gdfeadeldivétgll dffRGlivesely, OM um cont ai ni ng
conpound to which it is added or in other anobunts as

di scl ogeGomgdsEibi conltising R&hfofmih-tbiining cobripowndi ayt@ndofadted
zone 510 may then be passed from contact zone 510 via

| iwite e hibn-Balide apfai slbaltd Yorh @dnikinte@riar Hicbitauting the mixture with the
conprising dry (free of any water) filter nedium for

f rdnta@inigngtabysty cquppodni t &t en einbddimeny shrewneinf BignB4l & rawpposition
the m xture. The precipitate nmay be filtered and the

f cdntairngetherdyorbiempantsinids vopparichwaiadispesed it @mt%ﬂ: @onz Gh® the
515 for 5 contacting with the remaining cataly
cghmetwfsrhlph@m@kﬂdgaca e GTRBUEE 55% The SR Bpg ot zone 510
metal al kyl, the rrol e-contai ni ng conpound,_ .the

hary et gprﬁzm}] gso%lrgﬁp et ca(tgysb COMBONGRE, 9T combinations thereof,

provided that contact zone 510 does not comprise (i) a metal alkyl halide, (ii) a metal halide

and a metal alkyl, or (iii) a non-metal halide and a metal alkyl. Non-halide metal alkyl,
optionally in solvent, may be added to the composition containing a chromiuvm-containing
compound in contact zone 510 via line 530. The non-halide metal alkyl may be added in an
amount less than or equal to about 30 weight percent of the composition containing the

chromium-containing compound to which it is added or in other amounts as disclosed herein.
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hal i de or non-netal halide), the solvent, any

remai ni ng non-halide netal alkyl, netal al kyl halide,
or conbi nations thereof, which nmay be placed into
contact zone 515 via various input lines not shown in
Fig. 2A. A catal yst producf may then be withdrawn from
contact zone 515 10 via line 570. Wuere filtering is
omtted, the remaining catal yst conponents may be
alternatively contacted in contact zone 510. The
conposition conprising a pyrrole-containing conmpound
may berhe pasilantnaghunaiin dontatthrendtaf maathediee pssed frora bdaydct 2o0e 510
forma mxture prior to contacting the m xture with

t hie line &hteandioptipnaliyt & yrte 2 @@ma,eqomnsmmlﬁfr@mf ouy watpy filter
shown in Fig. 2B a conposition 15 conpri sing
pypedivh.dorcBiating any prociitatr el may heay fq@@%ﬁ@p@g wmrrﬁ T@%Pr@a@tate
zone 620 via input |ine_ 607. 05|t ion i

cony aetﬁltzrech ands e e BaY e ﬁaﬁS?dyw% é'ﬂf hingg P‘?Péaﬁ't Z°"6t5ﬂé= i
cat al onponents, or conbinations thereof

p PO d‘“ihﬁ‘é& Te’F‘GE‘P&E%W%ﬁ%"P@W‘Sd’Efé‘éh%gth’BEFBPP §%mlz'15§“g the
VR ok e it
o sl i .

:511r 49 lgfe?’ta)(t;n q‘l%.%mg r%{_}%otﬁ@ﬁﬂ\ dIHM e tpﬁ]c&%ﬂ& @tﬁ]ttaclzéaﬂ 5{% dl\ﬁlg(?us input

h ntact zone
pgrrlcggﬁgﬁgow# ﬁg AN AN Qfyst SRR fmﬁp&%lth&qw%bﬂ% tact 515

conposrtiron contal ni ng t he

PV "Rk 6576.0NRLL itz CERAURAA, iR MRkifiRg ichtallys @ﬂgaﬂm Qhay be
in other ampbunts as di sclosed herein. 19

I ifebatiR coffhotddti ontalt ARI¥18Ct zone 620 may then be
passed from contact zone 620 via line 621 and

opt i ormak botmdokitidredonriémod pyslaRVotaihifig Eaipoum] @M)be contacted with
precipitate that may have formed in the mxture. The

I @8 Woh-aglide Mhexd] Wlkgl fsaferrh kemixbee e b Rbmadiof tiekchixmon evith the
615 for contacting with the renai ning catal yst

C epiaining tailystnedmpdheng. alnc anpobddiranh sipompmi BigngB tahepndposition
nmetal al kyl, the chrom um contai ni ng conpound, the

h adriptlising @ pyradleionginigrpopewdd (ay be disposedni caritachzdng @20 wa input
non-netal halide), the solvent, any remaining

nbime-492| Thbesompasiibon &l dkythct zane 62 mammwallmmntaa@olvw, other catalyst
conbi nati ons thereof, which may be placed into contact

Z OMRPOGENS, qncgmb,lmupwgercof provided that contact zone 620 does not comprise (i) a
metal alky! halide, (ii) a metal halide and a metal alkyl, or (iii) a non-metal halide and a
metal alkyl. Non-halide metal alkyl, which may be in solvent, may be added to the
composition containing a pyrrole-containing compound in contact zone 620 via line 630.
The non-halide metal alkyl may be added in an amount less than or equal to about 10 weight

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

or in other amounts as disclosed herein.
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i nput lines not shown in Fig. 2B. A catal yst product
may then be withdrawn fromcontact zone 615 via |line
670. Where filtering is omtted, the remaining
cat al yst conmponents may be 10 alternatively contacted
in contact zone 620 via vaf ous input lines not shown
in Fig. 2B. The conposition conprising the chrom um
cont ai ni ng conmpound nmaybe contacted wth the
conposition conprising the pyrrol e-containing conmpound
to forma mxture prior to contacting the m xture
Wi t h trheresultant Rettird i dRth@ koglcByay theéh tepasedimt cmtatt zase 620
illustrated in Fig, 2C, a pyrrole-chrom umm xture
ey litee62f amdreptionallyciiteted ot zlorvan) F2fmbye By prapitatn thabmgbhave
conposition conprising the pyrrol e-containing conmpound
f founeddn Gomuiatgte. ZKhaaesyiRBt pixtre nppothery b fed info cprdact zone 615 for
conposi tion conprising the chrom um contai ni ng o
cORBBIna With éhe remaiaipheaibet cogmenenty Jsluding a|cpiposiigr compesipg, the
may occur about instantaneously or over a first @ﬁg od
eg, a

oetqljafial, thepeheomipig-cofeimecompangdthe hefideCofinipg Fampo

B A e NS Y Foe G RIE Bl cpes
ST ARS LSRR R G, S P e R T HReb e v Bus
IR Rpy Rk B BBl A el 51350 pom cone

b i . aG .
pz%?ér]% II% g@glﬁg E’ﬁ)d W}Qre%t{é{cj:%g} ?Iﬁl%lf“ ch ?e?nainlﬂ% catalyst sjtazrrépon?}lésymagebe

romumm X rom contact "zon

pdlt@:‘ﬁgtﬁrefly Qﬂﬁ&ﬂ:ﬁ AFdonaQD6ne 63dviY Ifiobd il 16ftOnot Idem in Fig 2B.

pyrrol e-chromumm xture may optionally contain

sol veRfe cotipBSion BinBlisidth CATRRRE BérBainifl coPORIIMR b BSntacted
t hereof, but does not 20 conprise (i) a netal alkyl

hait tﬁ@oonﬁabgiﬂon@or@kﬁ\% tHRdhrrdl@coriching coBpothd Rl oyt a mikfure prior to
(ii1) a non-neta ali1de and a netal alkyl.

Nerading idenikiieatithahdaon hahdsintdhl BIRYL. 1€ an emissdlneands, illuzeated in
be added to the pyrrole-chromiumm xture in contact
zog e Cy 3 pyivdl@chroniem Adikiure They bedormed in chatarretond 723 Hyytontagting a
be added in an anount |ess than or equal to about 10
veeingbsitiop evrepizing dfe gyivelepymraighg cdinpotmdoiad trnoontasd tzomee726 i line
which it is added or in other anounts as disclosed

hi#2 endrthe ddipbsdting lsomprising Hie shmmium-¢ontgining Cympaynd &d to coriprs zone
725 and contact zone 731 may be the sane contact zone
pr26 wiadline g/ 10 hethich ey aetet ehophingeadpneqvsly o 9ve cs st Rsriagjof time.

above remmins the sane. ) .
Feeding of the composition comprising the chromium-containing compound and the

composition comprising the pyrrole-containing compound to contact zone 725 may be
sequential (e.g. chromium followed by pyrrole or vice-versa) or simultaneous and at constant
or varying Py:Cr ratios as disclosed previously. Once the pyrrole-chromium mixture has
been contacted in contact zone 725 the pyrrole-chromium mixfure from contact zone 725
may be placed in contact zone 731 via line 740. The pyrrole-chromium mixture may

optionally contain solvent, other catalyst components, or combinations thereof, but does not
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The resultant m xture in contact zone 731 may then be
passed fromcontact zone 731 via line 732 and may
optionally be filtered (not shown) to renove any
precipitate that may 10 have formed in the m xture.
The m xture may be fed intgh contact zone 715 for
contacting with the remai ning catal yst conponents

i ncluding a conposition conprising the netal alkyl,

t he hal i de-contai ning conpound (e.g., a netal halide

or non-netal halide), the solvent, any remaining
Neginphiad fi)ckemeslt Ayl Bdlidy;|(ii) amnttallhalidelayd a etal disyl, @r(ii) a non-metal
conbi nati ons thereof, which maybe placed into contact

Z batide #ilia medtd aliglr Novrdalida puatal dliyh egich otay b6 ovenlvent, niby e adiigl to
A catal yst product 15 may then be w thdrawn from

C tha parotle-chogmeiu Tiixtytie dn ¢ointaet zgre(Y3himd lintai(ﬁoo ¢ nonaialide thesal alkyl
filtered in a filter (not shown V%ere filtering is
ormiay beefided nemi arione) lesa than ps equely MR Feighfypersant of the pyrrole-
alternatively contacted in contact zone 725 or

TRREOTRIgRSHISC 1 Which Mgt rddechey %O@Frra&iwﬂﬁ?%%fﬂoa?dmef@w Litthougn

SRR S GBS
coTRE b o r%%'aﬁs%%%s%&%e”rﬁm‘” S (ot m a

Seco”drhm X IR mlf(ﬁt%q%goqgctleoﬁe%l %9@2?@7,{}% ol Whftste SRRY 731

be cont ac remal ni ng conponent S.

v1a %Qbagcghﬂ? 10‘3{18\% ["ltg'e ngt shgvg}l)% &m@%{yk&&&tate that may

13
con a| ning a Hé]r om’'um cont al ni hg “compoun

dj hzft(fp et e ARKAE I T MG R 1 ¥ b vk '?éa ﬂ% RERAE Mne Qfl 5 fopkdrddting

es place via input line 8 e conposition in

E‘té BE tenaBRE Srilst TBMpdRRkd ﬁ&?&]ﬁg)ﬁ c%ﬂapos?tﬁﬁt:ﬁhﬁhsﬁglth\é%hl alkyl,

r catalyst conponents or conbl nati ons thereof

leE hRBLAfdiniZL npadiid (.8 08 SheAPKaliSO Roh-SRtal halide), l'HEEcﬂs}ent any
al kyl halide, (ii) a netal halide and a netal alkyl,

Ofemfainink horhdk@&metAEAIF], nidal dld@haking obcomintiond kesebt, which may be
Non- hal i de netal al kyl, which nmay be in solvent, may
bplaced dftecbniatt zble716 Oﬁpﬁiﬁi‘iut input lite Mbtashéw iy Fig. 2C. A catalyst product
chrom um cont ai ni ng conpound in contact zone 810 5 via

| meeth&3He withtriiva Gom chitacs onai7 X& wia kine 7Tt andnuay-optidnaliieberfitermd in
al kyl maybe added in an anbunt |ess than or equal to
abGistr (A6 shevghtWiae Gltering of omitted, compining ¢atalyst campongntsi mey be
the chrom um containing conpound to which it is added
ouliefnativstylventaciedon rantacironefi2§ et Bded herei n.

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

which takes place via input line 805. The composition in contact zone 810 may optionally
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A second m xture can be formed in contact zone 820.

The conposition conprising a pyrrole-containing
conmpound may be di sposed in contact zone 820, the

pl acenment of which 10 takes place via input |ine 807.
The conposition conprisinga pyrrole-containing
conpound in contact zone 820 may optionally contain

sol vent, other catal yst conponents, or conbinations

t hereof, but does not conprise (i) a netal alkyl

halide, (ii) a metal halide and a netal alkyl, or
(dohthih sélvedg RIBEtabdlysh ednipdfenN6l cambiitiahs thbresf] biienativh o310
netal al kyl, which may be in solvent, may be added to
tdaes moosppaiet() amerbaika halidadiies mefal hajide arsigrinesd! plkpigor (ii) a non-
conpound in 15 contact zone 820 via line 831 formng
triweal dalile rul mineelaliey]. Noehalidn mistal 4l whishgpaydieky FOIYPESI may; he
added in an anmount |ess than or equal to about

vadilggirte the eermmitiomfontaRng AERTIBRIM- Py RININg SATBIHH H’gCOP'F\E—’: zone 810
pyrrol e-containi ng conpound to which it |s added or
otiléne S3triorming a Hst Mixuse: [The ea-akide dpefl alled gnay b Fgf%de%w &P‘&“‘“

second m xture, or.  baoth nma |onaII be filt

(lere thas RLs3! ¢ dhonotp ‘F%ﬂ’é%’“%h?fp tfﬁ @EP?}? °8t°8‘“%‘ﬁ13% ﬁﬁﬁ@m‘““"
have, forned n1xt res. tionally er. the
fGopiaiping °‘§’§’86‘ﬁ13° W ’r"h Bbstaﬁ Eﬁ'lc’g(’(nl? sa"}‘?ﬁn % isg 0 P E“ngTh e

E I()Ltsgé[ang g:? dcau X eedsm Cq %2@ 2"]1'lfle Slstlt%n €O ri;ing a

V|a pectlv

fp%rf) n‘i&%%%&g?m&d%a& lﬂ,g dfs&ﬂ@i 19' At £HAL 8oy §1E Rﬁ@éﬁt&%ﬁ%&h

onposrtion conprising netal

ft‘%lﬁe?{ﬁlg W tine 7! H‘Q@%gggﬁon%s‘xﬁﬂi@mg@pﬁr&&c irfih€co ound

econd m xture be contacted separate

IR c%ﬁtact g& £20 dtﬁ%ﬂ%ﬁtgnaﬂyo Béhtdd 1s@Vent, Ooth® 1 EAEhIYSE dork o&\er& or

comm ngl e ine intto contact zone 815, an such

CRIBINPhEHeE TSt hded BotBBMprRE (iPPhéta BRI nalidd, {if) @ hrRel Ra@ide and a
renove any preC|p|tate that may have formed Contact

ZAAA aRHdor! (1) b hé-InptaliBNRNE PRI 25§ Nod-hdide arfaDatkyl, iwtith may
conprising the netal alkyl, a halide-containing

QRIPURAL, the 1@-added thihk admﬂbﬁfldrcbemaﬁmglmﬁwmkt-@htamg icetepoundain
5 sol vent, the remai ni ng non- hali de netal al kyl, netal
adoktdt zbxel 320l @ia liae sTiofiminathe enendtirigteoThe mhihalidefmeigh als¥ may
have been placed into contact zone 815 via various

i tepudtied! ih e amowet lesh Giam of equil ig aboup D) waightatezreyisal ther eoehpestition
may then be withdrawn from contact zone 815 via |ine
SpOtaining the pyrrole-containing compound to which it is added or in other amounts as

disclosed herein.

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

although not shown in Fig. 2D the first and second mixtures may be contacted separately in
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optionally filtered (filter not shown). In alternative
enbodi nents, renmaining catal yst conponents maybe
contacted in contact zone 810 or 820. 10 The addition
of the conposition conprising the pyrrol e-containing
conpound and the conpositjon conprising the
chrom um cont ai ni ng conpound as shown in Figs. 2C and
2D may be made in constant or varying Py:Cr ratios as

di scl osed previously. Water may be renoved fromthe
chrom um cont ai ni ng conpound prior to contact wth

t hetiretalactahd phéor cobring fad vig acompogled fad dur diongntag zone 815,
various water abatenent 15 enbodi ment di scl osed

h endesngh compingled &t bieti mayrbe optionallyditiersdriousmaye AryAireainigie that may
catal yst feedstock may be contacted with an azeotropic
s bavg dmed;  {eoptagiporg 18 indplly ey boiepwtised of 2 awafifqnpomprising the
sol vent, chlorinated solvent, other solvent, or

el flieylon haligpyeniainng Eangpel (58 Rolsiiniglidefr derdpq!l dplide). 2
R D BT T OC BB Wb e AR bl e sompingions reot o1
o F TR 50 e BBite PR et e TR o L) Eh % e
o s e ] R RERG AP Sl g UF b IRk sy fha

gxpet%aﬁgt R gggeﬁsw LRWLE Y ARG e & s@i}]ﬁt%{i@dﬁgmg EafMst

zeotropic [latiron.” I'n an enbodi e t

AgE Mo h@Rinkay BRLMEIRed 6 Hack Sone BRIBY¥S, WAL €T USI Ng
azeotropic distillation may conprise ethyl benzene,

benzenge afiBid-of i @RPosittintBRpritlzQRepyrR @nt¥iding REmpound and
m xed xyl enes, toluene, octane, nonane, heptane,

h e @Baposididh coXipiisink he ¥RBRnmm-@yainp exbitand Sah&Omin Figs. 2C and
tetrachl oride, chloroform dichloronethane, 1,1,2

t o @dal B¢ 108k hedeestandbr vaeing IPRET tatickas Bhdssedpreditiglyanount  of
wat er renoved froma catal yst conponent by vari ous

abat enenér matieaesowd frolnetharcimerhiomedntaising) gorkpwonvhprior to contact
anal ytical nethods such as infrared analysis. 5 In an
ewiio dherendtal shedidecantrinkigg corfpdumd @otoplig td omriae Ntvatem iadenzent
chrom um contai ning conpound may be di sposed in

c omntycelimtenz disddosed (hereinhe Iplancemtdiment  theh clybminkesstainjsle agatalyst
via an input Iine 905. The conposition in contact zone
9o feedsipgk n@ptb'p (ynqﬁqtgd wigh g pggotropic solvent such as an aromatic compound,

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

xylene, ortho-xylene, para-xylene, mixed xylenes, toluene, octane, nonane, heptane, hexane,
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sol vent, other catal yst conponents, or conbinations

t hereof, but contact zone 910 does not conprise (i) a
netal al kyl halide, (ii) a netal halide and a neta
alkyl, or (iii) a non-netal 10 halide and a netal

al kyl . An azeotropic solvept, e.g., a conposition
conprising an aromatic conpound such as et hyl benzene,
may be added to the conposition containing a chromum
cont ai ni ng conmpound in contact zone 910 via |line 902

or directly added to separator 900. The azeotropic
Shiix¢é rtexamesy chdolrginie dcarionaptrahiotide chibfofed) diehlbombhing an,2
azeotropic solution wth the chrom um contai ni ng

c oivhloweibhne,| ox cambigatived iheneokt , Thehmoam exdtwatsp renoge] fremta qalyst
be 15 added in an anmount from about 0.5 to about 1000

t Fameponanh &y werieyia t abatEmen anathordp ol theomonitorsA t using | kgwe (aaalytical
chrom um cont ai ni ng conpound to which it is added,
ameidpds sechgeinffared @alydibout 0.5 to about 500 tines the

wei ght, alternatively fromabout 0.5 to about 100 )
times B HB SROGHEN shah dp (fag i /b 12y compasition, eianesa yromium-

0 atne eafshiima st B B cRptet Fve S e e P B Ot s
. \ 1

t.0.5 to,about 5 ti th i.ght. he 20. ]
et i g BT 905 Th8 st B cq s i 216 D oBinpalty coptain
th be. f t . i '
{ b SnB 38R LhOTLRE B Al BRNE udebls bl Bul D V1 a0l
5
e

distillati (] §
TR L R
t fl‘aﬁd@%ﬂ%trﬁde?ag h 1 igla&%%piys%%t,?_@g, 14 REpOiRA Sfftising an aromatic

mal nt al ne he separator. The water may be renoved

f ERPouri@RA R BY1h H3lhe! DEPHHRAR VS 8 8@ Hp dsikibYEc ohtathiin azcilromium-

optionally the aromati ¢ conpound recovered, an

t Bftal@ERRbAEd abahiek SAOPONENER 1B Yr BiteclEalidéd & depaigor 500.
913 into contact zone 915 for contacting with the

I EPdz¢vtrogic Sadieal NSt beGANGAGH BNdrSouhtétlettiie ROfotn @n azeotropic solution
conposition conprising the netal alkyl, the

Pt e ehr@titihabithitige compioaidn dy ant did odimlent e Lzeattopic solngyt may be
conmpound (e.g., a netal halide or non-netal halide),

t fided it a1l ansmisidnw elndup 08ty ab@urddad tirgesrtba whighti of shemestnapbsition
al kyl, netal 5 al kyl halide, or conbinations thereof,
whinziningghe chempimacaathiningtcompand wethichdirisadddd altermativedr fragugpout
i nput lines not shown in Fig. 3A. A catal yst product
n@g totahewt SHtingds thieavetshin 2l fermativebydiomaabput 0dmabogt 90 {imes the weight,
970 and o tionallg filtered (not shown). Alternatively
t Hemativelyr froah aloay0.5 to about 50 times the weight, altemmatively from about 0.5 to

about 25 times the weight, alternatively from about 0.5 to about 15 times the weight. The

resultant azeotropic solution in contact zone 910 may then be passed from contact zone 910
via line 911 and fed into a separator 900 for the azeotropic distitlation of the solution to
remove the water. Operating temperature of separator 900 will depend on the azeotropic
solvent used and the pressure maintained on the separator. The water may be removed from

separator 900 through overhead line 912, optionally the aromatic compound recovered, and
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material conprising the chrom um contai ni ng conpound
may be stored prior to contact with the remaining
catal yst conponents. Optionally, the abated conponents
fromline 913 may 10 be subjected to further water

abat enent as descri bed her$ for exanple contact

with a non- halide netal kyI adsor bent, or both
prior to contact with the renalning cat al yst
conmponents. In an enbodi nent, one or nore catal yst
conponents other than (i) a metal alkyl halide, (ii)
andTRirining @b btk cangbnenty Riapbe @dyih ,lin®M17 iintd )cotadd @BneNBISafor
halide and a netal alkyl, for 15 exanple the

Gongpdisg ittohe e:matning satilgst tdagondats Gitluding de rbrapditiogcomprising the
conpound, the conposition conprising the

pyatal alkg-thopimaleroniginiog equpawd, the hedideomtamitgabmpound (e.g., a metal
hal i de- cont ai ni ng conpound, the solvent, or
delidsionacinitestal halide); the Fatalystsobuorit g resshinjiigtnm-halide theat dliorh tmetal
to abate water. The contacting may occur prior to

kit habids, ergombingtiops Wer@fn@tlﬁilmaa IbRyIPCGH éﬂ“? gratact(zpne) 913 vigErigus
halide and. a netal alkyl non- et al halide

Ayt neppat shovay mﬂg 30 AsBitlys éﬁ%ﬁl‘?ﬁé‘ﬁ‘ﬁ be atiraws fromg comact
5 B AR AR R ey o o s

solu ilit of t he chron1un}conta|
& gl%e 5 orr & cPu 8retotcHntact with

TEYeTR: Pmle mgthf—'ec V% ST cqupopay o
ﬁrlgerrg%m" Va:tazfsoqr%’t\énegﬁ ntaf;yg rt%ﬁag%&f Ien\f’sﬁe?'?%lbwlmt% o
th &bie&:%a* ol et &at%&;n&%td%m&i wgs@gampfe caﬁa%waga -

adsorbent such as nol eclu eves,
HERRY Sl UioPRofl R Yo BBl RIES fre,mna%a'?yst
h%&ﬁédf%ﬁ%‘n%‘kﬂh St oE bal g Pl Wl g renhi e
gptially aII or only a portion of the pyrrole
reqU|red to make the catal yst conmposition. Oher known

Meansiyflenfb@@ikEANGhe of iSO Sdtdiphi cRRPIARE dMkr IR YD d dni, alkyl
or both may be enployed such that a catal yst conponent

e Epa Sethitaidetnd @ meQDMkAGE (il A ndn AiktaBhiSi0E BRAN MmO alkyl, for
renove water. 5 Adsorption as used herein refers to
tele@npieapaEcipositionOgaapAidingohe tHforitrinebntsinieg congjoomi tie composiion
gas or liquid mxture is selectively retained in the
pom@&ing ftheapyrekicomuising compoond) dreyrehaletal h@idesoltaining\cqrpsund,
or liquid mxture contacts a solid (the adsorbent) and
ahersolventir @ commipaioenthergofinee contacted with an adsorbent to abate water. The

contacting may occur prior to contacting with (i) a metal alky! halide, (ii) a metal halide and
a metal alkyl, or {iii} a non-metal halide and a metal alkyl. In some embodiments, contacting
the chromium-containing compound with the pyrrole-containing compound may enhance the
solubility of the chromium-containing compound in a solvent (e.g. ethylbenzene) as well as
reduce the solution viscosity. Thus, the reduced viscosity and more soluble solution may
enhance the suitability of the solution to water abatement by means of passing it through an

adsorbent such as molecular sieves, to remove all or a portion of any water present. In an
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adsorbate, which is typically water) adheres to the
surface of the solid. In an enbodi nent, an adsorbent
may be used to abate water by adding the adsorbent to
cat al yst conmponent(s) in 10 a vessel and m xi ng
thoroughly for adequate cogfacting of the adsorbent
with the catal yst conponent(s). The m xture may then
be allowed to stand and after a period of tine, the
adsorbent settles to the bottom of the vessel.
Separation can be conpleted by decanting or

f bt Jaiten© Phe(BmrBle , adBddCidyOddndtindté Eubbthrdially. alA\bi exily atpowih Yof the
wat er nay be abated by passing the catal yst

C pyitolen egiiifed ) to trhdke Uilyd) catalfst xentp@ilisnr Pthero nos@dmeasfon sdating
of an adsorbent, allowi ng the 15 m xture adequate
coisdosiot ethimmingfsolubilitye orletdlo mby be ertydoysd fsdich ghag at datplystcompenent
to the adsorbent, and then renoving the abated

c bacahgsshitable iy oondast With anfadesrhentieremdworaddti on bed. The
adsorbent may then be replaced or regenerated for the
next usisorptipnas esed hirein refevie diepenasHocepgration iy which ppgeromponent
saturated bed nmay be recovered by any _ suitable . )
r elpoiepTiari it Hglectively Teamst ) e Pore &t ggpinous or microcrystalline

regeneratign, ur.e sw

O TR TR —
| t abl hent . I [ I
R e
5- I [ ; ' .
ARG B STt MBS Gt 3
" . f - i 3
EFLo RN o Bhodl Sy bty S iy

mn?%%nﬁ).aﬁggmuﬁg%wzo%ﬂ bl TG LiERI aIn@%ﬁer%I‘ﬁe?o@ o% time, the

angstro ' ecul ar sieve 26 can adsor

NStk Stte BShe bARM o7 1RNLGSLI @BardNbA 6/BE REmPEEYBSdedkiing o

crystalline structures not unlike sponges on a

NRinGGoh! (@, SERh FrafibgY ARBURivaly, Sler fhaf bAIBROBYp6RIH tHd dABlyst
| arge internal cavities where nol ecul es can be

agespohabs) Theeg §abd b@SpASebddNéoRhAEA NEGinedsdiyenh Qilléwing the
openi ngs through which nol ecul es can pass. Because of

t Rduire deYiBiteadohthdd €ima adrithieadsdrbuge tp Gufisertly aditreia Wiet ddssbeat; end
the sane size, and depending on the size of the

ofhemniengsing the eyatebeatahdisaniponeny(d) dioml tesadsapithinlbed.  sThewvekserbent
or not at all, thus functioning as nol ecul ar sieves --
anispthiyi egeplaved @aegeasatef foctbe teat yse. Jihe exigivshadserptias capacitingf the
| ar ger ones.
saturated bed may be recovered by any suitable regeneration method, for example, thermal
regeneration, regeneration by pressure swing, or regeneration by purging,
In the embodiments, any suitable adsorbent may be used. Examples of suitable
adsotbents include 3-Angsirom molecular sieves, S-Angstrom molecular sieves, 13X
molecular sieves, alumina, silica, or combinations thereof 3-Angstrom (3A) and 5-

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

3A molecular sieve can adsorb molecules less than 3 angstrom and the SA molecular sieve
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In an enbodinent as illustrated in Fig. 3B, a

pyrrol e-chrom um m xture may be fornmed in contact

zone 1025 by contacting a conposition conprising the

pyrrol e-containing 10 conpound fed to contact zone

1025 via line 1020 and theyconposition conprising the

chrom um cont ai ni ng conpound fed to contact zone 1025

via |ine 1010, which nmay occur about instantaneously

or over a first period of time. Feeding of the

chrom um contai ning conposition and the

P 28dofy EOIBduRE b BarCD BROSINt. IMlechRr §6/8¢ &6 loryztallife stRAbres not

may be sequential (e.g. chromiumfollowed by pyrrole

Olinliké §Onaee b @ )moletulsi saald. tTheehiys a aslill Eimegorksielimitg targe internal

varying 15 Py: Cr ratios as disclosed previously. Once

t dueitipsy whayt enoldoulentannberdstibede Thes daeibies are dntergermeded by pore

contact zone 1025 the pyrrol e-chrom um m xture from

cepshipgstthreughaviddaBolealps canepagsa Becaube 1ob theid syatelline entie, tigmpres

via |line 1040. The pyrrol e-chrom um m xture ma

opndjcasrities [eng theosama sige, abd Jepprding opilsrsize of e wenings sy fanidsord
a non-netal halide, or _combjnations. thereof, E%L%

Ségécukafeaéiawﬂiweor(m} atally gy funglfopipe af, pjegplar sieygs)-- gds
nmetal halide and a 20 netal alkyl, or (iii) a
nEAeTeE of CW%%WEIWJ&C%{%W %L The

 e-ch ' i Xt I.S_. tact ith .
DS or o CORGELE M EEAhEE o OB o Bpors gy be
1000 fLxed ti . ' ' .
PR TEtooBison  RRR RRBF Fr50 B bMR fles
otop PR 8 p B BB 458 e 68, B dPLERERIAN dHkiing

;%ﬁﬁ'g&%%nﬁgﬁgr@wmm% Qone 3629 G026, wHi@MRay occur

adsor ption process to occur over

aﬁ%ﬁ@&%ta&%ﬁébogr &kr § EREpLBd 36 8AE PF&aRE BE indlch¥mkd-coffaining
the free water fromthe pyrrol e-chrom um m xture.

