SYSTEM AND METHOD FOR DEACTI VATI NG AND QUENCHI NG AN COLI GOVERI ZATI ON
CATALYST CROSS REFERENCE TO RELATED APPLI CATI ON [0001] This application

cl ai ms prworntyost4soU. S. Provi si onal Patent Application ROT/US2020627306 fil ed
Cct ober 31, 2008, U.S. Provisional Patent Application No. 61/110, 407, filed
Cct ober 31, 2008, and U.S. Provisional Patent Application No. 61/1 10, 476,
filed October 31, 2008. Each of these provisional patent applications is
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BACKGROUND
[0002] The present techniques relate generally to oligomer production and, more
specifically, to decreasing contamination in a product and/or diluent recovery of an
oligomerization system.

15 [0003] This section is intended to introduce the reader to aspects of art that may be
related to aspects of the present techniques, which are described and/or claimed herein. This
discussion is believed to be helpful in providing the reader with background information to
facilitate a better understanding of the wvarious aspects of the present techniques.
Accordingly, it should be understood that these statements are to be read in this light, and not

20  as admissions of prior art.

[0004] As chemical and petrochemical technologies have advanced, the products of
these technologies have become increasingly prevalent in society. In particular, as
techniques for bonding simple molecular building blocks into longer chains have advanced,
the products (i.e., alpha olefins, oligomers, polymers, etc.) have been increasingly
25  incorporated into or employed to produce various everyday items. In the production of these

longer-chain molecules, upstream catalyst systems and compositions are utilized to



products. These catal yst systens, their preparati on and subsequent
deactivation can affect the efficiency of the oligonerization or

pol yner i 280i2010/058I53MMVARY OF THE EMBODI MENTS [ 0005] Descr iPb@aiShemwasav7ar e
enbodi ments of a nmethod conprising contacting a reactor effluent conprising
a catal yst system an oligonerized olefin, and diluent with a kill agent to
at least partially deactivate the catal yst system separating the reactor
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system having a reduced activity for isonerizing the oligonerized ol efin.
[ 0007] | rone @hBoEnfiBUitieams Somprirengodljggoarzddzaefinotnslf dikyentnthe pae epamopy fiiybr e
streanms conprising oligonerized olefin, diluent, or conbinations thereof,
has an i styerersi bea sobsdritinlle demoahef thestsleashpartizlhyadeadivatet satelyitg emdes bezewt ol ef i n
produced when conpared to a nethod which does not at |east partially
deact iovatsgednneomsaisadgytbt dewttarath catatyss e cenmtinoa nendesondt dtrearo withongrende d
ol efin has an isonerized olefin content that is increased by no nore than
75per centageral Ineonat énveldiman@, ey @net dranord Qirgesteant js aibttedtiady ideediy ofidilhor e
than 50, alternatively no

agent.

[0006] In some embodiments, the step of contacting the reactor effluent with the kill

agent produces the at least partially deactivated catalyst system having a reduced catalytic

15 activity. In some embodiments, the step of contacting of the reactor effluent with the kill

agent produces the at least partially deactivated catalyst system having a reduced activity for

isomerizing the oligomerized olefin. In some embodiments, the step of contacting the reactor

effluent with the kill agent produces the at least partially deactivated catalyst system having a

reduced catalytic activity and the at least partially deactivated catalyst system having a

20  reduced activity for isomerizing the oligomerized olefin.

[0007] In some embodiments, the oligomerized olefin in the one or more streams

comprising oligomerized olefin, diluent, or combinations thercof, has an isomerized olefin

content less than that of the oligomerized olefin produced when compared to a method which

does not at least partially deactivate the catalyst system. In some embodiments, the

25  oligomerized olefin has an isomerized olefin content that is increased by no more than 75



nore than 40, alternatively no nore than 30, alternatively no nore than 20,
alternatively no nore than 10, by weight of the increased isonerized olefin
when not WO 2b@ast4spartial |y deactivating the catal yst sPsramseoS06iv74 ncr ease
i sonerized olefin content may be determ ned by anal yzi ng the reactor

effluent before the kill agent is added and anal yzing the separated
o!igonerized ol efin product without using a kill agent in the process
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conprising 1- hex in a reactor; re actor effluent conprising
the catal g?m%ryﬁ @%ﬁnmﬂ}lpte%w feing AikAbRECaRIn R PRCEtUEE 2 adhodiYiight, from
the reactor; contacting the reactor effluent with a kill agent to at | east

parti al | ylogret ot Iast gart b deaqtypiy dte cafpbtbem  distilling the reactor effluent
into one or nore first streans conprising ethylene, 1-hexene, diluent, or
any conbil®8i on t harseok embhdimsnts, Be qvdriey st kl@@fg@ntbén@nglosmﬁ@n éﬁtpmpmty devoi d
of deactivated catalyst, and a second stream conprising the deactivated
cat al yst agratevely %ﬂmlercemnta&cmiamlx he pgreat redtesiatiedyn wictchntabyjueigbhgmetent . | n
sone enbodi ments, the step of distilling includes one or nore distilling
st epslo | nhanotire gaaboditerpnitvele thheligreerobd wiwfie Havmgtanssomainei oldmbsnant i al |y
devoid of first kill agent as it exits the distilling step.[0010] In the
f or egoi ngneeerbabhymnhere thah @5 dilstnalived@do(d ahaxaivelylrasalamatingle doaltchexehe
content Iess than a distilled 1-hexene when not at |east partially
deact i vaiongtdrid@ivelatoal Yisdmatively 10 percent by weight of the increased isomerized olefin

when not at least partially deactivating the catalyst system.

[0009] In another embodiment, a method comprises contacting a catalyst system,

15 ethylene, and a diluent; producing a trimerization product comprising 1-hexene in a reactor;
removing a reactor effluent comprising the catalyst system, ethylene, the trimerization
product, and diluent, from the reactor; contacting the reactor effluent with a kill agent to at
least partially deactivate the catalyst system; distilling the reactor effluent into one or more
first streams comprising ethylene, 1-hexene, diluent, or any combination thereof, the one or

20 more streams being substantially devoid of deactivated catalyst, and a second stream
comprising the deactivated catalyst system; and contacting the second stream with a quench
agent. In some embodiments, the step of distilling includes one or more distilling steps. In

some embodiments, the one of more first stream is substantially devoid of first kill agent as it

exits the distilling step.



system In sone enbodi ments, the distilled 1-hexene has an internal hexene
content that is increased by no nore than 75 percent, alternatively 60

per cent , wbteroai4isvel y 50 percent, alternatively 40 pereemtuys2abwernati vel y
30 percent, alternatively 20 percent, alternatively 10 percent, by wei ght
of the increased internal hexene when not at |east partially deactivating
the catal yst system Such increase in the internal 1-hexene content may be
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20 percent alterna |y .10 percent, of the inter hexane when not at

| east paPeica By W@%;ﬁa {uf iiFEeapfleintetal hoxene SYheh A atq%tl riglly de deAsiVaEng he
fore90|n% enbodi ments, the catalyst system conprises a transition netal
conpound Mertaly sraygm. alSK inciepsedip ke Wi Lrkisiens, coptsat way he eterniped ym
conprises, a transition nmetal conpound, nltrq?en cont ai ni ng conpound and a
met al al lamlyzmmﬂ@dmt@mﬂbwnh’eﬁ@r@ ¢ kidl agantab pddedand tapdy dagrpic sspasated 1-
chromun(l11) carboxylate, a pyrrole, and a nmetal alkyl. [0013] In some
enbodi meesene twidhophtany etkild ypgene m dlaarprocese i@, @mnemlmduwhlslmulp@ser,lotaat least

ni trogen-cont ai ni ng conpound, and a netal alkyl. In sone enbodi nents, the
¢ hr onioumpsoially deacovasr ths egalgstchr omi um (I1) or chromum (111) halide,
acetonate, or carboxylate. Insonme enbodi nents, the chrom um source

conpri sego@1¢hr om nanpthle) e@boditie@mherquahtitl )of dastbial ywisadtds nbrm@onkan 25
enbodi nents, the carboxylate of the chrom um source conpises a C

percent, alternatively 20 percent, alternatively 15 percent, alternatively 10 percent,
alternatively 5 percent, by weight greater than the quantity to provide the distilled 1-hexene
having an internal 1-hexene content that is increased by no more than 75 percent,
15 alternatively 60 percent, alternatively 60 percent, alternatively 50 percent, alternatively 40
percent, alternatively 30 percent, alternatively 20 percent, alternatively 10 percent, of the
internal hexane when not at least partially deactivating the catalyst system.
[0012] In any of the foregoing embodiments, the catalyst system comprises a
transition metal compound and a metal alkyl. In some embodiments, the catalyst system
20  comprises, a transition metal compound, nitrogen containing compound, and a metal alkyl.
In some embodiments, the catalyst system comprises a chromium(III) carboxylate, a pyrrole,
and a metal alkyl.
[0013] In some embodiments, the catalyst system comprises a chromium source, a
nitrogen-containing compound, and a metal alkyl. In some embodiments, the chromium

25  source comprises a chromium (II) or chromium (IIT) halide, acetonate, or carboxylate. In



to C20 carboxylate. In sonme enbodi nents, the chrom um carboxylate is
chromum (111) 2- ethyl hexanoate, chromum (lI11) octanoate, chromun(lIl)
2,2,6, 6, -wotzoewwmst4sy| hept anedi onate, chrom un(l11) napht r€mALSR009/062774
chromum(111) acetate, chromun{lll) butyrate, chromun(ll1l) neopentanoate,
chromum(111) laurate, chromun{lll) stearate, chromun{ll1) oxal ate,
chrom unm(11) bis(2-ethyl hexanoate), chromun(ll) acetate, chromun{ll)
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et hyl -2, 4-di net hyl - t hoxycar bony 3-pyrrol eproprionate,

et hyl - 3, SRS - éhréwwf Do Weiky |C£1t0§nu%{ﬂl} cﬁt%ratg shramisi(H) Syelesi e, 3, 4-
di met hyl pyrrole, 3,4- dlchloropyrrole 2,3,4,5-tetrachl oropyrrol e,

2-acet yl hrordra(D pyhisZsihylhesanopis). i OFETURHE dpss{HS: ol HIBTWAHD, BIREHI xt ur es
thereof. In sone enbodi ments, the pyrrole has 2,5-substitution. In some
ermbodi nehmigh@l) pyaopeltanopts, thgnmmé&) Hgtupigr chosium@l) siergate ndvenivextls, t he
pyrrole is 2,5-diethylpyrrole. [0014] In any of the foregoing enbodi nents,
the kil l oagletat orimixtieestthereadd [ poraheralpdliveritse pite ghagriipmefarbiokylpte agemomiug net al
atons in the catal yst systemranging fromO0.75:1 to 1.25:1. In sone
enbodioneriilp, 2-tthglhkiadnbatagelnt song cobddavtred the nd@rogegrudnt@hisgtcompbuml of aki |
agent to nmetal atonms in the catal yst systemranging from0.9:1 to 1.2:1.
sone enbadiime rintde, titnddel Initrikg @fitmixtire divkadct eth sdn@ombalinvia, etht didddea- of ki |
agent to nmetal atonms in the catal yst systemat about 1:1. [0015] In sone
enbodi merbsaintng@ofipendns gEeIM. IinSome BiBEdiRehts, Bheddyrthik ¥ &, &N, patrble. of

n
I

some embodiments, the pyrrole is pyrrole-2-carboxylic acid, 2-acetylpyrrole, pyrrole-2-
carboxaldehyde, tetrahydroindole, 2,5-dimethylpyrrole, 2,5-diethylpyrrole, 2,4-dimethyl-3-
15 ethylpyrrole, 3-acetyl-2,4-dimethylpyrrole, ethyl-2,4-dimethyl-5-(ethoxycarbonyl)-3-pyrrole-
proprionate, ethyl-3,5-dimethyl-2-pyrrolecarboxylate, pyrrole, 2,5-dimethylpyrrole, 3.,4-
dimethylpyrrole, 3,4-dichloropyrrole, 2,3,4,5-tetrachloropyrrole, 2-acetylpyrrole, pyrazole,
pyrrolidine, and dipyrrolomethane, and mixtures thereof. In some embodiments, the pyrrole
has 2,5-substitution. In some embodiments, the pyrrole is 2,5-dimethylpyrrole. In some
20  embodiments, the pyrrole is 2,5-diethylpyrrole.
[0014] In any of the foregoing embodiments, the kill agent is contacted in an
equivalent ratio of kill agent to metal atoms in the catalyst system ranging from 0.75:1 to
1.25:1. In some embodiments, the kill agent is contacted in an equivalent ratio of kill agent

to metal atoms in the catalyst system ranging from 0.9:1 to 1.2:1. In some embodiments, the



guench agent to netal atons in the at |east partially deactivated catal yst
systemranging fromO0.5:1 to 1.5:1. In sone enbodi nents, the quench agent

i s cont acweaoiomsatsoequi val ent rati o of quench agent to mweTaiS2@emonz74n t he
at least partially deactivated catal yst systemranging fromO0.7:1 to 1.2:1.
In sonme enbodi nents, the quench agent is contacted in an equivalent ratio
of quench agent to netal atons in the at |east partially deactivated

catal yst 1§yl taREdAGn bA SRSt fatib O Litihigdnt td ﬁeﬁpﬂ&nﬁm&éa&m& Systehe
guench agent is contacted in an equival en? ratio of kill agent to netal

atons in the,at.|least partially deactivated catal yst systen1at about 1:1.
In sone enboglnents t he anbunt of quench agent is sufficient to render the
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In some SHBSHRERRISmeRroRs n thepdest patially depqrisated FUplys SEan resHE A8 hol .
Such al cohol s na¥ i ncl ude nmonoal cohols or polyols (e.g., diols In some
embodi mets! to h&lqdierime aphodimants, disdaeich gesivRonteeted &1 anpluirkeatialio of n some
enbodi nents, both the kill and the quench agent are the sane and are
sel ect ed dbenshmagent tomesbatomns oHbe &, legs 1 ®qlly|deacsiynted edttipHisysane sngigdrog] | |
agent and quench agent are independently selected fromthe group consisting
of am ned$,3:hiccbhdl & savre enbodumenss, thh@pensh agém isscontactedibodi sapneknt leheoki | |
agent and quench agent are independently selected fromthe groupconsisting
of nomo &liltadvol &, mailatays ipdieya lapst partiatty Meastiesed ¢taprlesofystehmatsboe lelrbodi nent s,
the kill agent is a Cto C20 nono al cohol. In sone enbodi nents, quench
agent i s sam€ ctndolEROntyDIe amlochef] quehdh seneis enti@ibnmentcadertthe sddohd sagant 1 s
selected fromthe group consisting of a

non-pyrophoric.

[0016] In any of the foregoing embodiments, the method may further include
recycling the diluent. In some embodiments, the recycled diluent contains substantially no
15 kill agent. In some embodiments, the kill agent does not require a purification step to remove
kill agent beyond its separation form the at least partially deactivated catalyst. In some
embodiments, the diluent it is recycled to the reactor. In some embodiments, it is recycled to
an oligomerization process.
[0017] In some embodiments, the kill agent is selected from a C4 to Cso alcohol.
20 Such alcohols may include monoalcohols or polyols (e.g., diols). In some embodiments, the
quench agent is selected form a C4 to Csg alcohol. In some embodiments, both the kill and
the quench agent are the same and are selected from C, to Csg alcohols.
[0018] In some embodiments, the kill agent and quench agent are independently
selected from the group consisting of amines, alcohols, or mixtures thereof. In some

25  embodiments, the kill agent and quench agent are independently selected from the group



but anol, a pentanol, a hexanol, a heptanol, an octanol, and nonanol, a
decanol, a undecanol, or m xtures thereof. In sone enbodi nents, the kil
agent i s welzeawmsdsshr om t he group consi sting of 1-butanolPCTArSaWAGRINY

i so- butanol, sec-butanol, t-butanol, 1-hexanol, 2-hexanol, 3-hexanol,

1- hept anol, 2-heptanol, 3-heptanol, 4-heptanol, 1-octanol, 2-octanol,
3-octanol, Aoctanol, 2-ethyl-l -hexanol, 2-nethyl-3 -heptanol, 1-decanol,
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tri-n-butylalumum triisobutyl alum num or m xtures thereof. BRIEF
DESCRI PTIocin@2-Fih- DMMNc%n[e@ty?éjhemdwm desenol o3-decaeolt Eeepanejutdearagl. become
apparent upon reading the follow ng detail ed description and upon reference
to the dadgcangs l-wndaprnoh 2fgiocanpl, Fingethyl-2-decanof,| iolvddicagpohrm dflodecqgneti i cat i on
systemin an oligonerization process; [0022] Fig. 2 is a flow diagramof a
pur i fiocatethyh 1 slgsmelmandhmartured thgentin zet ¢roodonat gbs killngatcompests € -athytlh
enbodi ments of the present techniques; Fig. 2 is a flow diagram
r epr esentldickaivl.alnsema kmbodimente | thenkill gent hiitequetich deetakd thasafe. a react or
effluent streamin which a

[0019] In some embodiments, the metal alkyl comprises a group 1, 2, 12, or 13 metal.