Cftpasiton Whd dle $ 112123 MAHRL BSmpoRiti6OD eartder 006 €025 HAY Be FaMential

be carried out according to various known nethods. The
WRleSdhroaliah BUlowddbly Bireolé 6t ViR Vesa) br SifilncbiOMd ABdndihest vaging
passed fromcontact 5 zone 1000 via line 1018 and
crtrastad asMiisélosed SrevaiEly.ni Oiie Cthd plydé-cle@nipanaixtse ihts been
contact zone 1015 including the conposition

cenmattedin Rehtich ona BB thepkiple;chamhml mter< fiorh adnticngpne 1025 may
compound (e.g., a netal halide or non-netal halide),

t frepset vie optaciregng @0491 i rige NO#AG. hdlhe ggrrole-chromium mixture may

optionally contain solvent, other catalyst components, eg a non-metal halide, or
combinations thereof, but does not comprise (i) a metal alkyl halide, (ii) a metal halide and a
metal alkyl, or (iii) a non-metal halide and a metal alkyl. The pyrrole-chromium mixture is
contacted with an adsorbent disposed in contact zone 1000, Contact zone 1000 may be a
fixed adsorption bed as described in a previous embodiment, sized accordingly to the
volumes of materials being adsorbed. The pyrrole-chromium mixture may be passed

through the adsorption bed comprised of an adsorbent, e.g. 3A molecular sieve, allowing for
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nmetal al kyl, netal al kyl halide, or conbinations

t hereof, which may be placed into contact zone 1015

via various input lines not shown in Fig. 3B. A

catal yst product may then be 10 wi thdrawn from contact

zone 1015 via line 1070 and optionally filtered (not

shown). Alternatively the water abated nateri al

conpri sing the chrom um cont ai ni ng conmpound nmay be

stored prior to contact with the remaining catal yst

conponents. Optionally, the water abated conpounds

f the Bdseptidngdces amneccli0Ber Amydne pariodjof dine t ddsort essénkigly all of the

wat er abatenent as described herein, for exanple

cetveatdr fivint the gyrrolrehivadiind mixte¢. lontadt kith theademhanbipicontact zone

distillation, 15 or both prior to contact with the

r K168 imay beraviad edtperording tpanevstaowiBnttndi.nrent s f or abat i ng

wat er, acidic protons, or both as disclosed herein,

f or é’kawmeleab@m RS i ﬁ%‘l‘?P’sZ@ﬁ 069 13y Yrnghe pasyed Fompyontact
be applied alone _or in conbination

t@naﬂ‘??@rwap%é%%@@ caﬁtaﬂfas’a‘tﬂéh e feﬂ@wwgaéﬁawéﬁ@%ﬁm Goptact

i @8} issbiind o Rreneratsfl ol eBl ekghd e SHitin

SSTRIFHLT (e B S ey e e
mne(::t%?’{l%ﬁ %P&]F?'Q%gld\é\l%r cgﬁggﬁ:l%%l?ergoq'cxbhﬁlmm ;hackﬂ?mto contact

%g g‘lﬁlmen §ano‘gsr v\ﬁﬁ %B&r,hp 8130% ﬁﬁés 58 B3 A %%yﬁéﬂﬁﬁ’ét ?na% then be
0k d]ka%f;l AP EnR bt FRATRAD R B0l Rd %Bﬁ{au}pm&@@ﬁﬁ% SR

yst conpositions known in the art, for exanple

120020035 d
GRS BB i Bkl oo e i omibhnd may

afkofed ot BEcontel With BB R caflsl CabaleMS! OplicHRRY, Mei Witer
enbodi ments to these catal yst conpositions or

C:HAPP Eipotindel 5@ comad zérd 1080 BHEHRGEbjkéted. to RAdhantatdNabatement as
6, 133,495, U. S. App. No. 2002/0035029, WD 01/83447,

V2 DB&RRE0 Gor cRimihldNDOnR3/viHhI8Di-halide eneead plkylpazeattopic distillation,
substitutions and 5 adjustnent should be nade for

cor b proriscontacttwithahegeraansngalalst compaknton; e. g.
substitution of the nmultidentate Iigands of WO

03/ 05B8bGiiments O0BihD 538E lacidir prothes, py betb|ae disolyed thargin, for
used herein and adjustnments of the |igand: Cr

(qpymplo fhe embediméntsrefiowrin Kigs r 24t 1 B3 and3 Aarcidb may be applied alone or in

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

catalyst compositions kmown in the art, for example those set forth in 6,133,495,
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t he nunber of equivalents of |igand(s) per nole of the
i gand. Furthernore, catalyst conpositions or
conmponents disclosed in reference U S. Patent No.

6, 133,495, U. S. App. 10 No. 2002/0035029, WD 01/83447,
WO 03/053890, and WO 03/ 053891 maybe conbined wth

ot her catal yst conpositions or conponents as set forth
herein to make various final catalysts according to
vari ous enbodi ments descri bed herein, and water naybe
abated from any one or nore of such conpositions or
COUTROOES019S WIY 0RBY440TW/ (D D3/0G38%0, Al WENB30538eL. Wltkn applying the
di scl osed herein. 15 In an enbodi ment, water, acidic

P aXEOdbStematt ab thalysa prepaatinb ambodifentaiot these caihlt yegmpositions or
conposition for produci ng an al pha-ol efin oligoner
dimpomnadistlosed PteasetU. Sidated No38 1 389455, U.A App. No. 2002/0035029,
chrom um based catal yst is prepared by bringing a .

PWCr 61/83447,nHOc 8HOBBH, gd FHRTB(9AIES1.athe aamrmgnateawg?ﬁﬂm?ﬁ and
conmpound, and a hal ogen-cont ai ni ng conmpound into, .
castiusament shpultbemads for qqmponents, that by HREFHBIFIYE £-Gefypstitution of

hal ted hyd b | L Xt th f
fﬁ%&%ﬁ%ﬁ%ﬁf{é Bihsein %ﬁ@ﬂ%@@%@mﬁiﬁ# Lt gyl P
. WM , C m. u (o) oun A reln walt er
C Gt s radvimenss O b GO ER oY ol rac bt or

f th f i LT t
ofte PHEPE LY anpapenty ol Benfleh B e Bt “}‘*ﬂ’%’%ﬁ?o“m’mﬂu‘a"‘mﬁ’%’%s% ‘
catal ¥ SR 0 RTiRG0Y & Hoehii@ 8 198105, US. App.

COTpo:;

i r
cO ouﬁﬁ%ofﬁ%&bﬁrrdﬁe ring-containing conpoundz the
ggﬁ%iooﬁgdé%z'@yw@c&%%‘ﬂ 0 BE1B53BHE MAWRUENUSEEN tradyeNBmbined

ound info contact wmth each 29 other in a

hy, K 06ar cgﬁﬂfstsc%lmé@ﬁf'ﬁoms BAlRAGeRALSE sOUSHPRAGR N maR! W88 final
or her eo

m xture-t in the % absence of al pha-olefin

u 1s SRR 16 0L LRt RAL ddhiBCRAGE RAD RhttiGRay®k bR from

chrom um compound in the resultant m xed solution is

abWhe br niockOofbudtotpsitiond dricBhponaid 18aAR biieve? preaddMbthient method
| xI0'5 to 3x10-2 nol/liter, alternatively adjusted to

Ngkc1d¥ed rihan about 8x10"3 nol/liter, 5

alternatively, not nore than about 0.416 ng O/nil.

wher eilm avaheddimane iveitee, aoidiztppsiens, arbolhohky tar dakb dvedhd vagimst

the catal yst or a conponent thereof prior to or during

pEaipasitdni fonproducing @n alpbe-elbfinsdligother displosediio B Matgnt, Nonhil &5:495.

acidic protons, or both are abated froma catal yst
A chromium-based catalyst is prepared by bringing a pyrrole ring-containing compound, an
alkyl alaminum compound, and a halogen-containing compound into contact with each other
in a hydrocarbon solvent, halogenated hydrocarbon solvent or mixture thereof, and then
bringing the mixed resultant solution into contact with the chromium compound, wherein
water, acidic protons, or both are abated from the catalyst or a component thereof prior to or
during preparation of the catalyst. In an embodiment, the chromium-based catalyst is

prepared by bringing the chromium compound, the pyrrole ring-containing compound, the

alkyl aluminum compound, and the halogen-containing compound into contact with each
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conmponent conprising a pyrrole derivative represented
by the general formula (1): R R2 NH ..X-MXm1Rn R3
R4 (1) 10 wherein R to R4 are a hydrogen atom or a
i near or branched hydrocarbon group having 1 to 20
carbon atons, in which R3 gnd R4 may integrally forma
ring, Xis a halogen atomi M is an elenent selected
fromthe group consisting of those belonging to
3-Goup, 4-Goup, 6-Goup (exclusive of chrom um,
13- G oup, 14-Goup and 15-Goup of the Periodic
Tahdrn a Aydsterobn ShRnt) dRhfedSFtilocaktoh REkvénh 6r mixture thereof in the
relationships of 1 5 mM56, 0 <n<5and2<15 mn 5
Gabdércd) of hiPhapyleivi @dert dnell a tchitioun nthad fthenvcmpmhtration of the chromium
identical to the valence of the elenent M n
r epipesdrit the rdaltanUmixed sobitionRis;abaun dx 1R itss 1 znolljtars aitperativelioabout
or a_linear or branched hydrocarbon group having 1 to
20x16A 1o 1 04 tuwiftitera aleryaitivgly adinstedrie mot| Toarg thap ghoup 8> K gugiditer,
may be the sane or different. 30 In an enbodi nent,
weltemmtivelyc ot imorepthist pw, 0.0 medirmlpaheria walshtasidicrroiepse grdoth
catal yst conposition disclosed in US Patent No. .
556 APTSSDBE SRS & FRRAIFRS §hereoEPRER o,y Ging gfeparation of the
trimerization of ethylene_cogpriseS'

4]

of iRl it &) FRROdETRRR VENETH ARG BolTs, @&PPéﬂ Qfﬁ%'rnafﬁdd%fm Zyogralyst
Ii gand havi 5 tripod st ted b
¢ SRS GUPH e el B ve FRigesar By the GREFL AR (lay” be

a neutral nultidentate |igand having a tri pod

structure, Mnmay be a transition netal atom of group
3 to group 10 of thg peripdic table, each Q may be

i ndependently sele m t he group consisting of a
hydrogen atom a hal ogen at@mka&x,_ R,
ey
R3
4
A o

wherein R! to R* are a hydrogen atom or a linear or branched hydrocarbon group having 1
to 20 carbon atoms, in which R® and R? may integrally form a ring, X is a halogen atom; M
is an element selected from the group consisting of those belonging to 3-Group, 4-Group,
6-Group (exclusive of chromium), 13-Group, 14-Group and 15-Group of the Periodic
Table, m and n are numbers satisfying the relationships of 1 <m<6,0sn<5ad2 <
m+n < 6 with the proviso that the sum of m and n is identical to the valence of the element
M; n represents the number of Rs; and R is a hydrogen atom or a linear or branched
hydrocarbon group having 1 to 20 carbon atoms and when n is not less than 2, and Rs may

be the same or different.
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10 straight chain or branched al kyl group having 1 to
10 carbon atons which may have a substituent, an aryl
group having 6 to 10 carbon atons which nay have a
substituent, and n is an integer equal to a fornal

oxi dation val ence of M ang (ii) an al kyl al um noxane;
said neutral multidentate ligand Ain formula (1)

being a tridentate |ligand represented by the 15
following formula (2) or formula (3): (2) O'L" Rd
DkLLi  Dn,k-L1 wherein j, k and mindependently

repr eseht edbbdinithe gater, @tidio ptafon,, or ®ash nady beiabaepfoml drtdaglyst
represents a dival ent hydrocarbon group which nay have
acampbsitiont diselobed ire &iSHPatent No. r2desiesient Iy ar ephrodisent s catalyst for
substituent containing an el enent of group 14, 15, 16
otrinkizatifn aflethyigide copprisendi ¢ table, with the proviso that
all of the three L's are not concurrently a )
subst i® uemn orswametili¢ pIRleF kavisgemenerl pplEieyats Jisgyd hpying a

G represents a carbon or silicon atom and R

1 Bippdssaeiers, eprossaedby dhe tollowine formula (1 group having 1 to

10 carbon atons which nay have a substituent, or an
aryl groupAMaving 6 to 10 carbon atons which may have (1)
a substituent; (3) 2 Do -L2 (Rlu \-Db2-L2 D-2-L2 5

oSt & B B 7 SHELBHDSIET TR JRived THo grickre. BA Y 3 2
:NI}'? o SIE%S%E‘L lg%glr (glp érg%egttg g?ou%l 1 aclnte {lllte pgxcgd’ico?agfe,bgarg:h% %59 be

independently selected from the group consisting of a hydrogen atom, a halogen atom, a

straight chain or branched alkyl group having 1 to 10 carbon atoms which may have a
substituent, an aryl group having 6 to 10 carbon atoms which may have a substituent, and n

is an integer equal to a formal oxidation valence of M, and
(i)  analkylaluminoxane,

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

following formula (2) or formula 3):

@
j — |
f'D i 1.

RL...._GI_...DkL._LI

DL}

wherein j, k and m independently represent an integer of O 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



substituent; each L2 independently represents a
substituent containing an elenent of group 14, 15, 16
or 17 of the periodic table, with the proviso that al

of the three L2S are not 10 concurrently a substituent
containing an el enent of gjoup 14 or 17, (& represents
a nitrogen or phosphorus atomwhen uis 0, or a
phosphorus atomwhen u is 1, and R2 represents an
oxygen or sulfur atom Water, acidic protons, or both
may be abated fromthe catal yst or a conponent

t hRio@Otab Rl Wig the @re¥fso €Hdf AINGN the MPRIAS ire RotQondulrently a substituent
catalyst. In an enbodi nent, a catal yst for

t Ednhhirig Za telententodf gedup\ikena’7, o@‘rrnm:ssxesa cd&Bon( dr)siligon atom, and R
organonetal | i c conpl ex having a neutral nultidentate

| fepsedks bydroggn atom; ari ghot gty kevingide 17 eposgtems adiichyay hevea
following formula (1): AMO (1) wherein Ais a
nebstitgeht, onsh eiybigenpdedng ¢ 9d A darbameiomg which rapbaye 8 sybstiteegt e
Mis a transition netal atomof group 3 to group 10

of the periodic table, each Qis independently

sel ected fromthe 20 group consisting of @& hydrogen
atom a halogeﬂhaﬂbnl a straight chain or branched

al kyl gﬂo_g Qa¥kng 1 to 10 carbon atonms which may
have a tryuent,” an aryl group having 6 to 10

car bon atons wh%ehﬁnay have a substituent, and n is an
integer equal to a formal oxidation val ence of M and
(ii) an alkylalum noxane, and 5 (iii) a hal ogenated

| DRLGRE oG 0 RN PR ililr SRY b O Rb AL lh Sg dho
in“forrula “bern tri ent I'i gahd T epresent
.bé(r f; Q%h éﬂi@@}éﬂdglglﬁfr&;r&%@a Qi%)aleﬁrhyﬁlgwwnagr&ﬁ) \fvhicghz%ay have a
I L L .1 LI
substituent; each L? independently represents a substituent containing an element of group
14, 15, 16 or 17 of the periodic table, with the proviso that all of the three L% are not
concurrently a substituent containing an element of group 14 or 17, G* represents a nitrogen
or phosphorus atom when u is 0, or a phosphorus atom when u is 1, and R? represents an
oxygen or sulfur atom. Water, acidic protons, or both may be abated from the catalyst or a
component thereof prior to or during preparation of the catalyst.
In an embodiment, a catalyst for trimerization of ethylene comprises:
't)] an organometallic complex having a neufral multidentate ligand having a
tripod structure, represented by the following formula (1):
AMQ,
wherein A is a neutral multidentate ligand having a tripod structure, M is a fransition metal
atom of group 3 to group 10 of the periodic table, each Q is independently selected from the

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



wherein j, k and mindependently represent an integer
of O to 6, each Dt independently 10 represents a

di val ent hydrocarbon group which nmay have a
substituent, each LI independently represents a
substituent containing an gl enent of group 14, 15, 16
or 17 of the periodic table, with the proviso that

all of the three L's are not concurrently a

substituent containing an element of group 14 or 17,

G represents a carbon or silicon atom and R

r %’&[p%ﬁﬂé $ o2 o6 OB Wiki€H Fhaydiaved daydtin@ROaHaryl @¥dup YavingteOw
10 carbon atons which nay have a 15 substituent, or an
argy kardh GetnshaMéiNGaP hive al Ehbairel) Bndah GTen Wnégeth equmly tohe foemal
a substituent; (3) [/ a -L2 (R-02 Ds2-0 DCzZ-LZ
Whadagdén vaRnceld f Binshdc | ndependently represent an integer
of O to 6; u represents an integer of 0 or 1; each D2

i ndepéidennlakyilpires@mntagd a di val ent hydr ocar bon group
whi ch may have a 33 substituent; each L2

i ndepéiideraHajpsenaisd mowaniscompgldst i t uent cont ai ni ng an

el ement of_group_ 14, 15, 16 or 17 of the periodic

t saisl neutrajypiidentes ligang 4 indformpl(1)being @ fridepiale fipgnd gepregegited by the
not concurrently a suybstituent containing an el enent
ofllgyripg figrmuda @} or frmulafd); epr esent s a nitrogen or
phosphorus atom when u is 0, or a phosphorus at om when
uis 1, and R2 represents an 5 oxygen or sul flmyr atom
Water, acidic protensyior both maybe abated fromthe
catal yst or a compbnent thereofprior to or during
preparati on ofR'TH& carat'yst. In an enbodi nent, a

catal yst for trinelpizafi on of ethylene conprises: (i)
an organonetal lic conplex having a neutra

mul tidentate |igand having a tripod structure,
relpras ikt @d thyndepeaddntly rovsenyaf e of O )6, eady IAMmslepgnglyntly
wherein Ais a neutral mnultidentate |igand havin

\ a
10 tueprpssuls st rdiMatenty dydrogatben greupaiwdick | By hetealr subsutueng each L'

15

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

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

@3)
/DEZ_.__.L2
(R?)==G}—Dy’—L?
Dcz ._L2

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
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atom of group 3 to group 10 of the periodic table,

each Qis independently selected fromthe group

consi sting of a hydrogen atom a hal ogen atom a

straight chain or branched al kyl group having | to 10

carbon atons which may have, a substituent, an aryl

group having 6 to 15 10 carbon atons which nay have a

substituent, and n is an integer equal to a fornal

oxi dation valence of M (ii) an al kyl al um noxane,

(ii1) a hal ogenated inorgani c conmpound, and (iv) an

aéukséﬂmeﬂr QidPp Ltfﬁﬂrsp%ﬁd%htg&e&@s@ﬁg W BEhstitRAl EnBitnRthnt¥enieieof group
| owi ng formula (4): RpEJqg (4) wherein p and ¢

arzr;‘ 15UBLRNY Fakd sekipdio gbleh@it e rudvize thdd alt o the tBre@bl 4 rot
g <3, provided that (P+q) is in the range of | to 3,

Eohapealyantistiment abmoamingintbmentrdigroap by olriggetrepesents a nifrogen
group 1, 2, 3, 11, 12 or 13 of the periodic table
eaxqhosghdruscqme wilent sy0, pepphosmEnts aam veick il is &rand R garesents an
having I to 10 carbon atons, and each J independently
r epeege Al aohy drataeidispeigns.n both mapRe ehated omiharalypigr 2
1 to 10 carbon atons, an aryl ox group having 6 to 10
ceprpeRentbastes prior st pang PEPFEenREDE St t o 10 car bon
atons or a_hal ogen atom aldne%rm mul ti dent ate
| i gand 38 epkodigeag C ta]ﬂ)f"rl?@?‘?’i‘ﬁa“ﬁ“ p "lﬂﬁgzﬁ? SPTIES; gand
represented by the .5 fol for gﬁg% mul a
(3): ?Ik) aBJ or n?mﬁlhrdson@éqxohawn aflettr \msll tﬁe thgana hé\wag a
m.n ndent | er of 0 to 6, each
ﬁmﬁi% %%ﬁé?ﬁ?%?ﬁ%g %ggmgqmnﬂ%?ealent hydr ocar bon
group mhlggwgﬁy have a substituent, each LI
wherein A is a neuiral multidentate ligand having a tripod structure, M is a transition metal
atom of group 3 to group 10 of the periodic table, each Q is independently selected from the
group consisting of a hydrogen atom, a halogen atom, a straight chain or branched alkyl
group having 1 to 10 carbon atoms which may have a substituent, an aryl group having 6 to
10 carbon atoms which may have a substituent, and n is an integer equal to a formal
oxidation valence of M,
(i)  analkylaluminoxane,
(iii)  a halogenated inorganic compound, and
(iv)  an alkyl group-containing compound represented by the following formula
(4):
R,EJ,
wherein p and q are numbers satistying the formulae: 0 <p < 3 and 0 < q < 3, provided that

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

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

(M

@



i ndependently represents a substituent containing an

el ement of group 14, 15, 16 or 17 of the 10 periodic
table, with the proviso that all of the three L's are
not concurrently a substituent containing an el enent

of group 14 or 17, A reprgsents a carbon or silicon
atom and R1L represents a hydrogen atom an al kyl

group having 1 to 10 carbon atons which nmay have a
substituent, or an aryl group having 6 to 10 carbon
atoms which may have a substituent; (3) Dal-L2 (R lu

2 hbbip 1 % 10catbdnatckis, Whieéseh 0 imdiepdideantld represendepbydepai higm, an
represent an integer of O to 6; u represents an

i atkejéd grafp Havingl toll0 carbaiatdi®s, amahgperpiep hhyng el @ sehinstams,
di val ent hydrocarbon group which may have a

s aharyl drovprhavingsaio A0 t@bdnatded enadlelvginaterepr esent s a
substituent containing an el enment of group 14, 15, 16
oraid reupfl mulfidensate figrad e~ ip fopela (1\peing & FdenfsediEpaty cprpsRicdyy the
of the three es are not 35 concurrently a substituent
c@‘?’fl"wnﬁlﬁﬁ’@'ﬂéﬁz)@{@%ﬂ‘%@bf group 14 or 17, & represents

a nitrogen or phosphorus atomwhen uis 0, or a
phosphorus atomwhen u is 1, and R2 representg)an
oxygen or sul fur al@nlnvater acidic protons, or both
may be abated frothhe catalyst or a conponent

t her eof pri or tB“Uﬁ\ 40T hy preparation of the catalyst.

5 I'n an enbodi nent ', agatalyst for trinerization of

et hyl ene conpri ses: (|) an organonetal |l i c conpl ex
having a neutral nultidentate |igand having a _tripod
swherein ir le and mpindspendently tepresedtenfigkdenal hide Poraniy D4 inlgpendently
AMY" (1) wherein Ais a neutral multidentate ligand |
haepresaytsa at divalendl hyedjopashaur exoup Whichg may ahese t4 @hbsrr@?lal eacy L

.atomof group 3 to rouP 10 of the periodic ta
%’

e didppeEien ﬁfﬁ%ﬁéha@ﬁlﬁvﬁy BRBEE aR cleTRenk? heRuP lﬁ’r]éu]pf; or 17 of the
conS|st|ng of a hydrogen on1 a hal ogen atom

10 SPF%?id’QH"f les prath ﬁhed}roxﬁspd ﬁga glr: Klyfe L s are not concurrently a substituent

15

containing an element of group 14 or 17, G' represents a carbon or silicon atom, and r!
represents a hydrogen atom, an alky! group having 1 to 10 carbon atoms which may have a

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

@

/Daﬁ — L2
(R)==G}—D,*—L?
Dc2 ._L2

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% are not



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, and n is an
integer equal to a formal oxidation valence of M 15
(ii) an al kyl al um noxane, gnd (iii) an alkyl
gr oup- cont ai ni ng conpound represented by the foll ow ng
formula (4): RpEJq (4) wherein p and q are nunbers
satisfying the fornulae: 0 < p <3 and 0 < q < 3,
provided that 20 (P+gq) is in the range of 1 to 3, E
r @ ptuas el Sutatiued omtaitig@reletleato f groby t @@ G atpekentof nitrogen
group 1, 2, 3, 11, 12 or 13 of the periodic table,
eaphosPhariscee wblant is\0, orepptesihoms atam vetlek ylis Graodi” 8fresents an
having I to 10 carbon atons, and each J independently
repges e silfer dorhy Watsy eridia prefons. anbothinkplvd abeted) from thervatalysigr a
1 to 10 carbon atons, an aryloxy group having 6 to 10
ceempensnighessprior gorpr denyE prgpaelion ke eagelt- t o 10 car bon
atons or a hal ogen atom said neutral nultidentate

5 | i gant 3 emhoditggngngicaalyst for Bisqerigatign pheflylepg corgrisep:gand
represented by the 5 following formula (2) or formula
(3): (@) ahDpdandrhetRic- gniplex-having Bmkuttal multidentae higgnd blving a
and mindependently represent an integer of 0 to 6,
i sDicturey chpreesmtbd by thy follewing femels (1 di val ent
hydr ocar bon group which nmay have a substituent, each
L' indepg&%ﬁntly represents a substituent containing
an el emen " group 14, 15, 16 or 17 of the 10
periodic table, with the proviso that all of the three
LiRred £ isNOeutSsd REUIERAS ligdndha 4B Stthifod @dchSQ M Bialalgtiodnetal
el ement of group 14 or 17, G represents a carbon or

10 Sdtdnh §QFoud B @dgro@Nm IRthe periodic table, each Q is independently selected from the

group consisting of a hydrogen atom, a halogen atom, a straight chain or branched alkyl
group having 1 to 10 carbon atoms which may have a substituent, an aryl group having 6 to
10 cartbon atoms which may have a substituent, and n is an infeger equal to a formal

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

(iii)  an alkyl group-containing compound represented by the following formula

(4:
RyEJ,

wherein p and q are numbers satisfying the formulae: 0 <p £ 3 and 0 < q < 3, provided that
20  (P+q)is in the range of 1 to 3, E represents an atom, other than a hydrogen atorn, of group 1,

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

)

)
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represents a hydrogen atom an al kyl group having 1 to
10 carbon atons which may have a substituent, or an
aryl group having 6 to 10 carbon atons which may have

a substituent; (3) D.2-L2/ (R2 /u- \-Db2-14 D 2-L2
15 wherein a, b and c indegendently represent an
integer of O to 6; u represents an integer of 0 or 1,
each D 2 independently represents a dival ent

hydr ocar bon group which may have a 37 substituent;

each L2 independently represents a substituent

CaRfi@ Nt &fbof| MR kndodaciy§ @idppendedtly depresehfs Ohydiogebiom, an
the periodic table, with the proviso that all of the

t hikeedelgesip Anvingnoto 10 cabauatanednl ayylexy $ong havingeitb 10 carbon atoms,
contai ning an el ement of group 14 or 17, & represents
aamaryirgoge havirgrs tp hdsativo pigss etadiaiogdeetory i s 0, or a
phosphorus atomwhen u is 1, and RZ represents an 5
oxygen Qqr | fur.atom. ter cidic t,ons, or hot.h
e Dt i 8 EFGTE @) B LR BRI opBRt s e
pr.i.or.to or, duri reparation of the catalyst. In an
ef’ﬁﬁFﬁgﬁ?ﬁa§88%°§?@% Pfor trimerization of ethylene
conprises: (i) an organonetallic conplex having a
neutral multidentate |ligand having a tripod y
structure, representedlby the foll ow ng f or muf?h (1):

10 AMY' (1) mhereUhLIPis a neutral nultidentate

l'i gand havi ng putgLpgg—structure, Mis a transition
metal atom of grol 3. 1o group 10 of the periodic
table, each Qis i péndently sel ected fromthe

group consisting of a hydrogen atom a hal ogen atom a
straight chain or branched al kyl group having | to 10
c avhdrein jait antsmvihdepénderaly riymasent an Sntégst bf O e, eagln DAlingkpendently
group having 6 to 15 10 carbon atons which nay have a

s udpesbantsu e ndivalerh chydrotabomn giowt odich equalave o sulismensl each L'

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

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

)
/Dal_L2
(Rz)u_-'(-jz“""Dbz"'_]-r2
\
Dcz _L2

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
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oxi dation valence of M (ii) an al kyl al um noxane, and
(iii1) at least one conpound selected fromthe group
consi sting of an ami ne conmpound and an am de

conpound; 20 said neutral nultidentate ligand A in
formula (1) being a tridenjate |ligand represented by
the followng formula (2) or fornmula (3): 38 (2)

3L-Lt RIGL Dk' Lt Dmt-L1 wherein j, k and m

i ndependently represent an integer of O to 6, each D

i ndependently represents a dival ent hydrocarbon group
Wab gtftuehBYach &Y @idépetidehdi deprdent a satdtiert contdinineediaant bfygroup
represents a substituent containing an el enent of

gIgup, Kor 1T5f Hbpmiodid Tabif withehe Boyer tha dllef tteebthes Lis arh not
the proviso that all of the three L's are not

camaurentbyrasiystient whstinipgiantlenoalerawp i only, 6f wprssents @hitrogen

group 14 or 17, A' represents a carbon or sili,con

atrarkpsphates Fom whespi dss® 9t 8 PosPRPES GipENWEiNAis 1g#ndd] [Egpresents an
group having I to 10 carbon atons which may have a
senysw o sefer atomy Wateraacidic RSP Halh iy b6 a‘taéfdl’i?ﬂb%? Fiplyst or a
atons which may have a substituyent; %?) Da 2-L2 (RZ 2
DEppappBent thereof pyor i of dypRgPEgPAralon "E&S I8 ndependent | y
represent an integer of O to 6; u represents an

i Nt egédi ancdmbOdiment,lx carlystfori@mérizetimpefciiene yommisesesent s a

di val ent hydrocarbon group which nmay have a

subst !@uenz;n; orfAbRetific CHANBERARBLA YeulrARMASRALS 1Rand having a
substituent containing an el enment of group

tripod structure, represented by the following formula (1):
AMQ,

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

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

(i) at least one compound selected fiom the group consisting of an amine

compound and an amide compound;

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

following formula (2) or formula (3):

(1)
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14, 15, 16 or 17 of the periodic table, with the
proviso that all of the three Les are not

concurrently a substituent containing an el ement of
group 14 or 17, & represents a nitrogen 15 or
phosphorus atomwhen u is {, or a phosphorus atom when
uis 1, and R2 represents an oxygen or sulfur atom
Water, acidic protons, or both may be abated fromthe
catal yst or a conponent thereof prior to or during
preparation of the catalyst. 39 1In an enbodi nent, a
catal yst for trinmerization of ethylene conpri§es: (1)
an organonetal |l i c conpl ex having a neutral ¢

mul tidentate |igangtaving a tripod structure,
represented by.the fpllyowing formula (1): AMY' (1) 5
wherein Ais a neitral nultidentate |igand having a
tripod structure, ®i1< a transition netal atom of
group 3 to group 10 of the periodic table, each Qis

i ndependently selected fromthe group consisting of a
hyt@feagie R a8d @nindépelzhiygepreshioa in@ges tof & tg 6t eash &' rindspendently
branched al kyl group having 1 to 10 carbon atons ,
whiresknisTey divaloré  bydsashber terrent whighn reayy bavgr o ugbstient pach L
to 10 carbon atonms which may have a substituent, and n
iislepandéntly sgwrents @ gulistituent gonfaingesh element okgrennt Yo ko, Vaprdr @éthe
of M (ii) an alkylalum noxane, £lii) at | east one
qeritisLiele sethetbe pravisa eh allind tyr g L eI CPIFYTHHLY g fubstituent
am ne conpound and an am dg conpound, and (iV)

an .
APRgining pr alemens 9 &IOHR A OF binb GWEFS T ©hon o8 JlliERR 4ippe and R
following formula 15 (4): RpEJg (4) _wherein p and
aersespinpbidoseatomapiafiyl F b hegped, F°a1é?? caggor, gorps high ahage a
g <3, provided that (P+qg) is in the range of | _to 3,
g 36 o dron o b R ahms v RSP BHEYe Sobhid:
group 1, 2, 3, 11, 12 or 13 of the periodic table,
each R independently represents an al kyl groug)

/Daz_._Lz
(RH=—=G2—D,>—L?
Dcz ......_L2

wherein a, b and ¢ independently represent an integer of O to 6; n 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
concuirently 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 I, 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.



i

10

15

20

20 having | to 10 carbon atons, and each J

i ndependently represents a hydrogen atom an 40

al koxi de group having I to 10 carbon atons, an aryl oxy
group having 6 to 10 carbon atons, an aryl group
having 6 to 10 carbon atong or a hal ogen atom said
neutral nultidentate ligand Ain fornmula (1) being a
tridentate ligand represented by the follow ng
formula (2) or formula (3): (2) Dt-L' RGDk' L

D1 L 5 whereinj, k and mindependently represent
an i ni;eQembdimddt, b Qatdlyst BackheatibiTepgastasainbses:

represents a dival ent hydrocarbon group which nay have

bstit { . L ' Y .
0T A PR PSRBT BRLERENL By Py

subst i

gﬂrlqo%iéli[&}uﬁetéﬁﬁﬁseﬂéﬁkyﬂé ﬁ)ll{)@ﬁ%ﬁ,nm}ﬂﬁg \ the proviso that

ree L"s are not conclUrrently a
substituent 10 containing an el enent of group 14 or
17, A repm3ents a carbon or silicon atom and R (1)
represents a hydrogen atom an al kyl group having 1 to

10 carbon atons ich may have a. substituent, or.an
Sptens B P A B Ting 6 et S VR o e e e
a substituyent: D 2- L2 . 2= -

it et O g AGiogl R o RSB st o e
f 0to.6: ' . , -

o ot 4 FRREEERLR Bl 5881 Sy 100 it
%::r]oglg ﬂa&ﬁ%’ lctQ lg%bgﬁaamavvhi&%%h‘}e%%ﬂﬁsﬁm@&% ah@ group having 6 to
[ pendently represents a Substituent cont’aining an
‘%'o%‘%ﬂﬁ aBFns Hrt¥Bnay have a substituent, and n is an integer equal to a formal

oxidation valence of M,
(ii)  an alkylaluminoxane,

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

compound and an amide compound, and

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

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

having 1 to 10 carbon atoms, and each J independently represents a hydrogen atom, an
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41 14, 15, 16 or 17 of the periodic table, with the
proviso that all of the three Les are not

concurrently a substituent containing an el ement of
group 14 or 17, & represents a nitrogen or .
phosphorus atomwhen u is g or a phosphorus atom when
uis 1, and Rz represents an oxygen or sulfur atom
Water, acidic protons, or both maybe abated fromthe
catal yst or a 5 conponent thereofprior to or during
preparation of the catalyst. In an enbodi nent, an
oliekide geb RRRB itd B8 £aRdn 6Bind la &Szloﬁyﬁ{;?‘ﬂ\aivﬁg @ liPI AFHEH atdms,
hal ogen source into a pyrrole ligand as disclosed in
VIR 201 £33 AKhving 8 Rl vsatb e atoricor @ halogeh @bmns, or both maybe
abated fromthe catal yst systemor a conponent thereof

prior to or during preparation  of the catalyst. In a
eﬁ%‘@é‘itﬁbml}fd%ﬁiteé\g?mg% dprenua{ Drbsing 2 tiientpfp fipand represggict &y the
froma catal yst 10 onent conprising a hal opyrrole
| ’éﬁf""l"f’l@a()c{)a‘lrg?%lca?g};st em may conprise a chrom um
source, a netal alkyl, and the hal opyrrole |Iigand and
maybe utilized for producing 1-hexene by trinmerizing
ethylene. In an enbodi nent, an ol efin ol i gom&®i zat i on
catal yst systemin rates a m xed heteroatomc
ligand with at,l e ihnhee heteroatons, of which at

| east one heteroatyomis 15 sulfur and at |east 2

het er oat ons are noPs=ttd same, as disclosed in WO

03/ 053890, and water, acidic protons, or both may be
abated fromthe catal yst systemor a conponent thereof
P hefin j, &On@m GHdEpen@enidy RPRtaal hDMtegér dfftetocs)teadhyS't indebendearty
enbodi nent, water, acidic protons, or both are abated
femeseith e @atRhty BjdrSaAdbeNgreup hichtmiy hhveC @npubstimeht, each L'
conprising a nultidentate m xed heteroatomc |igand,
Whd B éndentig repebesitsal subseiasiit coritinhgs dnetegrenalf givsp bf, 15165 ohl 7aff the
| east one is a 20 sulfur atom The catal yst system nay
ozfipdic ableavidhthe piosise Sauslce, theathree .5 are hétydoncugrently a substituent
al um noxane, and the nultidentate m xed heteroatom c

| dograinioig amallement dfgraup itk oz &7 ¢ aepresprtod carbangpr Silkenx aore, 4oy R'
trinmerizing ethylene. 42 1In an enbodi nent, water,
aeprefienss physirapas atowy antedityhgroen aeing bt tcatbon gioms @hich guy bave a
and

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

&

/Daz —2
(RE==06;—Dy*—L?

A 2__y2

DA—L

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

substituent; each L? independently represents a substituent containing an element of group
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the |igand maybe conprised of the follow ng |igand
types: (a) R A(R2BR) (R4CR5) wherein R, R3 and RS nay
be hydrogen or independently be selected fromthe
groups consisting ofal kyl, aryl, aryloxy, hal ogen,
nitro, al koxycarbonyl, 5 garbonyloxy, al koxy,

am nocar bonyl, carbonyl am no, di al kyl arni no, or
derivatives thereof, or aryl substituted with any of
these substituents; R2 and R4 nmay be the sanme or
different and are Cl to about C15 hydrocarbyls; Ais

Nig! {0YEBr F oI PO, wARChSpaich BarodliBofSitid fikde, L’ Bd not
(b) R A(R2BR3R4) (R5CR6) wherein R, R3', R4, and R6

REMuRG Y Sibegent @htaintidap eladent go@e 431 B Y egrebanaranittugen
groups consisting of alkyl, aryl, aryloxy, hal ogen,

RE phicephorud Gtoml Wiex yicia 0 ow pydhesplawskmy wbeayy isdl, mg? represents an
am nocar bonyl , carbonyl am no, di al kyl ar ni no,

oeygev at sulfigsiiorh eWetet acidie praieys ormﬁ@nanhﬁtab@ed/ﬁqmthaﬁyﬂm or a
these substituents; R2 and R5 nay be the sane or
dpripoaens fercofipaionis er during prenspgeR OftieSatAly®r ocar byl s; A and

B are individually nitrogen or phosphorous; and Cis
sul f U an emBodirtant, Al RleBRARE e hta yhtaysténn inRApor#tas, a lafugen
RS may be hydrogen or independently 15 be selected
o iith @ pgroddlizancascbied ngWOf018844¢Y) and swatet, acidic pilotory or both
hal ogen, nitro, al koxycarbonyl, carbonyl oxy, al koxy,
amly hogbated Gron the catalyis sysieinama poppokinpthérgdfanpnio or dyring preparation
derivatives thereof, or aryl substituted wth any of
tofi ths eatalysh shhian embedmenR wagen dcifia preteyd @ botle arg abgieddom a catalyst
different and are Cl to about Cls hydrocarbyls; Bis
repIpanENt porenTising » BperyFrele Sigang n BheAatale Sﬁtea?r féasscmﬂpme a Chfi‘?almm
(d) A(RI BR2R3) (R4ACR5R6) wherein R2 and may
ereryeimegeikyband thobalomeqieliggedand yay be St beropr e tree
%roups consisting of alkyl, aryl, aryloxy, halogen,

v rivgsrizing gthdsae.c ar bony | | carbonyloxy, alkoxy, am no

bony! bonyl agino.. di by
Cnr dBn egodpgT SRR LETIAPY ALAry Sofon igeid'd 1R

gt B R e e i A raRTE  fe AhEREh -

§{\)ﬁ1{ ARY lf’l%@t ypﬂéré&{%@rgs%ge I%E the na{n%sﬂ% H% lgsléé in \98%3651850 and water
3013£ ro%nsh ¥Jr g’olflll Qynlyé abgtgch %&n\ e gltﬁ?st S)Qfeﬁ o('% component lhereof prior

to or during preparation of the catalyst. In an embodiment, water, acidic protons, or both are
abated from the catalyst system or a catalyst component comprising a multidentate mixed
heteroatomic ligand, which includes at least three heteroatoms of which at least one is a
sulfur atom. The catalyst system may comprise a chromium source, a metal alkyl, an
aluminoxane, and the multidentate mixed heteroatomic ligand and may be utilized for

producing 1-hexene by trimerizing ethylene.
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met hyl sul f anyl - et hyl ) - am ne,

bi s- (2but yl sul fanyl - et hyl ) - am ne,

bi s- (2-decyl sul fanyl -et hyl ) -

am ne, bi s- (2but yl sul fanyl - et hyl ) -am ne,

bi s- (2-decyl sul fanyl - et hyl )}y am ne, his-

(et hyl sul f anyl net hyl ) - am ne,

bi s- (2- et hyl sul fanyl - phenyl ) - am ne,

bi s-(2-ethyl sul fanyl 5 ethyl)phosphi ne,

bi s- (2-et hyl sul fanyl - et hyl ) - et hyl phosphi ne,

bi s- (R bhiyddshenf, aatet, atiliy biotony byt phydepbitedfrom the ligand and
N- net hyl bi s- (2- et hyl sul fanyl - et hyl ) -am ne,

((Raigmdl iy Ibé eomyphrisedtolighk YollBwing tigewd ypésf anyl - pr opyl ) - ani ne,

(2-et hyl sul fanyl - et hyl ) (2dj et hyl phospbi no- et hyl ) - am ne
. (2- (@) R'ARPBRY)(R*CR’) wherein R, R’ and R’ may be hydrogen or independently
et hyl sul fanyl - et hyl ) (2-di et hyl phosphi noet hyl ) - sul fi de,

(b2 seddchey Fromdfegropbs eondisring ¢ Catkyhipresh, prylomphalegea s ykerycaonyl,
and

(cesbonylosy, | akamy [amisopaztopylp caf qaylpryingy iy lagying, oy deiypivegbereol
Syl i i a1 et AT B THL e o gt ene
sk Sl RSN o ppors 5 0 e i
P B ERARREIL G ) o 201 ve o
L R OR R kg ik Ak
SR AR RO RO i B, o
R g e e

| Smbrt Pand 3RE, & aﬂo@% la%?/@%agﬂ%ﬁs‘éé ArAA BARSInd¥iSuMP hitb A or

sane, as disclosed in 1, and water, acidic

Q%Q%QQ§SHQ§CQQﬁﬁmp§M be abated fromthe catal yst

system or a conponent thereof prior to or during

Pr epaicRAROBREP ) (RITRS CAteRdiyEY R, lafid Rhmayiedgimpentor iddegendently
ligand may be a nultidentate m xed heteroatomnc

|ble GdRebd o taigraubi @nsisting adikyh aryt hrybike halngencratra hifetycarbonyl,
which ligand includes 20 at | east three heteroatons.
AbrbbigRsy, atkaey, aeiheradatyd, catvenylapenondialkdaeine, anderimativesdheseof, or
two heteroatons may not be the sane. The |igand may
o bubistityted witlaahgiof ithese substitvetts; R end Rimay kecthe samg 9e different and
phosphorous heteroatom In an enbodi nent, the |igand
raeyC beabe el G dtydmcastylsh Bt ritrogeroorghospliorquiieand  and @ prgpifur; and
based heteroatoms are directly honded to any of the

ot her (dhoKRIBPBOR ' CRERSe tvhérein R o & ofb. andnR g iag iso by or
the ligand may not include a sulfur heteroatom .In 44
drdepeniantly hesrlected fomrthe greyps rensistingrob Ayl 8L HYPR halgeepritro,
abated froma |ligand having the

alkoxycarbonyl, carbonyloxy, alkoxy, aminocarbonyl, carbonylamine, dialkylamino, or
derivatives thereof, or aryl snbstituted with any of these substituents; R' and R® may be the
same or different and are C to about C;s hydrocarbyls; B and C are individually nitrogen or

phosphorous; and A is sulfur.
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structure R A(RZBR3R5(R5CR6Rr) wherein R, R3, R R6
and R7 may be hydrogen or independently be sel ected
fromthe groups consisting of alkyl, aryl, aryloxy,

hal ogen, nitro, al koxycarbonyl, carbonyl oxy, al koxy,
am nocar bonyl, carbonyl am pp, dial kyl am no, or 5
derivatives thereof, or aryl substituted with any of

t hese substituents; R2 and R5 are the sane or
different and are Cl1 to about Cl5 hydrocarbyls; and at
least A, Bor Cis nitrogen with the remainder of A

B and,Gn @b ditindn0 ke %Fﬂu Aal Yoritirké BIgRRHPEUIPRASHIDLOMS, bid-2-
an enbodi enent the [igand may conprise
PhcBrylsfdiietiylaples pRi(ZHaty@uit) etddidtne, bis-(2-decylsulfanyl-ethyl)-
bi s- (di et hyl phosphi no- net hyl ) - am ne,

hinsne b R-(2HuelshifinphaisBiinie; pheniik-J2-deoylsudfanyNethy)-lyibdyi s-  bB-
(2-di et hyl phosphi no- et hyl ) - am ne,

ety Rangtimetieh)jzinpleo s plis-@ethelklfahyl-pheniyD@ming2  bis-(2-ethylsulfanyl-
di et hyl phosphi no- et hyl ) (3-di et hyl phosphi no- pr opyl ) - am
rethyDiosphing-  bis€3rethyd -gthd s ghiilnhesphise.ny bas (%rﬁhﬂ@lfanylemyl)
N- benzyl bi s- (2- di et hyl phosphi no-et hy] ) -

mhm}ph@ﬁphl@g N-methylbis-(2-ethylsulfanyl-ethyl)-ahine, (zethylsulfanyi-ethyl)(}
di et h hosphi no- et hyl ) (3-di et hosphi no- propyl ) - anj
ﬁglylm(lén&p&pp p:ig.}qg,s ;ﬂﬁ%ﬁ%&‘(é% ﬁgy}ll-)e@Qly(zgethylghoslﬂunogthyp%m?ne -

di et hyl am_n

QB D AN BRTI A By | ) ( 2- o GeERYFUAPYS G
i pstarlbiigmin, e et“ﬁ]?)i'sj"&nﬁﬁﬂgﬁ?&zs%ﬁth%m“" ety pligee @
Lot '1%“3 o Bm TSP Ry g (A lelyrenynee

S5 e "é‘me {tﬁjelﬂ'lo ML o 83%9‘3%%‘%&52“ Sy RRde, Y O s
'C{iﬂr“f‘ﬁﬂﬁ"‘r’*@f}‘)— bt g?pd%‘f‘%%%‘a e SORAGHECnMchiRal R

LB aGE ﬂl@?%ﬂe‘i’éﬂ Fhtl &%1&9@8%%& 1§ be Aed from the ligand.

pyrrol e-contai ni ng compound, the halide-containing

COMPOYNG erbBEmSR)] MM fin dﬁﬁo&@ﬁwoﬂ 2hthipp §ys§eh‘leﬁ1€d?ﬁﬁomtés(h mixed

make a catalyst for use in oligomerizing an efin
T¥iBlo&athic YiganB 8R! Rist Bfte ftcroRethR by ®hictCa Reast &tetbitorh i nitrogen
undeS|rabFe reacti on products of netal al kyls, e.qg.

ahd 5 16w hstetosioms e bt t@saRte, Asrddlokddiie WO VHOBBO D aebentr,
in the catal yst conponents at the tinme they are added
faéidic ph@niTet Bdth mblyd sbatedfiau thel catslyst byetem & @ worogmnert thereof prior
precipitates that can lead to polyner formation 45 in
e dotihegoepeniiaadfiteratalysiciniap smbSirgdnt, hedigindintaxtbe s mvifideriate
abated by the addition of a

mixed heteroatomic ligand for an oligomerization of olefins catalyst, which ligand includes

n‘f-l'

at least three heteroatoms. At least one heteroatom may be nitrogen and at least two
heteroatoms may not be the same. The ligand may contain, in addition to nitrogen, at least
one phosphorous heteroatom. In an embodiment, the ligand may be selected such that none
of the non-carbon based heteroatoms are directly bonded to any of the other non-carbon

based heteroatoms. In an embodiment, the ligand may not include a sulfur heteroatom. In
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nitrogen conpound to the netal al kyl, thereby
enhancing the solubility of the undesirable reaction
products and preventing themfrom precipitating out,
and further mnimzing polymnmer production in the

ol i goneri zation reaction. » The nitrogen-conpound may
be conprised of am nes, pyrroles, pyridines,
substituted pyrroles such as indoles, di and tri

ni trogen heterocycles, or conbinations thereof. In an
enbodi nent, the nitrogen-conpound may be

2n SRR YT SR Eprotth, Ghbbth niahive baeefbhe ligakd hagethe
compound can serve Iin two different functions: one, in
@ ukORMRRIEOROR SCR®R awhdeaie R, sRY i Bf dndeR’cmdyabey Bidrogen or
system and two, in preventing the precipitation of
tiliepcRdeatlybd seRted hem atppupd Gnsistlg nalkyl, 2ayliayiloxyekaligen mitro,
(as a solubility enhancer). In an enbodinent, the
Rikbxyogeshyl, warbmilexyn glkoonpoincatonylt cirberylpmingidiptcylaminog g
enbodi ment, the final catalyst product is ,conprised
aErivatierthetsofler afyl Substiraedtyithany pbthens sebstitagnis; By Rpate thegpmae
netal; alternatively the final catalxst product is,
cosifieentatd @t Cf fogheui Bolydiocabyls; 3d ablgtrt AsP Aot Edtreest Bilhe
to nole netal; or alternatively the final catalyst
perendndenof s B ewshp bringdadividually gipesp BIRMOWIYOWS, apout 0. 5

15 nol it t o nol tal. .| i.ment for.
ol {1 g ATERERL e JSR T TR RN BRI TR

SR el B AR iy
2%—9%%3 ineIP R L?ﬁp”ﬁf%h%’?ﬂ?eﬁ@&a%“?%%%ﬂe%ﬁ?& ni ng®
R b s A i e
%Ihﬁg—lg&n% at al ySltl-b&&ggﬁgﬁ-ﬁiklﬁyl%%ﬁn&@ﬂ@h-aﬁﬂ{é! tion R nethyl-(2-
st ngl oné.

€ contact z e sinmultaneous contacting may

glgeg%{phc%gﬁﬁo-@hﬁﬁi—hQﬂy]ﬁﬂospglﬁﬂo%oﬁf -afnfeM @ Qhylohbdphitidcehyl)@-

ours; alternatively fromabout 1 mnute to

%’e@ﬁz&m@o—m}ﬂaﬁﬁnepr AN 3-8} ok DL dickhylintint-@hy)-

out 3 hours. In an enbodi nrent, the sinultaneous

CitifeaGid BE-(FB¥hPGHING-cMYthybhophihed af slialie dnliddenare mixed
equal to about 120 mnutes 46 to forma catalyst

HeRRHehic lighndnis bR ieRThosphine-ciliyl)-aaine il deieativast diesest |
conponent s nay
wherein water, acidic protons, or both may be abated from the ligand.

In an embodiment, a nitrogen-containing compound may be contacted with the metal
alkyl prior to contacting the metal alkyl with the chromium-containing compound, the
pyrrole-containing compound, the halide-containing compound, the solvent, or combinations
thereof, to make a catalyst for use in-oligomerizing an olefin. Typically, preparation of
catalyst can result in undesirable reaction products of metal alkyls, e.g,, aluminum alkyls,

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

the metal alkyt compound may be a source of precipitates that can lead to polymer formation
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be fed to the contact zone at mass flow rates of from
about 0.1 Kg/hr to about 500 Kgs/hr, alternatively
fromabout 5 Kg/hr to about 250 Kgs/hr; alternatively
fromabout 10 Kg/hr to about 150 Kgs/ hr;
al ternatively from about 044 Kg/hr to about 100

Kgs/ hr; alternatively 5 fromabout 0.1 Kg/hr to 50

Kgs/ hr; alternatively fromabout 0.5 Kg/hr to 25

Kgs/hr; or alternatively fromabout 1.0 Kg/hr to 10
Kgs/ hr. Such nmass flow rates may al so be enployed
Wik heOSligerher2aton hedthitit S SadSedipaes hay Ok nbatddbyathe addition of a
enbodi ment, the sinultaneous contacting is perforned

i miteogenddhipaundus termae abkyl wiaebeenharchig thpesolubiityodf thd wndesirable
may be an extended period of tine), or alternatively

| meatidnagproduciyr and gmeventing them drohopkeripiating pite amr fugther 1 Ginimizing
aIkyI may be in a solution conprising a non-mnetal

haolyaier nagriction inctheypliggimpnyptiongeagiional  al kyl  hal i de, a

nmetal halide and a netal al kyl, or conbinations
t her eofhe ntfoeeCoBRpEY M Rt compissd ofamine LYHBIS: amﬂ"wg substituted
compaund nmay. $Iso be, si nul taneousl y contacted th tgnan

cPHR i Eonentits £ A iR ten A SOTRITAIGRR PR

SRR TR P BRO S R Ry R DR BBR cC By s e te
c &%ﬁ?ﬂﬁ%@%ﬂﬁ%ﬁ%ﬁ%#ﬁs i E‘P‘%‘Pﬁsg O, i AR e
ge in ﬁlt %atglg g)%fén 511%@\90 H}?%re}{ﬁng tlle of tiipﬁ‘oduct of the water

e conﬁal ning

R Lo g 0o
b %oxttﬁﬁln% Eﬁnﬂaoﬁn‘iﬂnfs Afibutd Qe ]19%%&1&18@ the. Kida? ’catﬁlgg pfrchﬁct is

conposl conprisi'ng the halide- contalnlng cofmpound

”@Mmﬁ?secf St iBudo 100 A A€ 1 0 APIRENidddR pMirbld nBEL, él-l@e%ﬁtwely the
'l ‘conpositions being fed into contact zone 1100

S'fﬂll'cﬁ@l?ﬁ%kﬁihbt i ¥HipredPsT fioRtab@tit d.05NEE -abdul 5 Ab1SHREEERNhole
as shown in Fig. 4B, the conposition conprising the

C hfefyiot ftciatiedi thd fghl CAIROpIEchcI TR yorRisddad fiofhlabow ONtt@aout 0.5
zone 1100 via line 1110, the conposition conprising

t @l yikrbgeh & melaingiani ng conpound may be fed into

contact zone 1100 via line 1120, the conpositions

conpr ilni ag etnbadimeit abr alakipg anaalkl cotpesing a chromium-containing

hal i de- cont ai ni ng conpound may be pre-contacted and

f edmponid) agymmolacontzome codp@Gndy a anetal atkyl, a halide-containing compound,
and optionally a solvent for use in oligomerizing an olefin, the chromitum-containing
compound, the pyrrole-containing compound, and the metal alkyl may be simultaneously
contacted. In an embodiment the simultaneous contact of the catalyst components occur via
addition to a single contact zone. The simultaneous contacting may occur over a period of
time of from about 1 minute to about 12 hours; alternatively from about 1 minute to about 6

hours; or alternatively from about 1 minute to about 3 hours. In an embodiment, the

simultaneous contacting may occur over a period of less than or equal fo about 120 minutes
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line 1117, the final conpositions being fed into

contact zone 1100 sinultaneously over a period of

time. In an enbodi mrent as shown in Fig. 4C the
conpositions conprising the chrom um containing
conpound and the pyrrol e-cgptaining conpound nmaybe
pre-contacted 5 and fed into contact zone 1100 via

line 1122, the conposition conprising the netal alkyl
may be fed into contact zone 1100 via line 1115, and

t he conpositions conprising the halide-containing

C Qo B dataly ploduct. €ld an adisoddroet, and or nikeof IH0Atalystacomparents may
1180, the final conpositions being fed into contact

Z baéed1d 00 caitavutone alewrss flgw oitee of Borpatrono®l] EE/ht forabout|5A0 Kgs/hr,
enbodi nent as shown in Fig. 4D, the conpositions

c @hgonatizéln Gomlabous b Kafii trpbowi26 @Kmﬂngaltmamlnfcﬁ!m@oatrﬂ@ Kefhs to
pyrrol e-containing conpound may be pre-contacted and

f @bout AfbKesdny aligrnativebh&om pbept Pi 1aKg/ hrrte ahop 304 Kesfhrh alternatively

conpositions conprising the netal al kyl and t

h&lom@ﬂut@oh{‘é[ﬂ’wonﬁ’ %ﬁﬂboﬂﬁalaﬁlf\ﬁylbféo% ﬁ@u&gﬁtlggﬁl}ré@ Zgﬁ{@ls/hr or
1100 1117 [
ﬁ“dﬁ’éﬁ"f ' 57 im0 g 10 TSF nret B a%gates il
. f
SRR e e -

b l. d
af%%fﬁaec&%ﬁ kel IRy R %%W’?%#Qa@%e‘%%‘p R e
C%xt d¥l§ en%&) rl)tr %ltema@ ﬁ%tba%ﬁ) P]%ce]sleQn %Xmﬁo‘&%ﬂ tchg nfétal
S ng esse or exanple a storage t ank,

m&%ﬁfg{ 'in a lﬁﬁ(ﬂl%o Eﬁﬁ%a ncﬁtlﬁetal%ﬁi@taﬂd Xﬁktapﬁlwi uacltnetﬁ'iea\fkyl

Fom co zone 1100 via line 1170 and

oﬁ_%liag nz?ﬁktﬁ(l H‘ah(%] eﬁlﬁ%qm(tzfl'aikgzﬁ Br Mblﬁmﬂﬂhmf NintaA@mbodiment, the

I ments shown in Fig A-4D, the addition of t he

C%M%bﬁmﬁﬁg ERARIAS g afs@ Be ramita{esus@om@bted RGth GRS TRRSHAim.
and the 20 conposition conprising the

C bRk GofPHnR] thé FlroRLIMAHIAE coMurdandBdend: N kA6 briple by

or varying Py:Cr ratios as disclosed previously.
AdehulthiR6\R adlditiontidiBe Wik BrbodsiveitC pr ot ons, or both

abat ement enbodi nents set forth in Figs. 2A-2D and

3A- 3B iy eleodimeaibasshekvvint Hig. 4Aethe sonmukitian@opssiagitle thranium-

enbodi nents of Figs. 4A-4D. 48 |In an enbodi nent for

madtitaigngcanpbadyredy leofep it icorgachzanh 1 600 vianliooht18) thie mgmposition

conmpound, a pyrrole-containing conpound, a netal

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

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

fed into contact zone 1100 via line 1120, the compositions comprising the metal alky! and
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and optionally a solvent for use in oligonerizing an

ol efin, the conpositions conprising the
chrom um cont ai ni ng conpound, the pyrrole-containing
conpound, the nmetal alkyl, 5 optionally the

hal i de- cont ai ni ng conpound,; or conbi nations t her eof
maybe contacted with a previously prepared

ol i goneri zati on catal yst conposition. The previously
prepared oligonerization catalyst solution may
conprise the sanme or different chrom um contai ning

C GH¥RRldRctontpiying edrfpoandingyi be pre-camifeo tmilfed ned edntael zopk 1100 via
and hal i de-cont ai ni ng conmpound. The hali de-contai ni ng
c ding dbuAdtherfiyal compsitise teingdtdaintoh@hiad epneal 108 sigtultaiedugly over a
halide, or 10 conbinations thereof. Any of the

e phisdiofginesinginsobodinent ae shovn it Gig. AGkhe gPreRRsitpng Porsprising the
maybe carried out wherein the new catal yst may be

p EkrpaivBicEontainisE eorenouRdng fhé@ﬂf%@“%ﬁ'é@@?ﬂ?ﬂ‘ﬁn@ﬂ? re-contacted
eX|st|n% previously prepared active catalyst. For
eithist dnlo pantacty@ne OB diaEKtld 2% I‘h?v&‘%mP?FmoFl"@ngH‘A (s, metal alkyl
contact_ zone 1100 ge a_hol ding .tank for .active,
3P oG el g spmiariarng L0 id e 1Syt b Shumegighs gespgisin the

b d of o
amﬁ%ﬁ%‘gﬂ%ﬂ POy & 8 bt Pato o st 190. e e
1£§8P0U ek blgﬂg K uﬁ? tc%nn:l'aécg %og%y 0's %“%8“#% %%&i%g of B8 1 an

Oﬁ%%Sl | %Snﬂlg‘?)g ﬁ{;‘% t aCt Z0 n 0§%%) Bﬁ%rﬁg]% %kee%/]’%lgo}ﬁnlr{rrg‘ﬁ?ntalnlng
Qﬁ%]pﬁ(f]anﬁ i pylél‘ae- St donmp B Pféﬂ%nt?&edaan@ @&qdhed Gontact

20 "active catalyst to be to an

OE&QQW {i% Rhd 026 e LompdilioAOTR RSO M Ak ladd HR AGlide-
ol 1 goneri zation catal yst. The chrom um contai ni ng

C QR omPounl By Bk cdiBitted 8nd B0 IcBR 4t Ydnk 1M 0B via line 1117, the
hydrocarbon solvent in line 1250 formng a first

S Ghdl thdsitibhs ERE RE intZ@RBct 2dn2 P00 sTh@tafotdiPd@r SEsibbMinieg In
conpound in line 1220, the netal alkyl in line 1215,

an@ chibedimeddd showalin Rigd. i4AeHT; Qrtivérochring s610¢1p aidf e placddiimeontact

1280 may be conbined with the hydrocarbon 49 sol vent

i Borel In@0 HeZdyd, afiex 6 cvgoudremBowittdaddmib b the virivug camdlysc tonzponats.