In some embodiments, the metal alkyl comprises a lithium alkyl, sodium alkyl, magnesium
alkyl, boron alkyl, a zinc alkyl, or an aluminum alkyl. In some embodiments, the alkyl
15 group(s) is a C; to Cyo alkyl group. In some embodiments, the alkyl group(s) are
independently selected from a methyl group, a ethyl group, a n-propyl group, a n-butyl group,
a isobutyl group or t-butyl group. In certain embodiments, the metal alkyl comprises an
aluminum alkyl. In some embodiments, the metal alkyl is a trialkyl aluminum. In some
embodiments, the trialkyl aluminum is selected from the group consisting of trimethyl

20  aluminum, triethyl aluminum, tri-n-butylalumium, triisobutyl aluminum, or mixtures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] Advantages of the techniques may become apparent upon reading the

following detailed description and upon reference to the drawings in which:



kill solution is use to deactivate a catalyst in the reactor effluent
stream and a quench solution is used to decrease the pyrophoric nature of
t he heaviwe 28twsamf rom t he separati on col umm, i n accor @aemasS2600t0627ahn
enbodi ment; [0023] Fig. 3 is a flow diagramof a purification systemin an
ol i goneri zati on process in accordance wth enbodi ments of the present
techni ques; [0024] Fig. 4 is a flow diagramof an oligomnerization process

in accorg@m Wi t hpigmpodi JRBtS 4i@framh6r QHﬁ%%@&th%{y@t@hﬂHﬁ%n oﬁlg&%élzaﬁ&g- 5is

a bl ock diagram of oligonerization nmethod in accordance with enbodi nents of
the pres gke&echnlques [0026] Fig. 6 is a block diagram of nethod for
preparing a netal precursor solution and subsequent catal yst systemin

cecor o TREC TS kS PR MU ol P L

bl ock di of gonerlza |nents of

th tt h 0 .

ol goner 14T GHGY o Bk R Bt A & O T CTSBT i 21 g dese

t ech d.[0029] Fig. fl.ow di t

o varar S Ry et ioliilnto s Bt s SR Gt ot SFERERe iR Gues.
DETAI LED DESCR| PTI ON OF SPECI FI C EMBODI MENTS[ 9030 One or nnrﬁ spe0|f|c
enbodi mertISSBHIN RIS LAV i b B priond i difsapedd P8I SO PR

effort to provide a concise description of these enbodi nents, not al
f eat ur es fofsedio deareaat thee myrapheria 2o AT tedicaiottictya dramthe ePAEIHOB (CPIUBAL | on. | t
shoul d be appreciated that in the devel opment of any such actual
i mpl ementidgdcordancgsvithangmpodimghtieer i ng or desi gn proj ect, numerous
i npl enent ati on-specific decisions nust be nade to achi eve the devel opers
speci fic [¢@8ls, such as adbwplipgaoe! wptihfieyist svicneinah etgandizbusgi presss r el at ed
constraints, which may vary fromone inplenmentation to another. Moreover,
it shoul dn beoslppreedilaiéddiments of the present techniques;
[0024] Fig. 4 is a flow diagram of an oligomerization process in accordance with
embodiments of the present techniques;
[0025] Fig. 5 is a block diagram of oligomerization method in accordance with
embodiments of the present techniques;
15 [0026] Fig. 6 is a block diagram of method for preparing a metal precursor solution
and subsequent catalyst system in accordance with embodiments of the present techniques;
[0027] Fig. 7 is a block diagram of oligomerization method in accordance with
embodiments of the present techniques;
[0028] Figs. 8-16 are flow diagrams of oligomerization systems in accordance with
20  embodiments of the present techniques; and

[0029] Fig. 17 is a flow diagram of a process to make a polyolefin system in

accordance with embodiments of the present techniques.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS



that such a devel opnent effort m ght be conplex and tine consum ng, but
woul d neverthel ess be a routine undertaking of design, fabrication, and
manuf act we 20rost4s0se of ordinary skill having the benefPCt/ustomisz74
di scl osure. [0031] For any particular conmpound di scl osed herein, the
general structure or general name presented is intended to enconpass al
structural isoners, conformational isoners, and stereoisoners that may

arise frqppzgyparti @h'é & mo’%@"spééfﬁc%%%&ﬁﬁeﬁ% R ﬁle ﬁ#&l\eﬁ%@chhﬁdés%h%@ delchgEm se.
Thus, a general reference to a conmpound includes all structural isoners

unl ess e)flgllei 'IB laM eff&%oﬁ@%ﬁ T 9 Qf%fs‘é“d@s%n%tgongof tl?eg“ net(f]d%}]er{tseﬁlg{ aqlnfégt QofP ent ane

i ncl udes n-pent ane, ut ane pr opane. Itionally,

the refer S’&St%altl&ggn%ﬁ%ﬁ&ﬂre %%c&*ﬁé&’fn%h@ eifian 3t ﬁmhld%%ﬂa{ﬂf)k&%ﬁ That in

di ast ereomners Optl cal | soners n ena onerirc or racenc

forns, a ¥t ures t.e as t e _cont ext ernlts or

Fequ + es EEeiaSe ol b ffn act@ TR P EL e shred Jes BT { or mul a
presented al so enc asses conf or mat i onal oners 0i, S0 and

D or e01 SOHFQUE HA FIHB Sa SECIfF G 8 oL dRaP it Giisiodie (HERPE [ 0032]
Regardlng c”§|n1tran5|t|onal terns_or hra es Wg% transitional term
"conpr i sPRYIC BAAITITUFS 28 FRBAYHSES s ion- it uSIGSSHRIATh PRy it h ayi ng, "
or "characterized by," is inclusive or open-ended and does not exclude

addi ti ona¥ lcluwséawéhmép%mlﬁn%ﬂatmtt%@aotéﬁred\éorew it havdd b aprascigiet ase
“consi sting of excludes any el enent, step,or ingredient not specified in

t he cl ai rhat THieh t & ahewilennaamal cfforr aight” boyresmlek nghde sigenegrgmipgofout jwauld t he

scope of a claimto the specified naterials or steps and those that do not
mat er i al Ingvegthflesst bet i eoutias ivodetalling of elesigh falapien, and ofesyfagfiret foe thobapired
invention. A "consisting essentially of claimoccupies a mddle ground

bet welen okdseadslall aavisg thhhtncéir ef thisidistlesure.n a "consi sting of format and fully

open clains that are drafted in a "conprising” format. Absent an indication

to the cqoidary, whenngesaeuld dgpaucialiptidadhdaein Cherpasial staurtir€ Ongnsital ng

essentially of is not to be construed as "conprising,” but is intended to

descri be nbhe pfe@éﬂtédei@ intended to encompass all structural isomers, conformational isomers, and

stereoisomers that may arise from a particular set of substituents, unless indicated otherwise.
Thus, a general reference to a compound includes all structural isomers unless explicitly
15 indicated otherwise; e.g. a general reference to pentane includes n-pentane, 2-methyl-butane,
and 2,2-dimethylpropane. Additionally, the reference to a general structure encompasses all
enantiomers, diastercomers, and other optical isomers whether in enantiomeric or racemic
forms, as well as mixtures of stereoisomers, as the context permits or requires. For any
particular formula that is presented, any general formula presented also encompasses all

20  conformational isomers, regioisomers, and stereoisomers that may arise from a particular set

of substituents.
[0032] Regarding claim transitional terms or phrases, the transitional term
“comprising”, which is synonymous with “including,” “containing,” ‘“having,” or

2

“characterized by,” is inclusive or open-ended and does not exclude additional, unrecited

25  eclements or method steps. The transitional phrase “consisting of” excludes any element, step,



conponent that includes materials which do not significantly alter
conposition or nethod to which the termis applied. For exanple, a

f eedst ockwoansvestisng of a material A can include inpuri PCEASRGNI06ZTS Y
present in a commercially produced or conmercially avail able sanple of the
recited conpound or conposition. Wien a claimincludes different features
and/or feature classes (for exanple, a nethod step, feedstock features,

and/ or proeaietdide abipesific A PRI c%rﬂe"fhp%%nl?dnlal Igﬂrﬁ's%)“coﬂslﬂsﬁné @@e&iaﬁly %@8” terms
conprising, consisting essentially of, and consisting of apply only to

feature %hrﬁt%%het o ré@&fcarblélﬁl tHrtﬁel @éﬁﬁe@ﬂgteﬁa{ls hﬁst@?%ﬁd ﬁ’iloge hex cf&eh\é?mq{el;lg ent

transitional ter phrases utilized ferent features wthin a

claim F;&E‘ 841?%% f)%‘ Edﬁ%’xﬁ r%qra%ﬁst?cgﬁgBﬂh%%fanﬁ&V {@dliof €54 %glsr?ﬁ ERSnligfld ot her

non-r eci I'Ze a sys en1prepar consl sting of

specific o al ternatlvehglcon5|§£mof S eC| LC sheps but. utili.ze a catalyst

claim gccupies 4 Toun een 1ms are written a con51st1
system corrprl Sihg recite rrponen S an non recite corrpone

[ 0033] l |ons a t hods & desqylbed in ter
oompt sitho Torgal PR afo%ar?ﬂaﬁfp% 5 wdbs R eompea bR nfgb%&%ds can
al so "cons .St. esse |alhy of or "consist of the various conponents or
steps. [ o Hg  ther fitragy; »whegn dosceige -4 (ampeyd PhtCQPPB%UO%nF%’é’étmg
specifically i ndlcated ot herwi se, to include ural alternatives, at
| east on@sSeELY;OfS SaNE 1, berorstiied & cRampaisiae. 'b&ﬁ’ét“&PIFd@éé%Q“CIil@ eaeied o
enconpass one netal |l ocene, or m xtures or conbi nations of nore than one
met al | ocep@Pensnitat inelndas massialspunieh deeot sjendBsItlyTalier eamnesitian phEedPéfd n" as
used in this specification and clains refers to an olefin that has a doubl e
bond bet wdeeh thp¢eriiz sppliadd Feeeamplee afsdrtoet emsisting dfen et st canonelidruous
chain of carbon atons. The term "al pha olefin” includes |inear and branched
al phatool efmpusicstpesly ercpeme 54 gonghatiellly ptoliercdios eomiherciale acdlglde sdmide ahched
al pha olefins, a branch may be at the 2- position (a vinylidene) and/or the
3- posi ti ale axitdd ghrepound tdr doeppEtdn. t Whdnea olaé iinclalizs ki ferbo nfdaturthand/er m
"vinylidene" whenever used in this specification and

feature classes (for example, a method step, feedstock features, and/or product features,

among other possibilities), the transitional terms comprising, consisting essentially of, and
consisting of apply only to feature class to which is utilized and it is possible to have

15 different transitional terms or phrases utilized with different features within a claim. For
example a method can comprises several recited steps (and other non-recited steps) but
utilize a catalyst system preparation consisting of specific or alternatively consist of specific
steps but utilize a catalyst system comprising recited components and other non-recited
components.

20 [0033] While compositions and methods are described in terms of “comprising”
various components or steps, the compositions and methods can also “consist essentially of”
or “consist of”” the various components or steps.

[0034] The terms “a,” “an,” and “the” are intended, unless specifically indicated

otherwise, to include plural alternatives, e.g., at least one. For instance, the disclosure of “a

10



clainms refers to an al pha olefin having a branch at the 2-position with
respect to the olefin double bond. By itself, the term"al pha ol efi n" does
not i ndi csibeotmsi4gsnesence or absence of heteroat ons andpPor/ush@9psEsence or
absence of other carbon-carbon doubl e bonds unless explicitly indicated.
The terns "hydrocarbon al pha olefin" or "al pha ol efin hydrocarbon” refer to
al pha ol efin conpounds contai ni ng only hydrogen and carbon. [0036] The term

"linear gRHRcAcehd Meand {?&@fﬁpﬂ@ o8k PhefaBb&NS, JrOnitukds M RbmBISHdnd op RN a
doubl e bond between the first and second carbon atom The term "l i near

al pha ol efyne bitiibaft lnidaehaAQte (gt e the presence or absence of

het eroat ons and/ or the presence or absence of other carbon-carbon double

o aits: . UB0RRP, XD Tl WS GRA2T: 08 il B ookl ASRTABYALACREROR, A PP

ol efin" near al pha o ocar ers to I'tnear al pha olefin
conpounds ng ai ni ng .onl h(f ogen gnd.car bon, %03§§1Tre term ' nor
ol pha ol SiT- Bt 4P ot RORRT PepasT PrE Serth afty &P RE PR o
| i near. hydr ocar bqn. nono-ol efin hayin a8$ ubl e. han etween the first and
second CAPHGHOR N Th T EPBy THAC T I HAC eeer e 1nd rgtched
synonynmous with "linear al pha olefin" as the term'|linear al pha_olefin” can
Ther Ut e eTgr aplt ErEonpofias CHERig B B BTecobbAR e B AR 7 1 st
and second carbon atons and haang.heteroatonB and/ or additional double
bonds. [ 0bmeFh M3 be atrthe 2oRoniios (vieg idepd)ial/Pythe f-neuitipmer HElsh ¥ IBISPEG{s) , " or
variations thereof, whenever used in this specification and clainms refers
to commerld alefiy davilp Ibapd.e Thorten “anplidgnd] whengver wddidr (by spepifecatonmd cial |y
avai |l abl e normal al pha ol efin product can contain nonnornal al pha olefin
i npuriti ekimuricrato i plphd olefiebavingne brangli atothe 2inesitiob wath gbspdctad phivaolefiref i ns,
paraffins, and diolefins, anong other inpurities, which are not renoved
duri ng t hleutloboml. By pieH, i eérmn™ajprhe dledini’ doesprooodgste tithgresshcoordibracy oSki | | i n
the art will recognize that the identity and quantity of the specific
i mpuri ti éstepagasnindion thd@res@RE®E Gbsdnchof Wakr akrpliacab@l dsubpy behids tunitkd |
depend upon the source of commercial normal al pha ol efin product.

explicitly indicated. The terms “hydrocarbon alpha olefin” or “alpha olefin hydrocarbon”

refer to alpha olefin compounds containing only hydrogen and carbon.

[0036] The term “linear alpha olefin” as used herein refers to a linear olefin having a

15 double bond between the first and second carbon atom. The term “linear alpha olefin” by

itself does not indicate the presence or absence of heteroatoms and/or the presence or absence

of other carbon-carbon double bonds, unless explicitly indicated. The terms “linear

hydrocarbon alpha olefin” or “linear alpha olefin hydrocarbon™ refers to linear alpha olefin

compounds containing only hydrogen and carbon.

20 [0037] The term “normal alpha olefin” whenever used in this specification and claims

refers to a linear hydrocarbon mono-olefin having a double bond between the first and second

carbon atom. It is noted that “normal alpha olefin” is not synonymous with “linear alpha

olefin” as the term “linear alpha olefin” can include linear olefinic compounds having a

double bond between the first and second carbon atoms and having heteroatoms and/or

25  additional double bonds.
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Consequently, the term"consists essentially of normal al pha ol efins" and
its variants is not intended to limt the anount/quantity of the non-Ilinear
al pha ol evporroaspnent s any nore stringently than the amouniSsdogueatrdti es
present in a particular commercial normal al pha ol efin product unless
explicitly stated. One source of commercially avail able al pha ol efins
products are those produced by the oligonerization of ethylene. A second

sour ce ofjp@@ymer ci ald ¥ @hliabL&eia P ar RrRhi dHArRIMED 8 oAl RialiRIFertdt Ch are
produced, and optionally isolated from Fischer-Tropsch synthesis streans.
4

One sour G L QLR ﬁﬁsas{pbéfﬁ@a\‘g\iﬁf;l %‘ﬂ&) 1SR LBR o ﬁ@gﬁcﬁilﬁﬁéaﬂa@é ?)?1‘;]{{%; glgigag oduced

by et hyl ene ol i gonerization may be utl as an o tock is

Chevron Phid | i em . T v 1 her
sources O éﬁ(rzl rrﬁ%dzlf @amhg%@%@@P?#g@ﬁéﬁ%ﬁ{%ﬁ%g’@f ipﬁoﬁ‘?o 35? 1?ghﬁrno uced by
et hyl ene ol igoperizati.on ich may .be. utilized as_.an ol efin feedstock

“net ude. g STE PR o RaaRGidther, hER PRAE RS PR o
(Houst on, Texas, U r London, United Kingdom, |demt Kosan (Tokyo,
Sy ST, SRR RO ARG ey PO R TR e SRS TRl hor s
One source of commercially available normal alpha ol efin products produced,
and opti &ﬁémkﬁnswpéﬁcgan PRSHIE SHePl THYBEE ﬁk@yﬁttﬁ%gwlgtrﬁ REC it Ihfdes
Sasol (Johannesburg, South Africa), anmong others.[0039] The present

t echni quadentiy] and gupiditypk e specisAmpwiics Peagnt fythg cemmgicips norapktlphy ¢lefing
effluent stream As discussed in detail herein and generally illustrated by
t he puri foredaet ovill sgeperdn upon sthowspuras Pf commergjaly agignadr alplfaf [olpdint pedpetam 12
may contain active catalyst system A kill/qguench agent 14 nay be injected
i nt o t he Goosesrentlyefhe |terentcostisteesyem2lly of deawt dlpby elefurd akdl lith vatwmtsciamat yst
system and, thus, prevent the formation of undesirable conpounds (e.g.,

i sonens, igtined te dntiathe naotis/quettay of the wovwinstr dplm @efdc esspangnts ysy ewss such
as in a fractionation colum 16, and in the desired product. As di scussed
her ei n, thghitlylthanghamndogitdnahiitivg pakert hea gati@llar sdmsyRiat oy alpe defii ded
into a kill step and a separated quench step that occurs at different

poi nt's i préddaet s SiplieiaMsfatedC ems esurceldTR okihletciAlg@RdilabRl afha oefas p@dudto

are those produced by the oligomerization of ethylene. A second source of commercially
available alpha olefin products are those which are produced, and optionally isolated from,
15 Fischer-Tropsch synthesis streams. One source of commercially available normal alpha
olefin products produced by ethylene oligomerization which may be utilized as an olefin
feedstock is Chevron Phillips Chemical Company LP, The Woodlands, Texas, USA. Other
sources of commercially available normal alpha olefin products produced by ethylene
oligomerization which may be utilized as an olefin feedstock include Inneos Oligomers
20  (Feluy, Belgium), Shell Chemicals Corporation (Houston, Texas, USA or London, United
Kingdom), Idemitsu Kosan (Tokyo, Japan), and Mitsubishi Chemical Corporation (Tokyo,
Japan), among others. One source of commercially available normal alpha olefin products
produced, and optionally isolated from Fisher-Tropsch synthesis streams includes Sasol

(Johannesburg, South Africa), among others.
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herein as the deactivating agent, would be added to kill the catalyst
systemactivity (i.e., deactivate the catalyst), and the quench agent would
be added wo 2queénsedsot he pyrophoric nature, water reacti viPCY/USamd/o62770Xygen
reactivity of the residual catalyst systemresidues. [0040] The exenplary
colum 16 di scharges |ight conponents 20, heavy conponents 22, and a
product/diluent (e.g., solvent) stream20. As used herein, "diluent”

i ncl udes |pployent s, TRNSdhESEIERTRIA & &aﬁ&islfw&aah@ﬁgge@mygt@ymﬁm

exanples. In the i 11 ustrat ed enbodi nent, product/diluent 18 exits the

colum 16, ef‘fﬂféhtasn%hﬁeAq rd%%sséd ﬁ%taﬁq{éﬁﬂﬂﬁﬂtg%né%lﬁﬁlh&tra?éﬁﬁ{/ﬂgﬁgur?t}lq Hfieavy

conponents 22 exit as a bottoms stream As ‘appreci at ed ordi nary

Skill i L0, 3blnold e COMRAEN'SnAR: ARNGI A L, LSLSY ofiRCEAIRONSULS, havi ng

a | ower vapor pressure r "hi gher I ng poin he produ or dil uent,
and heav nt s er.a r to copp one v r vapor
prezsu[exegﬁﬂﬁﬁé%S ’“ﬁ%ﬁ%ﬂﬂ%ﬂan%%“f;?ﬁé“ﬁ%%§uéF“t m@?lge%ggw$ﬁﬂe ‘F P

r oduc n i S gene ur r ocess no
D eoar gt o kil HEaatey PR an At ph Ve e (BAREED oF dntaings COBRLS f fo- use i n

t he upstrean1ollgoner|zat|on react or é Mor eover, it shoul d b not ed t hat
conf i gur &%F oftigr %Owlp?qt%a?%rfnﬂ VAR Wﬁ‘fﬁs%ﬁ VYSEIEhSYS & th & he
product/dlluent 18 eX|t|ng together with the ght conponents 20 over head
f rom t he fgtiQiation eolume 16 o3y the dedied jprodyet. a%dﬁ@uSéffd hareipy Ge&iling agent 14
injected into the reactor effluent 12 may be sufficient to both kill the
resi dual aseichingof theaisbrerysismansy bd duidedimtrchkillisécpmpd @ phiarated qrenely €ep wat er
reactivity, and/or oxygen reactivity of the residual catalyst system

r esi dues thatoecuexatrdpffeacnt oot inlth@ dewpsitroah ricsssesot Hie lofl agént| dlspuefeond &gent 14
per equivalent of netal in the catalyst (eqs./eq.) nmay be added to the

ef f| uent ht2in kHotheweactivhtire ggent actuld bareddedrto tkidl shei qafadyct sremagtivitgt(i.He
sufficient to allow conplete reaction of the kill/quench agent 14 with the
resi dual deatiahty She patalggt),tand ehd fyenoh apdre wedd bordedf b ugipichl®e ipytaphbrie
fractionation colum 16. Consequently, unreacted kill/quench agent 14 may
unf or t unabky wawk feattiVity B dQY 8xiRAebativgHlos tHetréLdal hlwk systend R€idues.

product/diluent stream 18, contam nati ng downstream processes. As the
[0040] The exemplary column 16 discharges light components 20, heavy components
22, and a product/diluent (e.g., solvent) stream 20. As used herein, “diluent” includes
15 solvents, and these terms are used interchangeably in the examples. In the illustrated
embodiment, product/diluent 18 exits the column 16 from a side draw. Light components 20
exit overhead and heavy components 22 exit as a bottoms stream. As appreciated by one of
ordinary skill in the art, light components 20 generally refer to components having a lower
vapor pressure or higher boiling point than the product or diluent, and heavy components 22
20  generally refer to components having a higher vapor pressure or lower boiling point than the
product or diluent. The product/diluent 18 is generally further processed (not depicted) to
separate diluent from the product (and to recycle the diluent for re-use in the upstream
oligomerization reactor). Moreover, it should be noted that configuration of the purification

system 10 may vary, such as with the product/diluent 18 exiting together with the light

25 components 20 overhead from the column 16, for example.
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di luent separated fromthe product/diluent stream 18 is generally recycled
back to the oligonerization reactor, the contam nation of agent 14 in the
recycl ed wol2oevitsiashen the diluent is re-used in the upsPCEAISRI00A61I704 MmaY
undesirably kill the catal yst systemin the reactor, |owering the
efficiency of the oligonerization process. [0042] The kill/quench agent 14
addition may be divided into two or nore parts. A first addition of a kil

agent mayo@R] i nj ectiRbaddthPot mﬁ/qﬁ&ﬁﬁtagémthiﬁje&m ind2thB ida@for ERTUEREI2 may
fractionation colum 16 to kill catalyst systemactivity and thus reduce

the for n.%%isﬂfﬁcf@ht R)y bdth %ﬁpgﬂtesresiclﬁﬂf cﬁ%lgée?[w(?gl{pg‘ y%uetndldlsQ) Héhv Iei:%o%jh&flc ki l'l

agent to netal atomequivalents int st system nay ected in a

Kill |yt IS il 3 i . uent t
11 50! YL TR 091 L 20501 LS e o Lyt i 1
) ect o JONS H8AM R a5l AR LPIALRRICRLYIT: B ool RaBRCIS95 M0,

pyrophorlclﬁ%%d? Vi r°"oxyg actrvity of
catal yst system residues., For .exanpl ab Utéﬁf8 eqs. / eq, of. tgg uench
agent "14 EEDOAT SHarBy Pnaddd 18 dbaryLemc S ShRt S sy Hlsct Hmgdpedns
downstream of the fractionation colu 16 as a_quench solutiaon ¢ rising
the quendHeAyBAtY NASLG WEGREPAlleV PRt ey il Eilivetrbragenld i he
purification colum 16 prior to theinjection of the quench solution, the
amount offeyquel catgfeshiorionta ¢ty fpbe dsestonsfiiuspit Eninfrathe dFrctienatie glb@n dil uent
may be decreased or substantially elimnated. [0043] The al pha ol efin
formed i ronfraupntlycerysacthddall/magh hganéil h may yafprawatgly paitam de qygshepkelighted as a
co-nononer in a polyolefin polynerization or as a feedstock to other
chenmi cal speave 8¢ sew. th@prodeatiddait sigeagoht, aprtrminpong dofwnatreagcyrotagbsdidsuent wit h
catal yst poisons in the oligonerization process, the techniques di scussed
her eim majiuéndweparitbé foostls produdtidduaaseednnd 8puar gehyrally rédyeled| pbla toltef | n
product. In turn, this may |ower the costs of downstream processes (e.qg.
pol yol ef ioliggoadrizaeen zattonrhe thatmmadnoyf adeat all phahokefdlad dduant fwhenlshock.
[0044] The term "oligonerization” and its derivatives refer to processes
whi ch diluent is re-used in the upstream reactor may undesirably kill the catalyst system in the

reactor, lowering the efficiency of the oligomerization process.