1235. The hydrocarbon solvent in line 1250 naybe the

s &metac ponel il f Femayrrbmpryse r sivgle bessel, Sol ewamtle 4 storhgenank 1196, Icontainer,

The first
mixing vessel, etc. A catalyst product may be withdrawn from contact zone 1100 via line
1170 ang optionally filtered (filter not shown). In the embodiments shown in Figs. 4A-4D,
the addition of the composition comprising the pyrrole-containing compound and the
composition comprising the chromium-containing compound may be made in constant or
varying Py:Cf ratios as disclosed previously. Additionally, the water, acidic protons, or both
abatement embodiments set forth in Figs. 2A-2D and 3A-3B may be combined with the

simultaneous addition embodiments of Figs. 4A-4D.
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solution in contact zone 1225 and the second sol ution
in contact zone 1235 may then be contacted (e.g.,
simul taneously or sequentially, including a plurality
of iterative addition 5 sequences) with the previously
made ol i goneri zati on catalygst conposition in contact
zone 1200 via fines 1216 and 1218, respectively, to
make the new catal yst conposition. Optionally, a

m xer may be disposed in contact zone 1200 to

t horoughly m x the new and existing catalyst

CONPGRERt EmbdRND forl BRLIEO AL BdidtisN GoRprisinae a CAAFRASH-Lor@ihing
conprising the pyrrole-containing conmpound and the
CRRTRA, bip9Role-CsfRiniS eghpblid, £ Rie@NAlkyY} £ Ridebstitantnglddmpound,
conpound may be made in constant or varying Py:Cr

it dpfiGnalpa shlvead foswe inputigatheizimp yn olefid dietcdwpaitions, cotnpmsing the
wat er, acidic protons, or both abatenment enbodi nments
sledmifumrdotitaining Feogpour@A-the? Pyrarielc@ind®  aerypouad, ctherbineiald alkyl,
with the sinultaneous addition enbodi nent of Fig. 4E.
Guivnalytlierhglidsfconthining emaployrsk orcsemvpipationt thereod map ke ¢pplaeted with a
under any conditions sufficient to thoroughly contact
piegiowsbnprsnunt Sligomepiratian | sptalysto prmpesifiony | hepBieyipyshie grepaied
an inert 15 atnpsphere, such as, for_ exa

| e,. ..
aligomsdaHoTaE AL, soltighmay qarwrisethe tams @%@?@‘(‘lﬁ‘@“ﬁ%’“ﬂmg

t he di scl osed net hods of . nak]j a catalyst. for use j

ST TRISH B PRI 5T PR, B A Ay oG B pinyng pratocips The
ase of _qperation, anbient te rat ure m e .
SWF‘B?}%‘.‘ B RTRE) TG CoBPEG § B Tae, M ol hglide, or
re ctLoni tegperatures whi ch maintain the reaction
RRARISIEeRt " i qui d state are desirable. In an

nbodi ' ] i ' les
than 20 abbe SOk FRE M Ae el e R RO o loiR
] el i conl Z0 isin
G A s s e

rvely

leﬁ&ﬁgfﬂ?%uﬁ? %Hirpargcﬁ etV EItIRP NERCkhmlfle, il fhe RRORASI HBRA in

conpri'si ng e chrom um cont ai ni ng conpound, the

, ﬁ%f@lﬁ; SRRb@R Do g HROURMNngt ik 5B hdtve dkthy (o bR to an

i de-contai ni ng conpound, or conbinations thereof to
BRgonfERKBort REci6t B bY Sdmpril o SRANR biepiReddligbMeriZadinadait.

systemat a |low tenperature nmay i ncrease catalyst
86¢ batiobd/caBlieh dotPbiaRs ineined 5110f11usdes], nadu, @122pandriasmby be

pol ynmer. The reaction pressure for the disclosed
eduR@esu sy fcombiliddrgithahCmbvaduyly brepoed dligemerization catalyst composition
in contact zone 1100.

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

combined with a hydrocarbon solvent in line 1250 forming a first solution in confact zone

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

" optional halide-containing compound in line 1280 may be combined with the hydrocarbon
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ol igonmerizing an ol efin can be any pressure which does
not adversely effect the reaction. 5 Cenerally,
pressures within the range of from about atnospheric
pressure to about three atnospheres are acceptabl e.

For ease of operation at nog heric pressure may be

enpl oyed The reaction tine for the disclosed nethods
of making a catalyst for use in oligonerizing an

ol efin can be any anount of tine that can react
substantially all reactants (i.e., catalyst

C%[mrﬁ & nihé )l 251 qg%ﬂéj b EoRE sc;lllﬂt%n dl? AGHRN e 1385, \’ﬁle lhy&}ﬁcarbon

e reaction tenperature 10 and pressure, reaction
tdolVent G Y d0Ymay'de R lsdnie ortdiﬂgﬁeﬁt 1firob 8508 séI@Nin &RO1Ys 1. 1riedayst
can be sufficient, for exanplé fromabout 1 mnute to
aRRHEN thZohadd z6ne 1205 Y MEBRSHIWion MORRIBne 1235 8nal Then be
fromabout | mnute to about 6 hours, alternatively
f dotmatad@igt, sibnuuioiisty $r0sequeatitlly,Ancliding & plutalityOET itettitee sddition
usual ly provide no additional benefit and shorter
tseqescesyewithribd pravibwly maly foligomcaztion catadyst compogitignl je teentact zone
reaction. 15 The resultant olefin oligomerization
cl20&|vies tines yi2f @ rang r 18 b rregpeciiselyl etlocmiligethe glgwyentalyst cemngosigion.
the enbodi nents can be collected and kept under a dry,

i Preenallytamispresyeb et disppasil i eoniqct ZenpelP0@ & therpughiyl mixythenely and
reactivity. In an enbodinent, it may be desirable to
it sl corRRaneits, AEaiy tha coResting of e wmmlwna@wﬂsmg the
1000 hours of preparation of the cataly

avrelesentainieg gompoped andh G \FeiEPqsitign SRMRTSINE atEﬁt ShyomjuprropipRing

319515$L§1§¥r“ﬂ§vh*r i BHRf g%?tgmgqcﬁ’gvra%ﬁégﬁ’%f Ry af b BRGH %Qﬂ?l@ﬁs 5
600
dfiquelg ea‘?@}%r? o tﬂr‘l?ﬁlﬁ_gctrgef@ PRI SRS E’E@ﬂﬂ w2
ﬁ%ﬁﬁéﬁgw& cdrfbinegd it sitleodhs BB e BGROR BT, e
cat al %%ﬂ%ofqﬁe l}sﬁg g'rga W(:Srbb ttﬂ)%ﬁ QIII(EI Ji) gl 0\6\41 1Pan sufﬁment

about urs o prep tron o e ca
etgtfﬂ)o% aeth QL rédngnt?l’i" 1(3 c&rﬁﬁc‘hg 156%@11}{%‘ in an inert
COlTpI'I e chromumco I ng co

%‘rl((sgllne?e g’&'ch a§; %}te%:ﬂﬁlg gntfo%%%g arg&h el“h@%a@t'mn%rhﬁélaﬁné REthe

cont ai’'ni ng conpound, and optionally t

SHMEAtmdiRMs BE afiiag aacaar)@cdfa%se(ﬁ algomaﬁfﬁg%)olémaﬁq)eaany
purity of at least 99.47at a tinme within about

hatesinad tFef eRE 6P aﬁeeetubﬂrhnment RRp& LR nYSive @lpltd atﬂ Mﬂér)to
the product may have a purity

effectnate a more efficient reaction, temperatures which maintain the reaction mixture in a
liquid state are desirable. In an embodiment, reaction temperature is maintained at less than
about 120°C, alternatively less than about 100°C; altematively less than about 75°C,
alternatively less than about 50°C; or alternatively less than about 25°C when contacting the

compositions comprising the chromium—containin:g compound, the pyrrole-containing

compound, the metal alkyl, the halide-containing compound, or combinations thereof to
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of at |east about 99.3 at a tine wthin about 400

hours after preparation of the catalyst; 5
alternatively the product may have a purity of at

| east about 99.1 at a tinme within about 600 hours
after preparation of the cagfalyst; alternatively the
product may have a purity of at |least about 98.8 at a
time within about 800 hours after preparation of the
catal yst; or alternatively the product may have a
purity of less than about 98.8 at a tinme greater than
a0 thSprepafkioh o MECRANR LRI KA Wherathid bl hcrease
chrom um cont ai ni ng conpound nmay be one or nore

Of8ARI CtiAly ahdYeh@aRiés ofahdeaifib1etb-pREROpIEEr. Wi th a
chrom um oxi dation state of from about O to about 6.

As usqtle rdattiohprasuté &€ |0es discusedcetbeds wihnikingla dmiyslr use in
included in this definition of a chrom um conpound.
Galigemearizing, an totedin chr amanymraomnd whioh dgps aotngdeersety effett thhseaeion.
a formula of CrX ,, wherein X can be the sane or
dGéreriln mresamed voithim the rangy ob fropa rbent eimospherigpiassere rte@basia Fhree
and n 15 nmay be an integer fromO to 6. Suitable
ofgjesRhaesrgecceentle. Faneapraf P REBHHErICIPTES BB PE cpployed
carbon atons per radical, and are selected from al kyl, .
al koxyhe geption tipeRInbe dixiossd Welbds Hf gnakinga catalyst for use in

caonbi nations_. thereof. The organi¢ radicals can.b
SRBAEANE R a}eﬁ% 2BY gﬁw&%&wﬁﬁt jogn 1get S@é%f—a}l% ;51 reactants
a¢onatic or ali and.can b

S

P i PR Bebehaing o e “Rorgit & 1 gk Sy presdE faperaure
i 80 gORGT e ch S5 Vet St B¢ 1t bR (ol 4 day can be
CRTRIGE o BRple e By "G EB ORI TS RORL ok B L YOhion
P, AT il PP

cO
b
%gg@gﬂg&@ﬁ&%m £%de G F‘ o DRBHN R SRR SmesGhty Q8T 4HFY

ha rom um pyrro es, chrom um benzoat es,

CRERE U QAP RE reafonCOMDI Nat i ons thereof 52
Specific chromum (I11) conmpounds include, but are not

1P Mt §fe LeShlta Bl IoHEBnekibdibn cdt3ROGEBRAPApEred & de@dHibeMbove in
(rrr) 2,2,6, 6-tetranet hyl hept anedi onate, chrom um

(dnk b the abYdeRR ch be GidcRARI RO nkigr 2GHY, Giett dfnosphidleqdTinkiftain
(1'11) tris(2-ethyl hexanoate), chromc brom de, chromc

chemical stability and reactivity. In an embodiment, it may be desirable to contact the

catalyst with the olefin within about 1000 hours of preparation of the catalyst; alternatively
the catalyst may be contacted with the olefin within about 800 hours of preparation of the
catalyst; alternatively the catalyst may be contacted with the olefin within about 600 hours of
preparation of the catalyst; alternatively the catalyst may be contacted with the olefin within
about 400 hours of preparation of the catalyst; or alternatively the catalyst may be contacted
with the olefin within about 200 hours of preparation of the catalyst. In an embodiment, the

olefin oligomerization catalyst comprising the chromium-containing compound, the pyrrole-
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chloride, chromc fluoride, chromum (IlI1)

oxy- 2- et hyl hexanoate, chromum (111) 5

di chl or oet hyl hexanoate, chromum (I11)

acetyl acetonate, chromum (I11) acetate, chrom um
(111) butyrate, chromum (L11) neopentanoate, chrom um
(111) laurate, chromum (ITl) stearate, chrom um
(I'11) oxalate, chromum (I1l) benzoate, chromum (lI1l)
pyrrolide(s), or conbinations thereof. Suitable
chromum (11) conpounds include, but are not limted

tc%n g%&ﬁiﬁaﬂﬁd feURdid Ay, 8B ﬁnﬁi@%&ﬁ&ﬂh%’édnﬂ:@und?ﬁd%ﬁ&ﬁuy the

brom rofous i odi de, chrom um (

bio &bt nﬁ% pyhitexpoart ), hadaﬁ HMQ alpubity R60EBL .4 € B ERL AR

(I'l') butyrate, chrom um ( neopent anoate, chrom um
(abbut 2b@RbuAaRer pEPErREEnOTTHE khtélys‘ﬁr taRahaively theProandt eay hdvk h purity
oxal ate, chromum (11) benzoate, chromum(I1)
[y rat Rhdt GBS $9.3 @t a CinEwithait dbowsiod hewre after preparasion of the catalyst;
enbodi nent, the chrom um contai ni ng conpound maybe
cifteroarivelpnhe Ipkddpct 2aap tilvg lalyeritrob attleast abont 85 1 etk wighirt 3bottee0
nononeri ¢ chrom um content and the residual (excess)
Touns afikr pepaation of thp titalysk elfernatingls thy plodest ingy e b purity eldht Isyst
the ratio nmoles Cr:((moles ligand x nunber of )
cboH 88 -Bat 4 tone ‘@l@}un apaitSAP Bousy aﬂemenarag'@mf/thﬁﬂa@lyeﬁ or alternatively
I igand)/ Cr oxidati on nunber) an enbodi nent the
rtbst predugignaydiacsa (urifvnldess whwgaéﬂw 9§ Sﬁh%té? ggtter e Penvh 0 i he s
&%w valents of the ligand/ nole of ligand)/Cr
F@é@%‘i‘f’“ﬁﬂ%ﬁr) is from about O 9: 1 to about 1 1: 1,

al ternpati.vel n .about (g
al t er haft F*\F@P’é P" NG, SOmPYd) Hiay "Fo°“8t5’6 d?“e %““E" (% inpranic
nmbodi t..th h d
SRR B A PR P A e
rom apou
aﬁl ttlgsr H gqlél?s\llz er cﬂmfn ugnmmiﬁpzuwbg/q%c?’ud% é%[h% a}&im%owof/ chromium
a'f,t &1 né‘téen&aﬁ{y tﬂeosﬁ}o%mé m‘ﬂm &@h&%m%@ DeAIRYWR X,

rom um-o lgoners IS at th rom um

W@R%%g %‘%WRJ‘%L& At 8%t eaFl gag%?i orpx "ypfl 1116 %&61(: rlcngﬂ and n

anount ree acid1s [ perc

% %r Q%En!t :%glj YonPE ocﬁ’vsg'lglble‘@@aﬁ@ fradﬁ% ‘Eﬁ'mave £bth %dﬂ?f foVeB bt 20

i ght percent articulates, i1nsoluble in

Qinﬁom%;e? radRll 2V ode MRLENorP @l[cﬁedilt:oxy,fhls&te kacHe] Mﬁhd/radlcals
l'ow 0.5 wei ght percent; alternatively bel ow 0

or combinations thereof. The organic radicals can be straight-chained or branched, cyclic or

h:

acyclic, aromatic or aliphatic, and can be made of mixed aliphatic, aromatic, and/or
cycloaliphatic groups. Suitable inorganic radicals include, but are not limited to halides,
sulfates, oxides, or combinations thereof.

The chromium-containing compound may be a chromium (II) compound, chromium
(I11) compound, or combinations thereof. Suitable chromium (III) compounds include, but
are not limited to, chromium carboxylates, chromium naphthenates, chromium halides,

chromium pyrrolides, chromium benzoates, chromium dionates, or combinations thereof.
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wei ght percent Water content is below 1 weight
percent; alternatively below 0.5 wei ght 5 percent;
alternatively below 0.2 wei ght percent. The

pyrrol e-cont ai ni ng conpound can be any

pyrrol e-containing conpound that will react with a
chromumsalt to forma chrom um pyrrolide conpl ex.
The pyrrol e-containing conmpound includes hydrogen
pyrrolide, e.g, pyrrole (C4H5N), derivatives

of pyrrole, as well as netal pyrrolide conplexes,
i i LR mSdel At AlrhitedBib Akhromiym (111
%b%?%l?%%@@hoﬁxg88§%%g?n%??%hgmfﬁgreof. k pyrro??ﬁg ()

Ersg%ﬁoﬁ% ErBh&in (BB R, 265 R AH RS0 BR BrbrFilM QIR n@hthenate,

ere nitrogen-contai ni ng heterocycle, such as
Rib R ELHO@Or ¥ toh 6 BRmO{ITPYiER @HGIhexafid b, dhiokiebrofmide, dtotnic
and m xtures thereof Broadly, the pyrrole-containing
CRARR Ndhrogad M@ridQy Klirokm MY bet-Bethjikgxhioatepr chromium (1)
honol eptic netal conplex or salt containing a
@ichibobthyieximdiccdomion (1) geetythcetaratec chrtrinst ({IHrasetath sshrorpfum
15 General ly, the pyrrol e-containing compound w| |
Iy Butfrate vhatdun (14) neopeaipunate, chomivraiblauratecohtpryyay (111) stearate,
nmol ecul e. Pyrrolides (or pyrroles) include hydrogen
ohromiiti 1) ( prplatep| diyormivra oDy deizoate efropippy @i | pyrrolide(s), or
substituted pyrrolides (or pyrroles), Iithium .
eymbissttipesethereafbuitahle siremigp @ compsuadssnlydenbit 2 pag dimited to,
cesiumpyrrolide, the salts of supstituted pyrrolides

slromeus fiypridet Fhpmaovs Rleridsschopanpreeidp chiomge Pyt gyommm (D
B ShAe oSS, R T8 s, Sg 5 0 A
2-acetyl pyrrol e, rrol e-2-carboxal dehyde .

P%‘tPF‘ﬁﬂ%ﬁ ,g?lﬁ%}ug’ﬁ lgqrﬁf,néfwvxﬁﬁ &?egr’a e, chromium ([T} oxalate,
gpﬁ@&hynﬁpwe%q%@etcp%rlnﬂ r(I%I gyrroﬁt_ie?ss,esry lcér&ﬂin“aﬁons thereof In an
et hyl. - 2. 4- dj hl- - (et -2 -
S A P B DRGSR s
an e I gqg' bindele tﬁyﬁlélﬁlﬂ%ri& Qlﬂglﬂftuﬂl'(_)gk&teﬁpmoﬂ'l@ QesidRal (excess)

2, 5- thyl pyrrole. e conten

gﬁ%gtg 'r?fazte(fp@}ef{izga.r s Sadud i@&&@ﬁageg_ﬂ 8 MBI (RAORRLG

greater than wei ght percent;

Al DAL o aMor MR RMES s STIRNiRR Ro WSS 5E2Ed)RR bLigHon Hltfber). In
water content of the pyrrole containing conpound is
RE kAYE dkmeie ing Ritio A & EH (ot 1i84nA & riuMB brYofREdr@MAHIN 2quieiledd tof
the ligand/mole of ligand)/Cr oxidation number) is from about 0.9:1 to about 1.1L:1,
alternatively from about 0.94:1 to about 1.08:1, alternatively from about 0.97:1 to about
1.05:1.

In an embodiment the chromium compound is chromium (III) 2-ethylhexanoate. The
weight percent chromium is in the range from about 10.3 wt% to 12.8 wi%; alternatively

from 10.4 wit% to 11.8 wit%; alternatively from 10.5 wi% to 11.2 wi%. The amount of

chromium oligomers is low such that the chromium compound demonstrates methanol
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5 percent; alternatively bel ow 0.01 wei ght percent The
color of the pyrrole containing conpound
(Plati num Cobalt Number) is bel ow 200; alternatively
bel ow 120; alternatively below 80. In an enbodi nent,
the pyrrol e-containing conpound used in an

ol i goneri zati on catal yst system conprises a dineric
pyrrol e conmpound, for exanple one or 10 nore

conmpounds represented by the follow ng genera
structures: Y Structure |l RI[ 1C Si'.ruct:ure Ti

93 uhili s 1 idJis ; deht; Wh@habdly b8&E RO
F@gl-uli}g!y'rm?/ﬁe :%rr]n(? e |ot (Fesr? dffe%} tg |c19 ]'sb iédﬁ’ Sg ?Haéﬁgﬁér C20 aro rrat?ll{ c

O QAP per @ht; RVnaliv¥ly beldwCionAight Ser@RAC Paditl@és, inbAb®IIn hexane, are
toget%er with the carbon atomto which they are bonded
NEw { We@ta{)br@ﬁt@ ARdrhaBivély bEIGN 0B WEEH: ipercentNgterniftively Below 0.2
structural bridge having 1 to 20 carbon 5 atons and
IReight PértentleWaien edient 1 baowhiedeighy percant | alterngivelafbiowi (5 weight
aromatic or contain cyclic paraffinic or aromatic
Siercent alierastivelp elowm P 2iweghiyeertet er o at ons such as oxygen
or sulfur in the formof linear, branched, or cyclic .
et her Thesyrylecomuihifig ehanpound o breany pyrrdlesgngaming compound that will
functionality. In an enbodi ment shown as Structure
(vedct with a ciigmium sal frdforaes 2 ghremisgy iy plidg campiex. fehe PYFe-§o5taining
are hydrogens, and Y:QC}Q)" wherein n=1-10. IP an
WWME@ Aydipges @yrelide €y pgrole (C4HsN), derivatives 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 pymole, derivatives of pyrrole,
substituted pyrrole, and mixtures thereof. Broadly, the pyrole-containing compound can be
pyrrole, any heteroleptic or homoleptic metal complex or salt containing a pyrrolide radical
or ligand, or combinations thereof.

Generally, the pyrrole-containing compound will have from about 4 to about 20
carbon atoms per molecule. Pyrrolides {or pyrroles) include hydrogen pyrrolide (pyrrole),
derivatives of pyrrole, substituted pyrrolides (or pyrroles), lithium pyrrolide, sodium
pyrrolide, potassium pyrrolide, cesium pyrrolide, the salts of substituted pyrrolides, or
combinations thereof. Examples of substituted pyrrolides (or pyrroles) include, but are not
limited to, pyrrole-2-carboxylic acid, 2-acetylpymole, pyrrole-2-carboxaldehyde,
tetrahydroindole,  2,5-dimethylpymrole,  2,4-dimethyl-3-ethylpyrrole, 3-acetyl-2.4-
dimethylpyrrole, ethyl-2,4-dimethyl-5-(ethoxycarbonyl)-3-pyrrole-propionate, ~ ethyl-3,5-

dimethyl-2-pyrrole-carboxylate
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10 (Il'), R1L and R6 are nethyl groups, R2-RS are

hydr ogens, and Y=(CH2)o wherein n = 1-10. In an
enbodi mrent shown as Structure (111), R, R3, and R5
are methyl groups, R2, 0, and R6 are hydrogen, and
Y=(CH2)" wherein n=1-10. Use of the dineric pyrroles
may produce a catal yst systemw th activity and
selectivity to a desired oligonerized product, such
as, for exanple, the trimerization of 15 ethylene to
| -hexene, as well as |ow polyner production. The

et al nabxwlhbod%@éﬁ?merwﬁoze @b@4ikifel cdnfboii 812, 2GinkURADIrIHE. The
conmpound, may be a heteroleptic or honol eptic netal

abdkieht TRRRMERYISiTORNY gjtert tha I3BIedhS patertyalunyivélp peser than
56 |ithium magnesium or zinc. The netal alkyl may

beo @wélgi: atrcaat, Kydmakiedly gleats tiah 52S wBiBiGercant. Therwakeatbantket of the
nmet al al kyl such as TEA; or conbinations thereof. One
opynister @ntaiing [compdopd] 35 edow 1 beeight ectcen halterhitiyeln deloyw ®h weight
the netal can be aliphatic, aromatic, or conbinations

t praceeto faltdEotively kelow| 601 wmehtlnegatnd(glye wh)y o dhegpyfrole containing
saturated or unsaturated aliphatic radical. The netal
atdupbwd (HajnupeCebals diypberhs blelfmt 20g0aiemanvely hsiowet 8 dalismevely
a Lews acid and a netal alkyl. As used in this

drelt Hsure, a Lewis acid nay be defined as any

compound t hat be an ectr acceptor. Acgtiv tlng
conpounds H#hi®®h® %# h%ﬁ e fCQWWQWg éﬂﬁpﬁm'eﬂf

aci d include

| al
Slpblak ca%sr%‘?rﬁfo%ﬁ%e%%°°"§°“”% el RERASHE R
th f Th I nb f b
M A I

ease of use, the netal alkyl will usually conprise

| ess than abouﬁ : 70 carbon, gt oms per netal al kyl

mol ecul e and al t [ out 20 carbon
atons per nol ecul enmbodjjment ||t he netal al kyls
are non-hydrol yze not pjie- tacted wth

wat er, such as gl Indsh. derivatives of
al kyl al um num conpo alogenéred alkylalunlnum
conpounds, and m xturks thereof fofk inproved 15
product selectivity, lds well as infroved catal yst
systemreactivity, activity, productivity, or

conbi nati ons thereof. |ngghcameqdi nent the netal al kyl
may be non-halide netal alkyl, a

& RO

Siructure 1
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metal al kyl halide, a non-hydrolyzed al kyl al um num
conpound, a hydrolyzed al kyl al um num conpound, or
combi nati ons thereof Suitable non-halide netal alkyls
i nclude, but are not limted to, alkylalumnum 20
conpounds, al kyl boron conpounds, al kl ymagnesi um
conpounds, al kyl zi nc conpounds, al kyllithium
conmpounds, or conbi nations thereof Suitable non-halide
netal al kyls include, but are not limted to,
n-butyllithium s-butyllithium t-butyllithium

di et hyl magnesi um  di butyl magnesi yp di et hyl zi nc,
triethylalum num trinethylal um nu
tripropylal um num tnbutyl Jun1n {
triisobutylal unfi
tri-n-octylalumn
di et hyl al um num p
Suitable netal_, 'de G
are not limte - ylaruh1nun1d|chléride,
d|ethylalun1nun1chlod|de di et hyl al um num br om de,

di et hyl al um num sesqu chl ori de, diisobutylal um num
chloride, ethylal um num sesqui chl ori de,

di et hyl al um num br om de,gy uguﬁ.gllﬂalumnumlodlde

et hyl al um nunet hoxychl ori and m xtures thereof. In
an enbodlnent t he alkylalun1nun1conpound maybe

twheedith whchl RipRroan indipemicntlyt b Heor 2 B1-Corareradtialgyap, syt dwp
may be the desired product, the netal alkyl nmay be at

| wicinal toogaeh piber- ﬁlyqyrt@aeshz@dlﬂmhk PRBOILEPT darRighihen A bonded may
expressed by the general fornmulae A R3, AlR2X,
;fpmxmarompwonmozmysmg of icHApIcHER! ibafse lial"f@f% doP, Zomfbon
wherein Y be an alkylcgroug aq% Q% a halog
ALBH anémaww ude {sAT GRS aEatg§er @aﬁ‘Fo T CPRIgH L3

to, trinmeth Ialun1nun] triethylal um num

tﬂarag?’nﬂfp%ﬂaéﬂ FHRieres pad may incly |h51]€{9rﬁtqllrllfrﬁlcb as oxygen or sulfur in

i Xturs thereof.
i ncl ude, but

bt ot &%’%fy'r%ﬁ% gl SpFT i R S -aide fmcionatity

3: Eiﬂ 4 SRR S e 0 ) TR HRE RO G i grou,

1a§d ar? ﬁy@ro%%nget %X-Y&E}“o rh 181% n—?tlg Y }:/111 al}%o'&%{‘énéj 351%\!«?!1 a?s@g'g&ﬂre

mnumt¢ um num
|1
R B AT BT ﬁqffﬁ“’g‘gé’é ST BB n =110, n

] b BTG %R Qicture (IID), R, R?, and R® are methyl groups, R%, R?, and R are
hydrogen, and Y=(CHy), wherein n=1-10.

Use of the dimeric pyrroles may produce a catalyst system with activity and
selectivity to a desired oligomerized product, such as, for example, the trimerization of
ethylene to 1-hexene, as well as low polymer production.

The metal alkyl, sometimes referred to as an activating compound, may be a

heteroleptic or homoleptic metal alkyl compound of any of the metals aluminum, boron,
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catal yst system may be a trial kyl al um num conpound,

Al R3, for exanple triethylalumnum Additionally,
hydrol yzed al kyl al um num conpounds, al um noxanes, mnay
be used. Al um noxanes can be prepared as known in the
art by reacting water or wgter containing 20 materials
with trial kylal um ni um conmpounds. Suitable

al um noxanes are prepared from trialkylal um nium
conpounds such as trinethyl al um ni um
triethylalum nium tripropylal um ni um

1ftﬂﬁ£ %}l#mm bR, Thd daaélta}kwrh@ Rkl Byl halide such as DEAC; a
exy

tri umniumor the Iike,” and m xtures thereof.

M o inbtfde shef atelil EufcB RETH A, Ak EUFibIANE 8SrebR YO b0l enctab ks can
Sui tabl e 5R "hydrol yzed al kyl al um num conpounds

| PeGkddCene HREHA(SRB©thB fretal dafbé Bitphitie, aiehdny, on berbiimtixaniereof For
nodi fi ed net hyl al um noxane, and et hyl al un noxanes, and
néxattple, @ lghe(spohy Gy sltebibhorahiagoneriiphatii picd dih W@f alkyl
systenms can further conprise a catalyst support
suppenteadpahd that cambeensiflepesitbotineashemin asidrang @ metaballayl. e"d; used in
with any support useful to support a 5 chrom um

cthi lisgleture, Suiewistrcd oan kel Jefinedsusy comPqURE by B‘aﬁn glperon
not limted to, zeolites, inorganic oxides, eit

alcemier. cctivaing sPRIPOYEDS WHCH R 88l Wa%a qﬂwb Pagh Lev m] diclude
and m xtures thereof, for exa 2

sellpyfabanmny, rropRoung, L HOHRREaF YRy r P @6“% %l‘r?l 'HB“‘ si*PIRoRRs, oF
alumna, thoria, al no hos ate

EEisHiE! ermfo@ﬁrm%é@ rﬂf wa@malf OB i Hlowever, due

I
b s Sk SRR b el WAL LR Bgprs s o
di t
aﬂ}%alf_hI}H 8%&%5%%%33&‘ mﬁt[ﬁ] gtlrlagéﬁfetané glpegn%mei 53 rthan ab%n 20 carbon
c clf{;\ésspré} {no ulea II Pgels ()@ﬁjnelaly%I {inﬁ‘gln}fﬁ:’ﬂ}drol&"ed i.e., not 6Jre

Irons t ereo usu not nore than

Cc%%l?&%i WBger, IRBCA' 4 M{{Hﬁ %&n dst BGivaRky 8N bRy ARYinum

|p atirc an cyclic 'saturated hydrocarbons

! 1aIRRRLABrpHRmBE AN nixtkex HRRS d
cyc ﬁ%agﬁggﬂkﬂﬁ§m¥gne or nn%ctane aITphatlc aﬁénmnmm

;;l he}ft%lel'e&]vfl:yS ay%@EMﬁ@F&EH QVHE0GAER dastivR Y GBS, productivity, or

Xxene cyc ohexene or cyclo octene, aromatic

haseHh RGP BB 1S UCd @foliflerteRemetlONGEARY B¢ nonylaRdersetal alkyl, a
ot hro- xyl ene, neta-xyl ene, paraxylene, Tthlorobenzene,

hakRoenat emkiiiy da0Ga-aRsyzsd C lkdsubiain O RotyRiund.c Al dydrolgzed
chl orof orm
alkylalumimum compound, or combinations thereof.