[0042] The kill/quench agent 14 addition may be divided into two or more parts. A

15 first addition of a kill agent may be injected into the reactor effluent 12 prior to the

fractionation column 16 to kill catalyst system activity and thus reduce the formation of by-

products. For example, about 1.0 equivalents of kill agent to metal atom equivalents in the

catalyst system may be injected in a kill solution comprising the kill agent into the reactor

effluent 12 to kill or deactivate the catalyst. An addition of a quench agent may be injected

20  downstream of the fractionation column 16, to decrease the pyrophoric nature, water
reactivity, and/or oxygen reactivity of the catalyst system residues. For example, about 0.8
eqs./eq. of the quench agent 14 to total metal in the catalyst components may be injected

downstream of the fractionation column 16 as a quench solution comprising the quench

agent. As the recycle diluent may be removed from the purification column 16 prior to the

14



produce a m xture of products containing at |east 70 wei ght percent
products containing from2 to 30 nononer units. Simlarly, an "oligoner" is
a productwohato/sossvai ns from 2 to 30 nononer units whi |l @CaNIS2009/062774

"ol igonerization product” includes all product nade by the

"ol igonerization" process including the "oligomers"” and products which are
not "ol igonmers” (e.g. product which contain nore than 30 nononer units. It

shoul d bey;RfR iRYuctARoRBHE MRS anttfbnf S Kill addAE 14 Bhi GPERL a5 Qhtamination in
"ol igonmerization product” do not have to be the sane. For exanple, an

"ol'i gOMmBecyBfe dilfln Qﬁgﬁéh LQINLrREQBUGLITy Bimiffled. Of T gONEr i zation® process

usi ng et hyl'ene and propyl ene as nononers may contain both ethyl ene and/ or

propy! engj ts. [@264%¥9ha-rg'l§ﬂﬁ rled iﬂ%@%ﬂ?&%& 10 ribed®de ,tsugﬁﬁé‘{ﬂa{ek%’n%s’ refer

to a procesSes whi oduce a m xtur roducts contalrning at [east 70

wei ght percent products contai.ning.three gnd onl.y three nomer. _unpits.
o P R A SRR R e o0kl HPb R ERRGHE o BRE > ¢

while a "trinmerization_ product” includes all pr a ts nqge by the
Lri mort 2 STBOTGERSs PhARIHg ormiRaion dagenr Badira iih e Rses
"trinmer" (e.g..diners or tetra rs%” GEneraII% an olefin tﬁineriza ion
reduces HiftfePiEMCPAIRR MreccHy i tecpnigues dsspiseh dgeoMaY AT b 6AYS 22Dyt wo
when consi dering the nunber of olefin bonds in the nmonmer units and the
nunmber ofineEgags ithe eSOl e b plef produet: shp P, Hbs MsyelWehaic £9 Abnoner
units in the "trinmer" or "trinerization product”" do not have be the sane.
For exanpownstegamt prpgpeses (pg.. olyplefinmolymerizaion) ghapewsloy ubé alpheokpfineter and
but ene as nmononers may contai n ethyl ene and/ or butene nononer units. That
is to sayeaddtecktrimer” will include Ce, Cs, Cl1 , and Cl12 products. In
anot her exanple, a "trimer" of a "trimerization" process using ethylene as
t he nmonorf@d44tont ai Bheetdmpl Bvlgomonmatien” andi its . defivatyboutfdr ad goodessenotlech t hat a
single nol ecule nmay contain two nononer units. For exanpl e dienes, such as
1, 3 - but pdidasea mindurd oft profeuid @sltadiigg athee7( weighipors® pretitk Somaihing froane
nol ecule. Split Injection of Kill Solution and Quench Sol ution

2 to 30 monomer units. Similarly, an “oligomer” is a product that contains from 2 to 30

monomer units while an “oligomerization product” includes all product made by the

“oligomerization” process including the “oligomers” and products which are not “oligomers”

15 (e.g. product which contain more than 30 monomer units. It should be noted that the

monomer units in the “oligomer” or “oligomerization product” do not have to be the same.

For example, an “oligomer” or “oligomerization product” of an “oligomerization” process

using ethylene and propylene as monomers may contain both ethylene and/or propylene

units.

20 [0045] The term “trimerization,” and it derivatives, refer to a processes which

produce a mixture of products containing at least 70 weight percent products containing three

and only three monomer units. A “trimer” is a product which contains three and only three

monomer units while a “trimerization product” includes all products made by the

trimerization process including "trimer" and products which are not "trimer" (e.g. dimers or

25  tetramers). Generally, an olefin trimerization reduces number of olefinic bonds, i.e., carbon-

15



[0046] Referring to Fig. 2, a process flow diagram depicts a separation
system 24 for the initial purification of an effluent 12 froma reactor,
such as fwormswnsoisbgoneri zation or trinerization react oPCTHS29052774 he

t echni ques described herein to kill the catal yst systens and quench

catal yst systemresi dues may be used with nunber of chem cal processes. For
exanpl e, other types of oligonerization reactors and, indeed, reactors for

ot her tyReDoRUoIIETBRR] bPRRAWEScHBYetREh& n§ERF RloR ARSI AthOoAmEs | |
solution before a purification colum and a quench solution after a

pur i fi cathpn, fohUTIRS ofl %Pﬁ%ﬁg i YRE Rlofr mﬁ&ﬁd Bl ﬁ&éd‘ﬁ%t}?ché ﬁl@ff&n%%nﬁ@d

|
reactor systens are considered to be wthin the scope of the present

t echni qugs i Fe - o] SEHSALAN PloddBPlab GBPR . B MIRLALY 0l LIARRT ) 28hi00

processes, such as exenplary trinerization processes, see ent No.
7,384,88%fah%§.mggﬁeatréﬁglhﬁgtiﬁquUblic tion N%meQOZIOQBg%gQ %&Q u. S
Pat ent Appl’i cation BUTEA PO 1Y %ﬁlﬁll 6 153"ANG UM, “PEt entgly
Application Publication No. 05/0197521,. al |l ,four of ich are

P bor Sor APUET M FOSY By aheb y  wndier e el G Frsigodse [ ooar)
The separat]jon system 24 uses an addition (kill agent 14A) of a ki]l agent
(Fig. 1) Py ol Gyl 8y §1B5h BB o ENAIZAAYRC TSR 1818 BN 18 and a
separate addition (quenchagent 14B) of the kill and quench agents to at

| east partqnaMESCoRRiL ethyigReMepRING -y &t sheyldtadip Rgnncted that fisgleiReegiqer
heavy conponents (e.g., collectively referred to herein as a heavies stream
22) downstayeeawfayf twhandnoget jupitat iFen csanrlenticnss. sseltias d.5hwediepe2apdnhy- be used
in an oligonerization or trimerization reaction process to decrease the

pr obabi | ipeytadipret hayohvamoneméramits wohmohemklebile.or quench agent will be
returned to a reactor through a recycle diluent system for exanple.

Mor eoWer Spiit Injrajortae Kivé Bafidian cad Quence®dttiovat e t he cat al yst conponents vi a
the kill agent 14A prior to subjecting the catal yst systemto any

downst r egfidoi gher Rebp@pad Bige?, a prodekeflpudiagtacadep@n Syepiretion §stgm,24ifor a
colum reboiler). Yet, the quenching via quench agent 14B may occur further
downst r eai aftiabpurdifivatied boaTeEfluaAtil Fronph eeidek, dds abeem aeigbatedtiés om t he

killed (deactivated) catal yst systemresidues.

trimerization reactor. However, the techniques described herein to kill the catalyst systems
and quench catalyst system residues may be used with number of chemical processes. For

15 example, other types of oligomerization reactors and, indeed, reactors for other types of
chemical products may use a separate addition of a kill solution before a purification column
and a quench solution after a purification column as discussed hercin. These alternate
reactors and reactor systems are considered to be within the scope of the present techniques.
For a discussion of applicable exemplary oligomerization processes, such as exemplary

20  trimerization processes, see U.S. Patent No. 7,384,886, U.S. Patent Application Publication
No. 2002/0182124, and U.S. Patent Application Publication No. 2004/0236163, and U.S.
Patent Application Publication No. 2005/0197521, all four of which are incorporated herein
by reference in their entirety for all purposes.

[0047] The separation system 24 uses an addition (kill agent 14A) of a kill agent (Fig.

25 1) to kill a catalyst system before a fractionation column 16 and a separate addition (quench

16



[0048] Theoretically, the kill agent 14A may be added in an anmount such

t hat about one equivalent of kill agent reacts with one equival ent of netal
at om of tWwe 20swmh4sst system However, other ratios nmay PeTAESpeOpPsi7at e and
ranges are given throughout the specification. The desired ratio reduces or
kills the activity of catalyst system and thus reduces degrading of the

ol i goneri zati on product during downstreamdistillation but may | eave the

catal yst ,5y3t188) beHt MUERY HRAOP ISt td RERL&HaRAI Yeactiife MG AORRM 14A MY
be subsequently added in an anount such that the equival ents of kill agent

14A pl us GH&NE iﬁﬁgtﬁ@Bth%rllﬁéa(/?gﬁ%?dﬁeﬁtQ (@ HIREHRAMY AN Ferlh ABLRLy i@ KY!

bonds. This reduces the pyro IcC natUre, water reactivity, and/or oxygen

tivit ' | ysi ' g , th
eactor orPPahEYSSRASHR PR KE SRR SRUERSTorl 200 bCRRTATM V. (1

heavi es, glliI gflrllérf)zatioa‘ ndora tirlné:/rleza 10ar} ar'eXc%it,rons fsotgg A .toA (h(eltc}ela% ag{ﬁent rjo'lélé%iha%ndth%t quench
agent 14 y be stored in ‘vessel's Tor addition to e process to Kill or

qguench the cata% st. | %@e kill . age éﬂﬁ%Q n%ﬁéhe ue cha nt 14B are the
aane domparianatRoy Rl bl sl AR ON RaT R % o SEECF drd S preer
Mor eover, water and_other contam nants may be renmoved fromthe agents 14A
and 148 (IS GFYER, O FROBREmpMBICOR TS it 15 1E RERBRATY Belerksis SAMDRLL 1 he
presenttechni ques do not preclude adjusting the anounts of agents 14A and
14B addedOMBeeREs Vi Be kdkagepy 146t ity thiHbis s the Eeiplyehentipin &0 2y dywsirgaay i n
certain enbodi nents, the anount of kill agent 14A may be increased to
provi de fhaghegydapnerityrgs iith thed adbeifiestion Gysteivr Gueghindasolummasborerdf Yple that al yst
conponents in the effluent 12 (upstreamof the fractionation colum 16).
[ 0050] Gamerchingyia finackiaként d¢Brmayl dekuy Antheo gewwstradm pitudnohigamyematidyB) i s
selected to be soluble in the reactor effluent stream 12. The kill and
guencih agentist hmapeannepandal orh the@BIkd (RatdvaGR) catdyst stdnoreGiliResam nes. The kil |
agent 14A sel ected may have a boiling point such that it does not form an
azeot r opq0048i h t heTladoasdicailyrdie dife hggpt 04AI@iay beradddieintaniam@untzath tat dfouet hyl ene
to 1-hexene, exenplary alcohol kill agents include, but are not |limted to
but anol , one equivalent of kill agent reacts with one equivalent of metal atom of the catalyst system.

However, other ratios may be appropriate and ranges are given throughout the specification.

The desired ratio reduces or kills the activity of catalyst system and thus reduces degrading of

15 the oligomerization product during downstream distillation but may leave the catalyst system

residue pyrophoric. Theoretically, the quench agent 14A may be subsequently added in an

amount such that the equivalents of kill agent 14A plus quench agent 14B react with all the

equivalents of metal alkyl bonds. This reduces the pyrophoric nature, water reactivity, and/or

oxygen reactivity of the residual catalyst system residues.

20 [0049] Generally, the reactor effluent 12 may include compounds such as diluent,

product, heavies, lights, and active catalyst system. A kill agent 14A and a quench agent 14B

may be stored in vessels for addition to the process to kill or quench the catalyst. If the kill

agent 14A and the quench agent 14B are the same compound, they may be sourced from the

same vessel or supply. Moreover, water and other contaminants may be removed from the

25  agents 14A and 14B in a dryer, for example. Lastly, it should be emphasized that the present
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pent anol , hexanol, heptanol, octanol, nonanol, decanol and m xtures therof;
alternatively, 1- hexanol, 2-hexanol, 3-hexanol, 2-ethyl- 1-hexanol,

3- oct anolwoletvst#nol , 2- heptanol, 3- heptanol, 4-heptamoir/us2609®617y4 - 3

- heptanol, 1-octanol, 2-octanol, 3-octanol, 4-octanol, 7- nethyl-2-decanol,
1- decanol, 2-decanol, 3-decanol, 4-decanol, 5-decanol, 2-ethyl- 1-decanol,
and m xtures thereof. In an enbodinent, the kill agent 14A agent may be

2-ethyl - (Znhg¥an® nod Hlatde MjbhRYaRe @amdhfigloe akiddd 19NeRaN sadeNted 14 hsee FIG
1) has been discussed herein, it should be understood that the kill agent

14A sol ut 0. ohBEnAHMERC NFAIERpIL AR g3 Qe tih QB AP AGIMANE dafunt BE SaME
mat eri al . For exanple,” the quench agent 14B nmay be water, or other
conmpounds,. u i ff terialsefo Ki || t d the
quench g aiosPR Shest ok (EERk 0B, ol ol Yughdiert wufF o 1A

t echni ques, ..Mor eoy, it.should be not.ed tha ertain c ouynds .g.,

nydr ocar o Bifel e ey SRimtagis R HOR o b el RE MR g B
acceptablelin]%pe process and/or not result in contam nation. Generally, it
may be t F&URMN ) agent itself that is a contam nant and shoul d be renpved
fromrecycled diluent or other streans.[0052] The addition of the kil

agent TaA00l  he reerdl. G Filasn 113 (i Ol%%?pa%‘lypwe st ) Soskres W al ve,
for exanple, to facilitate mxing of the kill agent 14A with the effluent
12. 1 n orvé selehlsgn éhe feprdongfflpent gagem 14 Ahe &ill apdegcach asiisndeiapids Catpr essure
control valve of the oligonerization reactor. In another exanple, the kil
agent 14Amdy hé&raddéd t¢ iggse| Theuph nged it dfsclepfed prag gy & beibng point val ve.
However, for injection of agent 14A upstream of a valve, the valve should

t ypi cal | yudhethguf ddee hetrioinyan ayebdtaipe avithrtbnelefrempeaedr produg. i the ¢mnerization

contam nation, e.g., at the end of a leg or pipe comng fromthe reactor.

I n t hese ofxtpphew, 1-laxcid exangdry alcolef killegatts iilvidk,dsihes nacliross! ta boendly o

val ve, the turbul ence may assist the m xing of the kill agent 14A with the
react or etifithienicxdidl, hEp@na neaariol, abndaol, |de@gendndIdidtirds) teab e dlteraytivios, 1-
controlled by a kill addition control valve. The kill addition control

val ve mahehoRd)-h&hgsl, Baggshopn2hgl-1-abanel Tadtaloyst-héptowl i nhepthdr® Beact or,
mai nt ai ni ng the proportion
heptanol, 4-heptanol, 2-methyl-3-heptanol, 1-octanol, 2-octanol, 3-octanol, 4-octanol, 7-
methyl-2-decanol, 1-decanol, 2-decanol, 3-decanol, 4-decanol, 5-decanol, 2-ethyl-1-decanol,
15 and mixtures thereof. In an embodiment, the kill agent 14A agent may be 2-ethyl-1-hexanol.
[0051] Although a single kill/quench agent 14 (see FIG. 1) has been discussed herein,
it should be understood that the kill agent 14A solution and the quench agent 14B solution do
not have to be the same material. For example, the quench agent 14B may be water, or other
compounds. The use of different materials for the kill agent 14A and the quench agent 14B
20 is considered to be within the scope of the present techniques. Moreover, it should be noted
that certain compounds (e.g., hydrocarbon solvent) in a kill solution having the kill agent
may be acceptable in the process and/or not result in contamination. Generally, it may be the

kill agent itself that is a contaminant and should be removed from recycled diluent or other

streams.
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or ratio of the kill agent 14A to netals in the active catal yst
substantially constant, e.g., at around 1.0 egs./eq., and so forth. [0053]
A guench wgento/i54B80may be added to the heavies stream 2PCoOrusat9nsives
downstream poi nts. The quench agent 14B may be added near a control valve
to facilitate m xing, near a reboiler (not depicted) on the heavies stream
22 of columm 16, and so on. The anmount of quench agent 14B added may be

adj ust ed [pgsagd on thea MR R kifakahVish SYRt RtBAdededta2ths HRSpheaM
ol i gonerization reactor, a flowrate of the heavies 22, and 'so forth.