Sunitable non-halide metal alkyls include, but are not limited to, alkylaluminum
compounds, alkyl boron compounds, alklymagnesium compounds, alkylzinc compounds,
alkyllithium compounds, or combinations thereof. Suitable non-halide metal alkyls include,
but are not limited to, n-butyllithium, s-butyllithium, t-butyllithivm, diethylmagnesium,

dibutylmagnesium, diethylzinc, triethylaluminum, trimethylaluminum, tripropylaluminum,

tributylaluminum,  triisobutylalaminum,  tri-n-hexylaluminum,  tri-n-octylaluminum,



10

I5

20

nmet hyl ene chl ori de or chl orobenzene or

di chl orobenzene, or the like. In an enbodi nent, the
hydr ocar bon sol vent nay be an aromatic or a

hal ogenat ed aromati ¢ conpound havi ng 20 bet ween about

6 to about 20 carbon atomsg, a saturated or unsaturated
hydr ocarbon having from about 3 to about 14 carbon
atons; a hal ogenated saturated hydrocarbon having from
about 1 to about 9 carbon atons; or conbi nations
thereof. The solvent may be a hydrocarbon such as
CYichPiIeXiaRe efo%iak) WiaR@lurfinhe Y hdxidd) eXd fisured tHept aseaitable
hept anes, pentane, or mxtures thereof. In an

emACllye RAlide Remp@hieihnéhudes e tary hdp dimiteh @, efhplalamivg® dichloride,
enbodi nent the solvent is tetradecene. In an
edittbdilominim clgride - dlkeiaflalnginnmy bremids,e dictiglainminums et¢squehioride,
for exanple 1-hexene. In an enbodi nent, the sol vent
Mdijsotmtytabmiimen rvbloridd, ethalabimimun sesauichiosider giethyldwmigam bromide,
but ene, hexene, octene, decene, dodecene, tetradecene,
odiethyldwrhinymat iodide  etdalamhumehoxchiide npdd mehres  thyeol In an
hydr ocar bon conpound used as a sol vent can be any
cemsiiment Bpalbylalypigus pomred maybaHEYBRIEM phat i ¢

A R LN I R
b R0 SRR B B L
R T LT R TR s
SRS R SH e EREDS0 RRRMAIR S DAl
N

| eg <ol can be: |
g%—?ﬁﬁlgrﬂngﬁp W%?—#L}-%u@ﬁluﬁmﬁ& v %—Bg@;ﬂ@aﬁuﬁnﬁﬂﬂ §i-MS@fhthdinum,

any unsaturated aliphatic hydrocarbon

C&’iFER);i;l hilSmdbsge,t AN RBGIKmARmbGAHdRON at Q8RyIR&hinumethoxide,
nol ecul e. Specitic unsafurated allphatlc conpounds

| BehWEnRERY pRNSde B dieiRRRhodticRiofiy aghyRieuindh ddichloride,
m xtures thereof In an enbodi nent, the unsaturated
aliiktRflarhiium NGHHOE adi BRGSO biehidn \eHyRIvgtihiyd eesquichidtide hor
may be both a solvent and a reactant. Specific
Usvaibindfichb @@reaf, Olaihi ctbbdielent aly Ravatinpomepondisfor acbliglagrization
but are not limted to,

catalyst system may be a trialkylaluminum compound, AR, for example triethylaluminum.

Additionally, hydrolyzed alkylaluminum compounds, aluminoxanes, may be used.
Aluminoxanes can be prepared as known in the art by reacting water or water containing
materials with tralkylaluminium compounds. Suitable aluminoxanes are prepared from
triatkylaluminium  compounds such as wimethylaluminium, triethylaluminium,
tripropylalurninium, tributylaluminium, trlisobutylaluminium, trihexylaluminium or the like,

and mixtures thereof Mixtures of different aluminoxanes may also be used. Suitable
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t ol uene, benzene, ortho-xyl ene, netaxyl ene,

par a- xyl ene, ethyl benzene, xylene, nesityl ene,
hexanet hyl benzene, and m xtures thereof 20 The

hal i de- cont ai ni ng conpound can be any conpound

contai ning a hal ogen, for exanple organohalides
(including those listed as suitable solvents);

non- or ganohal i des; netal halides (including netal

al kyl halides such as those previously described and
non-al kyl netal halides such as tin tetrachloride and
RGN M@l @)rpdiady-ifiddida) bub aleindetinitedrto methylaluminoxane,
conbi nati ons thereof. Suitable compounds include, but
afBdiR@t mdthiylhingitbxine, and etiiplalumihexants indaniBres Hordr al

formula of R X,, wherein R can be any organic radical,

i nor gamk clefiadligomkrization datatyt, systemsceam fuptherecoppiiise @ecatalyst support.
sel ected fromfluoride, chloride, brom de, iodide, or

c Arshypoetd chresnivnh eatalisf systern oeh Unpagpered wish iy SeRPeT MR &y fypport a
greater than 0. Wiere Ris an organic radical, R my
helvemiuhr etplysth Suitable eatalygh srppoTiFOingladen S A€ vk lipited to, zeolites,

s ity om0 2 pmben slgm s g
S e R 5 SO 0400 S5 B
00 AR TG ! 00 508 8B i
hali de- tai i - is o ehloLide- o
c s SRk P R Mol o B Rl 0 R Rt 1n
hal i . ' t t limted
C 5P ACCARTRANA ahRELURGRABL, 210 DO Ll O e
chl or ghenaenem Qer?%rc}c%E SIMeRY b 1R0gchdt PHRRIRBAEsoIvent, or
P SRR S

1, 1-di chl or oet hane, I chl or oet hane,

tl?cg[ﬁl%faglgrg rt&?%lﬁ%glﬁlﬂy REXARGRI R5R Yl 30 8arbon atoms. Specific examples of

ronobut ane; |-Dbronobutane, aryl chloride,

C A ROentsShdy ARG QT Hphatid RAIIE RLE k2R EEIBARRABAR such as isobutane,
i odonet hané, di- i odonethane, hexafl uorobenzene

t Bérﬁzmk,or[-ﬁkx%é,eixgﬁﬁes, BRIAGAND mirepaRt @NeoctheXaiphitioraad alicyclic
cycl ohexane, 1, 3,5-trichl oro-benzene,

heXamhiar MBS Esuch rdst Yhexeld, aytlGixerr omcydlaié@Sie,1 sromatic
t hereof. Specific non-al kyl netal halides include but
ah@irstathohsi sitid Bdoltiéne Hiehieaoor dyhesacthiootylede metativieng,Ipajaxylene,
chloride, tin (IV) chloride, germaniumtetrachloride,

b eKlembdntdne,hhalogetifted hgdrnciitons sudhl ey icatbon yettachlopide, chloroform,
chloride, lanthanum chloride, titaniumtetrachloride,

Z infeth@ianeldhiloride or chlorobenzene or dichlorobenzene, or the like. In an embodiment,

the hydrocarbon solvent may be an aromatic or a halogenated aromatic compound having
between about 6 to about 20 carbon atoms; a saturated or unsaturated hydrocarbon having
from about 3 fo about 14 carbon atoms, a halogenated saturated hydrocarbon having from
about 1 to about © carbon atoms; or combinations thereof.  The solvent may be a
hydrocarbon such as cyclohexane, isobutare, n-hexane, hexanes, n-heptane, heptanes,

pentane, or mixtures thereof In an embodiment the solvent is ethylbenzene. In an
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tetrachl oride, hafniumtetrachloride, alum num
chloride, galliumchloride, silicon tetrachloride,

tin tetrachl ori de, phosphorus trichloride, antinony
trichloride, trityl 20 hexachl oro-antinonate, anti nony
pentachl oride, bisnuth trigchloride, boron tribromn de,
silicon tetrabrom de, |, alun1nun1fluor|de nol ybdenum
pent achl ori de, tungsten hexachloride, alum num
tribromde, alumnumtrichloride, or conbinations
thereof. Specific netal al kyl halide conpounds

| G odiiRnt 6l Bivin lis t@ttaldbentl R SUn@bdifient, AfhRblefinstha{ BeRedd as the
sesqui chl ori de, ethyl alum num dichloride, m xture of
NgdRela lidr dRarfifdé alheodnky I af embadiflenteihalsolict inth§ Scomprise normal
trimethyl-chlorosilane, tributyl tin chloride, dibutyl

t anid/ofl iisohkdd infleyresoof butamebhanerte] ortenct Heeepfiodebanet teadeome, or
the chrom um contai ni ng conpound, the netal al kyl, or
saimpenations thereocfont ai n and provide a halide to the
reaction m xture. For exanple, the halide source may

be 5lman mkqdimensniha inimearion ccompenndaiseh &s @swlyeptnoan be any
conjunction with aIkyIaIun1nun1conpounds Sui t abl e
SORYPINANol A (BN OR 0T @Mt T ATiahatip pSafirated Rydrocary eogrppRyds:
di i sobutyl al um num chl ori de, dlethylalun1num
cWP’éer‘}OEﬂé“Sh’%& WFB?‘%PWBFH%&Wu & higlisysd dhet andinsamraied hyfiqeashon
dlchlorlde di e hylalunln m by om de, .die q | al umi num

| SITPE 515 45 FAPSELEOP SO sl AR O & SRt f%ﬁéﬁmm o

d
55T 55 B SR L AETLAT 40 Sl e
ulirtgﬁlg euqtsattu:atecp n?lr%{]a?‘ooga o \%ds Sé/aﬁt §an Llr.nga Zl'@alloge{llbon

occurs upon COﬂ ne or nore O

G%ﬂ'lgglﬁlld n%at ﬁ sgmnﬂe tﬁé( Qa(:t‘aiy%t %Isteﬁlhﬁ“l aﬂn%fxﬂhdlﬁédfygmmdug c&ﬁ;%qnds

, expressed as a atio

m?]v 'thﬁ? al?Jut 5‘ a%%ﬁ Q@%a(‘l:{}% a{:ofbs &%1&3 Fsoal Sovef 'ﬁfé%’(ﬁghé Bed in

usual l'y at

'c%ﬂﬁha&nlw&}ﬁ%y RAthted %ﬁﬂh‘iud ﬁydu»b%ggon by RiBing rﬁap@xaﬁeaesut 20

the nmetal (M “is alumnum In an enbodi nent, the

Noafo RS pérahdiQuieSsgebifin batted Mlﬁhaﬁ@coﬁﬁ@&%ﬁs ihcﬁ@e ethylene, 1-
alternatively fromabout 1:1 to about : 20, or

alek@k NEA-bi&lidhe f h@ i@ therborl It &H&Udﬁneﬂm 11{3 unéRRAERApYatic
the anmount of netal alkyl/pyrrole solution used is

dptiREAboReRmPARE dnbet fikyldiB) @RictDfnag bE Goth Undolvent @ a reactant.

Specific unsaturated aromatic hydrocarbon compounds include, but are not limited to,
toluene, benzene, ortho-xylene, metaxylene, para-xylene, ethylbenzene, xylene, mesitylene,
hexamethylbenzene, and mixtures thereof

The halide-containing compound can be any compound containing a halogen, for
example organohalides (including those listed as suitable solvents); non-organohalides;
-metal halides (including metal alkyl halides such as those previously described and non-alkyl
metal halides such as tin tetrachloride and magnesium chloride), non-metal halides; or

combinations thereof. Suitable compounds include, but are not limited to, compounds with a
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enbodi nent, expressed as a nolar ratio, in ternms of

mol es of chromum (Cr) to noles of nitrogen (N) in
the pyrrole conmpound to noles of netal (M in the

netal alky, i.e., 20 O:NM the ratio of the chrom um
cont ai ni ng conpound to the,pyrrol e-containing

conpound is at |east about 1:15 and the ratio of the
chrom um cont ai ni ng conmpound to netal alkyl is at

| east about 1:150 such that Cr:N-Mis at |east about
1:15:150. In an enbodinent, the CG:NMnolar ratio is

V‘%e“ﬁl?or%ufa%ﬁﬁﬁ(&(vh&@ﬂﬂcaﬁ»én orgﬁ'lcsﬁdl% RACRSAR PadfSl, or both, X
s 1 to about 1:3:10 al ternatively, the

Qan e Mhmle,as’éleétéﬂ fr&n inSoriake t dﬂloﬁds’;l bfoai@Cio8itle, @2 cordbimitiGhs tiRereof,
1:3:21. In an enbodi nent, to prepare an

Odnid GO BRIl GadH 4r® RurBifetsadrastet haly 81 SeredB Wh oeic ratfiodleR @fay have
chromium as the elenment chromum (Cr), can be

Cidth amieidio\wbdun 7@ bt atbors perabdicdl, aBématingdy emdfto 20 carbon atoms
pyrrol e-contai ni ng conpound and about 1 to about 75

Nk eslicolf foalbesticompatibity dndecatalybtemrsien actiyjsy.i Whet [Ryis jap iwpnganic
excess of unsaturated hydrocarbon. The halide source
nagicdbR Biapbespiadted iflematireirmsy silicqry eprmaBe: hydrogen, heer dithpum,
nol es of halide, as the elenent. In an_ enbodi nent,

alivo gallim, e, dpade rdgricues theesof r 4t embodimenh éhf-‘e‘vaéﬁ%??fﬁammg
chromium (Cr), can be contacted wth about g
155TRPHNg ds %fhlqsgdﬁmtaéﬂprﬁ@ch@aM OTE3R “gest pecific

ORGP Y SRpovd Tt 7 19 DAY g e Bl o

e irhiogss cHtrpbensine pB et mte bR, dhibffarf oy SISt e, 1.2-
rb

c%%w oncgraf@%m‘gm{f@wa‘J Bkt L 80Ra g, Shropotuane

tagy 2 cl?l%:f eS agl etr r%r kﬁ] %ron%o gﬁéﬁé%%tgnz%%ﬂm %Hg]rqtahaég di-
domct! xQ%loEé%gnzeﬁes aﬂ:ﬁ‘l: %‘?13 'é (P?Qazch Pl% -ac@bne® X frx3Rloro-
rocar e

unsa ura ratio o pyrrofe to

r%ElQﬁQxM{J‘ 4 RYs. tg:ﬁiofo Red > foe%iﬂm%aJeﬁzle}{eg tiriP ERRSEL, | R Dmixtures

covered "15 as produc romthe various enbodi ments

dﬂl?&J £0§5di6b %rﬁélﬁ‘yl lnRetal ﬁaﬁlgésrlﬁﬂxd% Qut@& foBmitddnée lslth(’)Yl tdghchloride,

rati o. final Py:Cr nolar ratio of the

Cii @it) X:ﬁitan&@i)'in QW)' dRloRdd, %@ﬂﬁnﬂfn thkRAbARO Yéron Hrichlodidd, Gcandium
abou al ternatlvely fromabout 1.5:1 to about

Zhiorids, @dn’h@x{ N@ddride] YantHamih akisHde, titanfum tetrachloride, zirconium

tetrachloride, hafnium tetrachloride, aluminum chloride, gallium chloride, silicon
tetrachloride, tin tetrachloride, phosphorus trichloride, antimony trichloride, ftrityl-
hexachloro-antimonate, antimony pentachloride, bismuth trichlioride, boron tribromide,
silicon tetrabromide, , aluminum fluoride, molybdenum pentachloride, tungsten
hexachloride, aluminum tribromide, aluminum trichloride, or combinations thereof.
Specific metal alkyl halide compounds include, diethyl aluminum chloride, ethyl

aluminum sesquichloride, ethyl aluminum dichloride, mixture of non-halide metal alkyis
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1.5:1 to about 2.5:1; alternatively fromabout 2.0:1
to about 3.7:1; alternatively fromabout 2.5:1 to
about 3.5:1; or alternatively fromabout 2.9:1 to
about 3.1:1. 20 The catal yst synthesis prepared in a
hydrocarbon solvent may be.referred to as a catalyst
system sol ution. The resultant catal yst system prior
to introduction to any of the reactant, nmay have a
chrom um concentrati on of about |ess than about 50 ny
C/m catal yst systemsolution, for exanple from
%H@ HJetaPhaQﬁég ik RSb @l fmms@ H8hRAL LAl 1P dichRA, or
Cr/m catal'yst system sol ution, al ternati vel y
Cf)ﬁﬁhﬁﬁﬁg.{her&ﬁl Cr/m catal yst 63 system sol ution
to about 25 ny Cr/m cat al yst system sol uti on,
al t er pathénasley the rcBPmaRottntafing cofifountl/ ¢ meat akylsér siveitean
solution to about 15 ng C/nml catal yst system
Ohtalh @dprovide a halideas thatdastioh ynixture nFalooatple] therbalige sautce may be
catal yst system solution to about 15 ng Cr/m catal yst
sy alkgasmhmthatide Bd @ay b¢ ysd a1 Eoepdve @it alkgdssomgurrempounds.
with the present disclosure nay be used for the
Guitahteraiiaylalosniniuonhalides drichifl¢, bt aref not linaifedrigy [diisobutylaluminum chlorlde,
al pha-ol efins. The oligonerization of olefins may
@mtu@bmwnwh@ﬁg}e s ehylaiprigug | pegavdioridat F‘éﬂalﬁﬁt"%d§lchlf’ﬂde

an enbodi nent, oligoneri.zation .cata

@%?ﬁ’b’lé@fnéb‘m\}a"fff‘fd% H@ U 1‘351“& qng ixtpresy jh‘}rlrg’é‘cti on zone

i S e %P?goéw?m re—
S0 i ERR e DRSS e R S o
SFe e SRy EenS a&%%?ﬁsh"ssc’?rfe PE B RS & e e
ol B e A ol TRl %g%ﬁgsgn%r;ﬁggp@n in
R R R S ot L TR 1
Inﬂ)lag pa% %etégd: 195111' b o Cthe Li'el!ﬁgﬂﬁfgqg élﬁnﬁﬁrﬁ [mln@ﬂodtment the

roug Aout t e specification draw ngs with the

151 e R GFord WHRI @'ll So abdBd ﬁ’@@tdlt\ét%thWerTﬂ:tﬁn dbaM 1o about
I gures are not necessari | Yy to scale. "Certain

;1%2{ g;r %?:nﬁﬁve‘l)h GroMHBH 1:P o ABOHPQ : 19N ABYAeraNG GBS 61l oF Fnetal
alkyl/pyrrole solution used is determined based on the moles of chromium. In an
embodiment, expressed as a molar ratio, in terms of moles of chromium (Cr) to moles of
nitrogen (N) in the pyrrole compound to moles of metal (M) in the metal alky, ie.,
Cr:N:M, the ratio of the chrominm containing compound to the pyrrole-containing
compound is at least about 1:15 and the ratio of the chromium containing compound to
metal alkyl is at least about 1:150 such that Cr:N:M is at least about 1:15:150. In an

embodiment, the Cr:N:M molar ratio is within a range of about 3:3:3 (also expressed as

about 1:1:1) to about 1:3:100; alternatively, the Cr:N:M molar ratio is within a range of
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i n somewhat schematic formand sone details of
conventional elenents nmay not be shown in the

interest of clarity and conci seness. The present

di scl osure i s susceptible to enbodi nents 20 of
different forms. There arec,shown in the draw ngs, and
herein are described in detail, specific enbodinents
of the present disclosure with the understandi ng that
the present disclosure is to be considered an
exenplification of the principles of the invention,
aly 1o 30t [ b drdd8Rnt @ plepsFt bn élﬁ&nér&!(tﬁjﬁtchtﬂl@stkﬁtew gdout one
illustrated and described herein. It is to be fully
NefOthréthnd, Bathe l&Rentiéhtdneie (L), catteRbmgsedafithtabeut 1 to about 50
enbodi nents di scussed above may be 64 enpl oyed

safa o patofe-@htainingatyipaind tralibent d asrbhonais wolet of hmodws es the
desired results. Specifically, the present disclosure
fetement, n@iohally iofan reakesngf wsatarated Yrairodapor Gl deliderggurof may be
catal yst conponents should not be I[imted by any of
tpineseny dir aro ergovashrondi alreut tlsto chbent 7P [ecdies \rd hiplilgs as @prislsaiente i gn
set forth in the figures may be conbi ned. For_ exanple
terbodigensrabowi i ragle oBChEIHID culaﬁd Bohnelepat eepim (Cr), can be
enbodi nents set forth in Figs. 2A-2D and 3A- 313 ma

cormietithbeu 1 tindopp Rméﬁﬂ ATl °@FFH8‘6$ FraTRoand, fbogt 1. o
I A-11 t ddi
pwggol«%e AR AR e

st ieerodd ge«semngb'ge?@%sdr%ﬁfm%aﬁw 8 P eess o
(g Blar [naantem%@,g oﬁ@kmfé%fgﬁgﬁ{)n?#(&; clggent

) COﬂ act an a sor

38%11 rél{l otn%&% 3f IPOI‘ o #le—%@r&té g E&ledogmf% )

an a SOT versa eotroplc

Altds ok b % a{nin gﬁe%@gpﬁf%%m 26 lb%v@sﬁhaﬁa@ﬂtam el et (G, in

non- e by contact wt

%ﬂ%ﬁkggp&mmgﬁﬁdmﬁgﬁmw@;er aci dic protons, or both

at enent bul K additi on, and si nmultaneous addition

emb oA oS FFRYRE ol cﬂltoﬁﬂfn@@?@‘r)' iR 4R Maldesly§t@Empdiflion recovered

oper abl e nunber and sequence ‘i n ot her enbodi nents. The

B hRask: bRthORAbushAbediMerltSdif WsedliRrdi¥pis iréfiredNo as the final Py:Cr
ol i goneri zation catal yst that may be useful in any

Shbidrdithe TRAG PACSHEEr faliadf thh@tatyse@ey bR o 1Ingevf from about
ol i goneri zation reaction. In an enbodi ment, the nethod

afo: 1 Rebiit evanbiterthiity Baw Bieui 55:1 o abaut 3.7 ymiteraaivelp from about
catal yst for use in a trinerization reaction produci ng
1-5:1 to about 2.5:1; alternatively from about 2.0:1 to about 3.7:1; alternatively from about
2.5:1 to about 3.5:1; or alternatively from about 2.9:1 to about 3.1:1.

The catalyst synthesis prepared in a hydrocarbon solvent may be referred to as a
catalyst system solution. The resultant catalyst system, prior to introduction to any of the
reactant, may have a chromium concentration of about less than about 50 mg Cr/ml

catalyst system solution, for example from about 0.005g Cr/mL catalyst system solution to

about 25 mg Cr/ml catalyst system solution, alternatively from about 0.1 mg Cr/ml catalyst
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hexene from et hyl ene and the detail ed description
above may be focused on this enbodi nent but with the
under standi ng that the present invention may have
broader applications. 20 Exanpl es Preparation of an
ol i goneri zation catal yst having been generally

descri bed, the follow ng exanples are given as
particul ar enbodi nents of the catal yst disclosed and
to denonstrate the practice and advant ages thereof.
It is understood that the exanples are given 65 by

WoderPdonltivh isibbabh ?ﬂ% cA1fst BRieml sOhuBEH R€briaBvdly Fdrh aB1€0.5
e cl

speci fication or aims to followin any manner.

Vg COMS cRITR0 disi bSutofr o Rbapasi Mg O/t cahlygosyRern zalutian) or
catal yst are shown in exanples 1 through 14. In

eafpively romaBdue ¢ ighC/ndl chrelys spstendobitiyisto abaut p5 eg &lried calyst
various 5 tenperatures and chrom um concentrati ons.
Ispstemxsobpibe 2, sel ective 1-hexene catal yst is prepared
by si mul t aneous addition of chrom un et hyl benzene and
TEA/ DEAgystyrenated /e pévpidpnsn »éthdhe presepfedissloaire gry be used for the
previously prepared catal yst. In_exanple 3, selective
lipacsipptior efolafips forjexanplee ﬂa‘raé?éeﬁegl TB%?lﬁ@m?mOﬂ of olefins may be
pyrrole:chromumratio of 6:1 for the fjrst 0)
tcﬁ@uetﬁﬁ Ay aviiglE Phigomeriztion mehodsnip & 853‘794"8?‘& aewﬁﬁqwealﬁ%m’“

ratio of O during the se 10 half of t _ .
SR FAMASIEA OB A6IEH PPEIPIET T é“r’?fﬂ"& tne il eacion

FRAHTDF SofeneiarEe PR, S UREITE B PR e o branched
WEDE' grll:ﬁn &n%weﬁg’ %%rbﬁrﬁarg %‘gﬁ%? | ng ruseeglr'a}%@g%le rﬁ\ggr?ate%l Specific

BRI Bl E 55 ke Sl pSOEt BlEL a1
Sf@éef 3l Geadi] .baaﬂzum%ﬁl 0 ﬁenéﬁéi bt e ﬁsk@fwﬁenee SaRkhd Y l%g&dme

ofi um conponehts t0 a sol ution of and

ﬁn& SRR LS p%ssﬂﬁeeth %Fohhaéq bz XONBmER @thﬁéie wifh alhf{BRYRWEE a

en a snal amount of TEA is added to the chrom um
%b AMRAREREy. and water, acidic protons, or both are
at ed In exanple 8, water, acidic protons, or both

are ahahedeskiubhbde elﬂérﬁshb QR RirkédBrougiRbesit isy&ification and
1- hexene catal yst by contacting a small anmount of TEA

Virduhingl REthClRE eumeUrefeREd Rlrierals, respectively. The drawing figures are not
necessarily to scale. Certain features of the invention may be shown exaggerated in scale or
in somewhat schematic form and some details of conventional elements may not be shown in
the interest of clarity and conciseness. The present disclosure is susceptible to embodiments
of different forms. There are shown in the drawings, and herein are described in detail,
specific embodiments of the present disclosure with the understanding that the present
disclosure is to be considered an exemplification of the principles of the invention, and is not

intended to limit the invention to that illustrated and described herein. It is to be fully

recognized that the different teachings of the embodiments discussed above may be
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solution. In exanple 9, preparation of the selective
1- hexene catal yst is nmade by varying the 20

pyrrol e:chromumratio during the addition to

TEA/ DEAC. In exanple 10, preparation of the selective
1-hexene catalyst is made ysing high initia

pyrrol e:chrom um contact ratios when contacted with
TEA/ DEAC. In exanple 11, preparation of the selective
1- hexene catal yst is made using sinmultaneous separate
addition of catalyst conmponents to the heel- of

%ﬁ@%%e‘&%éda%teﬂf & Rk QuitBle bMSihation £ pRoGBEaIeSired Zosulf6 Specifically,
prep

rathon ‘of the selective 1-hexene catalyst is made
\@%et Bredehe aRdsthiel RP Ofme@odliof MRBRR a CAMRO Wydcdnactrgeof catalyst
al kylal um num conpound to sol ubilize products
(e @ttt ehoh1B BE HeBnifel B biky0uT thefarivibstcttbodimehtaiaseribedinVarious
alkyls. In exanple 13, water is abated when the o
Rb b entsadtel fort i alrd Fpires omiy (e eomnbinak eFa omarede, dbe wager, acidic
reduce the chrom um conponent's viscosity, 5
fopazork,i dratioiitn ghawadestr enbordipwats setsforly imBige Af-dp 8¢ 80488 mpy, be
exanple 14, water is abated by azeotropic, .
absbinéd veithi thrbulioaddision srbadiseenisef Bigs. L AdHR ke SRYBRATOEHRddiLon
cat al yst conmponent In exanple 15, the i ct of the
Sbediyets i G HRRE pupTies SRbodESES PR IESEARE ARy b°

of the above exanpl es al so ipclude, t he enbadi,nent, .for
b ERGISSISR TP AR UERS) B B PPIE G SR Rred

[ um . 10 In.th I I | yst :
Sy P ST A Bl S b for v
t- [ | ab I t- f i . i
S B A B B9 g B PR RNt b
typi.call d. f ' T t , :
Bt o R S0 B RIS B, e i
' d f ' Lok | en
Ao Bt Pias B kel ¥ Yy SHAP Bl Bouas, EBHE o Blmen,
f fon iR i i i 2l 3 esired an
i,y T Ay e grBsl i st o
| D818 s ?ﬁ%qde eGP b UnbE8mied. hTIR R&@hdduiiscibeankRtn is for
k@eplng I't free of oxygen and noisture, which may be

qﬁ:%kgﬁig Ik Bﬁg%ehﬁﬁ&h&t%af (Bt YRY b6 AIROROAY Suitab 1B Seafifon Ravhaiht the

ca ysts, or both | ab scal e catal yst preparation

RERESIN! B SodeRGIzhtRAdedchort Nen e afifdd@fienh ehOwedb® of the present
performed in gl assware

disclosure is for a trimerization catalyst for use in a trimerization reaction producing 1-

hexene from ethylene and the detailed description above may be focused on this embodiment
but with the understanding that the present invention may have broader applications.
Examples
Preparation of an oligomerization catalyst having been generally described, the
following examples are given as particular embodiments of the catalyst disclosed and to

demonstrate the practice and advantages thereof. It is understood that the examples are given
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in a drybox. Once the catalyst is prepared it is
diluted with cycl ohexane to the concentration 20
desired for oligonerization reactor tests. The diluted
catal yst solution is then transferred into a 300 cc
metal cylinder to provide {He neans for transport of
the catalyst to an oligonerization reactor under
protected at nosphere. Note that any transfer of
conmponents via syringes described in the exanpl es
bel ow is done in the dry box. 67 The pilot plant

S Gl TRlusttHlo4rA R e SinGtea lollidit e vificatidi ok the gRiihs to follow in
bl'anket to control the atnosphere, keeping it free of
oxnyaeianeand noi sture. All pilot plant scale catalyst
preparation procedures described in the exanples

bel ow \arieuspentodineed fon pepbingahd oligomerizaion caalyglrars ishaymain
hastel oy steel autoclave. Once the catalyst is

peepalked throughsl 4f | Thtesanande 1,rselectise 5h1:@nq;eatalﬁhlsmared gt various

-cylinder. About 150 granms of the prepared cataly i S

t keomeratuzn gfdeghrarnfuf: regpAeRtIEoTS o rlp @xangie 1. rFEleqtve r#thexeae catalyst is
smal l er, 300 cc, netal cylinder and transported to a
hetepaied bl BNk e ts@rplignepus ox 204N e s@lr | bé‘H°%‘B’6‘(F§‘Y1 figgne  and
prepared cat al e_and

f d
NIt s BN AR OB MR e
f t est th t 1
PSR ! ST e CrROI PR ool i o e it
d t ] {
gg@%ﬁ%ﬁ%&{“ﬂ’gﬁmﬁ% rlttg{] 911 nr anél@.gl;{éﬁ rgnqgige}'loo%% %ﬁ]]ie second
TR Aol 7 e A e
o) 9405 TS Moy s

nglgll 1 dﬁ %aﬁ&ds Libi HSMleFfd g&oﬁﬁu!nf oHeBBers 51@ %e@m e PiepadiBn of

contai ner. Prepared catalyst solution

t E@Qép&% eledeRe Hﬂagysgﬁ[noéxaﬂﬁg%r LeTe@iieOhek &R Ch@fysti i) plepifed by

cc netal cylin vent, e.g., cyclohexane, 1Is

¢ D58 HurlsPmttltEusliiaO G4 3irb10 B BARHE conBBknisia solution of
catalyst is transferred to the reactor by connecting

t BRA £o¥ IDEAGE! hRxdni}R: 7,0884RE 1304nPCLAFH id HiphFed RBen a small
cylinder wth ethylene whi ch conveys the catal yst
i ph6unt SErEAERadd@RE to (hé er@hiing @M@ dnaA thdowatéreaeiicqirotdis, or both are
pressurized with 650 psig of ethylene and 50 psig of
hyishica.g @in exandpt §, Svaepexidicadotats, @ Hothnge aiatedrie thefprepbrotnn of the
115 C

selective 1-hexene catalyst by contacting a small amount of TEA with the chromium/pyrrole

solution. In example 9, preparation of the selective 1-hexene catalyst is made by varying the
pyrrole:chromiuvm ratio during the addition to TEA/DEAC.