Again, t *h%aroau&ﬂﬁﬁl RN or &R TBYo ﬂcﬁﬁat@%ﬁ%ﬂ% ggtthh %ilP&gQFt’ 1400 ?ﬁﬁ}ﬁ% defichs. such

as a downstream heavi es storage tank, ers.” [ 0054

fracti 0n6}t2i 9 0%9 L:;&rf%)lel @nquﬁ, a%st £ )f%%]'eaé’&) ﬁosvnq{.rga% 13{‘ aﬁ;ar%sfgﬂrg%gﬁtymal% %JP

separation stages conprised rays,” packing ma rconmbi nati ons

thereof. One.potential fractipnatipn colu 6.y have three exit streans,
oot ol SHBTHTDaIA, resbBE BT Bh S SO i 4T g Bl e oS Sabed 1 58

O her processes, nay. have.di fferent confi gurations. anpl es of other
PR S I (gt S RS A R T e i PR N

attached as part_of this disclosure. [0055 he lights stream 20 may
i ncl ude &PHIFRBNY MY dicrdhenshoBdpviatibt s, Jt@gfewﬂaggqqi}adr e B APAEBRPbunds
having | ess than about 5 carbon atons per nolecule. The lights stream may
al so i ncIPIRYEMACHBMIBIHALHy@lr HcBE Bthot®ifsotiiRe «uiing Aemhie resgn, [hiliepogen,
oxygen, carbon nonoxi de, carbon dioxide, and water. The product/dil uent
st r eam 18xgepies: a$ thy reastor gifentcl@niipolasdsronsy Porgros vatve, dre thbulepeggmpossniss, f or
exanpl e, compounds having simlar nunbers of carbons. In an enbodi nent, the
product / did memg oftthekithagdntddAtvaimthe réaetoCeflflvortpgdurds apowd ot killlagesixkide and
di l uent cycl ohexane. The heavi es stream 22 may i ncl ude hydrocarbon
conpowndsnjbasd mgy be omtaiblodiby 7 kiilb addbidant cchGOl wdweb Orhedtilh pddiper camblobeaile.
Heavi es 22 may al so include higher olefinic products, such as, for exanple
decenes amy beatjustdébanesy thasatvvef datadyst OV yite thieGeqoton,dndhtsiningaheprysdrtiay st em
resi dues, and deactivated catal yst

or ratio of the kill agent 14A to metals in the active catalyst substantially constant, e.g., at

around 1.0 eqs./eq., and so forth.

[0053] A quench agent 14B may be added to the heavies stream 22 or at other
15 downstream points. The quench agent 14B may be added near a control valve to facilitate

mixing, near a reboiler (not depicted) on the heavies stream 22 of column 16, and so on. The

amount of quench agent 14B added may be adjusted based on the amount of catalyst system

added to the upstream oligomerization reactor, a flow rate of the heavies 22, and so forth.

Again, the quench agent 14B may also be added to other process units, such as a downstream
20  heavies storage tank, among others.

[0054] The fractionation column 16 may be a continuous distillation column with

separation stages comprised of trays, packing material, or combinations thereof. One

potential fractionation column 16 may have three exit streams, a heavies stream 22, a

product/diluent stream 18, and a lights stream 20. Other processes may have different
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system [0056] The fractionation colum 16 nmay be heated by recycling a
portion of the heavies stream 22 back to the fractionation colum 16

t hrough awoebwvdsetsp for exanple. In that exanple, the rebwiuses9(0s27¢4, heat
exchanger) may be supplied with heat transfer fluid, such as steam
Moreover, a portion of the lights 22 may be condensed and returned to the
colum 16 as reflux. In certain enbodi nents, an accunul ator vessel or

refl ux dryifeu@ltiof A impi&f dribkheP W8N sH8Ymd %ichirﬂa?'tt% dtittdOtebd RRAn@tn t he
condensed lights 22 as reflux to the Colum 16. [0057] Referring to Fig. 3,

an opti ongl 4dchAsi Q{agl(%@d%gRgl@Bftﬁng%%{ogl%r?.Ui d separator) is depicted in

purification system The reactor effluent 12 may be introduced into a

fl,25n O 43P W01 FL BARRGALGS RS HERRE AuELT LioBiceb? oL B ABPL St ream

34 and a id strea aration I ght conponent s

t hat may b resent in e reactor effluent 12, such as  hydrogen, .ethylene,
b ¢ e g ERE Ry dnd AR Hharloub & Wb R bl ol U OB et
and cat al yst resi%ues. otqlstre n%834 and 36 are introduced into

i i)

t hef r act PBFR P8¥ ¥ B9 & hERSOYRarO W CUMRUELHSYEH it 39996y TH¥Bve the
efficiency of colum 16. Producing an Ajgoner with Splif Kill and Quench
[0058] Fi%§Ys#: a@BP%t%Onaﬁd&xmnaaww‘ﬁ Fat | B PECEpAD SRl ng
separate injection of kill agent 14A and quench agent 14B. A feed system 42
pr epar es Zapdalfrigdlidrs soppeings haydeesipBadodingdaings fa cxanpln compoide h1viRg i on
reactor in the reactor system 46. Feed steans 44 may include one or nore
f eed ol eBintitpr ngnbaiepf egrbony dinggembodimeat the pradoeqsblben sgeany Hcantpingl thesEs
systens. For applicable exanples of oligonerization catalyst systens, and
t hei r exenpbamgs prodpeirialiaxens, andalluett cadbledang. ShePgpeeat sties . 226n43B¢cUG5 &
7,384,886 which are incorporated herein by reference in their entirety for
al | puwr phséscarp@068hpdundst hevinge &rotmoabout Reao fabeatst@c&aripdneftoms ipsr alolgoker i zed
into an oligomer (e.g., hexene, octene, decene, dodecene, etc.) in the
pr esence Hehvias Catmadyydio Bighitlemijghandlefipit ippstalkdsysuch as, for example decenes and

tetradecenes, as well as polymeric products, catalyst system residues, and deactivated catalyst

system.

[0056] The fractionation column 16 may be heated by recycling a portion of the

15 heavies stream 22 back to the fractionation column 16 through a reboiler, for example. In

that example, the reboiler (i.e., heat exchanger) may be supplied with heat transfer fluid, such

as steam. Moreover, a portion of the lights 22 may be condensed and returned to the column

16 as reflux. In certain embodiments, an accumulator vessel or reflux drum, or and/or reflux

pumps, may facilitate introduction of the condensed lights 22 as reflux to the column 16.

20 [0057] Referring to Fig. 3, an optional flash drum 32 (or vapor/liquid separator) is

depicted in purification system 30. The reactor effluent 12 may be introduced into a flash

drum 32, which separates the reactor effluent 12 into a vapor stream 34 and a liquid stream

36. This initial separation divides light components that may be present in the reactor

effluent 12, such as hydrogen, ethylene, and the like, from higher boiling components, such

25 as l-hexene, diluent, and catalyst residues. Both streams 34 and 36 are introduced into the

20



di l uent, hydrogen, and other conmpounds. A reactor effluent stream 12 havi ng
the ol i gomer product discharges fromthe reactor system 46 and enters a
purificatworrosyesi4sm 48. I n the purification system 48, eag/useooawsx74i ghts
or olefin streanms 50 and one or nore heavies streans 52 are separated from
the oligonmer product 54. Diluent 56 may al so be separated fromthe oligoner
product, and optionally recycled to the feed system 42 or reactor system
46. Agai MyacfiMatiéh Bl1SeHI81 ORNBloyRRR drcaRlE Sxeme! adyYingld Qomne 'éff?e?ertlb}p Bf
processes and associated purification systens, seé U 'S. Patent .

7, 384, 886,,,knSs Patent Application Publication No. 2002/0182124 U. S

Patent Appllcatlon Publlcatlon No. 2004/0236163, and U.S. Patent

Applicati I , Which are hereby incorporated by
referencégaﬁﬁ%?ag??%gﬁ lP&%g? purposes Kill agent 14A is injected
into the uent r n112 to deactivate r.esidual f .co nts.
Quench ad 145 Bt .%fde%ttsotn. e Bl Ome“ms‘toﬁesy%tﬁnﬁ hPhaiE B 35 o

into at least p ggactlvqﬁgd cataly 3 treans 52 to nch. t he
oy ophor iestian B & biEep it sy T B ??Bm/%effl daeop=ks Al HGt“8D o
nanufacturln andf %lng an olk% qer or triner E uct is illustr by t he
f 1 ow charPfe Phmergfecd stréipms WP G PlgoMErARELR HAGahiale rGrior AL ¢ini &
di scl osed herein for killing (i.e, deactlvatlng) catalyst in a reactor
ef f 1 uent SEoMaAd néfdelﬁ%lmi%gnec%&laprysf?edc@ﬁ%@néﬁt@wd Vitisgane szl camPisuent
fractionation or purification colum, such as in a bottons or heavies
st ream 22néfatelgit§hiems Kosepplicpbje example qf ghigemarizationoretabyst ysiemsr angddhdinn
catal yst systens are prepared (block 92). The oligonerization or
trimeri zax¢roplanyaprepayastons yest aieshadaly). odateni Nog.e@1331% &eadtordosybickmre o
produce an oligoner or trimer product (block 94). [0061] The oligomer or
trimen pnocyeratebherdeby erfowed if themettivety f@adlitporposes. an ef f | uent stream (e. g.
reactor effluent 12), which may al so contain diluent and active catal yst
conponent[8059As i ndinciht echctan, ik dedds@6k osefiki ik loligahetizedrinto cimpsligoinag (ag.ki | |
agent (e.g., kill agent 14B) may be injected into the reactor effluent to
deact i vathexdnb otk addtsile, JYREER) £tB.) i the irdsbrt@Nf a catalyst system, and optionally
diluent, hydrogen, and other compounds. A reactor effluent stream 12 having the oligomer
product discharges from the reactor system 46 and enters a purification system 48. In the
15 purification system 48, one or more lights or olefin streams 50 and one or more heavies
streams 52 are separated from the oligomer product 54. Diluent 56 may also be separated
from the oligomer product, and optionally recycled to the feed system 42 or reactor system
46. Again, for a discussion of applicable exemplary oligomerization processes and
associated purification systems, see U.S. Patent No. 7,384,886, U.S. Patent Application
20  Publication No. 2002/0182124, U.S. Patent Application Publication No. 2004/0236163, and
U.S. Patent Application Publication No 2005/0197521, which are hereby incorporated by
references in their entireties for all purposes. Kill agent 14A is injected into the effluent
stream 12 to deactivate residual catalyst components. Quench agent 14B is injected

intermediate in the purification system 48 or into at least partially deactivated catalyst

25 streams 52 to quench the pyrophoric nature of residual catalyst components.
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prior to an initial fractionation or purification of the oligonmer or triner
product. Subsequently, in the initial purification, indicated in block 98,
t he reactwp 2efofdsusnt stream 12 is separated into two or PODS2@0068Ms, such
as a heavies stream 22, a product/diluent stream 18, and a lights stream
20. The heavies stream 22 may include at |east partially deactivated

catal yst system which may remain substantially pyrophoric, water reactive,

and/ or oXygep I eachiNGhod NE rMGhELLRARE i LWin@BELAE R YAGAMECABIUY fif y Of
t he heavies stream 22 may be substantially quenched by the addition of a

quench S, QR v APALS ek LR AUNER. AGRNS o Hfkel UbAnkDE PARVESHIGRLS €am 22

as indicate , or Into downstream /| ocationS to quenc e water

reactivi ty, AN i@ o Wil d @%Ctd'éa}éiti%ﬁgf cart]aﬁiwy §%§H8P§§Erl]%’t 12 %@‘%&ﬁcﬂi&g split

heavy streans, ream col’umms, avl es storage 0 0n.”[0062]
The oligoner or trimer,product and diluent. discharged fromthe rification
col unm nagepe PSS Lo s BRo R PHEM AT 8 i cat ea
in block.102. The method 90 na ?e i mgl ement ed usi ng. any,.nunber . of plant
confi gur 4t {oRETHBY OF HEPVFeFPBALRoH FUBEBSL, (45 HPocUssaiUR TR iBsphct 1o
Figs. 8-16. The separated product be sold, stored for |ater use, or
used as ér“‘f“%réﬁg?lb&%ﬁ?’sﬁ S %ﬁss”tr? aﬁmﬁ é‘l 2 THe oligneezitog & fppakonos. An
exanpl e of a downstream process that may use the triners (e.g., 1-hexene)
as a feedsielyeleyptems Ray boptihires dh? srctpiolyyiemde Predpes aprpbigemer timergiedist wit h
respect to FIG 17. Catalyst Formation and Use [0063] Fig. 6 depicts an
exenpl ar yblagt ¥%0d 104 for formi ng catal yst components and/or a catal yst
system for use in an oligonerization reactor. In certain exanples, a netal
precur sor0Gfy be fBravelisoorer rezcteinge grqdottomky 1O 6rmoTdie frommt the nerct@umsar nay
i ncl ude chrom um nickel, cobalt, iron, nolybdenum or copper, anong
ot her®. Cfftven urrnogerpotmacisr tfflatnt iRy whehuseyhlasconhae dikksd angraettwercatatyst ncl ude
organi ¢ or inorganic conpounds in which the chrom um oxidation state is
from 0 t @ofaporfeanerAalihdicatddnie biisk 0] dikill Soluti@ecomprisingakell agehofergulkill afenCr Xn, i n
whi ch each X can be the sane or different and nay be any organic

14B) may be injected into the reactor effluent to deactivate the catalyst system in the effluent

prior to an initial fractionation or purification of the oligomer or trimer product.

Subsequently, in the initial purification, indicated in block 98, the reactor effluent stream 12

15 is separated into two or more streams, such as a heavies stream 22, a product/diluent stream

18, and a lights stream 20. The heavies stream 22 may include at least partially deactivated

catalyst system, which may remain substantially pyrophoric, water reactive, and/or oxygen

reactive. The water reactivity and/or oxygen reactivity of the heavies stream 22 may be

substantially quenched by the addition of a quench solution comprising the quench agent 14B

20 into the heavies stream 22, as indicated in block 100, or into downstream locations to quench

the water reactivity and/or oxygen reactivity of heavy components, such as in split heavy

streams, downstream columns, heavies storage tank, and so on.

[0062] The oligomer or trimer product and diluent discharged from the purification

column may be processed to separate diluent from the product, as indicated in block 102.

25 The method 90 may be implemented using any number of plant configurations for the
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or inorganic radical, and n may be an integer from1l to 6. Organic radicals
that nmay be used for X, may have fromabout 1 to about 20 carbon atons per
radi cal , woaomegi4sncl ude al kyl, al koxy, ester, ketone, earhszyatz7or am do
radi cal s, anong others. The organic radicals may be straight-chained or
branched, cyclic or acyclic, aromatic or aliphatic, and may include m xed
aliphatic, aromatic, or cycloaliphatic groups. Exenplary inorganic radicals

i ncl ude, (RMLiAfiSn ﬁr%EesE 'a@dﬁs@@sé@wﬂl@f&’p&‘mo@?gsog 18xigk §épﬁgtté'deb%cﬁ1@d may O
exanpl e, halides, sulfates, or oxides. Exenplary netal precursor ' nclude,

but are ﬁlh Ltbf&it la‘ée%s&*b"r%@édlék‘ &@é@@&&&dﬁ do%v'ﬂ?t?baﬁﬁ &%FSOGB%M%& pfhrom um

(rr) or rom um conpound s a mxture th ereo

Organorfetb%ckuﬁqggggacng{% fiPJTJt? e nﬁ;kjoggsgﬁYmeHs%s[ﬁéjtrﬂfers}@% ] B3l ney @10 ©° for

t he ollgonrerlza rom u oxylate or a

chrom urr(al d)stog’l?‘ lﬂh attlﬁ{l Ioﬁ) tly(?orle X}gﬂk%% as d%c A% H%res)&y) 1: ?%R?W' ate; or

alternati ve carbo e of the
chromungé Zj hromu III) car boxyl ate may beaCl to C20, a C3 to C1 ,
or a ¢t ?FM’VQ? . In an errbodl ment, t he carboxyl ate group may be
an acet at propi.on but e, npate, .a hexanoate, a

hept anoat@jﬁgn oct HRo tdgplcﬁ Ho me O&e@ étf%rml% CRHANH SRS o

dodecanoate, a tridecanoate, a tet radecanoat e, a pentadecanoate, a
hexadecaB&PR? caalhy 5y hed i@ iiean YJoRsHEErn FRIERh AR £5Ttagt Ml raiEgkl v, a
pent anoate, a hexanoate, a hept anoate, a octanoate, a nonanoate, a
decanoat @recarsa e ditofraed or racaisdedhaskats). | Fhesowial emsoupimasy sinclufe
carboxylate group may be acetate, propionate, n-butyrate, valerate
( n- pent agbrmym, ngbgerbbaloara, rndpbdc@n@rne of wom,anmamg)o,ther& hetaomame,
caprylate (n-octanoate), 2- ethyl hexanoate, n-nonanoate, caprate
( n- dewaneaimpdyndn thahalex baawtl @ theanatd peccinodiodedarrgatiedr, inorgaist eempatuads
(n-octadecanoate); alternatively, valerate (n-pentanoate), neo-pentanoate,
capr onat én (vhichekacloama)m oxidheptsamoatimm @ apbyGateellfntheo ch@nmiah epyrce will
2- et hyl hexanoate, nnonanoate, caprate (n-decanoate), n-undecanoate, or
laurat e (avetodeadn 0aCey.,, inatitied ddk K\eeh Ye the 3pfionadifertit-ahe¥anoais)drganic
alternatively, n-heptanoate); alternatively, caprylate (n-octanoate);
or inorganic radical, and n may be an integer from 1 to 6. Organic radicals that may be used
for X, may have from about 1 to about 20 carbon atoms per radical, and may include alkyl,
15 alkoxy, ester, ketone, carboxylate or amido radicals, among others. The organic radicals may
be straight-chained or branched, cyclic or acyclic, aromatic or aliphatic, and may include
mixed aliphatic, aromatic, or cycloaliphatic groups. Exemplary inorganic radicals include,
but are not limited to, any anion or oxidizing radical, for example, halides, sulfates, or oxides.
Exemplary metal precursor include, but are not limited to, chromium compounds, such as
20  organometallic chromium (IT) or chromium (IIT) compounds, or a mixture thereof.
[0064] The organometallic chromium compounds which may be used as the metal
source for the oligomerization catalyst system may be a chromium(Il) carboxylate or a
chromium(Ill) carboxylate; alternatively, a chromium(Il) carboxylate; or alternatively, a

chromium(Ill) carboxylate. Each carboxylate of the chromium(II) or chromium(III)

25  carboxylate may be a C; to Cy, a C3to Cys, or a C4 to Cyp carboxylate. . In an embodiment,
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or alternatively, 2-ethyl hexanoate. Exenplary chromunm(l1) carboxyl ate may
include, but are not limted to, chromun(ll) acetate, chromun(ll)

pr opi onatwQ 20twesmsan( 1) butyrate, chromun(ll) neopent 0DAtSe)09mb27GM un(l 1)
oxal ate, chromun(ll) octanoate, chromum(ll) (2-ethyl hexanoate),
chromunm(11) laurate, or chromun(ll) stearate. Exenmplary chromun(l11)
carboxyl ates may include, but are not limted to, chromun(lll) acetate,

chrom unfyhd éa}boRgfl‘ﬂfé' g?&?fﬁt rﬁay Mn%bt‘dm 3 f)llobloﬁéﬂe Yarlﬁlttﬁate %éﬂ@nb‘ﬁé lal HeXanoate,

neopent anoat e, chrom uny oxal ate, chrom un( oct anoate, chrom um
(I11) 2-gt ﬁb[ypkalﬁga%@”ﬁla%&anoﬁiér QrHoHH{o'a!e' )a c%ca%roéte an hﬁ&efc%ﬁﬁ{ehﬁ' Jb%@éaﬂ@eﬁ?'é’”at €,
chrom un(11 napht henate,” chrom un{ !l l'aurate, or chrom un

stearat e m&e@ ﬂ%@te Ft?%gd&%%a’te fag[fenfaﬁ ar{‘@taaﬂe'xhc?ec{%%’la{%”b %?ﬂaﬁd%g@%%d W) ch may

be used as sour ce |gorrer| zati1on’ catalys sys emis

Chr Om urr(octa?iecan a&e qr aﬁ%fnﬁf\jetlg aglrpﬁl%il ate anig xanc)a 2, efl alngaxaal? octeahoa?e a

alternatively ¢ rOm u exanoa ces reac’t ant S

by- products enoved fromt he nmet rec r a

C hrquS T o o (ORGP ot ?&dé) o dh s et ﬁmes ey
i ncl ude va stripping, filterin di | uent vvashln ran nunber of

ot her teéﬁ%P’@H%% EPHOBSY behaCCHS: anrgrﬁ?%rlg Y gy VBlE (PSR ER R0 | uent

(e.g., alcohol), to forma netal precursor solution, as indicated by
r ef er enc@cHaskal CPOBNAtE) | GREEIpkkt wﬁwtﬁ@a@semlﬁi&tq hén-aFtpipRicon ?nc| ude
any nunber of aromatic, olefinic, or aliphatic solvents. Typically, the
di | uent redylhseangate; n-goragrte. sppratet(arlpeenparedl y-uadecanasteCiusq @éﬁ)ﬁieoame)ex anpl e,
diluents that may be used for the dilution of the netal precursor include
cycl ohexa@nesteaathy(nswtadestaatol ef pltpsnatigely alvpleeato| (@fienfenoae mpd-aenfarmbigsha
olefin diluents include, but are not limted to, 1- hexene, 1-octene,
1- dec®ne cafroniiel e@elraanobted, e irled@cente, cdpriletcadeoetamatedr 2letiydhademénen- or
conbi nati ons thereof, anong others. The choice of the diluent may be nade
on the bash&oat, apleacii-vdchiynatey,i is-aadkidnpatef brakbpa @Mtdodesdate)ankeraatatlyabi [ 1ty,
anong ot hers. [0066] The catal yst systemfor the oligonerization my be
formed frcaprohdie (ivBdxahoate); alternatively, n-heptanoate); alternatively, caprylate (n-octanoate);

or alternatively, 2-ethylhexanoate. Exemplary chromium(II) carboxylate may include, but are

not limited to, chromium(Il) acetate, chromium(Il) propionate, chromium(Il) butyrate,