In example 10, preparation of the selective 1-hexene catalyst is made using high
initial pyrrole:chromium contact ratios when contacted with TEA/DEAC. In example 11,
preparation of the selective 1-hexene catalyst is made using simultaneous separate addition

of catalyst components to the heel of previously prepared catalyst In example 12,
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20 In sone of the exanples below, a continuous

ol i goneri zation reactor is used to test the prepared
catal yst. The continuous oligonerization is prefornmed
by controlling of all the feeds to the reactor by
using separate controls fog, each feed conponent.
Hydrogen is fed to the reactor at a rate of about 0.5
L/ hr, and ethylene is fed to the reactor at a rate of
about 497 g/ hr. The reactor is either al liter or a
1 gallon autocl ave, depending on the desired 68

gegérﬁlﬁg%g thd Efé?ec b {REehEREhRl is BRRCKP et ARG 8t urlﬁardg&l

pressure 1I's about 800 psig. Online

%@rﬁﬁduﬁﬁm e aﬁ(&@ﬂHﬁhh%mfx&ﬂmotsbﬁblﬁﬁlﬁédﬁbtﬁté&lnng from the reaction
ol igonerization reactor were collected via liquid
SRRt BEl Mahies ANyRN Uhadtnsle d3 byatdfak ebitedantenf el piolamnd
online gas 5 chronmatograph (GC), a Hewl ett Packard
@RS esmpdRaitsy sde Scondihi@l pr eduet the ndrogamplcemparentts viscosity,
anal yzed by the GC for the amount of ethyl ene present,
leiietieg paes esroyalawsthg GBolecsoneiews.ariy eximpihés, wittrgo mbited by
present. Fromthis information the selectivity,
pueirtpjc, distildtigotoviemeyeothe m@r frelaltbm Flapraymefalist fappegent.  In
(1-C6=) refers to the weig ercent of ethyl ene
comper toe the fimpagt ofihmsabrﬁeage Yy iﬁfxynt%(mmw&ﬂeseﬁaed r efvgrakof the
t he wei ght percent of 1-hexene in the total of all C6
2oV sesmples alsaapplyds thy ek odiment for thepddition of chrprmpeand/ag pyrmole to
percent of ethyl ene has been converted to oligomer

sHykalugigings. " hexene or decenes, etc.). Productivity

e B R HTHE e S50 ek Py 55 L s 20D

Pr oducti vi

Ong ST & e fpg?ﬁafi%‘:' R oalmg B FPesfhpte oo

m%ifﬁfrs‘@m 7P g s Pl 2 b Bt o it
QPRI LARMLOR: DIOERE REM G HLSF AHATPLE B! Eullons,

E@%&ﬁ@%ﬁg%%ﬁm"% nd SR DL et ESGPESC?Q? was

col | e’ﬁ{e%ﬂ’scaﬁ#epﬂmcﬁa&s ngtﬂyst i33¢r/degh \)éﬁéhgﬁ@ﬂmo$ﬂér§mslde the

anount was t scal ed up to a conmer ci al sized

@5}9%% gﬁgi Wit 4 heqltlmjcggke@ RRpHPH e Wc?ée‘ﬂ%ﬁﬂ m@Rfkre, which may

reporte

ROUEHRXRAGS @R duRlydt bRBeRAY, ROPrRMANcABEE, SFaRfh All lab scale

catalyst preparation procedures described in the examples below are performed in glassware
in a drybox. Once the catalyst is prepared it is diluted with cyclohexane to the concentration
desired for oligomerization reactor tests. The diluted catalyst solution is then transferred into
a 300 cc metal cylinder to provide the means for transport of the catalyst to an
oligomerization reactor under protected atmosphere. Note that any transfer of components

via syringes described in the examples below is done in the dry box.

reactor polyner, quantifred in pounds per .



10

15

20

20 plant (Lb/H 100MMyr Plant). Afilter conprising a
stai nl ess steel pad placed downstream of the reactor
was al so renoved, dried and wei ghed at the end of each
day for amounts of polymer. This anmount of polymer
was then scaled up to a 108, 000, 000 pounds/year plant
and added to the reactor polyner anount for reporting
the total polyner, quantified in pounds per hour
expected in a 100, 000, 000 poundper year plant (Lb/Hr
100MMyr Plant). 69 To determ ne the presence of

vat er TRf pilyslitdaRRedup pi@amRs talyb@idsrakdden BlEhkeith ke the
anal ysis was done using a standard |R apparatus. The

laRhapid:d Bepihdie frecuTRkRXeshd wdistire. A8l idlot plantivald tatdl&bpregaration
1, of hydration is near the band for chrom um

@irdceduing d&scritien ki thgexhikiplel HefolwGied ferforened thi asit dalguiestor tdwerising a
two. Therefore, in sone cases a nethanol solution test
fhastelgyr stxe] gitdclavd. dPnce theSatalwt drprepaned itiigderad dnteva §-10 gallon metal
performed to help in evaluating the online sangles to
aulindenyi dboutt 198 gmnssdnéhe pofpargd cdalysbis thergwasslemed ey shedprge

1 Catal yst 1-8: Catal yst was prepared by addjng 14.1
elindinig s gmalie, 30% g5 ey der and pseavidfo? hhem baRHcish ary box

s degribsd e o Hy AR TR el CLETRg gl ERsoVas e AP h
foll db 300 nL tol, . . 2.5 ..
SPRIRERARF ) e Geireg Samenstaiian o7, aratng A e SHBOmAIZ2 T6if1OF m The

luti [ .he. tor. Th t d wiih
S e Rl ST s B Bt b
nhxture of 1&600 g neat triethylalum num (TEA) and
PIEIETFRBLEY| et hyl al uni num chi ori de (DEAC) was t hen

dded f I
eciod, bt APRIRELSTo PR PLERLDA B el B i

ri nse. € f éase

rcgrtmlﬁr %urg ggéoglgﬁggomeggorﬁ ?’R{;ﬂ %%&'oligmri%gﬁﬂ ?e?%t?rt i £ 1 gltk? autoclave

reac overnig d were t ere usi ng
th{t i e fila SATPLAGR 0 GieBadh WML AL hRM Rlen@ic Bl AEER N the
filter paper, glass wool, diatonmaceous earth, and

APALRETor| @Y Clealtd  BhidHs. WORHepareid dathlisp NdutisRt @dndwkted BT Be
prepared in which the tenperature and chrom um

CREGIRALA B teBdiorit the P cGRdtA kymberD BEPRE, @lp), OytPOhMRAE is charged to
varied. The catalysts were tested for productivity in
FheloligathdrRition Q@iklof) Uadife cRaG: Qf raddfelrddNE the @&idlof By eunBecting the
cylinder to the reactor and pressurizing the cylinder with ethylene, which conveys the
catalyst into the reactor. The oligomerization reactor is pressurized with 650 psig of ethylene
and 50 psig of hydrogen, and is operated at a temperature of about 115 °C.

In some of the examples below, a continuous oligomerization reactor is used to test
the prepared catalyst. The contimous oligomerization is preformed by controlling of all the
feeds to the reactor by using separate controls for each feed component. Hydrogen is fed to

the reactor at a rate of about 0.5 L/hr, and ethylene is fed to the reactor at a rate of about 497

g/hr. The reactor is either a 1 liter or a 1 gallon autoclave, depending on the desired
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20 shown in Table 1. 70 Table 1 Catalyst | Tenp
Concentration Productivity Rx Polyner Cng C/nL) (g
1-C6=/g C) (Lb/H 100MMyr Plant) Ratio Cr/
yrrol e/ TEA/DEAC (1/3/11/8) 1 25 1 43,183 0.001 2 75 1
40,010 0.083 3 25 5 45,763 0.005 4 75 5 44,599 0.000
Ratio Cr/ yrrole/ fEA/ DEAC (1/1.8/6.5/5) 5 25 1 41,961
0.015 6 75 1 38,008 0.005 7 25 5 43,373 0.016 8 75
5 27,127 0.906 The exanpl es show that catal yst
productivity increased with a reduction in catal yst
F%rig&%{ %ﬁé ANnd L0 ?Jeééﬁ&l teAf Gkt QAL 5 ¥ Q@ e §Sabout
SHow t he Dest cata yst productivity was 5 observed in
Qﬁ$§%y8t 3 and catalyst 7 with 45,769 g 1-C6=/g O and
43,3739 1-C6=/g Cr, respectively, when prepared at

| oW tRNRELRIpIE & (prtitioR Tbmhihg oM@ digemoiaaien treator orre
(5 mg C/nl). Low reactor polyner was al so observed
LUNERE $il Biqhae Simiting duledsi (iatyfaeetobyt Valos. and Exdwpdneoriine gas
Catal yst 9-10: An et hyl benzene sol ution containing 2.3
Shréhicdraph 0GC)] 4 HrwRtt Padkard tB90, foe amahyoiat &haprddigtiong sagnples wete
et hyl benzene was prepared A separate solution

aalykal byitiegG® f@ Begmonns af ethyline piegani hexenereseqTad Cs isgmgrg ang
neat diethylalum numchloride (DEAC), 1.37 g 2,5- .
biizhee bhigpmens preséne  Brawk thipingorgjation g spleqiyibh uijigeng cypyersion was

prepared. These two sol utions were .
calculated  Selectivity (1-Cs=) refers to the weight percent of ethylene converted into 1-

hexene. Purity (1-Cg=/ Cs) refers to the weight percent of 1-hexene in the total of all Cs
isomers. Conversion (C;=) refers to the weight percent of ethylene has been converted to
oligomer product (e.g., hexene or decenes, etc.). Productivity refers how much 1-hexene the
catalyst prociuced, and relates to the amount of catalyst is used. Productivity is quantified in
runits of grams of 1-hexene per gram of chromium (g 1-Cs~/g Cr). In the batch processes,
productivity is evaluated over a 30 minute time frame. Other evaluations made on the
oligomerization processed catalyst examples include reactor polymer (Rx Polymer) and total
polymer. At the end of each day, the reactor was opened and cleaned. Any formed polymer
inside the reactor was collected, allowed to dry, and then weighed. This amount was then
scaled up to a commercial sized processing unit of 100,000,000 pounds/year and reported as
reactor polymer, quantified in pounds per hour expected in a 100,000,000 pound per year
plant (Lb/Hr 100MM/yr Plant). A filter comprising a stainless steel pad placed downstream
of the reactor was also removed, dried and weighed at the end of each day for amounts of
polymer. This amount of polymer was then scaled up to a 100,000,000 pounds/year plant
and added to the reactor polymer amount for reporting the total polymer, quantified in

pounds per hour expected in a 100,000,000 pound per year plant (Lb/Hr 100MM/yr Plant).
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added to 30.98 g of active catalyst over a 40 m nute
period such that the addition tinme for both solutions
started and ended at the sanme tine. The catal yst was
tested in al L 15 continuous reactor and the average
results of two test runs agge shown in Table 2 as

Catal yst 10. The average of two test runs of a
standard catal yst preparation is shown in Table 2 as
Catalyst 9. 71 Table 2 Catalyst Selectivity Purity
Productivity Rx Polyner Total Polymer 1-C6 1-C6=

0. 00 1y Apgninlfegert e Yl SL BRIy Hinodh HE sl Tl Ared
SRR W3S dct Q¥hd 4 \@nd 28 H@%ﬁ!ﬁ'ﬁ’tﬁ@ e FERdnd ot Hle cERMeARE water, e.g.,

prepared. The exanples further indicate that a fewer

RSP 450 B! (R RYPatioR Y AGar iR B feCthiofiydi 6120 ers andkiik yisiifficultSo
Exanpl e 3 Catalyst 11: A solution was prepared by
Riskhgd@h 62.0h6) Thdnerare, ih iy |aundtinuioh so il est 8. pBRipgation of
neat di et hyl al um num chl oride (DEAC) and 20.02 g
etrloyluaesizemners wisperforrhddool bitls invevnmating digedorlioe $amiplss to determine
solution. The first contained 2.3 g chromum (I11) 2-
glichpydstrexofivasdt ef hydrafigh. g et hyl benzene and 2.74 ¢
2,5-di nmet hyl pyrrole. The second contained 10 2.3 g
chrom um (111) 2-ethyl heExampled and 1.14 ¢

et hyl benzene. Ethyl benzene was added to aobtain a

t ot al Catalystrie8:ofCatalys was. prepared &% pddings 14- b ibs 94 bt niFpesnrpugsed
method was tested in a 1 L continuQus react

r..Th
delesna de ar e sallongreastort hoe the ttplagne (W sadg‘?deG@r?oMgWH“%g}lﬂé 2-

3. Table 3 Catalyst Selectivity Purity talyst .

mitherass fipoved . (59 tepmedolovEh Ly @ 0 Wiens ginse. 25-
0,

ngir'ngﬂl/)OdpSy%ol?eS(ztg 88.9 mL) was added to the chromium solution in the reactor. The reactor

was purged with nitrogen and brought to a temperature of 25°C. A mixture of 1,600 g neat
triethylaluminum (TEA) and 1,229 g neat diethylaluminum chioride (DEAC) was then added
to the reactor followed by 0.2 Ibs of toluene rinse. The temperature increased 18°C and was
returned to 25°C with cooling. The contents of the reactor stood overnight and were then
filtered, using a filter comprising a combination of a metal screen, filter paper, glass wool,
diatomaceous earth, and another layer of glass wool. Additional catalysts were prepared in
which the temperature and chromium concentration of the catalyst preparations were varied.
The catalysts were tested for productivity in a 1 gallon continuous reactor and the results are

shown in Table 1.
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15 The exanpl e shows high selectivity (91.2%,

purity (9929%,

and good cat al yst
g 1-C6=/g C) for the catal yst preparation.

hi gh

productivity (80,759

Exanmpl e 4

Catal yst 12: Ethyl benzene (10.67 g) was added to a dry
100 nL vol unetric fl ask.

added to each of four separate 20 nlL syri nges.

chem cal

12.06 72 g neat tiethylal um num (TEA),

di vi dual

chem cal s were

The

s 20 added were 4.76 g chromum (111)
2- et hyl hexanoat e di ssolved in 2.38 g ethyl benzene,

9.26 g neat

di et hyl al um num chloride (fpfly and 2.74 g
2,5-di methyl pyrrole. To each of these syringes was

IEE T ShRh e
/0 _Sﬂrryesﬁof @&i—)ZD

ICoRtedtratidan
CRe) N

RERErh

rdlHFEAYPEAE (/3N DB

7 EMNRoddetihyOV!
ee@l1as6-af chhe

06 &R Fiyiher
D (Sb/HF DGBSMAYR PRint)

TELT1C 11 ask

and the syringes

eTIptied

MU

e 135K Si

U Tapgewis! y

at The geore rate

VeEr, o

30 mNU

es. After

he addid i ond

wer e aozpl et e,

PT Ny be

ZehEe Was added to

The 46 FesK T

) obt aigpea t ot al

701 TTE

T 350

L The cat

Al ysigafdo ni)

prepar exboby thi's

RIS Webde/ T

EA

dci(n.s@.sk)L batch reactor at 116C and

resurys of {his4iesf ar¢ shown ggislabl e

. aryst 1Sel ecti vi g oburi ty Cat al yo00s
Proguctiivi 8y |[- Co- 5 1- Co17 Cb 433%6=/ 12 92.800%0 98. 7%
B4, 325 [107EXapl € 5 Cat al ySt 223275. Cat al ysto.owas
repared by adding I5.85 g ethylbenzéne to a dry 100
mL volunetric flask. To this flask was added 12.09 g
neat trhé efafhpled koM Rt EateiSoduddivibinfreastE@ith a reduction in catalyst
di et hyl al um num chl oride (DEAL) and 2.74 g
2prapatitioichyérmper Aliditondly, taieSaniplex shomethetsest caalystetbddctinBy gas
c%r omum (I11) 2-ethyl hexanoate dissolved in 2.38 ¢
ebt3stiddein zamigst 3Tne cdtblyst Gl withed5\Was ghirOrgh Cr bl 4BRI3grL-Chi/g T,
et hyl benzene. Different preparations of chromum (lI1l)
2regifehivtiponan prbeed@il@y wapdaltio (35FEpmd bigh hivomaradoyeshization (5
13-15. In catalyst 13 the chrom um

mg CrmL). Low reactor polymer was also observed under the best productivity conditions.

251€

pcU Pri g.
I_‘EBI% 478at

Example 2

Catalyst 9-10: An ethylbenzene solution containing 2.3 g chromium (Iil) 2-
ethylhexanoate and 8.13 g ethylbenzene was prepared. A separate solution containing 6.05 g
neat triethylaluminum (TEA), 4.63 g neat diethylaluminum chloride (DEAC), 1.37 g 2,5-
dimethylpyrrole and 22.6 g ethylbenzene was also prepared. These two solutions were
added to 30.98 g of active catalyst over a 40 minute period such that the addition time for
both solutions started and ended at the same time. The catalyst was tested in a 1 L
continuous reactor and the average results of two test runs are shown in Table 2 as Catalyst

10. The average of two test runs of a standard catalyst preparation is shown in Table 2 as

Catalyst 9.



content of the chromum (I11) 2-ethyl hexanoate was
10.5% Infrared analysis and a nethanol solubility
test indicated that sone water of hydration was
present but no chromium oligonmers. In catalyst 14 the
chrom um content was 10.9%,and infrared anal ysis and
20 nmet hanol solubility indicated that neither water of
hydrati on nor chrom umoligonmers were present. In
catal yst 15 the analysis indicated the presence of
chrom um ol i goners. The 73 catal ysts prepared were
tested for activity in theggati nuous reactor (1 L)
and the average results for two test runs of each

PERPRR A Seredtivity ¢ BN siy‘o} | Frodwaliey Sli RaPdigmer Catratay Bélymer
Sel ect i| vigtgHul id-x al YBb/HP1 0NBLir\Pldny)

n@f—@ﬁ’%@
- Gp= 1- @O=3p406| (98} 1- Cazl57 13 8003% 99. 1943, 0%

83,1042 | 13%.188. T %08 1% 8429%6 87,[882 0bb 87.14% 98.18%

86.4% 88,460 5 The exanpl es show that the best

conmbi nation of purity and productivity are obtained
when tTheeispbls shivky thytdamadccepmbBnatalykir anibe prephied o IThe Sxanmdes
not contained in the chromum (I111) 2-ethyl hexanoate

i fartler gdicdte datratfevemowmbtesof tBkammi be r@uist ta prgpare dagyst.

Et hyl benzene (20.01 g) was added to a dry 125 nL

Erl enneyer flask 10 equiBxpmpledi th a nmagnetic stirrer.
To the ethyl benzene was added 12. 07 q neat ) )
tri et Rgtabystublic ndraokutien yaszmezgrqdé)atmlmnét ByP & ‘lfﬁ‘i Wathaﬂalummum
chloride. Into a 10 nL syringe was added

RESHiI%h g neat Yietylamipnmeshionda (REAfD 8 12082 & ﬁhbib%ni; Two

et hyl benzene. Intq a_  separ

zﬂlnz@th weresaddedrin (78 SRR eTg‘h %ﬁé %@nh@e%gg h; f?éﬁ%?ﬂﬁd}
Both of th had t
p R S S LT R

10 qu ﬁgﬁ of El‘@/ E rghlglﬁﬁca%(qe?rée afnd ??Jl( g etgﬁlgenlzerr]lle ngthylpeenzge lwlzjxg a%faed to
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obtain a total volume of 100 mL. The catalyst prepared by this method was testedina 1 L

continuous reactor. The average results of three test runs are shown in Table 3.

Table 3
Catalyst Selectivity Purity Catalyst Productivity
(1-Cs™) (1-Ce=/Ce) (g 1-Ce=/g Cr}
11 91.2% 99.2% 80,759

The example shov;vs high selectivity (91.2%), high purity (99.2%), and good catalyst
productivity (80,759 g 1-C¢=/g Cr) for the catalyst preparation.
Example 4
Catalyst 12: Ethylbenzene (10.67 g) was added to a dry 100 mL volumetric flask.
Individual chemicals were added to each of four separate 20 mL syringes. The chemicals

added were 4.76 g chromium (I11) 2-ethylhexanoate dissolved in 2.38 g ethylbenzene, 12.06
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contents were added simnmultaneously over 30 m nutes.
After the addition was conplete, the contents were
transferred to a 100 nL volunetric flask and dil uted
to about 103 nL with ethylbenzene. This catal yst was
tested in a continuous | L,reactor and the results
(average of three test runs) are shown in Table 6. 20
74 Table 6 Catal yst Selectivity Purity Conversion
Catal yst Productivity 1 1-C6= 1-C6=/C6 C2= i-C6=I Cr
16 93.0% 98. 9% 66. 6% 72, 691~ Exanple 7 Catal yst 17:

gt menER BB SIS ol SodLHORACh uth e
E%-(ﬁm%rl;%nﬁf&r ?F‘E&éﬂb&h&é )yridecs WY AdiQIa nRRA thylbeSRd iy pdvide
I 2. et hy

enzene. ‘This is an anpbunt of TEA

SULET GdiERY off BIEAREL Miet RedB AT the Afidla®Xees sddad itel the 100 mL
present 1n the chromum (lI11) 2-ethyl hexanoate. The

GO QBHL sk Rhdhé Hinges AEHIRA inteME Nisk HimbitinbousAS thuvae rate over
added, over 50 m nutes, to a solution containing TEA
(35 dmiBkes. OA fter dhecddainbml witt 0otrplead |etylbereereDEAGAIS] @ Aheyllask to
2,5-dimethyl pyrrole (2.75 g) and 10 et hyl benzene ]
(0BBinQ kot@ volufnt b 100 iz che caslpst Gubispogpend bythis dutdd wes tested in
provide a total volunme of 100 mL. Catal yst 18: A
GQNMPRkch $@Bocsal BPQ sid 68apsigr dbercadts bithis tieliargsh@on io Talje bf

et hyl benzene to 4.62 g chromum (I11)

2- et hyl hexanoat e di ssol ve@abln42. 27 g et hyl benzene. The
chromum solution was added. over 50 mnutes_to a

BOAtalyston C Selestivityng TIEA ( 1Bwr@8 o), | 15 €rtebshAradusfiviBum
chl ori de ( DERCs)9. 28 lo) . (PCs~€iinet | £7/pC
andizet hyl bengeite (25 00_¢98.7%+t hy| benzene ifsd2d

subsequent|ly added to provide a total volunme of 100
nm.. These catal ysts were tested for productivity in a
1 L continuous reactor. Emamplesrage

Catalyst 13-15: Catalyst was prepared by adding 15.85 g ethylbenzene to a dry 100
mL volumetric flask. To this flask was added 12.09 g neat triethylaluminum (TEA), 9.26 g
neat diethylaluminum chloride (DEAC) and 2.74 g 2,5-dimethylpyrrole. To this mixture was
added 4.76 g chromium (III) 2-ethylhexanoate dissolved in 2.38 g ethylbenzene. The
volume was brought to 100 mL with ethylbenzene. Different preparations of chromium (11I)
2-ethylhexanoate were used to prepare the catalysts 13-15. In catalyst 13 the chromium
content of the chromium (IIf) 2-ethylhexanoate was 10.5%. Infrared analysis and a methanol
solubility test indicated that some water of hydration was present but no chromium
oligomers. In catalyst 14 the chromium content was 10.9% and infrared analysis and
methanol solubility indicated that neither water of hydration nor chromium oligomers were

present. In catalyst 15 the analysis indicated the presence of chromium oligomers. The
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of two separate runs for each catalyst is shown in
Table 7. Table 7 Catalyst Selectivity Purity
Conversion Catal yst Productivity 1-C6= 1-C66 (Q= (9
1-C6=/ Cr) 17 90.0% 98. 8% 88. 3% 93, 129 18 89. 1% 98. 8%
82.7% 86,306 20 75 The agddition of TEA to a chrom um
(I'11) 2-ethyl hexanoate sol ution provided a catal yst
with increased activity. It will also reduce corrosion
in equi pnment after the catal yst has been inactivated
The exanpl e further provides an exanple of TEA

fybel cadtdrdil ¢) RAOTHO Ber
Atk Bo wEDLAE (Wl Qi ERARE BB redfirtl 4) e

tr@éuﬁ; Ry iddruRiiTedcR FRparflioft e GlownasTatkded to 2. 01 g of

et hyl benzene. This solution was added slowy to 4.62 g

chromum (I11) 2-ethyl hexaabrte in 27.27 g

et hyl benzene. This is a small excess of the amount of

stalfyétl ClleRélectiGity ¢actPuditt h | wedmersind | Eatadwss Padidivity

resent in |t ha-C&yoni RCEHTH) | 2- ety hexandaldss=/E€r) |

t hi s B0 chriomsaa%TEA sdldutd on|was/9&lded |2, 73 3.2

2, 5- didnet hyll pperwl el THS.1%hr onmi BHSTEA dinet h§T.882r r ol

sol utison, wWas 8adwbed,| oVa8r1¥30-40 Hérdblt es] to ad%#Outi on

contai ning TEA (11.62 g), diethylal um numchloride
(DEAC, 9.25 g) and ethyl benzene (15.00 g).

Et hy| Baneenpleyshsw thatthe kedchenibingiop pbiriticand pmémmw Qhgined

of 100 m.. Catal yst 20: A conparison catal yst was

pwlep ahee‘datbwféamrh‘atwg apd ghgorgium ofigomers ¢p fekt 4eYRIBst inghechrgmium

4. 61 chromum (111) 2-ethyl hexanoate di ssol ved in

ZIID?*@YQFWPQS%WEWECM Puplhmedi at e reduction in the

viscosity of the chrom um sol ution was observed. This

chrom um sol ution was add&ameleder 30-40 ninutes, to a

solu
! I(Zgglly%t() lnﬁt ! ﬂylbe%zene (20 (0% é} \9/:?5 a%&e’d to a dry 125 mL Erlenmeyer f{lask

equipped with a magnetic stirer. To the ethylbenzene was added 12.07 g neat
triethylaluminum and 9.27 g neat diethylaluminum chloride. Into a 10 mL syringe was
added 4.61 g chromium ([II) 2-ethylhexanoate dissolved in 2.28 g ethylbenzene. Into a
separate 10 mL syringe was added 2.73 g 2,5-dimethylpyrrole and 3.38 g ethylbenzene.
Both of the syringes had an approximate volume of 7.5 mL. The syringe needles were put
into opposite sides of the Erlenmeyer flask containing the diluted aluminum alkyls and the
contents were added simuitaneously over 30 minutes. After the addition was complete, the
contents were transferred to a 100 mL volumetric flask and diluted to about 103 mL with
ethylbenzene. This catalyst was tested in a continuous 1 L réactor and the results (average of

three test runs) are shown in Table 6.
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di et hyl al um num chl ori de (DEAC, 9.27 g) and

et hyl benzene (20.00 g). Ethyl benzene was then added

to provide a total volunme of 100 nmi. 20 These catal yst
preparations were tested for productivity ina 1L
continuous reactor. The aygrage of three separate

test runs for each catalyst is shown in Table 8. 76
Tabl e 8 Catal yst Selectivity Purity Conversion

Catal yst Productivity 1-C6= 1-C6=/C6 C2= 1-C6=/g Cr)

19 92.0% 98. 9% 74. 4% 80, 252 20 92.5% 99. 1% 71. 8%
77,877 The addition of TEfgye@vi ded a catal yst with

i ncreased activity. It can also reduce corrosion in
dodaaiysEEM RiyeN]  af Paityt he | casmensh | Catalyst Productivity
nact i vaj ed.(1-cg=)Exanpl@@=Bgvel al ©aHal yst s (g ok ¥s)Y S
2T-2iF wef e psxpared|in sdwish the mwolegar rati o of2.4%e

2, 5- dinethyl pyrrol e/chrom umwas varied during the
addition to the solution of alum num alkyls. Catalyst
21: A chrom um sol uti on OExanid7 g chrom um (111)

2-et hyl hexanoate 10 dissolved in 2.27 g ethyl benzene
was diGadtaesd 17nt dledtdrigthydahuraibum (FEA.0M37 6F Wes 29ded ta O o of
each of these portions was added a different amunt of

2 etylbéngent.h {This pelntiinewas Tdded [slowfy fo k62 gachrongipy dHD £-efylhgxanoate
2,5-dinmethyl pyrrole, to the second 0.84 g, to the |,

t Wisyolyed i2227ge ethvibengene. nEhis i§ap pRonny of BEA, .S"f*gm@t to react with water
chrom uni 2, 5- di et hyl pyrrol e _portions we

s evfliesesh agig pregest i s erereing (1B sratyihrangate rzf’éftfr%q‘?i@ggg’g‘i"“’
s T T B e L AU
F GhLPEPHY R SR Bl A G dePa: TR0 G vy Aot
g N A T S e
C@B&&Est 21 in

Catalyst 18: A comparison catalyst was prepared by adding 30.02 g of ethylbenzene

to 4.62 g chromium (III) 2-ethylhexanoate dissolved in 2.27 g ethylbenzene. The chromium
solution was added, over 50 minufes, to a solution containing TEA (12.08 g),
diethylaluminum chloride (DEAC, 9.28 g), 2,5-dimethylpyrrole (2.74 g) and ethylbenzene
(25.00 g). Ethylbenzene was subsequently added to provide a total volume of 100 mL.
These catalysts were tested for productivity in a 1 L continuous reactor. The average

of two separate runs for each catalyst is shown in Table 7.