15 chromium(Il) neopentanoate, chromium(Il) oxalate, chromium(II) octanoate, chromium(II)
(2-ethylhexanoate), chromium(Il) laurate, or chromium(Il) stearate. Exemplary
chromium(IIT) carboxylates may include, but are not limited to, chromium(IIl) acetate,
chromium(Ill) propionate, chromium(Ill) butyrate, chromium(Ill) neopentanoate,
chromium(Ill) oxalate, chromium(Ill) octanoate, chromium (III) 2-ethylhexanoate,

20 chromium(IIT) 2,2,6,6,-tetramethylheptanedionate, chromium(I1I) naphthenate,
chromium(Ill) laurate, or chromium(IIl) stearate. In an embodiment, the organometallic
chromium compound which may be used as the metal source for the oligomerization catalyst
system is chromium(II) 2-ethylhexanoate or chromium(IIl) 2-ethylhexanote; or alternatively

chromium(IIl) 2-ethylhexanoate. Excess reactants and by-products may be removed from the

25 metal precursor by any number of techniques known in the art, as indicated in block 110.
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precursor or metal precursor solution (block 110). In one exanple, the
nmetal precursor is conbined with a netal al kyl and a nitrogen containing
conpound.wOhelsi#hyst system conponents nay be cont act @dTius2000627a¢ or der s
or under any various conditions to prepare the catal yst conposition. For
exanple, the nmetal precursor solution nmay be contacted with the nitrogen
conpound first or substantially sinultaneously with the netal alkyl, and so

on. QO hergypRtBRfSuct Hay Motidedabiien Etﬁﬁiﬁf?%%tfeﬁng?fdilwﬁ wadifd, Y8 hnyS¥siRMmay be
found in other docunents incorporated by reference in this disclosure.

[ 0067] TQ@wpgkﬁh%E%‘systen1preparation, including contacting a
pyrrol e-contal ni ng conpound and the netal al kyl may be perforned in any

al kyl or \gi@frati c gid yent o GROSLAL i oIS R 2afly GRIPRRLIOR, RLAPAT at i on

is perfo in an unsatu hydrocarbon. € uns ydrocar bon may

be any aromatic or aliphati.c.hydrocar.bon and have a nunber. of  carbon
atom” porreSuie: SRk fotel G RLoaRs AleAD It SR G Ty

conprise | ess .han.a?out 70 carbon atons, per ngﬁecule or less.than about 20
carborl atBEpU B SRR any BESS OF BBHeY SIHr e 2H A Ry L P68 use.
Al i phatic_hydrocarbon conpoqug that may be used as the diluent include,
but are MIFNHYES tol° ErHyi ﬁrél?twfﬁm & o Crsgdisenty Fos axastale. AEHEn it ur e
thereof . Aromatic hydrocarbons that may be used as the diluent for the
cat al yst ndysbeniedippitheaflilyfion  afethey masiad tfrecuripl isduste ysloBsyape nithylegrz#e: C t o
C20, Ce to Ci5 or Cto Co aromatic conpounds. Exenplary aromatic
hydr ocar istahiss. ai@lnhd @lefisut Exenwlan elphy piefie dilpents neludee hat apanl binded to, 1-
et hyl benzene, xyl ene, nesityl ene, hexanet hyl benzene, and m xtures thereof.
Cener al | Yiexaaeohattees, Hydtcoral blodeenayl -fetipleoane, tdteddyesne,syst-esfradstensi bi ty and
produce an active and sel ective catal yst system In an enbodi nent, the
unsat Wr atcenbinytiims dlardvdmmmay oderst olhgesheice of thaldtlemn atay be Imade et Hglbaienfzene.
[ 0068] The tenperature for the catal yst conposition preparation nay be
bet ween ablettivity, ABscOGtyaflekh@dift, 0651, abé bwadielsiligbandngdtde. and 50 0C, or bet ween
about 5 0C and about 40 OC. The tenperature nmay be controlled, for exanple,
bet ween Z00daf and B Ofalyst Qyal@e F&3HE oligomerization may be formed from the metal
precursor or metal precursor solution (block 110). In one example, the metal precursor is
combined with a metal alkyl and a nitrogen containing compound. The catalyst system
15 components may be contacted in various orders or under any various conditions to prepare
the catalyst composition. For example, the metal precursor solution may be contacted with
the nitrogen compound first or substantially simultaneously with the metal alkyl, and so on.
Other methods for mixing the components of the catalyst system may be found in other
documents incorporated by reference in this disclosure.
20 [0067] The catalyst system preparation, including contacting a pyrrole-containing
compound and the metal alkyl may be performed in any alkyl or aromatic diluent. Generally,
the catalyst composition preparation is performed in an unsaturated hydrocarbon. The
unsaturated hydrocarbon may be any aromatic or aliphatic hydrocarbon and may have any

number of carbon atoms per molecule. However, the unsaturated hydrocarbon will generally

25 comprise less than about 70 carbon atoms per molecule or less than about 20 carbon atoms
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particle formati on and increase catal yst systemactivity and productivity.
The catal yst system preparation nay be perfornmed under an inert atnosphere,
such as worogasi4sp argon, to purge water vapor and oxy@eEm/uSe@9iosives
reaction vessel. N trogen may generally be used due to cost and

avai lability. [0069] The nitrogen-containing conpounds that nay be used to
formthe catal yst systeminclude am nes, am des, imdes, nitrile, and

pyrrol es.peFafol@¥RMALE to RTMBRRII haaitall bﬁld”&t@éj off Qusf. Ormlﬂmﬁc %Eh%kéfﬁén system
may include C3 to C20, C3 to C1 , C% to C1 , am nes. Applicable am nes

may be pr, Hg&%dQ{ha{Sﬁ £y a BT H‘lﬁﬁent ﬁlE‘lu@@ bﬁﬂ”@?@ﬁdt"ﬁﬁ{‘tfed thét‘ﬁMéhe 3IHR6s May

i ncl ude ydrocarbyl am nes; or alternatively, di-h rocarbylanlnes
Each hydr g

|ndependé%fﬁugﬂée &@Hﬁ&ﬁ%ﬁﬁ$g&%fpg8ﬂgf1§%EQ1%§%§E%1 gq%%ggagﬂcyc oa kyI
group, a C :C o] Cr-C X kyl.ary [ ely, a
& Ote o G r P e By altuty r@%%%% T P AN ety O e

aronatlc r or, alternativel 10 al kyl roup p |cablealkyl
o oupCs) Fot Eidt ChatibmmromrSs, oESTIirantmde B basdhsh ﬁ%ﬂh@%&& it hy|
group, an ethyl gro p, propyl rou a but oup, ou

hexyl gr &abflmaech pt af?ne aﬁﬁhygfcff%%eg%m? @Slg{&wheéwa%ﬁvq{%ve 6‘§’2y|
group; alternatlveuy nmet hyl group, an ethyl group, a propyl group, a
butyl gr dtiptures thaprfy el@%ﬁé&p ,aroafr I8 PHEOPARITY, M BN CAHY SYSIEh SBPIR  gr oup,
an n-propyl group, an isopropyl group, an n-butyl oup, an iso-butyl
group, a a8@é®rasiyes pn gewpandasefétrl\t& entalyAt syytep, [n 4R qygwﬂgmeng rtmjpnsawat@g
neopentyl group; alternatively, a nmethyl group; alternatively, an ethyl
group; alhyétopabenmiybe tahere; pr disylatigelpiephyl bdnzerenat i vel y, an i sopropyl group;
alternatively, an n-butyl group; alternatively, an iso-butyl group;

al t ermat i[0@8Y, a sEobtempbragrodiqy; thalchelysaton@isition grepardtiol ubayl bgbewpsn
alternatively, an pentyl group; or alternatively, a neopentyl group.

Appl i cablabowy?d Wadrkiyd00 §C Ohep&h abart Ot°BeandB0oc, @ibethicelnyishuos &C byd shounas

i nclude a cycl opentyl group or a cyclohexyl group; alternatively, a

cycl opentyl Tue @hiicradire alal &k R3htolRY Y or axa@ipld, Gbexy 2@TObL 304TRkd galdage ar yl
group(s) for the nmono- or dihydrocarbyl am nes
particle formation and increase catalyst system activity and productivity. The catalyst system
preparation may be performed under an inert atmosphere, such as nitrogen or argon, to purge
15 water vapor and oxygen from the reaction vessel. Nitrogen may generally be used due to cost
and availability.
[0069] The nitrogen-containing compounds that may be used to form the catalyst
system include amines, amides, imides, nitrile, and pyrroles. For example, amines that may
be used to form the catalyst system may include C; to Cy, Cs to Cys, or C; to Cyp, amines.
20  Applicable amines may be primary or secondary amines. In an embodiment, useful amines
may include mono-hydrocarbylamines; or alternatively, di-hydrocarbylamines.  Each
hydrocarbyl group(s) of the mono- or di-hydrocarbylamines may be independently selected
from a C; to Cyg alkyl group, a Cs-Cyg cycloalkyl group, a Cs-Cig aryl group; or a C;-Cyy
alkylaryl group; alternatively, a C; to Cyo alkyl group; a Cs-Cio cycloalkyl group;

25  alternatively, a Cs-Cyo aromatic group; or alternatively, a C;-Cyo alkylaryl group. Applicable
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i nclude a phenyl group, a tolyl group, or a xylyl, alternatively, a phenyl
group; alternatively a tolyl group, alternatively, a xylyl group.

Appl i cablwoabiwdsatsgl group(s) for the nmono- or di-hydroearskeioszss4 i ncl ude
a benzyl group. Exenplary primary am nes include, but are not limted to

et hyl am ne, isopropyl am ne, cycl ohexylam ne, benzylam ne, aniline, and
napht hyl am ne. Exenplary secondary am nes, include but are not limted to,

di et hyl anjine roﬂ{) fﬁmmxh&lm BL di- Wd%egllbgmﬁfﬁyels alah& 1n€ih@ee§'¥ﬁélt}ﬁrfrg%p,
bls(trlnethy?5| am ne, norphorine, imdazole, indoline, i'ndole, and the

@0 2 tﬁs’%%‘t‘)“ﬁ‘ e %%EEZ*F}p t%?%}‘?mg‘am?‘n%?&ﬁm*yl PRI &6 1o
i i sopr oyt il ¥ Il EL L ?ﬁf%ﬁl% LR, AP Eppd tﬁ%““?% 19 ar de,

and I|th|un1 ndoI| e [ taln canpou may be any
pyrrol e- (PO rou a rT%rou ent Pc)(lpbeﬁ!er aﬁv %a%metﬂ)ﬁlgrouga& é][l\%l 3{18 Cnnr om um

source to forq1a chron1un1g roli %wéﬁnf ex. As us in th|§¥€|sclosure t he
t er m “py PP SEHP=A"HTWE Y gﬁf}%ﬁ‘&“ € Oé‘pt"‘é“fﬂ/ ggé?PppW"r" &P &

pyrrol e 3C5Q§Ng derivatives of h drog yrrolugg, ?stltute gyrrolldes,
as wel | &g% Eroﬁ?fr Py PrEl BOHD| ¥k & 1O, OY jAE Aty My geoug
conpound conprising a 5- nenbered, nitrogen- contalnlng het er ocycl e, such as
for examdftenatiyphi 6h ethyd &FquPaelicraaively. gy mrispry] SEpHp: HISTYPEY. £haipEPY!
Broadly, the pyrrole-containing conmpound may be pyrrole or any heteroleptic
or honol &pupcalipsnagively orrpr-bytybgrow|alteragicl, Al g-batyperqupl dliganatizely.clatecor
ligand. [0071] Generally, the pyrrol e-containing conpound may be a Cto
C20, or OGutybgoup;mitematiesly, Exaniitargyoypy pltcmativelprangicntiyhgroem wpoltameksivelliza may be
used as the nitrogen conpound in the oligonerization catalyst system

i ncl ude, nboentyt eraupt Apphdabkdeycalkyt igolupts? forcthe boono iac ddiydiocarbylamines
2-acetyl pyrrol e, pyrrol e-2-carboxal dehyde, tetrahydroindole, 2,5-

di met hyl pydludel €cyclopénteli p@iup ok a3evelohgdypgraup] elierd:tiaclel ¥ ley@opkndil gedupy bpyrr ol e,

et hyl -2, 4- di net hyl - 5- (et hoxycar bonyl ) - 3- pyrrol e- propri onat e,
et hyl - 3, antetnamiely | 2 Zyplyhdxgl agarphoxyxpaicable aryl group(s) for the mono- or di-
hydrocarbylamines include a phenyl group, a tolyl group, or a xylyl, alternatively, a phenyl
group; alternatively a tolyl group, alternatively, a xylyl group. Applicable alkylaryl group(s)
15 for the mono- or di-hydrocarbylamines include a benzyl group. Exemplary primary amines
include, but are not limited to ethylamine, isopropylamine, cyclohexylamine, benzylamine,
aniline, and naphthylamine. Exemplary secondary amines, include but are not limited to,
diethylamine, diisopropylamine, dicyclohexylamine, dibenzylamine,
bis(trimethylsilyl)amine, morphorine, imidazole, indoline, indole, and the like. Amides that
20  may be used to form the catalyst system include Cy to Cyo, Co to Cqg, amides. Exemplary
amide include, but are not limited to, lithium amide, sodium ethylamide, calcium
diethylamide, lithium diisopropylamide, potassium benzylamide, sodium bis
(trimethylsilyl)amide, and lithium indolide.

[0070] The pyrrole-containing compound may be any pyrrole-containing compound,

25  or pyrrolide, that will react with a chromium source to form a chromium pyrrolide complex.
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pyrrole, 2,5-dinmethylpyrrole, 3,4-dinethylpyrrole, 3,4-dichloropyrrole,
2,5-diethyl pyrrole, 2- nethyl-5-ethylpyrrole, 2-nethyl-5-propylpyrrole,

2, 3, 4, 5- twonamisotsopyrrol e, 2-acetyl pyrrole, pyrazol e, pgrruskéodiorzsy4 and
di pyrrol omet hane, and m xtures thereof, anong others. Pyrrolides that may
be used as the nitrogen conpound include: diethylal um num

2, 5-di met hyl pyrrolide; ethylalum numdi(2,5-dinethyl pyrrolide); and

al um numAyr jided. ir- #lis "BERELRY O tdrE ey 1rBIRRBBta R R ESmpouRd AR £& RO diy ngén _the
pyrrol e-cont ai ni ng conpound may be 5,5-d|nethyl pyrrole. In an” enbodi nent,

th - i ‘ e ‘ ‘ m
e pyrr %?rﬁoﬁde%?%%!n @rfb‘ﬂe &anhey! QekiTRYesRS ht%ceh%%%l d@“&lhe,%ﬁﬁsﬁmt&i py-l‘-lf}ﬁdés?%lsec ion

of the p ol al ni ng conpound may on the basis of cost,

il abilj b B I - di I
oy bo_ udisi s R o0 oS ARG PHCARUS, Rcafndnd TBb e PKT L DLF
availability or 8rovide hi. e%>acti itgwﬁhaqbother nitrogpgbco

[ a may

. menibered 61;P§ n—ﬁxﬁltal rrll ter0|c Uy Iy exanﬂjlff, VLR rivatl Q%UQP S .
| i sted herein. T e ne a Ky e any he Pbleptlc or "honol eptic

met al al kyl conmpound, d ] xture of tal alkyl co unds nmay be used.
The | Fgaddeorirgrerisdrersal, Mttt SirdpreTeGruiing mngrRiigy BoRTHEST ons
thereof. Cenerally, the |ligands are any saturated or ynsaturated aliphatic
hydr ocar 3ER heiszalcpt & homalspRe st SHPRRIGX gt ?%ﬁéma%l@pmﬁliﬂs il erdispith at oms.
However, due to commercial availability and ease of use, the netal al kyl
may have [P®d% t hanCelis&lly. the pyaplssAtAN g OpePuenal begd kyto rol B uite Cor | ess

t han about 20 carbon atons per nolecule. Types of netal alkyls that nmay be
used i nclpyteleal kyerapleryi pYmRleeensBung scommoRryds bibpio mag obep seaddes thel Riflogeignesi um
conpounds, al kyl zi nc conpounds, al kyl [|ithium conpounds, or conbi nations

t her eof . cPapowndanpheoligpateakatioh leglalyst syatemmaglude buserd nohbnitdé tnpyrtaf¢-24 i t hi um
S-butyllithium t-butyllithium diethylmgnesium diethylzinc,

tri etioyl ahiboxyliem adid,i n2bdeyptlgytreond, nurroter2-cabdxatdghaley mtamhy droiddote, x t 216-€5
thereof. [0073] In an aspect, the netal al kyl may be a non-hydrol yzed

al kyl al untimethylppnggunzl4-dimetiayi-3esthdghirrognt |, 3-bdeeyl2oindimgdiyplyyraled athki?,4al um num

conpound may be a Trial kyl al um um conpound, an al kyl al um num hal i de, or
and al kyldiradtbyTi I tRoRYdSoh @S 3-pyrrole-proprionate, ethyl-3,5-dimethyl-2-pyrrolecarboxylate,
pyrrole, 2,5-dimethylpyrrole, 3,4-dimethylpyrrole, 3,4-dichloropyrrole, 2,5-diethylpyrrole, 2-
methyl-5-ethylpyrrole, 2-methyl-5-propylpyrrole, 2,3,4,5-tetrachloropyrrole, 2-acetylpyrrole,
15 pyrazole, pyrrolidine, and dipyrrolomethane, and mixtures thereof, among others. Pyrrolides
that may be used as the nitrogen compound include: diethylaluminum 2,5-dimethylpyrrolide;
ethylaluminum di(2,5-dimethylpyrrolide); and aluminum tri(2,5-dimethylpyrrolide); among
others. In an embodiment, the pyrrole-containing compound may be 2,5-dimethyl pyrrole.
In an embodiment, the pyrrole-containing compound may be 2,5-diethyl pyrrole. The
20  selection of the pyrrole-containing compound may be made on the basis of cost, availability,
and activity. For example, pyrrole or 2,5-dimethyl pyrrole may be used as the nitrogen
compound, as these compounds may have higher availability or provide higher activity than
other nitrogen compounds listed herein.