Table7
Catalyst Selectivity Purity Conversion Catalyst Productivity
(1-Cs=) (1-C¢=/Cs) {C5) (g1-Ce=lg Cr)
17 90.0% 98.8% 88.3% 93,129
18 89.1% 98.8% 82.7% 86,306
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Table 9 below. The results shown are the average of

four separate test runs. Catalyst 22: A chrom um
solution of 4.61 g chromium (111) 2-ethyl hexanoate 20
di ssolved in 2.27 g ethyl benzene was divided into four
portions. To each of these_portions was added a

di fferent anount of 2,5-dinethylpyrrole and a simlar
anmount of ethyl benzene. The first portion contained
0.69 g chromum solution, 1.50 g 2,5-dinethyl pyrrole
and 7.51 g 77 ethyl benzene. The second contai ned 1. 38
g chr orfielddisied ot TBA, oG SikorGiu, (P)0: - IRMKbriOYEs@luBon Blddided a
7.52 g ethyl benzene. The third portion contained 2.06

g carbiysd Wit MeRadedi hdtioily. 10 wallalsg redube coftbsigal i yduiidhDAfRr M8 eatalyst
7.50 g ethyl benzene. The fourth portion contained 2.75
g heshbeeni ivattivased| The @rgmple TiGthey Probdai amethyippyof TEA aidilion to
7.51 g ethyl benzene. The chromium 2,5 5

dichremtwy tpghateotatsh.atidigipisémz.onkotipor t i ons were t hen added
sequentially to a solution containing 12.07 g neat
triethylal um num (TEA), 9Egampledheat diethyl al um num

chl oride (DEAC) and . 25.01 g ethyl benzene. The total
addi t i et nid: wlkataFisthyipmmie E6o OfP nglt &%, adfgd to 201 g of

R EP RN, FF IR e SR 4 E e Ol Fghhesanoa in
t Qi I t, | 1L ti , . h .
L g ety s B asman S5l bt H nefiGe RiREp
argtthe aver age. ,of
2 .

syater, and, excess cid Prﬁ%e\ll\lp i %Fea}ﬁ%%%eihpg?lng@ﬁlqh%:x?{lq%ky StTo this

cnromum so ron o

2- ) an i ssol,yed in, 2,27 .9 | benzene wa

dldg%"ﬂé% 0 @%ﬁ’r’ g%a?t iagﬁe?. ﬁI'lg3 eBc h°fofﬁ'ﬁ§§§ﬁﬁéf°t‘? onssrhe
] t ; of 1.2 2-di hy role ., .

SR LENRERN BRI o Bl R AL i

poOL i toad : chr o s [ 3

SRR FENEL 0 iyl AL O0 laBef b

SEGR0Y). CORIMNRGE vHs feh Ldss AV SAl Wik 18-HL 9

2,5-dirmet hyl pyrrol'e and 7.49 g ethyl benzene. The

thi rd qefijst o: comtéah?%o@-c%lyg whY prbaeR 99! dingm. 70 627 5

g 2,5- dinethylpyrrole and 7.51 g ethyl benzene. The

f SitlethpRRIE tb 3181 ¢ CRbRIAEAT)D- el H@xHbAOEEsIREA 8 2124 lriebenzene.

0.15 g 2,5-dinethyl pyrrole and 7.50 g et hyl benzene.

The ieedidte wahadioh-in dieBichiity @ rticodhentlinh \sblagiz @MCobserved. This

portions were then added sequentially to a sol ution
CeHadraiLm istl@tion was added, over 30-40 minutes, to a solution containing TEA (12.08 g),

diethylaluminum chloride (DEAC, 9.27 g) and ethylbenzene (20.00 g). Ethylbenzene was
then added to provide a total volume of 100 mL.
These catalyst preparations were tested for productivity in a 1 L continuous reactor.

The average of three separate test runs for each catalyst is shown in Table &.
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20 12.09 g neat triethylalum num (TEA), 9.26 g neat

di et hyl al um num chl ori de (DEAC) and 25.02 ¢

et hyl benzene. The total addition tinme was
approximately 60 m nutes. The resulting catalyst

sol ution was then diluted ?@ 100 mL with ethyl benzene.
The results fromtesting o this catalyst, inal L
conti nuous reactor, are shown as Catalyst 23 in Table
9 below. The results shown are the average of two
separate test runs. 78 Exanple 10 Catal yst 24: To a
dry, nitrogen purged 5 gakllgpgreactor was added 14.6

| bs of dry, nitrogen purged ethyl benzene. The reactor

Al U8HectvityT 1 U PRART a0 Conversiont! £ Cabdlpst Prodadlivity
1, 59% 9] ng%&s:;w;. bt de;‘a}%gg;’n num I(ld;E)A) anhd 1,338 8eant

dirgpny[ al egp@um p CRRO% de] ( DEAL 4w, Was| added g@292he

reagltol. ohesw,al un nuemal Ky| m xi.asgssel was r UT}SHCI w th

0.2 Tbs of ethylbenzene and this rinse was added to
the reactor. A chrom um solution was prepared by

addi nmpheHd@tisHofafEASYdddertaans Wit ifddsed agivithr Tirtailso reduce
(I'11) 2-ethyl hexanoate. The mixture was stirred until
S6iraston @Ndowasreah eqiipnat deckhyamlystrianadiesteed to a 1

gallon cylinder followed by a 75 nL et hyl benzene
rinse. The cylinder, conEaamplag the chrom um 10

sol ution, was pressured and depressured several tines
wi t h Sdvtralogelysts, Carlyst Un?2wEe prgpanastin jhisy the ghadar tgdfppY the 2,5-
m xtures were added to the reactor in four batches
fdirenthylpyrrelp/elopmivm waPvared dpdngkthe pddiiqnnte the sefprigeaelcHumgigum
g of chrom umand 233 nL DVMP were added to the m X
#2h¥k and then this mixture was added to the reactor in

L o GRS i Db b B 98 % o
0o S S B B e P TSP s R o
el 2 b SIS o SRS gt v
|t B e ORI S0 R PR B
g B Rl FISD,  Rab a
fsc())lHtriotnhcoQt%&&E 15%9 ggnegit U&%ﬁfm (TEA), 9.29 g neat diethylaluminum
chloride (DEAC) and 20.01 g ethylbenzene. The total addition time was approximately 50
minutes. The resulting catalyst solution was diluted to 100 mL with ethylbenzene. The
results from testing of this catalyst, in a 1 L continuous reactor, are shown as Catalyst 21 in
Table 9 below. The resuits shown are the average of four separate test runs.

Catalyst 22: A chromium solution of 4.61 g chromium {I1I) 2-ethylhexanoate
dissolved in 2.27 g ethylbenzene was divided into four portions. To each of these portions
was added a different amount of 2,5-dimethylpyrrole and a similar amount of ethylbenzene.

The first portion contained 0.69 g chromium solution, 1.50 g 2,5-dimethylpyrrole and 7.51 g
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20 and 20 nL DWP were added to the m x tank and then
this mxture was added to the reactor in 100-130 ¢
increnments with stirring and cooling so the
tenperature did not exceed 24C. Et hyl benzene (1 |b)
was added to the chrom um sol ution cylinder and used
to rinse the chromum DVP m x tank The et hyl benzene
rinse was then added to the reactor. The 79 reactor
was stirred for an additional 30 m nutes. After
standi ng overni ght the catal yst solution was

fel ﬁJFrrz%z THS kdGhd®ohthihdder 3885chetpEh k@ bn ADOVE2,5-Eithylpyrrole
calta

yst solution was tested for activity inal L
GROY 5N g} bnBRAE  PHe: thitd R rto® SoHtdifed 2106 gThoumumidbad, a2y gt2,5-
24 in Table 9 below. The results shown are the
ARSIk ahd\N5( € PibyiBdnLent. e Skhe Mounth pobiofrxaitghled 2178 g chromium
Catalyst 25: To a dry, nitrogen purged 5 gallon
rselatdnp10.16ag HiidiedthPidyrtbld andf7.5dr g , ethytbienzeny e riThsuehgerefum/2,5-
et hyl benzene. The reactor was purged with nitrogen and
alimathyipyrrele/cbybaizat porgorsfwete, tR@3ddpd neguentipibeio MyEpIRtiaR FPRIBIANS
(TEA) and 990 g neat diethylal um num chloride &?EA&)
VA&7 aded drieteylaliveinyme §KEASr 9-27Th geah dighyiauminamichlorifs (PEAC) and
vessel was rinsed with 0.2 Is of 10 ethyl benzene and .
206 2 ehribenzenss Thedgiatpdgigon frae yaerrpfmately 61 e nd he resulting
sol ution was prepared b addi ng 700 nL_of .
e:gqquqt BApiion s E) n gilpdeddo H004p, with litqn_zLe_[njz. The results from testing of

o 0 oy PR SE8 P . o
e Y L A

12 PSSR 0N 58 S S A KAEATED bbb
R
8RS0 SR P B B 0 s M e
88 3P4 HRPRATE Sl 51 38 Bl

Je%ﬁl()gnzg% G[ﬁé U A BoRRed B9 e HkdMRum WRLRnAGIEE Ll 2 5 Airh A ipYirele
ta and t

en this mxture was added to the reactor in

2% dnPink STRNbiR piktlol csrlidinctiing gAY mBROdolion, 527 gl
?@%per%?ﬁggndid not exceed 22&. Forgthe thiﬁa €

dimethylpyrrole and 7.51 g ethylbenzene. The fourth portion contained 3.77 g chromium

solution, 0.15 g 2,5-dimethylpyrtole and 7.50 g ethylbenzene. The chromium/2,5-
dimethylpyrrole/ethylbenzene portions were then added sequentially fo a solution containing
12.09 g neat triethylaluminum (TEA), 9.26 g neat diethylaluminum chioride (DEAC) and
25.02 g ethylbenzene. The total addition time was approximately 60 minutes. The resulting
catalyst solution was then diluted to 100 mL with ethylbenzene. The results from testing of
this catalyst, in a 1 L continuous reactor, are shown as Catalyst 23 in Table 9 below. The

results shown are the average of two separate test runs.
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batch 261 g of chrom umand 31 nL DVP were added to
the m x tank and then this mxture was added to the
reactor in 90-101 g increnents with stirring and
cooling so the tenperature did not exceed 23C. For

the fourth batch 625 g of ghrom umand 16 nL DWP were
added 80 to the mx tank and then this m xture was
added to the reactor in 30-108 g increnents with
stirring and cooling so the tenperature did not exceed
23C. To the TEA/DEAC m x vessel was added 327 g neat
TEA and 256 g neat DEAC. gxahghiddae chrom unmf DMP m x tank
was added 261 g of the chromum solution. To a

separ gigi st5¢4c_\;tb|arma|}e hin@8éhRfHe@ 6l gillon trdaetor easciidad Matdbs of dry,
added 78 m_ of DMP. The reactor pressure was increased
\%&olgem bﬁrFéagaﬁylmﬂlmé herhealenss e npueet i with eitrogen ofnd thenixture
above cylinders to the reactor were opened. Reducing
tdomistifn6f 0590 g araUrieh lidomzier(TB4) tivel3Hhe enitsdighylaeim
of these vessels sinultaneously to the reactor while
tchleridec@ENG) warslddsiep fhg resptor. (T alyminumebivbmix vagseliwie Fiagd @ith
of 1C (20C to2l C) was observed in the reactar

t0ebe pathyibenasprosnd deisiiese oves added fodhergpcigry €y chropgjum solution was

conponents. Ethyl benzene (0.4 | b add
oot EYesbneion Ghl ES/‘?ZWMIF&%T&“%F?QG3B$£3‘(%’“P‘P T Seyfisancate

chr om unf DVP mxtank The et ene rinse s th
g deraEs VaHeEh UG lutigey P{?Fl E S[%]‘j“"\%a\’@ aalfj 5@@“

isoeEa IRt s Ry aibgpene ey s ﬁ’é“é‘ﬁ“‘er ey o

dded to the al |yl
PR g nr%fu%‘ed?%” Bty soffl S5 S ngs S Biym2.5.

f d 0] f
et Rapiroe: 68 u?é.doﬁ* &h%éfﬁ?ﬂﬁ‘?@?fg bl o
R ew/@g@:d SR G AR R pariEs ¢ AR aﬁ@ﬁatﬂngw\aaere

t Vity t1 nuous reactor.

rz%é%l: tt ﬁw )? ta%!lggl%e%sthls %@L ¥/§5I adagll tb EheT@a@!o?m%l-SI@emcrements

ovvn are the aver age of hr ee separate test

t 0 Il
ﬂmaﬁt g%g?co lin P\?I{et e;f}q)e% &i& h&f%&é?%ﬂ%cg rﬁ%@s??ﬁ% 130

g of chromium and 97 mL DMP were added to the mix tank and then this mixture was added

to the Teactor in 48-58 g increments with stitring and cooling so the temperafure did not
exceed 22°C. For the third batch 326 g of chromium and 39 mL DMP were added to the mix
tank and then this mixture was added to the reactor in 48-54 g increments with stirring and
cooling so the temperature did not exceed 22°C.  For the fourth batch 789 g of chromium
and 20 mL DMP were added to the mix tank and then this mixture was added to the reactor
in 100-130 g increments with stitring and cooling so the temperature did not exceed 24°C.
Ethylbenzene (1 Ib) was added to the chromium solution cylinder and used to rinse the

chromiumy/DMP mix tank. The ethylbenzene rinse was then added to the reactor. The
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21 92.6% 98. 8% 75. 1% 81,432 22 91.2%99. 1% 77. 6%
82,927 23 90.5% 99.1% 79. 7% 84,536 24 91. 0% 99. 2%
87.5% 93,397 25 90. 9% 99. 0% 86. 6% 92, 297 20 81
Cat al ysts 21-24 show that varying the chromumto
pyrrole ratio in a decreaskflg manner produces a

catal yst which has increased selectivity, product
purity, and productivity. Catalyst 25 denonstrates
the separate sinultaneous addition of catalyst
conponents to a heel of active catalyst. 5 Exanple 12
-ér%igtmc @%fjsﬁﬁ%g For'\&I S1dRoR 30 &RinuEsAt AhdrSdandi@g A0EMIGAT RS Yadlyst

addition of a nitrogen conmpound to the

Bbiidndbad mté?émhﬁ@%?ﬁl% ds dc0crBed 4bbid IThe cirlg sadiition was tested for
resulting fromt reacti on of water and al um num

aktort) §r 2 Cob@tdSdus 2BétorT Tharesiilty ard Sifbwarlas Callystt iri TablelSeslow.
was added 25.01 g ethyl benzene, 10 12.07 g neat

tThi ekl v atentheavrdgeAY vanepatitdd®t gnneat  di et hyl al umi num
chloride (DEAL) and 0.34 g tributylamne. To this was
added a solution contai nExapple1 g chromium (I11) 2-

et hyl hexanoate, 2.27 g ethyl benzene and 2. 74

2, 5- dCatalybty2spylioracirg nit@gemutese 7 apflon prestor W@Srﬁdd@g*d&db%qi dry,
prOV|de a total volune of 100 nmL. Upon standin

aiteogeri pirgednethylbanpanga sTRbES Aoy sps Ruﬁgefi Hgth BiEREeH 2 %f‘r?em‘xmfe

fl ask d

e e
S 0

dH@éEz‘igrax%ﬁ ey T AT ﬂ%@ Bt yersh o 0 dos of

an additio 24 h

S Prrey o i o VR AL O R R iR Sl B8 b fea by

@ﬁ@l&g 5@?@ 8F etﬁy?benze%g 9) 6365 c%on\ﬁ\{ﬂn Iﬂ) {%ﬁ’lklﬁexat}oqteb e['hQ‘ﬁ‘uﬁﬁ‘e

was stirred until solution was obtained and was transferred to a 1 gallon cylinder followed by

a 75 mL eithylbenzene rinse. The cylinder, containing the chromium solution, was pressured

- and depressured several times with nitrogen. ~Chromium/2,5-dimethyipyrrole (DMP)

mixtures were added to the reactor in four batches from a chromium/DMP mix tank. For the
first batch 52 g of chromium and 187 mL DMP were added to the mix tank and then this
mixture was added to the reactor in 20-52 g increments with stirring and cooling so the
temperature did not exceed 21°C. For the second batch 104 g of chromium and 78 mL DMP
were added to the mix tank and then this mixture was added to the reactor in 40-50 g
increments with stirring and cooling so the temperature did not exceed 22°C. For the third
batch 261 g of chromium and 31 mL DMP were added to the mix tank and then this mixture
was added to the reactor in 90-101 g increments with stirring and cooling so the temperature

did not exceed 23°C. For the fourth batch 625 g of chromium and 16 mL DMP were added
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Catalyst 27: To a dry 100 nL volunetric flask was

added 25.01 g et hyl benzene, 20 12.07 g neat

triethylalum num (TEA) and 9.27 g neat diethylal um num

chloride (DEAL) and 0.34 g tributylamne. To this was

added a sol ution containing14.61 g chromum (lI1) 2-

et hyl hexanoate, 2.27 g ethyl benzene, 2.74 g

2,5-di methyl pyrrole and 1.06 g tributyl am ne.

Et hyl benzene was then added to provide a total vol une

of 100 mL. Upon standing overnight no film was

observed.in,the neck of Nen 4D i
sk By oSBTt b Mieh AR T R Al B

catal yst preparati y erved upon standi ng

g %ﬁffogn%%??ﬁq%ﬁ"p%%g&o %}éar{%%éll Z%Q%" he neck of the

fl ask. %{,é gﬁﬁ@?&&%g ngsfsﬁrwa.@ 04RE 94 § ARRNER4nd B Seat BHAG.

catalys este or activity itn a 1l L continuous

i b & 3ialiSwRld80061 §8PRE Ar@niu@Sbiufidh) ToAlseparate
gﬁ%&%gﬁﬁl able 10 as Cgtalyst§27. 5 Table 10 Catal yst

SIS tebledt¥d BURE Fe¥crérON4QIISION B loR IDMH.  PreOftutdri prasiuye was
1-Co= 1-C6=/C6 C2= -C6=/g Cr 26 93.0% 99. 2% 70. 4%

F6:e 89T with fitrSeen @6 9 v-20% 69nbling SchFthe bbee @limivste ths hwvtsr
that the addition of an amne to the al kyl al um num
GRRIIBPHEL SR ddiidigthd Backow pregsuieqiansidred éie comanistod bach of these vessels
precipitation fromthe catal yst solution. Exanple 13
lignGabtaklysd the Sactéiwhilarihe meatibd Wis bRingstimetl Awixapledt An ideasa af
g) dissolved in 9.1 g ethyl benzene produces a viscous
s QOO R2 WP va olesledint iy tepyor rghperaftOuds additiovas! theienéathst
to this viscous solution a rmuch thinner solution
e@fgohdngs. This thinner solution is nuch nore adaptable
to water renoval by nol ecul ar sieves. Activated 3A
ol e dihylirenshe@eisib) WS a@isd tp) the chegnaiurg deletipn cinderand used to rinse
chrom un pyrrol e/ et hyl benzene sol ution and allowed to
shie arhobmisrty PMPSmipe faiio d The stikenagnefrinse was ghepy addpdstp the reactor.
catal yst preparation. A solution was prepared in _a 100

Ethylbenzene (0.5 Ib) was added to the DMP cylinder. This rinse of the DMP cylinder was
added to the reactor. Ethylbenzene (0.2 Ib) was added to the aluminum alkyl mix vessel and
then pressured into the reactor. The reactor was stirred for an additional 30 minutes. After
standing overnight the catalyst solution was filtered, using a filter as described above. The

catalyst solution was tested for activity in a 1 L continuous reactor. The results are shown as

Catalyst 25 in Table 9. The results shown are the average of three separate test runs.

Table 9
Catalyst Selectivity Purity Conversion Catalyst Productivity
(1-Ce) (1-Ce=/Co) (C=) (g 1-Ce=/g Cr)
21 92.6% 98.8% 75.1% 81,432
22 91.2% 99.1% 77.6% . 82,927
23 90.5% 99.1% 79.7% 84,536
24 91.0% 99.2% 87.5% 93,397
25 90.9% 99.0% 86.6% 92,297
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mL volunetric flask consisting of ethyl benzene (25.00
g), neat triethylalumnum (12.07 g) and neat

di et hyl al um num chloride (9.26 g). To this al um num
al kyl solution was added 9.62 g of the dried

chrom uni pyrrol e/ et hyl benzgne sol uti on and the
resulting catalyst was diluted to 100 nil. wth
addi ti onal ethyl benzene. After standing overnight a
filmwas 20 observed in the neck of the flask but no
preci pitate was observed in the flask. This catal yst
was tested i ' u :

ot o B Eerpu e IR SR by o0 10 S Aine

ﬁ%@#ﬁﬁ?&?a ca‘%ly@%iﬁﬂa%hﬁje&gd é\‘:ﬂ:gtf\jit?,qaroduct urity, and productivity.

pyrrol-e/ et enzene solution 83 was nade at

t%ﬁlﬁ@f%e&&ﬂ!@atcs’ﬁet sBfaratd AREliaR@u OB Sfthtaigst CorhyBnvi@So a heel
0

served I1n the neck of the flask and a precipitate
WRgctidd &flyebserved. This catalyst was tested ina |l L
conti nuous reactor and an average of two separate
test runs is shown in Tabtamplelizas Catal yst 29. Table
11 Catal yst Selectivity Purity Conversion Catal yst
Pr odutT¥é vathlysts der€prepared Gathips 262md Tat@gst/2F, Eith B8 MRiiGvef 2
99.4% 76. 0% 83,056 29 94.3% 99. 3% 64.5% 71,312 5 In
avitebigéni compoumnd torthe dlkyiwniman catpaingde sopbiideprodugis ragulting from the
shown, reduced downstream corrosion could be obtained
wreAckiny of retexhnl slimivamalkylst conponents. Exanpl e 14
Cat al yst 30- 31: Chroniun1(|||%ﬁ2-ethylhexanoate
(222. Coalyst WasToaridrsdOd Blaroppisig flaskoviadeed i Of gohylbenzene,

equi pped with a Dean-Stark tube. Efhylbenzene. 9
J7 SR bR B A SR G e AR d
PO O A YT AT g Ml
Bk S Al PR g e
g%de%qg 1i)rg\%dci e}totta?vo?ume of 100 mL. Upon standing 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 observed upon standing overnight. A film was observed
in the neck of the flask after standing for an additional 24 hours. This catalyst was tested for
activityinal L continuous reactor. The results of two separate test runs are shown in Table
10 below as Catalyst 26.
Catalyst 27: To a dry 100 mL volumetric flask was added 25.01 g ethylbenzene,
12.07 g neat tricthylaluminum (TEA) and 9.27 g neat diethylaluminum chloride (DEAC) and
0.34 g tributylamine. To this was added a solution containing 4.61 g chromium (IIf) 2-
ethylhexanoate, 2.27 g ethylbenzene, 2.74 g 2,5-dimethylpyrrole and 1.06 g tributylamine.

Ethylbenzene was then added to provide a total volume of 100 mL. Upon standing overnight

no film was observed in the neck of the flask and no precipitate was observed. When the
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100 nmL volunetric flask containing ethyl benzene (16.73
g), neat triethylalumnum (12.28 g), 15 neat

di et hyl al um num chl oride (9.26 g) and

2,5-dinmethyl pyrrole (2.74 g). Ethyl benzene was
subsequently added to dilujge the catalyst to a 100 nL
volunme. This catalyst was tested in a 1 L continuous
reactor. The results of the test (two catal yst
preparations and three separate test runs) are shown
in Table 12 as Catal yst 30. A control catalyst

p&ﬁ:?«ﬂ@vﬁ.ﬂ nS MabPtd YheOlitay blpar B QMEIMAS bbskrved upon standmg

exanoat e that had not been azeotrope dried wa
u&%ﬁnght:r e e S dbSerdd in 81 nbR St tHeAladkhRetstAhHing Gor an additional 24
preparati on are shown as Catalyst 31 in Table 12. 84
Tihalse Thid chalsdbmslestGBlof Sdiiiv i ¥ 1AL EdntiprofE0meNcEdrS Theresults of (wo
Catal yst Productivity 1-C6= 1-C6=/C6 (C2=) 1-C6=/ Cr
HpBe @Y S aréd $hoBh iD5VLEA046CatalF12B8. 5% 98. 8% 82. 3%

85, 400 The exanpl e shows that drying the chrom um
conponent by azeotropic difgklel® ation 5 prepares an
effective catalyst and also will reduce equi poent

C Ghtalysi prieleBiatyp| € 1Burkm et hyCenversioni jreGagadyst Broductivity
catal yst dbosi ti d-Gaa€apr epar@usi pg neEhSas/ekitbwn
t o 2hose sKI0%ed|in Ph¥art| pl78d¥d ip the c&@7yst

f eed t ahk 928%er | i nep22%onditi $ASY of la_ confiHdous

1- hexene production process, and aged for

approxi mately 900 hours. The 10 conti nuous 1-hexene

pr odudhé @mmphe seosesshanths addidan of e pmisel tothe pllpylalprainggy sempounds
catalyst in the_ feed tank for the trinerization of
einkibifsdpraation of detamentad prepipifationyfrumibe RialgbReftiPBnal fresh
ethylene trinerization catal yst was prepared and added
to the catalyst used in Examele 3t i nuous 1- hexene

duct th
D § o Ratafa, or Chipiiom g wﬁtﬁwn?at%ﬁfsp‘é Bogp %«lé«e?yn 91 ¢
| | at ed det th t t
b S hs e gt e £ SRR AZe S0 s Kitka o
tlﬂg vtasgo%g a Etw%aclitnanLc){)siﬁmt{:e? gal?t%lntrtlas%ts. I’lr}nls tlﬁmneg%gﬂhc}ﬁ 1E much more

adaptable to water removal by molecular sieves. Activated 3A molecular sieves (15.05 g}

were added to the chromium/pyrrole/ethylbenzene solution and allowed to stand with
periodic shaking for 22 days before catalyst preparation. A solution was prepared in a 100
mL volumetric flask consisting of ethylbenzene (25.00 g), neat triethylaluminum (12.07 g)
and neat diethylaluminum chloride (9.26 g). To this aluminum atkyl solution was added
9.62 g of the dried chmmium/pyrrole/cthylbenzene. solution and the resulting catalyst was
diluted to 100 mL with additional ethylbenzene. After standing overnight a film was
observed in the neck of the flask but no precipitate was observed in the flask. This catalyst
was tested in a 1 L continuous reactor and an average of two separate test runs is shown in

Table 11 as Catalyst 28. A control using undried chromiumy/pyrrole/ethylbenzene solution
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feed tank Throughout the continuous 1-hexene
production process, sanples of the continuous

1- hexene production process product we renoved and
anal yzed for 1-hexene content. Fig. 5 shows the

i npact of the average catakyst residence tine (i.e
catal yst age) on the purity of the hexene production
produced by the continuous 1-hexene production 20
process. Fig. 5 indicates that the purity of the

1- hexene product is negatively inpacted by increasing

ARk ngﬁe 1R sehdithe Nead sz ovahibmn fiA bad Webrveddn 18 Reck of the
CLAIMS 1. A nethod of nmaking a catal yst for use in

Off k1) X{ed préhﬁ&tea\ﬁasodlﬁfdbﬁer&ﬂ NIhisSdafAlst voas tested in a 1 L continuous
chrom um cont ai ni ng conpound, a pyrrol e-containing
CrOAT® aHAGn averdye bBdvo adplapie testrunsiisdhb el indabit Al i Cagplyst 29.
compound, and optionally a solvent, the nethod
conprising contacting a Tabptsition conprising the
chrom um cont ai ni hg_conpound and_a _copposition

c Cagplysts | nGelechigityret al Pariky| , | wiSeneirsiont he Cyalygdiredugtivity
onpris no(lt%)__cltﬂnﬂﬁ@o nt ai (Gath compoufef-Ce/saded

to 2%e Lom9d2% i oh cOAAYE si hg t Fed%et al k3,056

whe?%®i n| t h@43%npoki t i98A%conpr i sé4¥et he 71,312
chrom um cont ai ni ng conpound conprises the
pyrrol e-containi ng conpound, a non-netal

hal i db- aéitieniin thedmproseeE: PrRSIE a5 shewn, gpduced downstream
conbi nations thereof, and wherein the conposition
TP PHIgbe dheaines kg thindried FEEShioEovBHpound conpri ses

a non-halide nmetal alkyl in an amount |ess than about
30 weight percent of thelxaRleldeight of the chronium

R SVAICE R o S ﬁaﬁ'alhaﬁa%é{e;&%ﬁa@rﬁ%ﬁéﬁ?éé%"nd

e 5%%Fvewpeé”r«ﬂﬁ?ha%-ﬁ%?ﬁbr-e%ﬁvﬁewﬂ flies v B nkle
;EEE hOd ﬁ teg%kl nﬂlx thg %%rﬁerXSSt ]:aﬁ)urx \lilfaséeconﬁnu%d Iu%&lnggterzrllon nger

accumulated in the Dean-Stark tube. Ethylbenzene and water (27.13 g) were discarded from

the Dean-Stark tube. This chromium solution was used to make catalyst by adding it to a
100 mL volumetric flask containing ethylbenzene (16.73 g), neat triethylaluminum (12.28 g),
neat diethylaluminum chloride (9.26 g) and 2,5-dimethylpyrrole (2.74 g). Ethylbenzene was
subsequently added to dilute the catalyst to a 100 mL volume. This catalyst was tested in a 1

L continuous reactor. The results of the test (two catalyst preparations and three scparate test
runs) are shown in Table 12 as Catalyst 30. A control catalyst prepared similarly but with
chromium (I1I) 2-ethythexanoate that had not been azeotrope dried was used. The results of

testing the undried preparation are shown as Catalyst 31 in Table 12,
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a chrom um cont ai ni ng conpound, a pyrrol e-containing
conpound, a netal alkyl, a halide-containing
compound, and optionally a solvent, the nethod
conprising contacting a conposition conprising the
chrom um cont ai ni ng conpougd and a conposition
conprising the netal al kyl, wherein the conposition
conprising the chrom um containing conpound is added
to the conposition conprising the nmetal 0 86 al kyl,
and wherein the conposition conprising the netal alkyl
conprises diethylal um nupyghi,ori de (DEAC) and
triethylalum num (TEA). 5. A nmethod of naking a

a chrom unyGenyf ai i ag Legpoundec,d Py r ol epqantaidh ng

COTHIOUND,  do RRLal | al ¥y, a | Nagiisee- clont al ni 184,462

COTHOUN, g6, 0PT ONgi k% a solagepi, [ he net 8odoo

COMpTisSing contacting a conposi tion conprising the
chrom um cont ai ni ng conpound and a conposition

CONPI T15dl XSnB1E ShoWB il drginkk We,chibhine tdtngoli@t By fAeedpici distillation
conprising the chrom um containing conpound is added

toephriBanGOBIN0S tatdheung alsPwillsedige dgbipmemkatosioal kyl , and
wherein the netal alkyl is the halide-containing
conpound. 6. The net hod Bfamgll@ism 5, wherein the
hal i de- cont ai ni ng conpound and the netal alkyl is
di et hixh ethylereritimerciatiordadbystcDEp@)tion was prepasedistig sethedsdmayn
a catalyst for use in oligonerizing an olefin
dothosd silled in thecinty plavedrin disniatelyat fred BBk PBderdinerpconditions) of a
pyrrol e-contai ni ng conpound, a netal alkyl, a

el 99 hpwt The

reemtingens clobezcerierprpdyciemproesstl and aeedofot Ry

the method conprising contacting a cqnpositgﬁn )
CORFOPUS| Inkpxens PTedRERnm RIPRESOMS AP ﬁ%@%é‘ﬁlﬁ%ﬂw&g gpalyst in the
conposition conprising the netal al kyl,. wherein,.th
depions (o G EOIPRAISR Al CRHER Bri-betFiim BSOS Aitonal fesh
conpound is added to the co osit%ﬁn COﬂE{L ing ttaein the
reieyisne tpgrizationa atalyst e drepasiAnA sAdAg oo i ﬁ%“!ﬁ use
e:)érrlttrng(l)ues_lghrégcglgnpyo@ucrgoﬁ %1%&%5_ b¥hecager:]1'gga}aca.tg~le Q pthé gﬁylene oligomerization
catalyst composition periodically calculated to determine the average time the catalyst had
resided in the catalyst feed tank based upon the average catalyst composition in the catalyst
feed tank Throughout the continuous 1-hexene production process, samples of the
continuous 1-hexene production process product we removed and analyzed for 1-hexene
content. Fig. 5 shows the impact of the average catalyst residence time (ie. catalyst age)
on the purity of the hexene production produced by the continuous 1-hexene production

process. Fig. 5 indicates that the purity of the 1-hexene product is negatively impacted by

increasing age of the ethylene trimerization catalyst.



conmposition conprising the pyrrol e-containing conmpound

and the conposition conprising the

chrom um cont ai ni ng conpound, wherein the conposition

conprising the pyrrol e-containing conpound and the

conposition conprising the O 87 chrom um contai ni ng

conpound are contacted at a vagiable pyrrole: Cr nol ar

ratio to formthe pyrrole-ghrom umm xture. 8. A

met hod of making a catalyst for use in oligonerizing

an olefin conprising a chrom um containi ng conpound,

@A.omsol e-contai ni ng conpound, a netal alkyl, a

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

1t he gﬂm@ﬁ@d %ﬁ J‘Qatﬁﬁ%la&ste'iﬂ %li@oxﬁ&@ﬁ%éﬁ bf%gn comprising

conpri sing the chrfom unt contal ni ng”conpo and a

conposi tion.conprising,the tal .alkyl, wherein th

2 BB SR ST N TS O OSSP R fgmetal alloy, a

compound s added to the conposition conprisihg the .

hakidesgontagning| compayngd, apd QPLOBAISY ias solyetoths Faethod comprising

pyrrol e-chrom um m xture by contacting the

comiaptngi & icomposition | wimmyisirigethsyehromame-containirign goperpdusidl a

and the conposition conprising the

compodiiiornesapiising ithg neeimatioidwhweir enconfi@sitionp@aipristng the

conprising the pyrrol e-containing conmpound and t he

cROIRARLdhAhiES BnbsiMiTistdA8ed &M HRMorPosRiBh 2oMpASing the metal

conpound are contacted at an about constant pyrrole:Cr
t] i L ol.e-c A ] e

oflfl nerb R St DB s R R Cotbund

éreln a

netal al kyl at .an about constan rrol e: L ar ..
CPEpAtsS $he TRETIEEABEINE IS (el Hefahe BRlidE-containing
pyrrol e-chrom um m xture i s added to _the netal alkyl, .
cemperda bt tsobigA t @neorphinptimms: theragh| and dieran the compesition
nmet hod of claim 7, wherein the pyrrol e-chrom um
comptising theschasideuh-tontaining coeipmiund ctybriss aamwnalipdide metal alkyl
variable pyrrole:Cr nolar ratio. 11. A nethod of
im@karnguia 168 tigdnysbouf B0 wekbit pérc@itiof aigeotal wriphaof theehidinium-
conpri si ng
containing compound in the catalyst.