[0072] The metal alkyl may be any heteroleptic or homoleptic metal alkyl compound,

25  and a mixture of metal alkyl compounds may be used. The ligands on the metal may be
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General ly, each al kyl group of any netal al kyl described herein, if there
is nore than one, may independently be a G to C20 al kyl group;

al t er nat iwel2910/@&1450 to C1 al kyl group; or alternativelypPCa/uSeomnca4 al kyl
group. In an enbodi nent the al kyl group(s) may independently be a mnethyl
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl
group, an iso-butyl group, a sec-butyl group, or a tert-butyl group. [0074]

In an asp@tait NRoMRicAbr AlykbnbiBNoRandrEdraldektra@l, YiH MARICQERAY A radd 6F al Ky
al umi num hal i de conmpound, an al kyl al um num di‘hali de conpound, or m xtures

thereof . GRSl Ko dRRH Ea°di@a'fkd ﬁl.%lnilé{jﬁgfk%fir;é%ﬁav%hfhulﬁﬂ)&%k cAhgH or

nmet al al ky al1des are described herein an e utilized to turther
descri be g, i aky L, o140 i eonmenndl, o el Al aum el ds
corrp_ound,al 0211?1\5' aIH(y V%Idﬁc%on{pm [ 1a]l %le%co%g%gﬁe_o é 7 eq-@e_rrp ar f&t rial kyl
al um numlgs? HRR %99& 7?1’:0l rblorlp gtlouggfrbn%talaaﬁk%ll n%ﬁemlllle %]r ie(saﬁd th% Oabotu[ degaltrbr]c){ll toanllsum num
triethyl a@alumnum tripropy um num’ tri-n-butyl “al um num or trii sobutyl
al um num_or m xtures thereqf | ary al kyl %#y i num hal i de conpounds
B 3 N R RTRES te AR BylR TAE REE
di et hyl al ym num brom de, et hyl al um num di chl ori de, ethyl al unm num .
sesqui chl26PigEn SHEPGHI el aeRen B oMUy BlkGRF HEmPOuheaky] QPW
al um num conpound nay‘be‘trieth¥l al umi num [0076] In an aspect the netal
al kyl corp@nrihdivegy coabigationg thgreet oF orgxpippla) R Apinihptumpcssetingludng- an
al kyl alum num halide. Cenerally, the trialkyl alum num conpound of the
m xt ure wEY! be lidymi r i sbwyllithiynym et bhppound dessdnpgistivner eflisthyleie. al ky
al um num hal i de conpound of the mi xture may be any al kyl al um num conpound
descr i bedridieyldiminuim tripeatiey ldwhodinpntobutytahmipinxend meixofes theecofir i al kyl al um num
conpound and the al kyl alum num halide may conprise, or consist essentially
of , tioi et[@373] al um Inunn asgebcdi tht hydtalablliph magn ehlaonerdieydrélyiedt digylalamimmonum and
et hyl al um num di chloride, or triethyl alum numand ethyl alum num
sesqui chlcompoiend. |1 @ancrebdiaténiete nobhedroBtal alilkyihmmanmpamgoindinay e a
ol i goneri zation catal yst systemnmay be a m xture of triethyl alum num and
di et hyl Trialkylalumium compound, an alkyl aluminum halide, or and alkyl aluminum alkoxide.

Generally, each alkyl group of any metal alkyl described herein, if there is more than one,

may independently be a C; to Cyo alkyl group; alternatively, a C, to Cjo alkyl group; or

15 alternatively, a C; to Ce alkyl group. In an embodiment the alkyl group(s) may independently

be a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group,

an iso-butyl group, a sec-butyl group, or a tert-butyl group.

[0074] In an aspect the metal alkyl may be trialkyl aluminum compound, a dialkyl

aluminum halide compound, an alkyl aluminum dihalide compound, or mixtures thereof.

20  Applicable alkyl groups and halide for the metal alkyl and/or metal alkyl halides are

described herein and may be utilized to further describe the trialkyl aluminum compound, a

dialkyl aluminum halide compound, an alkyl aluminum dihalide compound.

[0075] Exemplary trialkyl aluminum compounds may include but are not limited to,

trimethyl aluminum, triethyl aluminum, tripropyl aluminum, tri-n-butyl aluminum, or tri-

25  isobutyl aluminum, or mixtures thereof. Exemplary alkyl aluminum halide compounds may
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al um num chl oride. [0077] While not wishing to be bound by theory, it is
beli eved that a hal ogencont ai ni ng conpound can i nprove the product purity
and sel ecwpDwentoyosofsot he ol i gonmeri zati on process. | n sonePerhsdiorpni’s4 t he
hal ogen- cont ai ni ng conpound may be a chl ori decont ai ni ng conpound,

brom de-cont ai ni ng conpound, or an iodide-containing conpound. In an
enbodi nent, the halogen cont ai ni ng conpound may be a chl ori de-contai ni ng

conpound indi QA7 Bt lahe 3¢ AHARAL 1o, th&nNah gk ceﬁmlaé NHRGyGARRLHA brome@ar di ess
of whether it is a chloride-, bromde-, or iodide- con{alnlng conpound, may

be a met %&h ﬂlﬂLrhlgﬁg @Llﬁbﬁjlden'%hgrllalﬁ}ﬁ’llnhlqeses 1c}f%}1cfgr Qﬂ@'rﬁlxﬁ'@és' ﬁil%reof N @Nan

enbodi nent , | ogen-cont ai ni ng conpound may be a netal chloride;

a'ternat'gi%hgﬁleﬁth{ﬁ%&ﬁal LA oBothi sLat gl yyudyRLal 1 odide. 1 an

enbodi men oge alnln conpo a netal aIkyI chl ori de;
altEHRHI%§ t al aIk or alternativel de. In
an enbod|[ rﬁl t he "hat o&pgﬁythtal tm ng CSPrpB?}Hl nr?%’ﬁ/b e é}%x ani ctrlgﬁﬁ%rl de;
alternati an_organ ﬂ al t grna vel ni ¢ iodide.
00707 | Y pcgeﬁpogfdh&n%? ﬁy giqnaau%}v i mstrety §F otb‘f)l% algmingm
(except for chro . In sone nboﬂ% nts, Qe nmet a
hal i de rrr§9m8%“n§‘é1rpé]&°c T F’Fﬁyttr?eandrtfi&lﬁylc%ﬁging‘ﬂll GogrPgyndsdeatithe IR of
yttrlun1chlor|de | ant hanum chl ori de, titaniumtetrachl oride, zi rconi um
t et r achl GHYH&lmimh hakider eanpeend oF theemixge GRYLhe a1 YKyl lumispgIrsompRYchl or i de,
galliumchloride, silicon tetrachloride, trimethyl chlorosilane, germani um
t et r achl desoeibed hareint b &Oa@wmbpdlmntwhgmﬁw 9% the tiigdkay] @ hingeum ammmmnd
trichloride, antinony pentachloride, bismuth trichloride, boron tribrom de,
al um numthe illbyloai‘iudmpmslialhﬂ@ onytempaky, onicdesist absantiablymff frigthyl demimol yisienum
pent achl ori de, tungsten hexachloride, trityl hexachl oroantinonate, or
m xt ues didtigd ebdfminir® ARG} identrathybshedium e ethlyk wlumiretna ldichbkrideleort tniethget al | i ¢
ol i goneri zation catal yst further conprises a group 1, 2, 12, 13, or 14
met al . | nlutimenbadéth@ntumibdie sabkiyhloridt dh alahb@kment, the metal alkyl component

of the oligomerization catalyst system may be a mixture of triethyl aluminum and diethyl

aluminum chloride.

[0077] While not wishing to be bound by theory, it is believed that a halogen-

15 containing compound can improve the product purity and selectivity of the oligomerization

process. In some embodiments, the halogen-containing compound may be a chloride-

containing compound, bromide-containing compound, or an iodide-containing compound. In

an embodiment, the halogen-containing compound may be a chloride-containing compound.

[0078] In an aspect, the halogen-containing compound, regardless of whether it is a

20  chloride-, bromide-, or iodide-containing compound, may be a metal halide, alkyl metal
halide, or an organic halide. In an embodiment, the halogen-containing compound may be a
metal chloride; alternatively, a metal bromide; or alternatively, a metal iodide. In an

embodiment, the halogen-containing compound may be a metal alkyl chloride; alternatively,

a metal alkyl bromide; or alternatively, a metal iodide. In an embodiment, the halogen-
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may be an al kyl al um num halide, or an alkyl tin halide. In sone

enbodi nent, the al kyl al um num halide may be an al kyl al um num chl ori de;

al t er nat iwel2gio/amsal kyl al um num brom de; or alternativeCy/usamd/oed7ry|

al um numiodide. In other enbodinents, the alkyl tin halide may be an al kyl
tin chloride; alternatively, an alkyl tin brom de; or alternatively, an
alkyl tin iodide. In an enbodi nent, the alkyl netal halide may be an al kyl

al um numcphghin -C&ﬂboﬁiﬂphﬂ?rbeemgfgaﬁ@%loritdg allﬁz!r&}ﬁvélﬁt & ohahicdgomRY Be an

e
alkyl tin halide. [0081] Tn an aspect the halide-containing conpound may be

an al kyl gl ymaumhalhdeioqda an embodi nent the al kyl al um num hal i de nmay be
an alkylaa%uningg%cﬁ#or?g%. Exenpl ary al kyl al um num chl ori des which may be

011122 ] e o0l analDehl 45,60 LIS, SRRy of o b oL LG 2 on

cat al yst 'system i ncl ude, are no um nu oride,

di et hyl al ym nu onj de,, et hyl al um num. di.chl orj de t.hyl al um nu
Socqu e e, 220 46 s Sha, AT QU 8 Snoul KAt P Rt
al um nunchl or.

des which may be utilized.as the optio aII@?Iide- ont ai ni ng
Conporentot e ggh oyt oo Ayad® syeimn iAo sndauAy S num
chloride.,[0082% I n an aspect, the qgrganic_halide may be a G .to Cl organic
hal i de;  AVDBIRAETFBIPte. SlpTly Esirageyti bR d@t,racgﬁﬂs?atW%tﬂiw}@?rw% a G to
Cs organic halide. |In an enbodi nent, the or%gnLc hal i de may be sel ected
f rom t he 2hyeipm ebpddes gplHgm shlodds. pidison Etrackidiidertrimsthy kel psprilehe LRaMABM de,
chl orof orm bronoform dichl oronet hane, di bronoet hane, diiodonethane,
br ononet Hetrsehlotidsd ot tthizashbloride. c Phasplssesh dnehloridet radmpbr deehheritls, antimony
trichl oroacet one, hexachl oroacetone, hexachl orocycl ohexane, 1,3, 5-
t ri chl or obetachdorale, haxawh| oradblsedz.erboront rtiibspmidsh| elpingem behroplide hkibicdme,
benzyl brom de, benzyl iodide, chlorobenzene, bronobenzene, iodobenxene,
hexaf louonatbrinede alunminum Xtuorids rdlgvdeodm peM@B3¢ridenyungstanmbeNachlcidp ougd nay be
used which can stabilize the catalyst systemin the presence of heat.
Gener al | yhexdchieranmaitate; ocaigpoenternsy be a Ce to C50, a Ce to C30, a Ce to
Ci8, or a CtoCl, aromatic conpound.
[0080] In an aspect, the alkyl metal halide the metallic oligomerization catalyst
further comprises a group 1, 2, 12, 13, or 14 metal. In an embodiment, the alkyl metal halide
may be an alkyl aluminum halide, or an alkyl tin halide. In some embodiment, the alkyl
15 aluminum halide may be an alkyl aluminum chloride; alternatively, an alkyl aluminum
bromide; or alternatively, and alkyl aluminum iodide. In other embodiments, the alkyl tin
halide may be an alkyl tin chloride; alternatively, an alkyl tin bromide; or alternatively, an
alkyl tin iodide. In an embodiment, the alkyl metal halide may be an alkyl aluminum halide.
In another embodiment, the alky metal halide may be an alkyl tin halide.
20 [0081] In an aspect the halide-containing compound may be an alkyl aluminum
halide. In an embodiment the alkyl aluminum halide may be an alkyl aluminum chloride.
Exemplary alkyl aluminum chlorides which may be utilized as the optional halide containing
component of the oligomerization catalyst system include, but are not limited to,

diethylaluminum chloride, diethylaluminum bromide, ethylaluminum dichloride,

25  ethylaluminum sesquichloride, and mixtures therecof. In an embodiment, the alkyl aluminum
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[ 0084] Cenerally, the anmount of aromatic compound that nmay be used in the
preparation of the oligonerization catalyst systemmy be up to about 15
wei ght pewoento/osbeeed on t he anmount of diluent in the r@aTiusegoooerMeen
about 0.001 and about 10 wei ght percent, or between about 0.1 and about 5
wei ght percent, based on the volune of diluent in the reactor. Excess
aromati ¢ conpound may inhibit catalyst systemactivity and insufficient

aromat i ¢ FRAPAURMMIBMaP e @6lize@Sasd 1Rl BRMdnhZ BhlideQohRfimeAtahYsHentS ¥B LRM
Generally, the noles of aromatic conmpound per nole of active netal

precur Sorolig&n%iza i &@lﬁ%ﬁ@%ﬁ%digﬂylkh&i&ﬂﬁ ahi¥sdc system may be up to

about 6, 00 et ween abo about 3, 000, or between about 20 to about

L 000 molgD 2oL S FOPRUNLRAL IBke Al 361 48 TP BESEULARL (o0

c
chrom um' i n the catalys m ¢ting of

BT I B M T S TR o N

stabiliz&éth préesen eraflly,

tenperatures for contacti may be between about -50 0C and about,k 70 0OC,
bet wedn ABBALIMSNE IS, GEEA TN GnECDE SFICHEL vEREh T BLAIP SeOpes RO 36 AR
General ly, contacting tinmes may be | ess than about 5 hours, between about
0.01 secoHHEHARAF absiibon HB 5RO, béﬁeé%fﬂr%oﬁ){%@ffn%ec&ﬂf&%or%}ﬁ%ﬁ%lehour s.

Longer contact times may not inprove catal yst systemstability, and shorter
cont act tditfprgosthapehe fiedemethaneent Rrememetbiticc onptdemesthatmt actighigyogshanche
aromati c conpound and catal yst system and, therefore, insufficient to
st abi | i zéctragllorogthanay s trickipseasptongnyicxackloraeaonghi bexaehloroqesiahganeugh3.s-
contacting of the aromatic conpound and catal yst system may be used.
Gener al | yrichhargbeprens shexechiviplhzanartrityd clpaden berapl chtanatlicozyd bropodm temmbl
catal yst systemin liquid formmay be used. The contacting nmay be perforned
underlioa dedide, cidemberatmmbpheberzesnicdsbdngeneohexafltceobenrpe catnaktyss theomwposi ti on
or system Again for applicable exanples of oligonerization catalyst
systens, [6083] t hei r Aexaophéd yonipoapdmat ibe nsalnchietdehint stadilize Sieecatdlyst syRahent  No.
6,133,495, U S Patent No. 7,384,886, and U S. Patent No. 7,384,886. O her
exanpl es ipfhePRdsalce RF BEM I SOKcBalBNthe @FdnG@IBREMBARN Aidy B A NS UsSY 8 &85, and

Ce to Cyg, or a Cg to Cyqp, aromatic compound.

[0084] Generally, the amount of aromatic compound that may be used in the

15 preparation of the oligomerization catalyst system may be up to about 15 weight percent,

based on the amount of diluent in the reactor, between about 0.001 and about 10 weight

percent, or between about 0.1 and about 5 weight percent, based on the volume of diluent in

the reactor. Excess aromatic compound may inhibit catalyst system activity and insufficient

aromatic compound may not act as a stabilizer to the catalyst system. Generally, the moles of

20  aromatic compound per mole of active metal precursor (e.g. chromium compound) in the

catalyst system may be up to about 6,000, between about 10 and about 3,000, or between

about 20 to about 1,000 moles of aromatic compound per mole of active metal precursor (e.g.

chromium) in the catalyst system.

[0085] Contacting of the aromatic compound and catalyst system may occur under

25  any conditions sufficient to stabilize the catalyst system in the presence of heat. Generally,
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their exenplary preparation, may be found in the other docunents attached
as part of this disclosure. Trinmer Formation [0086] Once the catal yst
system i swpnepasesp it nay be used to formthe oligoner PC&US2009ps27dUCt

al pha ol efin, 1-hexene, 1-octene, etc.) by the exenplary nmethod 94 depicted
in Fig. 7. In the oligonerization nmethod 94, a catalyst systemis contacted
with one or nore al pha olefin (e.g., ethylene, butene, etc.) in a reactor

(bl ock 110 temfPdrBGfes CRBRAHARS ma U beRRetl bl die B0..CRYELIQBE T *@BEWIO Mdut MRY be
optionally added to the reactor. The catal yst system may be added as a

conpl ete Sggtaﬂhﬁﬁéut gy Z(F,%?‘b%t@ve%}rh@oo‘h?%%%d E@EC.CGE%QQQDE&tQin RfcCampESi tion

may be a d separately to the reactor. | 0087] Moreéover, the catal yst

system f gl h%ﬂo&%%oﬁlg, t?ef&?éegl%]ﬂ&%.(ﬁrseidﬁh?&m éb%&tr!fdhougs%le&%&% BPulohe type

of reactor. For exanp oop reactor 1s used, a’continuous _
catalyst §¥c%t Ssm%n(doéf hg&é.ahx%r %@éﬁ‘%‘rt'i‘m%%’ 2930 %n%ﬁro%déjlt%}%s?n JBY (RS 1RL 0 ai ned
as a product stream s reroved. In contrast, in a chhreactor,””a single
cat al yst tem (or .catal yst s %ﬁen1co nenﬂﬁﬁ addi%ﬁon be made. In a
bat oh °r edBYBF COPHE (P ok e EIEE R Ao OMER TCRECE, Rt 1 B Sound t o
i ncrease the stabilitY of the c t%%%st systemin t %fre cton grior to the
addi t i on 8PPy B tfarlsessteahryl hates) MrwEcsn i7drs 6HYEaFBn may be
performed in different types of reactors, including a solution reactor, a
cont i nuoyYYsPEYSHEgWhighelloys dhqipyeh gantpsting of the yepatic sepppund gpd £aghst phase
reactor, and so on. Furthernore, nore than one reactor nmay be used, with
t he reactpyiem peEyrhy uspd s Sguspbe any preparavhish capmajntie gietarerasticorpsmponid eof . |1 n
one enbodi nent, as discussed herein, a |loop reactor may be used. In the
| oop reachdratalyiieysiem an Yiguid Syror may badsednyl he gewhaiink enaydwaresfmeedomdgraoduct s
may be suspended by agitation in a circulated | oop. [0089] If enployed, any
nunbeln ofdrglinghatnasplare, avooavatol 1ot diltbuthet eitatggy chepasged @ssysteohi | Agmb fhor t he
ol i goneri zation reaction, including aliphatic or aromatic dil uents.
Gener al | ypplicable examples of oligomerization catalyst systems, and their exemplary preparation and

addition, see U.S. Patent No. 6,133,495, U.S Patent No. 7,384,886, and U.S. Patent No.

7,384,886. Other examples of metal precursors and oligomerization catalyst systems, and

their exemplary preparation, may be found in the other documents attached as part of this

15 disclosure.

Trimer Formation

[0086] Once the catalyst system is prepared, it may be used to form the oligomer

(e.g., product alpha olefin, I-hexene, 1-octene, etc.) by the exemplary method 94 depicted in

Fig. 7. In the oligomerization method 94, a catalyst system is contacted with one or more

20  alpha olefin (e.g., ethylene, butene, etc.) in a reactor (block 114). Other compounds, such as

diluent, hydrogen, and so on, may be optionally added to the reactor. The catalyst system

may be added as a complete catalyst system to the reactor, or components of the composition

may be added separately to the reactor.