2, The method of claim 1, wherein the non-halide metal alkyl comprises trialkyl
aluminum.

3. The method of claim 2, wherein the trialkyl aluminum is triethyl aluminum.
4. A method of making a catalyst for use in oligomerizing an olefin comprising

a chromium-containing compound, a pyrrole-containing compound, a metal alkyl, a
halide-containing compound, and optionally a solvent, the method comprising
contacting a composition comprising the chromium-containing compound and a
composition comprising the metal alkyl, wherein the composition comprising the

chromium-containing compound is added to the composition comprising the metal



a chrom um cont ai ni ng conpound, a pyrrol e-containing
conpound, a netal alkyl, a halide-containing

compound, and optionally a solvent, the nethod
conprising O 88 contacting a conposition conprising
the chrom um contai ni ng conpound and a conposition
conprising the netal alkyl, m@erein t he conposition
conprising the chroniun}c%%taining compound i s added
to the conposition conprising the nmetal alkyl,

wherein the final pyrrole:Cr nolar ratio of the
al‘g?%_aéﬂcfstwhé‘eihn the ' : sitonf E&'ﬁ})riﬁﬁg Uthel nitdl tafkyRb@thprises

12. A net ho f making a catal yst for use in

oli goneri zi a i i Si
dl@ il ﬁu@g‘%?%ﬁl%’l @gﬁ%%@&ﬁg&&%ﬁ%ﬁp ‘r]%] (g]‘:; é 3'_nt ai ni ng
52 8 %%%hogﬁgenéging%ﬁlvt goggg ll,tlé eéo%eﬁ*}g?ﬁggﬁcgaﬁn comprising

conprising _contacting a conposition conprising the
a ehrogimraostainiag SPMEOWshp PyFalcatrataining spppawnd, gnnetal alkyl, a
conprising the netal al kyl, wherein the conposition
halalepontinige tdoenposhd,o atdiroptiondlyi ni sedveanbnpeunttlic! acuipusing
to the conposition conprising the nmetal alkyl, and
cr4dingr a COMPOSiEbIN Gofiphiling he QhsdriivgPOdrAgihing0cMfyund and a
period of tinme a conposition conprising the

cn@’){ Ssdi &gﬁﬁlﬁﬁéﬁ@c% HREPAHAY WAdeihNBe %ﬂ%@ﬁiﬁbh RBmprising the

risin hrom um cont al ni ng conpound with't he

conposi tion.conprisi the | al kyl. Ls e
ol Riebp SERBPP s el ioaRinition LRE e ifmera
compound apd. the co sition.conpri.sing the
alkyl, el whesst the m aﬂ%ﬁbﬂdhﬁﬁ%%ewnmgag%mw-
conposi tion conprising the netal alkyl at a pyrrole:Cr
6nol afhe asthod phelaith S5, aduein dba Sehda-cajaningeonmmungd gnd fthe
time. 13. A nmethod of making a catal yst for use in
metal gikpeisidistindalaminkm thloridoPEAE)Ng a
chrom um cont ai ni ng conpound, a pyrrol e-containing
7CONPRUASthod ofRiaRIng @l davdlyst For 38 lin S8Rz h@leﬁn comprising

compound, and optionally a solvent, the nethod
a %Miﬁl%i—c%gtaining compound, a pyrrole-containing compound, a metal alkyl, a
halide-containing compound, and optionally a solvent, the method comprising
contacting a composition comprising the chromium-containing compound and a
composition comprising the metal alkyl, wherein the composition comprising the
chromium-containing compound is added to the composition comprising the metal
alkyl, and further comprising forming a pyrrole-chromium mixture by contacting the
composition comprising the pyrrole-containing compound and the composition

comprising the chromium-containing compound, wherein the composition

comprising the pyrrole-containing compound and the composition comprising the



contacting a conposition conprising the
chrom um cont ai ni ng conpound and a 0 89 conposition
conprising the nmetal al kyl, wherein the conposition
conprising the chrom um containing conpound is added
to the conposition conprising the netal alkyl, and
further conprising simultaneously contacting over a
period of time a conpositi conprising the

pyrrol e-contai ni ng conpound and the conposition
conprising the chrom um contai ning conpound with the
chORRRRLOhRAhiRL BRhb&IMRA%re EdiRaciBRE &la vakikile pyWBRF @ RokaPfitio to

conposi tion conprising the chrom um contai ni ng

fg;?@g%@%@ﬂﬁ%&ﬁﬁlﬁ&%i tion conprising the

ai ni'ng conpound are added to the

conpqgsitio onprising.the netal alkyl.at a rol e: Cr.
Srol ar PR of Fuaking & Calgfydonisee i gfteortriaing L Slstip Comprring
time. 14. The nethod of claim 10 or, 13, wherein the
a\pHIOIRIBMeCONAIRIGE €OmPORRs, 4PYTRIS-epntajning sempouh adagtalgkyl, a
15. The nmethod of claim 14, wherein: (i) an initial
hplyder@ingaigng nadnapound; iand auptichalys paselvett, thee nzadleid icompiising
greater than the final pyrrole:Cr nolar ratio of the
c6h@lngs4 ;codipdsitioh )contpriefigi Mg ¢litshiinecéitaifigacomnpdund @id a
the end of the addition is |l ess than the final

c%?ﬂf)éﬁ?ﬂi(ﬁi gmﬁ%\;ﬁ% tﬁaaHe%% %ikg{i,hﬁh&@fnaih)é%rqp%?igoﬁ Elnﬁfsﬂl%dthe '

clarm 15, rern arting pyrrole _
e TSR 208 0 sk oy mow
S B R S A
final pyrrole:Cr nolar ratio of the catalyst during a

compesitiorh sompesig hlief ptole-kentaiaiiiar cempownddand the composition
comprising the chromium-containing compound, wherein the composition
comprising the pyrrole-containing compound and the composition comprising the
chromium-containing compound are contacted at an about constant pyrrole:Cr molar
ratio to form the pyrrole-chromium mixture and, wherein the pyrrole-chromium
mixture is added to the metal alky! at an about constant pyrrole:Cr molar ratio.

9. The method of claim 7, wherein the pyrrole-chromium mixture is added to
the metal alkyl at an about constant pyrrole:Cr molar ratio.

10.  The method of claim 7, wherein the pyrrole-chromium mixture is added to
the metal alkyl at an about variable pyrrole:Cr molar ratio.

11, A method of making a catalyst for use in oligomerizing an olefin comprising

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

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



O 90 (ii) the ending pyrrole:C nolar ratio is about
O during a second about one-half of the addition. 18.
A net hod of meking a catalyst for use in oligonerizing
an olefin conmprising a chrom um containi ng conpound,
a pyrrol e-contai ning conpound, a netal alkyl, a

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

t he net hod conpri sing aba%&ng precipitate by
contacting a nitrogen-contalning conpound with a net al
alkyl prior to contacting the netal alkyl with the

Ua“cs batigh %n@ﬁ@m%ueae , chrdtRiunR¥ddtAhBipCHFuRl Nihd a

C
conpo e non-nme al 1 de- cont ai ni ng Conpound,

solvent r gof
c?rpﬂ%ﬁitlo&?(gp%lﬁm% It}be i talp %iﬂy? gﬁ%%rlgﬁ t%g cpm\f‘psiﬁgh Q:bl‘ﬂ%ﬁsmg the
0.001 to about 10 nole r of nitrogen to net.al
chBN Rt RBTORE EPEPSHISGS et ) T CHPRTEPD GERPEIRE et
is selected fromthe group consisting of am nes,
alkyk, vdleesin theyfinalipysesle: @u pwlqriratie af quﬁgﬁlié% is inc rapge of from
indoles, di and tri nitrogen heterocycles, or

almmtrbiSmhtoiabnatI.ﬁﬂreof. 20. The method of clai m 18,
wherei n the nitrogen-containing conpound conprises

12, 5- di AEhBY bPiakRige: cabalyst Theuseh BRgbrdriAdgdardIfin comprising

wherein the nitrogen-containing conpound conprises

a hioRthhl c‘loﬁfglﬁlﬁ .Cgl% othd)Gt &{ﬁ?ﬂ?leoéon@}ﬁh Qoﬁgﬁﬁ{cﬁlaﬁﬁétalfé?kyl a

use I n I goneri zi g an COlTp I SI cont act | ng
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npound, a hydrocar bon, sol vent, conblnatlons
CONEIHEg 2 GMDOHEOMEOREHISHE @Féfq’ﬁ?‘??m “GPRRIBIE ¢qpapound and a

dimeric pyrrole conprises: O
composition comprising the metal alkyl, wherein the composition comprising the

chromijum-containing compound is added to the composition comprising the metal
alkyl, and further comprising simultaneously contacting over a period of time a
composition comprising the pyrrole-containing compound and the composition
comprising the chromium-containing compound with the composition comprising
the metal alkyl, wherein the composition comprising the chromium-containing
compound and the composition comprising the pyrrole-containing compound are
added to the composition comprising the metal alkyl at a pyrrole:Cr molar ratio that
is about constant over the period of time.

13. A method of making a catalyst for use in oligomerizing an olefin comprising
a chromium-containing compound, a pyrrole-containing compound, a metal alkyl, a
halide-containing compound, and optionally a solvent, the method comprising

contacting a composition comprising the chromium-containing compound and a
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t hereof, wherein, each R -R6 independently is H, or a

Cl-C20 aromatic group, or any two vicinal to each

other, taken together with the carbon 0 92 atomto

whi ch they are bonded to f an aromatic or

non-aromatic ring; Y is a Structural bridge having 1

to 20 carbon atons and includes |inear, branched, or
composition comprising the metal atkyl, wherein the composition comprising the
chromium-containing compound is added to the composition comprising the metal
alkyl, and further comprising simultaneously contacting over a period of time a
composition comprising the pyrrole-containing compound and the composition
comprising the chromium-containing compound with the composition comprising
the metal alkyl, wherein the composition comprising the chromium-containing
compound and the composition comprising the pyrrole-containing compound are
added to the composition comprising the metal alkyl at a pyrrole:Cr molar ratio that
is about variable over the period of time.
14.  The method of claim 10 or 13, wherein the variable pyrrole:Cr molar ratio is
about decreasing.

15. The method of claim 14, wherein:
(i) an initial pyrrole:Cr molar ratio at the start of the addition is greater than the final
pyrrole:Cr molar ratio of the catalyst; and
(ii) an ending pyrrole:Cr molar ratio at the end of the addition is less than the final
pyrrole:Cr molar ratio of the catalyst.
16.  The method of claim 15, wherein the starting pyrrole:Cr molar ratio is
greater than about 6:1 and the ending pyrrole:Cr molar ratio is greater than or equal
to about Q.

17.  The method of claim 15, wherein:

(i) the starting pyrrole:Cr molar ratio is about twice the final pyrrole:Cr molar ratio

of the catalyst during a first about one-half of the addition; and



cyclic paraffinic or aromatic or contain cyclic
paraffinic or aromatic structures and i ncludes

het er oat ons such as oxygen or sulfur in the form of

| i near, branched, or cyclic ether, silyl, sulfide,

sul fone, sulfoxide functionality. 24. The nethod of
claim23, wherein in Structuredl), RL, R3, R4, and R6
are nethyl group, R2 and R§y are hydr ogens, and
Y=(CH2)" wherein n=1-10. 25." The nethod of claim 23,
wherein in Structure (I1), R and R6 are nethyl

RS diBAVRRISCE OIS @HE 7S abAR @ MG decord @bt BdnB-half of
(%)ilo. 2%152}) he net hod of cllai&m 23, V\hereier?Oi n StrucI:lture0

ﬂl(:SIBAdd)lﬁo R, R3, and R5 are nmethyl groups, R2, R4, and
arenh‘ydrogen, and Y=(CH2)" wherein n=1-10. 27. A

t hod of ing.a catal for. use in.aligongrizing..
1 P meoR g oA Pt oL BRSPS §° OB SaRdrising
a_pyrrol e-containi ng conpound, a netal alkyl and a
AR OTEIT eptENINE RG ISR driy Tl A RIBINgFomperad 4 mgtal HkyL, a
chrom um contai ni ng conpound, the pyrrol e-containing
habdgpcantalningheompswmid, aini yéptionallye anisolventi dhe methed eomprising
with a previously prepared oligonerization catalyst

aB&IMROSbdipi@dte b¥ SonthbngehinegerPiortiiaing cdmhpouwteivith @ rhéial alkyl
chrom um cont ai ni ng conpound, the pyrrole-containing

pHBFROY acthgeﬂfz% al ahégy Iwi'ihaﬂlg dhRSmival-bEIRaI AR @Infidddd, the
are h

compoun simul tanéously contacted wth a
reyvi ousl. r [ ol j goner | [ :

SRS TR S8R e IR hfeL g SRl somopg. the

previously prepared oligoneri.zation at al yst . .
SBlskpodt sortine i fereSh plereai e Tl Grpat Bimiict is comprised of

chrom um cont ai ni ng 0 93 conpound, pyrrole-containing

8.00f¢a aoud |t R ynole eabig of altragen gomwetini ng

compound. 30. A nethod of making a catalyst for use in
16l i gdiie methogofantainl B, wheretothemitsogeg-compound is selected from the
group consisting of amines, pyrroles, pyridines, substituted pyrroles such as indoles,
di and tri nitrogen heterocycles, or combinations thereof.
20. The method of claim 18, wherein the nitrogen-containing compound
comprises 2,5-dimethylpyrrole.
21.  The method of claim 20, wherein the nitrogen-containing compound
comprises tributyl amine.
22. A method of making a catalyst for use in oligomerizing an olefin, comprising
contacting a dimeric pyrrole compound with a chromium-containing compound, a
metal alkyl, a halide-containing compound, a hydrocarbon solvent, or combinations

thereof.

23.  The method of claim 22, wherein the dimeric pyrrole comprises:



contacting a chrom um contai ni ng conpound, a

pyrrol e-containing conpound, and a netal alkyl, with
a previously prepared oligonerization catal yst
conposition. 31. The nethod of claim 30, further
conprising contacting a halide-containing conpound
with the previously prepared ¢ igonerization catalyst
conmposition. 32. The nethod,of claim 31, wherein the
hal i de- cont ai ni ng conpound éonprises a nmetal halide,
an al kyl metal halide, or conbinations thereof. 33. The
nmet hod of claim 30, wherein said contacting is
perfornmed in a.holding tank for feedingsthe cat al yst
to a reactor. . The od [ , Wherein said
nmet hod of maki ng|jthe cgfal yst
tenperature of | gss th about
cl ai m 30, wherei & said t hod

Is ornmed at a
IlZOC. 5. The net hod of
maki he cat al yst

is perfornedrif a erBt W'e o an about
120C. 36. The nmethoq of claim1, 34 3, 4-6, 7, 8, 9,
10, 12, 13, 14, 15, '16, or 17, rein the fina

pyrrole: Cr nolar ratto of the catalyst is in a range
of fromabout 1.0:1 to about 4.0:1. 37. The nethod of
claiml1, 2, 3, 4-6, 7, retuddl 12, 13, 14, 15, 16,
or 17, wherein the final pyrrole:Cr nolar ratio of
the catalyst s in a range of fron1abo%§ 1.5:1 to
about 2.5:1. Re\ 94 38. im1, 2, 3,
4-6, 7, 8, 9, 1 3, 14, or 17, wherein
the final pyrro]je: Cr | ar he catalyst is in
a range of fropy - 3.1:1. 39. The
nmet hod of cl&l’m I\ 3 \4r & NG Ro, 12, 13, 14,
15, 16, or 17, wh@rein the finaljpyrrole:Cr nolar
rati o of the catalgft isina ranée of from about

Structure 11

Structure 11

or combinations thereof, wherein, each R'-R® independently is H, or a C1-Cao

aromatic group, or any two vicinal to each other, taken together with the carbon



1.5:1 to about 3.7:1. 40. The nmethod of claim1l1, 2, 3,
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 36, 37, 38,
or 39, wherein the netal al kyl conprises trialkyl

al um num 41. The nethod of claim40, wherein the
trialkyl alumnumis triethyl alum num 42. The

met hod of claiml1, 2, 3, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 36, 37, 38, 0@&39? wherein the
conmposition conprising the netal al kyl further
conprises a netal alkyl halide, a non-halide neta

at%h{(n%l whithtLy Hﬁ:t Bdnddalth $6rm an RIAAINS! hélearofiatic ring; Y is a
conbi na

ions thereof. 43. The nethod of claim1, 2, 3,

s%t}cﬁ%él’ 8 i %?g?v#&g hlégd 2&3(321:( .’atgn%s ah ’m&lﬁdesstﬁﬂ%ag’,zrgrtaglﬁhed, or

cOnmpositi on congr|3|ng

al kyl cgnprises diethylalumnumchl oride L
cxalic RapRF BN M AR Cr AT ORI el Par I i pgtores and
claiml1, 2, 3, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
intiideg betegatoBsuchors @g/zemersBity ihihe fasma of dinggr bragchdy or
hal i de- cont ai ni ng conpound. 45. The nethod of claim
cedic etteeystliyh) stlfide il fode-satfoxide finetomditpound and t he
nmetal al kyl are diethylal um num chl ori de EKDEAL). 46.
2dhe 1Rt hadh@f of LR 28, vherdn id Guruéfire 45, RAR®, 4F, and RS are

45, wherein the chrom um containing conpound has the

TR IR BB D 10 R S

organi ¢ or inorganic radical,

27t e BF gl o e T fhyfe ([ mich 2 et
s RS BRSSO

hal i des, chronmi um pyrrolides, chrom um benzoates,
26hr offhe mettiodrrdfitcéaim 43 whersirbinnSfrucone (MheRed¥ , and R’ are methyl
groups, R?, R, and R® are hydrogen, and Y=(CH,), wherein n=1-10.
27. A method of making a catalyst for use in oligomeﬂzing an olefin comprising
a chromium-containing compound, a pyrrole-containing compound, a metal alkyl,
and a halide-containing compound, comprising contacting the chromium-containing
compound, the pyrrole-containing compound, the metal alkyl, or combinations
thereof with a previously prepared oligomerization catalyst composition.
28.  The method of claim 27, wherein the chromium-containing compound, the
pyrrole-containing compound, the metal alkyl, and the halide-containing compound
are simultaneously contacted with a previously prepared oligomerization catalyst
composition.

29.  The method of claim 27, wherein the previously prepared oligomerization

catalyst composition comprises the same or different chromium-containing



48. The nethod of claim4, 5, 6, 40, 41, 42, 43, 44,
or 45, wherein the chrom um containi nhg conpound
conprises chromium (111) isooctanoate, chromum (I111)
2,2,6,6- tetranethyl heptanedi onate, chromum (111)
napht henate, chromum (I11) chloride, chromum (I1l)
tris(2-ethyl hexanoate), chrome& brom de, chromc
chloride, chromic fluori d% chromum (I11)
oxy- 2- et hyl hexanoate, chromum (I11)
di chl or oet hyl hexanoate, chrom um (I11)
cﬁﬁ:}ﬁha 'i@-&ﬁltaiﬁﬂ{ Obitpbind, | e ehﬂk?r& an® NhdH¥e\o¥htaining
butyrate, ¢ rgm um (I111) neopentanoate, chrom um
(qlll I]‘gndl aurate, chromum (lll) stearate, chrom um
Y %xal ate, chromium (111) benzoate, chrom um

I11) pyrroljde(s), chronmpus fluaqgride,. chrg .
31 oATBRROE S BRYTS ASABARHI IS OIS TEt POd g aretin PRPYine
(I'l') bis(2-ethylhexanoate), chromum (11) acetate,
caitacting areh(dnhijmbeanjaining corpwiv, aPy(TPlercontipas campaynd, and a
chromum (11) laurate, chromum(ll) stearate,
metl elidyly Withl d previvasiapesparsdrobigbmeritation detalysbeqraposition.
chromum (I1) pyrrolide(s), or conbinations thereof.
3£9. The niEidaost Qhin€ e frther Somprisidd cortdetingZs hallBie-cbhtaining

or 45, wherein the chrom um contal ning conpound is a

c@rﬁ&%@d}g}hc@% B?%}fzétﬂkgpre}%ﬁe@ gliégnerﬁﬂﬁoﬁr%tﬂ%jc ﬁ:%fnp@lsiﬁ'bﬁ.‘ 4,

r-45, wherein the

hr ol um gcont ai ni.ng,.compound i S.. ]: I :
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49, 50, wherein the pyrrol e-containin compound
a@ﬁ#ﬁﬁﬁk@%aﬁ9@WB@@HT$§@Fdﬁ“@%@”@@PPWﬁ?&VEs of hydrogen
pyrrolide, substituted pyrroles, lithiumpyrrolide,
33.0di The pyethodl efodainp 30.aakéreim i eantactiag it pefqrmed in a holding
pyrrolide, the salts of substituted pyrroles,
teK o0l diRg GRrdactyst kca sabwdy. 2- acetyl pyrrol e,

pyrrol e- 2- car boxal dehyde, tetrahydroindol e,

34 gcg‘?gﬁﬁézib{%cpgf :(r:gi}hﬁli/l ’éy\?l;l«%lbig%diﬂ’ Ime3hode bh Ykl tHeCcatalyst is
pgrtfcr)]l)r/nlxe_d%’t gie?riqggetltmel ofleds SEANGR RRBY! ) - 3-

35, The method of claim 30, wherein said method of making the catalyst is
performed at a temperature of less than about 120°C.

36.  The method of claim I, 2, 3, 4-6, 7, 8, 9, 10, 12, 13, 14, 15, 16, or 17,
wherein the final pyrrole:Cr molar ratio of the catalyst is in a range of from about
1.0:1 to about 4.0:1.

37. The method of claim 1, 2, 3, 4-6, 7, 8, 9, 10, 12, 13, 14, 15, 16, or 17,

wherein the final pyrrole:Cr molar ratio of the catalyst is in a range of from about

1.5:1 to about 2.5:1.



pyrr ol e- propi onat e,

et hyl - 3, 5-di net hyl - 2- pyrrol e-car boxyl ate, or

conbi nations thereof. 52. The nethod of claim46, 47,
48, 49, 50, wherein the pyrrol e-containing conpound
conprises 2,5-di nethyl pyrrole.
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38. The method of claim 1, 2, 3, 4-6, 7, 8, 9, 10, 12, 13, 14, 15, 16, or 17, wherein
the final pyrrole:Cr molar ratio of the catalyst is in a range of from about 2.9:1 to
about 3.1:1.

39.  The method of claim 1, 2, 3, 4-6, 7, 8, 9, 10, 12, 13, 14, 15, 16, or 17,
wherein the final pyrrole:Cr molar ratio of the catalyst is in a range of from about
1.5:1 to about 3.7:1.

40, Themethodofclaim 1,2,3,7,8,9, 10, 11, 12,13, 14, 15, 16, 17, 36, 37, 38,
or 39, wherein the metal alkyl comprises trialkyl aluminum,

41.  The method of claim 40, wherein the trialky! aluminum is triethyl aluminum.
42,  The method of claim 1,2, 3,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 36, 37, 38,
or 39, wherein the composition comprising the metal alkyl further comprises a metal
alkyl halide, a non-halide metal alkyl, a non-metal halide, a metal halide, or
combinations thereof.

43. The method of claim 1,2, 3,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 36, 37, 38,
or 39, wherein the composition comprising the metal alkyl comprises
diethylaluminum chloride (DEAC), triethylaluminum (TEA), or both.

44,  The method of claim 1,2, 3,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 36, 37, 38,
or 39, wherein the metal alkyl is the halide-containing compound.

45.  The method of claim 44, wherein the halide-containing compound and the
metal alkyl are diethylaluminum chloride (DEAC).

46. The method of claim 4, 5, 6, 40, 41, 42, 43, 44, or 45, wherein the

chromium-containing compound has the formula CrX;, wherein X can be the same



95

or different and can be any organic or inorganic radical, and n may be an integer
from 0 to 6.

47. The method of claim 4, 3, 6, 40, 41, 42, 43, 44, or 45, wherein the chromium-
containing compound comprises chromium carboxylates, chromium naphthenates,
chromium halides, chromium pyrrolides, chromium benzoates, chromium dionates, or
combinations thereof.

48. The method of claim 4, 5, 6, 40, 41, 42, 43, 44, or 45, wherein the chromium-
containing compound comprises chromium (II) isooctanoate, chromium (I1I) 2,2,6,6-
tetramethylheptanedionate, chromium (II) naphthenate, chromium (III) chloride,
chromium (IIT) tris(2-ethylhexanoate), chromic bromide, chromic chloride, chromic
fluoride, chromium (1I) oxy-2-ethylhexanoate, chromium 1)}
dichloroethylhexanoate, chromium (III) acetylacetonate, chromium (III)} acetate,
chromium (II[) butyrate, chromium (IlI) neopentanoate, chromium (III) laurate,
chromium (III) stearate, chromium (III) oxalate, chromium (IIT) benzoate, chromium
(II) pyrrolide(s), chromous fluoride, chromous chloride, chromous bromide,
chromous iodide, chromium (II) bis(2-ethylhexanoate), chromium (II) acetate,
chromium (II) butyrate, chromium (II) neopentanoate, chromium (II} laurate,
chromium (1I) stearate, chromium (II) oxalate, chromium (II) benzoate, chromium (II)
pyrrolide(s), or combinations thereof.

49.  The method of claim 4, 5, 6, 40, 41, 42, 43, 44, or 45, wherein the

chromium-containing compound is a chromium carboxylate.
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50. The method of claim 4, 5, 6, 40, 41, 42, 43, 44, or 45, wherein the
chromium-containing compound is chromium (IIT) 2-ethylhexanoate.

51. The method of claim 46, 47, 48, 49, 50, wherein the pyrrole-containing
compound comprises hydrogen pyrrolide, derivatives of hydrogen pyrrolide,
substituted pyrroles, lithium pyrrolide, sodium pyrrolide, potassium pyrrolide, cesium
pyrrolide, the salts of substituted pyrroles, pyrrole-2-carboxylic acid, 2-acetylpyrrole,
pyrrole-2-carboxaldehyde, tetrahydroindole, 2,5-dimethylpyrrole, 2,4-dimethyl-3-
ethylpyrrole, 3-acetyl-2,4-dimethylpyrrole, ethyl-2,4-dimethyl-5-(ethoxycarbonyl)-3-
pyrrole-propionate, ethyl-3,5-dimethyl-2-pyrrole-carboxylate, or combinations
thereof.

52. The method of claim 46, 47, 48, 49, 50, wherein the pyrrole-containing

compound comprises 2,5-dimethylpyrrole.