[0087] Moreover, the catalyst system formation may be continuous or intermittent,

25  depending on the type of reactor. For example, if a loop reactor is used, a continuous catalyst
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the diluent will be stable with respect to the oligonerization process,
e.g., having no double bonds that nay be reacted during the

ol i goner iwat2oommsigecor di ngly, the oligonerization dil uerCTrmsgoogenEral |y be
a stable aliphatic conpound. The oligonerization diluent may be a C to C24,
aCtoCb5 acCtoCl aliphatic conpound. Exenplary aliphatic conpounds
include but are not limted to isobutane, cycl ohexane, and 1-hexene, anong

others. ThgekhH GEIRT sk Al PAERY) a%i@in'of? %a?'ﬂeqﬁﬂﬁtaiﬁ@d/ aP8 pfod&e @Qarhfie basis
of conveni ence in processing. For exanple, i sobutane nmay be chosen to be

conpat i bl Welih g LygaLs n&J%egatcf,hOEeaEtJaP J‘gfngﬁt &d s‘?fs%zﬁ%y(% %Eﬂa@@ht LRteth

subsequent processing step. Since 1-Hexen e reacti product of

the oli g%?ﬁé&geﬁ{s 9 ﬁtldnm lXe deChl(ﬂ lgbtt(ﬁﬁsreagc?r 91: ﬁaﬁneg‘%‘%g

o
decr ease need Tor separa r cyc ohexane

R e e i e
dlluents t hat vallable on site may al so be used for the process

[ 0090] Tﬁ%”%?ﬂﬁBﬁﬁW“ﬂgm%f%ﬁﬁﬁ§ al pha ol efin of the present t echni ques may
be a tringr formed fromthree feed, al pha ol efins ol.i goneri zati on
descr i bed0iBh ei n i H UBECHAHIPR FaFGROR PHOBTFHS GElffﬁ%{?ntﬁﬂgfs L8R i n the

trimerization process may be sel f-reacted e., trimerized, to gi ve usefu
pr oduct s.nqhetingeasohfion reactor atGopiiBiopy Hirjed ﬁcmésfa HYIRY TCaF. ARIPPYFASIOf 012 Shexene
and the trinerization of 1,3-butadiene may yield 1,5-cycl ooctadi ene. O her
olefln|cpb@wﬁ@@ﬁmsmﬁéyObeFF®M@m@@,WW%*&%M@$@%@WIH@Yé@ﬂﬁﬂcwébﬁﬁdﬂﬁﬁ%sto gi ve
useful products. For exanple, the co-trinerization of ethylene and hexene
whi ch nayemggubaquéneelingetadele or -combinatieis dharent. dir ose eribadunenttahelisewsed | n
ot her exanples, co-trimnerization of ethylene and 1- butene may result in
oct en®s, harech, @ tedprreaver inrpgtbe asedofln thedegenstandic efthlybtepeemayd amysindolubla
t et radecenes, dodecenes, or a m xture of both. As noted herein, the nunber
of doubl ecdoandsr prdudiemepbbiusgdntdanbyodgithtivnde aeirbythtednopini ts is reduced by
two, to one double bond in 1-hexene. In another exanple, the number of
ol efin bqogks] i n t he caproyedainy dmBér $AMiphatiz-dUkaakitie NBlustd By be used as a

diluent for the oligomerization reaction, including aliphatic or aromatic diluents. Generally,

the diluent will be stable with respect to the oligomerization process, e.g., having no double

15 bonds that may be reacted during the oligomerization. Accordingly, the oligomerization

diluent may generally be a stable aliphatic compound. The oligomerization diluent may be a

Cs to Cu, a C4 to Cys, a C4 to Cyp aliphatic compound. Exemplary aliphatic compounds

include but are not limited to isobutane, cyclohexane, and 1-hexene, among others. The

choice of the oligomerization diluent may be made on the basis of convenience in processing.

20  For example, isobutane may be chosen to be compatible with diluents used for the formation
of polyolefins in a subsequent processing step. Since 1-hexene may be the reaction product
of the oligomerization, it may be chosen as the oligomerization diluent to decrease the need

for separation. Further, cyclohexane or methylcyclohexane may be chosen to solubilize the

products made during the oligomerization. In an embodiment, the oligomerization diluent
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is reduced by two, to two olefin bonds in 1,5-cycl ooctadi ene. [0091]

A efinic conmpounds that may be used in a trinerization reaction nmay

gener al | ywbeo@@s1450C30, C2 to C, or C2 to ClL , ol efini ecrarspaane2774or
exanpl e, nmono-1- ol efin conpounds that may be used in the process include
acyclic and cyclic olefins, such as ethylene, propylene, 1-butene,

2- but ene, isobutylene, 1-pentene, 2-pentene, 1l-hexene, 2- hexene, 3-hexene,

1- hept engnaydscNSPlbROERe. 30MRPLERR thddSndyWdravieIbI®Bdn QetRReTs0 BeRed R#thdIOT Ma
nonenes, and m xtures of any two or nore thereof. Further, diolefin

conpound;ngg%‘be used in the process, such as 1, 3-butadiene,
1, 4- pent adi ene, and 1, 5- hexadi ene. I n an enbodi nent, the ol efinic conpound

may be GHMO ne. [%egcﬁ%onqgreorip%oﬁlarc ail}ﬁzl}%toile(ﬁiﬁ 0? %%33%&%5912 té@)e{iﬂ?& n?a%rr ge%rnqg]gr at

tenperatures and pressure sa he ca y can-trimerize the
ol efin react s. .Cener al %e reaction isperforped.,at tenperatures
et ween 0010 167N R sl o6& e ksRP il R gL P RE B S50 oc
or between about QS gC nd about 150 OC. If the reaction t erature is too
Pow, the fmearyer  QBRiasy b bad Bt BimsHratn oGS Pap e HEtH bl &
product, such as pol yne |f the reaction tenperature is too high, the
cat al yst RS E RS prodefie t Soreagmled BB zatieot ey lqnp Sﬁ‘yri‘g%}d be
performed at a pressure between about atnospheric and about 2500 psig,
bet ween ABEUHE 2BY thspRET7aton Rf | d0wtadicpp 0wy péslg 1. Sgwcisestiianss dbeitoldoer psi g
and about 1600 psig. Too | ow of a reaction pressure may result in |ow
cat al yst cempounds gy ibgireagted\widndiffsnioglefinie cempanpoonddvd wscld pyddaete, Fohe
reaction may be perfornmed at an ethylene partial pressure ranging from 20
psi to 258@nps, the gottampnzative|of  ctifylanm abdOheperic whbicR 004y, reatblt er datetanel y; from
200 psi to 1500 psi; or alternatively, from300 psi to 1000 psi. Hydrogen
may bi® addededeoe,tdier meawot ohertad. docehee reasrepleh eortBmetizacon of nibykeasend &t al yst
system activity, and/or reduce polyner formation. When hydrogen is
uti |l i zed,butche nlay desagien op@nds, ahd pr-ebsaizaidmey I-aage: itdogth@en@Sinayt eesdlOth psi ;
alternatively, 5 psi to 75 psi; or alternatively, 10 psi to 50 psi.

tetradecenes, dodecenes, or a mixture of both. As noted herein, the number of double bonds

in the combination of three ethylene units is reduced by two, to one double bond in 1-hexene.

In another example, the number of olefin bonds in the combination of two 1,3-butadiene units

15 1is reduced by two, to two olefin bonds in 1,5-cyclooctadiene.

[0091] Olefinic compounds that may be used in a trimerization reaction may

generally be C, to Csg, C; to Cie, or C; to Cyo, olefinic compound. For example, mono-1-

olefin compounds that may be used in the process include acyclic and cyclic olefins, such as

ethylene, propylene, 1-butene, 2-butene, isobutylene, 1-pentene, 2-pentene, 1-hexene, 2-

20  hexene, 3-hexene, 1-heptene, 2-heptene, 3-heptene, the four normal octenes, the four normal

nonenes, and mixtures of any two or more thereof. Further, diolefin compounds may be used

in the process, such as 1,3-butadiene, 1,4-pentadiene, and 1,5-hexadiene. In an embodiment,

the olefinic compound may be ethylene.

[0092] The trimerization reaction may be performed at temperatures and pressure sat

25  which the catalyst system can trimerize the olefin reactants. Generally, the reaction is
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[ 0093] The products of the trimerization nmay then be renoved fromthe
reactor in an effluent stream as indicated in block 116. As previously

ment i onedwoaoregaessor ef fl uent may be continuously renovedTiuseemiobz74 eact or
while a continuous addition of diluent, catalyst system (or catal yst system
conponents) and reactants will generally keep the anmobunt of material in the
reactor the sanme. Active catalyst systemin the reactor effluent may be

killed ( %@ﬁ%ﬂe\ﬂi%’i ?éﬂ%pei’éﬂtﬂr& Betkddnl abagtanic dfifabodS2dondi satvech Mouf 65 &F ence

nuneral 118. Further, the effluent nay be separated to isolate the oligoner

or trimer,pogyet, fbhAGkenlad): soMer aﬁfa‘éa%ut_ 1%bl°b?ﬁ‘{5ﬁ1ﬁ P&Eﬁ&rﬁﬂeh¥e&ﬁ?&& Lyt ed

catal yst systemw thin the systens that isolate the product may be quenched

(renove reacti Vi ] Mﬁﬁ r ISt ur rair i it a
guench ag:lj(g‘ﬁ’t b b‘%aﬁ)a}éi(swf%% : rasln%rro ?Eégttitog nIﬁ (Bel#@fegel%%b%%lg%?ﬁgﬁ?%ﬁ%g n@r |95fz ation
system 130, t hat be.used to imlemen he trimerjzation reactign process
o4 di Seud Rl o oMY et Rihob PR R, 10kl TEIAE ot O SR A0 00t
to Figs. 8-16 that, foll ows foguse§ on ahgrocess over vi. ew

apeq &

of the.major
conpo entdgcoé’?pof%etf?ﬁ [GSHE P LarT BH' S Prepdit Precy %’88‘5%“88%%8‘%& such
as storage, nixing, punps, heat exchangers, dryers, or valves are not
i scuss edby i 2301 B PEPGBBEIOU HmeyREEnPRPOL 0D B g Baerl Pbi UL st ems
di scussed below, a feed olefin 132 and optionally hédrogen 134 are fed into
trimeri zahd oyt 409 epig1 300 IRV al alrgastions Prepwis By deull iy dow cpbiehhefbonent s
138 and optionally diluent or solvent 140 is introduced to the reactor 136.
The vari @eivityeeWdien 3 olgfuic comgoundny ethytenamtpe Weactip aag dbeappyitpaed ato#
trimerization reactor 136. However, the location of 132, 134, and 136
gener al | ethyleoe bartibleprgsowe rangmgtionf 2tpdi ka 20408 peih altesnpagively oinrad00 pi ta HW0o! ef i n
132 with the catal yst system 138 in the reactor 136. [0096] Trimerization
reactior eftéhatenty, fr@3mi200Ipsidio 1§0Q pdineraltzmativetyo dhaot 308)psi tod 862 po.nHydpeoduct (
s), unreacted olefin, catalyst system and other reactor conponents is
renoved fniagnbe added to the reactor to accelerate the reaction, increase catalyst system activity,
and/or reduce polymer formation. When hydrogen is utilized, the hydrogen partial pressure
may range from 2 psi to 100 psi; alternatively, 5 psi to 75 psi; or alternatively, 10 psi to 50
psi.
15 [0093] The products of the trimerization may then be removed from the reactor in an
effluent stream, as indicated in block 116. As previously mentioned, a reactor effluent may
be continuously removed from the reactor, while a continuous addition of diluent, catalyst
system (or catalyst system components) and reactants will generally keep the amount of
material in the reactor the same. Active catalyst system in the reactor effluent may be killed
20  (deactivated) with a kill agent 14A, as indicated by reference numeral 118. Further, the
effluent may be separated to isolate the oligomer or trimer product (block 120). Moreover,
at least partially deactivated catalyst system within the systems that isolate the product may

be quenched (remove reactivity with water, moisture or air) with the addition of a quench

agent (block 122).
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the reactor 136. A kill agent 14B may be introduced into the effluent 12 to
kill or at least partially deactivate catal yst systemin the effluent 12.
Opt i onal Iwo 20tvsefshl uent 12 may be filtered to renobve pacTiusadoainexs;y4 such
as, for exanple, catalyst systemfines and undesirabl e polyneric products.
Further, the effluent 12 may be optionally passed through a flash drum 32
or vapor/liquid separator (see Fig. 3) prior to introduction of effluent 12
into col YymelBaridnQR4keCol uim 16 separates catal yst system and ot her
heavies fromlighter olefins and products. Heavy components 22 discharge

froma bahjeam port ApNyionfeS:i6R! UiTkml 638N thafT8Ya Sy ! HQ:% EJ“%mB?eHeh@'tﬁé’

deacti vated catal yst systemand other materials such heavy ol efins.

Light comgp TRAE 1§n %9 tf%hi)?{&%{sgﬁ i L0 ﬂé?%e ﬁlﬁﬂg&?}% f&g.dﬁz ”ﬁ¥e dl%@ Hrb‘illew c]{ i ght

ol ef i ns, ronallTy recyc uent scharge

as a Si de %E E COfIOH sf1'6usaeg]gn ae(rjoctss VGI’VIGW Osfltfaeeraflm ICQOIHmﬁen In
col um 142P% productt %4257 sepg over hea A yqu ?Par ed,

recycl ed, s store [ e. Diluent 146 nsgl\F/hemtt a ottomLﬁgrtlon of
col umm 14]?" N: a1i ‘IOBH%SI ?‘V a‘g@\%‘? B‘E?C%StcﬂmB?ﬁeP‘Sn £+ E8PFe M Sul ™ s bei ng
pr ocesse dryer havi n dsor A igomer 148 (an
ol i goner i %ﬁe?‘aﬁ %h); Fy(eF?eg‘i‘?é“teF &' "&% iy scharge fromthe colum 142
via a side draw and recovered as desi red product. [0098] Referring to
anot her d¥8Hi mentIn YrrGolRlenyg 48lpteh A4gmttemsBEerBY dimjugicd Gelpapipdeal alpfin
alternative for the separati on system Colum 16A is configured wthout a
product ditdendiontignallydydeogen 114rsc sdiiglotimerzatiotospaten Ider i/ gatilon spvedoct
di scharges with light conponents in the overhead stream 152. Sinmilarly,
col um 142alystssystomf Gogumorahtav I8hat opgioprllyddibentsirdelvdntald) iamerodo¢adntn thd4 i s
added. Lights stream 156 di scharges overhead from col um 142A. Bottons
st ream 1l4&ctirsiShar gés Yariom @A 183 f3dd 188 odl WINMAHBe IQataglomymihzedorpr oduct
162 is recovered overhead form col unmm 160. Diluent 164 and heavy products
166 al so tfinsifadsgeaftvo e olbvmavdt60e 1¢c@i@PYf B2g134]l @nd et ginsrali should be
ol i goneri zati on system 166 have an alternative for a

position to facilitate thorough contact of the olefin 132 with the catalyst system 138 in the

reactor 136.

[0096] Trimerization reactor effluent 12 including trimerized product(s), reaction co-

15 product(s), unreacted olefin, catalyst system, and other reactor components is removed from

the reactor 136. A kill agent 14B may be introduced into the effluent 12 to kill or at least

partially deactivate catalyst system in the effluent 12. Optionally, the effluent 12 may be

filtered to remove particulates, such as, for example, catalyst system fines and undesirable

polymeric products. Further, the effluent 12 may be optionally passed through a flash drum

20 32 or vapor/liquid separator (see Fig. 3) prior to introduction of effluent 12 into column 16.

[0097] Column 16 separates catalyst system and other heavies from lighter olefins

and products. Heavy components 22 discharge from a bottom portion of the column 16 and

may include the partially deactivated catalyst system and other materials such as heavy

olefins. Light components 20 discharged from the column 16 and may include light olefins,

25 which may be optionally recycled. Product/diluent 18 may discharge as a side draw from the
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fractionation or purification system Colum 160A is configured wthout a
side draw, a diluent/heavies stream 168 di scharge froma bottom portion of
col um 1680.20M05M50h t he system 150 depicted in Fig. 9, poriuseemmneyroduct
162 is recovered overhead from columm 160A. Fig. 11 depicts an

ol i goneri zation system 170 having an alternative for a separation system
The system 170 is configured as system 166 in Fig. 10, except colum 172 is

added. Dichiigit 1614fh RAYo ReRinEFeah! &16HhS IBAT §€ chNmACRA! AR pRdduRMa4 fapom
colum 172. [00100] Fig. 12 depicts an oligonerization system 180 havi ng an

al t er nat iye uf b feliead érf?irlnaz/yb%tfﬁ?@d, Q@%&é&?o#&ﬁe&,%oﬁ&%%@“bﬂq?ﬁ YgAmhak | 1 ght

conponents 182 di scharge overhead. Bottons stream 184 I1s fed to colum 186

ki ia%@i%{él n;g)ﬁﬁcglggél %@ﬁgﬁgﬁ%{ agg%éﬁ&ﬁlﬂyg%&é gt%ﬂth Sﬂt{oﬁﬁrﬁea&‘?e t,f&h&?t}sar ges as

a side draw, rges-i omstream 1In I's exanpl e,

guench agent 14B be, added or .injected.into heayj st.ream 192 or
donnst r oMk alell ty SReBE e Bt hEPhRRy o ThiePoRYiCtn S AR s B

ol i goneri zation systens 193, 1198, . 199, d 200, .respectively, which

"ncor Bor AERUGB ORI BRe LRSI s CBRPPdn A5 EE e NS g ¢ he
effluent 12 through a flash drum 32 or vapor/liquid separator (see Fig. 3)
prior todFﬂ’Eefi(B&ilEgti on of effluent 12 into colum 16, 16A, and 16B. In
addition, columm 194 is opti onallé added to process the heavies stream 22.

I'n col umi0008k, catBRefpsing & arodhes embedimedsoliegmerzasion aysgan 8 oFigot diftst r eam
Quench agent 14B nmay be added to stream 206. Heavy ol igonmers 195 di scharge
as a si danahemetivofer he aepamtipe aypten9 7 Geaymib oA engonégurahoitbeut patredugedde o t he
upstream colum 16, 16A, 16B. Lastly, it should be noted that the present
t echni quelsavar lastaast theioficoraetizendytrinprivdiwn endslodi diwhargesspidiciighit camponesthown i n
the figures. [00102] In certain enbodi nents, an olefin trinmer production
syst em i nid axddsadistteamsitiep Smatahlpdeolwnik]142IA ianchfguesdotithoetsi ghodict gdd dhy st
conponents, the systemincluding: a trimerization reactor configured to
gener at e aath comant 094 8f ddda@ntLiglity eaeanc ofPrdisshanrgesasvetlead iftont colamn ,142A.
trimerization diluent, and a trinerization catalyst system a kill injector
confi gur exbttoms stream 148 discharges from 142A is fed to column 160. Oligomerized product 162

is recovered overhead form column 160. Diluent 164 and heavy products 166 also discharge

from column 160.

15 [0099] Fig. 10 depicts an oligomerization system 166 have an alternative for a
fractionation or purification system. Column 160A is configured without a side draw, a
diluent/heavies stream 168 discharge from a bottom portion of column 160A. As with the
system 150 depicted in Fig. 9, oligomer product 162 is recovered overhead from column
160A. Fig. 11 depicts an oligomerization system 170 having an alternative for a separation

20  system. The system 170 is configured as system 166 in Fig. 10, except column 172 is added.

Diluent 174 and heavies 176 discharge in separate streams from column 172.
[00100] Fig. 12 depicts an oligomerization system 180 having an alternative
purification system. Column 16B is configured such that light components 182 discharge

overhead. Bottoms stream 184 is fed to column 186 where oligomer product 188 is

25  recovered overhead, diluent 190 discharges as a side draw, and heavies 192 discharges in a
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toinject a kill solution conprising a kill agent into the reactor effluent
streamfromthe trimerization reactor upstream of the fractionation colum
t o subst amDi2aldop14beact i vate the trinmerization catal yst SETUSAO09M62774
fractionation colum configured to fractionate the reactor effluent stream
fromthe trimerization reactor. The fractionation colum is configured to
di scharge: a product streamconprising the olefin triner and the

trimeri zahiQn sfednvent th@%m%lébﬁﬁéh@ﬁ Iagédt Y4B nd¢l bd add8@0F mj&&dqmrﬁm@s vapor
stream conpri sing conponents having a vapor pressure higher than the

tr'”Er'Z%ﬁ&ﬁ@l@hﬁ@ﬁ&&mmﬂ@ﬂnﬁmgg%F tﬁ%ﬂﬁg@ggonpr|5|ng conponents having a

vapor pressure | ower than the I'n the conmponents having a

vapor Dr gaRie | oML, Lhanst g hfgg%g&engafz;ﬂﬂofuc QY5 ORDT 6o 5 dig Of Lhe

trlnerlz cat al yst syste ion’syStem dl so includes a
quench |n%ector gct agueng

guench
agent i nEBIRTE-Bor b P B PY mptf?fgs A ﬂP?ﬂéﬁatoc’l"ﬁﬁg P
substantlﬁﬁ qh E o oric & %%E ﬁg sone eqﬁgdlnents
Che ot iefel Broaehg fawauma? ohwbor KR e IrESE ReRata e e, 1
one exanpl e, the kil ent, the quench a Qr bot h, conp an al cohol
havi ng gwéaﬁﬂéﬁmtlﬂaw&ole%ﬂdén@ e Kifbe Hé?ﬂ%a i {4 leqna@@@fﬁiﬁd 4 he
guench agent, or both, is 2- ethyl hexanol , decanol oct anol , hept anol
pent anol Prasgesahvhcaviss Sugaieshnt Colun Ky catdhigisHuemotssidimdde dischygnascy]  The
olefin trimer production systen1nay i ncl ude a decene colum configured to
f ract i on&petom eedynt tmrchsagestadt mambetrddéd tectticamatfoon Heaviuagomgiiel¥ n t he
decene colum is configured to discharge: a heavies stream conprising the
cat al yst desygkargaray esiddubawa Qeclend sttanedT cvpre winegedaami/oct ngtuenedfto dec enes;
and a decene colum stream containing material having a vapor pressure
hi gher t hastredmcelenn HHhéo Al 16BL Aatthy, ehoydd belugtd hat tby presmt twelyniqueb edadiet a
solvent splitter columm configured to fractionate the product stream
wher ei n tlindteg ohlyenthesmboditvernts gpdcificnlly shosand ihgticeds.t o di scharge: a dil uent
stream conprising the diluent; a product stream conprising the olefin; and
a stream[gaioRpi ni NG JERh@ArdndoFintbarsi BY oRfiMaRMEr production system includes a two-
step method to kill and quench residual catalyst components, the system including: a
trimerization reactor configured to generate an reactor effluent stream comprising an olefin
15 trimer, a trimerization diluent, and a trimerization catalyst system; a kill injector configured
to inject a kill solution comprising a kill agent into the reactor effluent stream from the
trimerization reactor upstream of the fractionation column to substantially deactivate the
trimerization catalyst system; a fractionation column configured to fractionate the reactor
effluent stream from the trimerization reactor. The fractionation column is configured to
20  discharge: a product stream comprising the olefin trimer and the trimerization diluent, and
substantially no kill agent; an overhead vapor stream comprising components having a vapor
pressure higher than the trimerization diluent; and a bottoms stream comprising components
having a vapor pressure lower than the diluent, wherein the components having a vapor

pressure lower than the diluent comprise a pyrophoric residue of the trimerization catalyst

25  gsystem. The timer production system also includes a quench injector configured to inject a
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pressure higher than the olefin. Split Injection of Kill Agent and Quench
Agent to Reduce Formation of Inpurities in Product [00105] An experinent
was perfowvoedisi4get erm ne if the anount of kill sol uti ecTasded/ 062774 he
reactor effluent stream 12 could be decreased (e.g., split into two

addi tions added at different process |ocations) w thout substantially

i ncreasing the anount of inpurities formed in the process. The experi nent

si nul at edytRe SRABPE @&ﬂ;lgr%ir%f a hlik&ich 88&Gk Ao B bR s&ESSHTHAME rfaBonation
tenperatures of the solution in the purification colum to determ ne the

purity o%o&gﬁtggdbgﬁﬁtiﬁp‘y SEndR% SHhB8c R¥iqhhe purification colum. [00106] A

sinmul ated reactor effluent streamwas prepared by m xing 100 nL
cycl ohex 00n]1ln [ﬂ - e nd; G, (B4 {Hﬁt Lkl 9m)eOk
trimeri zjgkﬁgg’l]lcata ysg g;eg{%égﬁ%{s}ofsuﬁf%ne% coatgel ni éﬁe/e yﬁggfézlené,er a
Cr (et hyl hexa e).3 5- di_nmet hyl.pyr.r ol e riethylalum numand .
i et hyl ol GO RCIRerDy | e TmeRee of Fegivelt sivich et Yo Revpethr e
cont ai_ns lLar. rati o %f TEA/bDEAquI\/P/Cr :W%r%t%f%ilé 2 rﬂg of gl H ctat al yst
cont ai’ns ® ﬂﬁd‘a@‘g CEFER RSO BAGOBCBA BRI e (5 RO For t he
reaction of equi val ent al cohol/ equjvyal ent nmetal ato in catalyst,
0.6l nmL (3 @?t%mﬁ?%-yt B et H}Olﬂ(%Faﬁ%]dY’lER}%‘}OiB”ﬁn%‘Ple Yy & wggegnol or
density=0.827 g/ nL, MA130.23) was added at roomtenperature to a solution
cont ai ni #gY Lomipinagiops thgieaf yst ;100 nL 1- oct ene and 100 mL cycl ohexane. This
solution was charged into a IL batch reactor, presuured with H2 gas (100
psi g) and04184k ed athelgdefpQrimsy prodpctiopeystgn Brardglude aglegane pplupnsenbgised was
added. The concentration of al cohol (ethylhexanol) shown in Table 1 was
added t o te frectohtathcdmttamd sa¢anoived thofrzatianttionicolhmnhehegamndhe/dicersywiwmm Thi s
concentration is expressed in equival ents of al cohol per equival ent of
net al 10at oneonifiguitth & disthalgy:st hesovikeutream. comipeasieg|thevcalabyst systbmatsgdiepd décsnd he
nunber of noles of OH groups in the al cohol solution, and the equival ent of
nmet al at Gffeant sohprisigUIMGttutchd Rueiaerandfa dabescadime brcrm contamndg alatsiianum
atonms in the solution. [00107]

having a vapor pressure higher than decene. The olefin trimer production system may

inlcude a solvent splitter column configured to fractionate the product stream, wherein the

solvent splitter column is configured to discharge: a diluent stream comprising the diluent; a

15 product stream comprising the olefin; and a stream containing materials having a vapor

pressure higher than the olefin.

Split Injection of Kill Agent and Quench Agent to Reduce Formation of Impurities in Product

[00105] An experiment was performed to determine if the amount of kill solution

added to the reactor effluent stream 12 could be decreased (e.g., split into two additions

20 added at different process locations) without substantially increasing the amount of

impurities formed in the process. The experiment simulated the components of the reactor

effluent stream and the temperatures of the solution in the purification column to determine

the purity of the trimer after processing by the purification column.

[00106] A simulated reactor effluent stream was prepared by mixing 100 mL

25  cyclohexane, 100 mL of 1-octene, and 2 mL (5 mg Cr/mL solution) of a trimerization catalyst
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Tabl e 1: Al cohol Quenching Experinments [00108] After the addition of the

al cohol, the solution was heated in a batch reactor at 120 0OC for 1 hr

(wi th hydwogen/gassopr essuri zed to 100 psig) to sinul at e PCRATSPIODEI4
conditions in the purification colum. An aliquot fromthe reaction mxture
was then anal yzed to determ ne the product purity, e.g., the proportion of
the total olefinic isonmers thatconsists of 1-octene. The results fromthese

experi m%‘@%ssem ndbieade (DahinAddi g 1AL, leRetBfRexafShte)Of zaé GaRkaly1aofhe

reactor effluent stream upstream of the purification col umm may nmintain

suf fi ci e%etﬁ”ﬁlhﬁlﬁluﬁfc ah&%létﬁ)}lﬁﬁﬁlmuﬁlgilMHhéafA y fgxg@gilg&ﬂergﬁt% CQ\A\%&OQ&'LOQ] A

use for the alpha olefin triners discussed herein 1S 1n the production of

POl Yol o1 | M Robff RERGHCALODr ggﬁﬂﬂp&g/m&w@r ;118 B9 ¥IRL I35 00, fepct or

whi ch pol rlzes nononer and he ‘extru whi ¢ converts

the p0| y%lor?f {1 Cbrpfd %aln%];llo a ? mol otal)ﬁPetﬁ%l S. %r fhlerr]é'lao{"l otl_iowever

a variety of %o Scont T naous an systens nmy be enp oye ?hroughout

t he pal yol efi.n proce An exe nom aI aci for yp|

pol yolef FAUKHIEH{AIE0 1268&1&’51 r@o% W 1 FERY %oﬁ-ﬁﬁfgfo(?%ad?% P rEsiPobiuced
per year. Exenpl ary urI design rates _are_a XI , 000 to 150, 000
pounds oﬁmﬁ€|VWﬁﬁéz Her 8?&?1amﬁﬁ¥(ﬁgﬂrgn%n 4%%5“66%‘? ggﬁbﬁxﬁbunds of
extruded pol yolefin per hour. Future reactors may produce as nuch as

280, 000 {ENEHOUGTO Fpeslties Ontaiing Aot A peplys & é/q Alpbrckerupnd (et A
benefit of larger reactors nmay be |lower unit costs per unit nmass, such as
pounds, eFclplsgist Fhissolytign womhargadrinianilt brtch ragcsest prswturadovidoHs gasEQ0 t he
reactor, but also for fixed costs and operating costs to naintain and
oper at e trhig) habprarcd ¢ tld0°C fand Iso Fon0.5 HWeiMr Q.3 elpnovieed Weseddtdockks such
as the trinmer conononer discussed herein, at a sufficient rate to maintain
thesempr@dmmnﬁMNnnﬂhﬁmhd&&ﬂbﬁwdﬁbﬂh@uhhh1THdeﬂewmnmqbé$oﬂ@nwpnbduath

catal yst disclosed herein may inprove the efficiency and thus | ower the
cost of taleseal forrecessthshe catalyst system. This concentration is expressed in equivalents of

alcohol per equivalent of metal atoms in the catalyst solution. The equivalent of alcohol is
the number of moles of OH groups in the alcohol solution, and the equivalent of metal atoms
is the sum of the number of moles of chromium and aluminum atoms in the solution.

15 [00107]

Table 1: Alcohol Quenching Experiments

Experiment Amount of alcohol added (in Purity of 1-octene versus
Eqs alcohol./Eq. metal atoms total isomers (%)
in catalyst)
1 BEFORE TREATMENT 98.04
2 1.0 97.71
3 0.5 96.04
4 0 92.65
[00108] After the addition of the alcohol, the solution was heated in a batch reactor at

120 °C for 1 hr (with hydrogen gas pressurized to 100 psig) to simulate the process
20  conditions in the purification column. An aliquot from the reaction mixture was then

analyzed to determine the product purity, e.g., the proportion of the total olefinic isomers that
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[00111] A manufacturing system 202 that may be used for producing

pol yol efins, such as pol yethyl ene copol yner or pol ypropyl ene copol yner, for
exanpl e, woeing/ashsot ri mers di scussed herein, is depicte@Cirastove/obd7eck
diagramin Fig. 7. Various suppliers 204 may provide reactor feedstocks 206
to the manufacturing system 202 via pipelines, trucks, cylinders, druns,
and so forth. The suppliers 204 may include off-site and/or

on-si t ef aghdidid bEF-ocRHEN ﬂ§7r6§u9§ f%ﬁfﬂék@ex&h%ht@ 19&1@&?5 that L&fihDEKdR:0
catal yst plants, and the like, and may include the trinerization reactor

process Jeglé)/ e foft GBI BS@P tredfos CHARKS ﬁreamgﬂ?éaﬁ? oPfhe Ff)‘aﬁﬁ§§?iloﬁ éBﬁﬁﬂl%QP ks 206

i ncl ude ol'efi'n nononers ?suc as et hyl'ene and propylene conononer s

(such th?mﬁ&ﬁﬁgﬁ%0§hﬁﬁ§ﬁfﬁqmﬂﬁ }n) dlluents (such as propane, isobutane,

n- hexane chain transfer agents (such as hydrogen),
cat al yst er catalysts Ziegler-Natta catal ysts, chrom um
catalystszg%ﬁhIg?’fW8 gwfgtalysts) co catalysts (such as

triethyl un1a , ie (ﬁ 8 g al um noxane), .and. ot her
e 0TI T 2 e v o Gl BT sSSP i B eer B85 ock
may be sup d vjia el ine at appr.ox nately 800- 1450 unds per.square
inch ( ps.pafv L?fm%tslnetég e\%duﬁs@awg Ip%’?r%ﬁﬁ}ot DRINIPER e beektow@ ch RS BEZ&Uppl i ed
via pipeline, but at apErOX|nater 900- 1000 psia at 90-110 OF. O course, a
variety GHOngmghino peeirtn.cid thegx@ides tWig cveyy ieolydinoginpoladiefiot her
f eedst ocks 206. Feed System [00112] The suppliers 204 typically provide
f eedst ocleslipare brgalheerntianrous edtpwsyert B of bk centinheust and dstcb ckger06 may
be stored, such as in nononmer storage and feed tanks, diluent vessels,
cat al yst meartiessmpdaed ghrahghott by polndlefis peoaebst dkexemphdy senifidraapacity dorthe f eed
system 206, the feedstocks 206 may be treated or processed prior to their
i nt r oducttymenl aslyblefual pRaOisiabba G006 200 Inyithien ippatds @i pplyalefio psaduéwlrpee yearpl e,
f eedst ocks 206, such as nmononer, conononer, and diluent, may be sent
t hr ough tBxeaplBniouble dissifis theds @S apppdxatkiars 5308 e $50,@00uunds, ofglotynjerival r enove
catal yst poisons. Such catal yst poisons may include, for exanple,

polyolefin per hour, and 145,000 to 165,000 pounds of extruded polyolefin per hour. Future

reactors may produce as much as 280,000 to 320,000 pounds of polymerized polyolefin per

hour.

15 [00110] A benefit of larger reactors may be lower unit costs per unit mass, such as

pounds, of polyolefin, not only for capital investment to construct the reactor, but also for

fixed costs and operating costs to maintain and operate the loop reactor, and so on. However,

to provide feedstocks, such as the trimer comonomer discussed herein, at a sufficient rate to

maintain these production rates may be difficult. The techniques for producing catalyst

20  disclosed herein may improve the efficiency and thus lower the cost of these processes.

[00111] A manufacturing system 202 that may be used for producing polyolefins, such

as polyethylene copolymer or polypropylene copolymer, for example, using the trimers

discussed herein, is depicted in the block diagram in Fig. 7. Various suppliers 204 may

provide reactor feedstocks 206 to the manufacturing system 202 via pipelines, trucks,

25  cylinders, drums, and so forth. The suppliers 204 may include off-site and/or on-site
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wat er, oxygen, carbon nonoxi de, carbon di oxi de, and organi c conpounds
contai ning sul fur, oxygen, or halogens. The ol efin nononer and conononers
may be | iwoi2dio/gasseous, or a supercritical fluid, depeneCmgseenowbz7sype of
reactor being fed. Also, it should be noted that typically only a
relatively small anount of fresh make-up diluent as feedstock 206 is
utilized,wth a mgjority of the diluent fed to the polynerization reactor

recover eqacfﬂlitgm JubEay’ ?&%&Qﬁplwléﬂﬁem&ms FQRLAR] calhgit hRgd, aﬁmaﬁeem@% ARy

prepare or condition other feedstocks 206, such” as catal ysts, for addition

to the p%c)fﬁﬁérthcz@ﬁﬂeﬂgatfoﬁqgatc%'} ?roc R r13§)6f"{1119 feserft d&abairy Skx estb? lpgsgb'lé/ ated

and then m xed wth diluent or mneral I n catal yst preparation tanks

for SUbsgge‘dg’tBEks%ls DAL trﬂ&%o%%ks?;gﬁéﬂ aettﬁﬁ aﬁ@ﬁ{ gg ePé: ULk pihon éngé?st feed

system 2 ypi call'y provi des erlng and i'ng t ion

rate of the fee stoc S 20 ri zation ctor,. to maj ntain the
desi r od %15%&%%9 AR P, AR T LF b e %P%f%-lhexg%eos%d? Ples or

product i For ter ) asu the flow
D et iyt ety i R Rty Gighy BIEO oo bl st HHEr JHTSH 1 ce
neters or ss flow neters (.such Coriolis neters avail able from

M cr oMbt .ch%}erﬂ%ta A H%?lumééﬁag’ﬁféo%’f‘ me[ﬂé%imcaiefms}ago-abtéfygﬁ (YA1 2% he feed
system 208 nmay al so store, treat, and neter recovered reactor effluent for

recycl e t“‘cbeﬂt’ﬂ%lumé%i@t dkyl. tristhatbaronopch methyraduminotane). prcbethenaddisines 08 thiener al | y
recei ve both feedstock 206 and recovered reactor effluent streans. In
total, tsesefdeilgneksopoBr.ardmpleposbyler feeditackrmast bq spnticdarie nirebieessed in
the feed system 208 and fed as feed streans 210 to the reactor system 212.
React or Sprorimajedi0 $05]45Phwundsapdr oruasy stcdnipsid2at yoS e | Bxkenpdare hydrogoy e
reactor vessels, such as |iquid-phase, |oop slurry, or gas-phase reactors,
or a wonteadstbilomayhlsh ibguimpliath diagzseliphdse ar gacsxamately| F000D pph et 9EaLY or s
make up the reactor system 212, the reactors may be arranged

°F. Of course, a variety of supply conditions may exist for ethylene, hydrogen, and other

feedstocks 206.

Feed System
[00112] The suppliers 204 typically provide feedstocks 206 to a reactor feed system

15 208, where the feedstocks 206 may be stored, such as in monomer storage and feed tanks,
diluent vessels, catalyst tanks, co-catalyst cylinders and tanks, and so forth. In the feed
system 206, the feedstocks 206 may be treated or processed prior to their introduction as feed
210 into the polymerization reactors. For example, feedstocks 206, such as monomer,
comonomer, and diluent, may be sent through treatment beds (such as molecular sicves,

20  alumina, etc.) to remove catalyst poisons. Such catalyst poisons may include, for example,
water, oxygen, carbon monoxide, carbon dioxide, and organic compounds containing sulfur,
oxygen, or halogens. The olefin monomer and comonomers may be liquid, gaseous, or a
supercritical fluid, depending on the type of reactor being fed. Also, it should be noted that

typically only a relatively small amount of fresh make-up diluent as feedstock 206 is utilized,
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in series, in parallel, or in any other suitable conbination or
configuration. If nultiple reactors are used, the reactors nay be operated
at di f f erwot200003¢450i ons to nake end products that are aPcoms2ovasM of
polyners fromthe different reactors and thus produce new or optim zed end
product properties. In the polynerization reactor vessels, one or nore

ol efi nnononers are polynerized to forma product including polyner

parti cul %elsa mtaﬁﬁ't}pét* fh¥ dfddnk @ét fol tHé Eol?ﬁleﬂiaﬁﬂﬁ' lr@aetor Iéaevérédltrtmrtﬁfym@aes ess one
or nore nelt, ysi cal, rheol ogi cal, and/or nechani cal properties of
interest@ﬂﬁgﬁp as den5|ty, melt index (M), nelt flowrate (MFR), copol yner
or conononer content, nodulus, and crystallinity. The reaction conditions,
such as t atur e [ uct

t akeof f, [@gﬁggnent?cdﬁégﬁﬁ E}%%%sgwg&ﬁ%ggtg%@@@@éﬁ%%é§g%§&%28§§u9{9 orth,
may be seIe ted to gV e, the desi red apert 6
additioncmytqtfsr’eor %ﬁ%?n eéPéPwHZ%%HO M%xs a ta ygtatilﬁy%é%?ﬁantes
polynerlzatlo he non cal | ded t the reactor

cat al yst HA EiH ﬁﬁﬁ%?f@ Vel el .fwntfﬁle 15t PR i g
reactor. ener Zi egl er catalysts, Ziegler-Natta catalysts

chr orre- bé‘é‘%?& it sﬁvgtystot LA MEEERE reaatffa ﬁlﬁ%@r el fredersicm %Q% icah n

catal ysts, as well as co-catalysts, used. An exanpl e of such a

cat al yst Prayidss ZPe gresring g %ltrolélaattht ﬁfi%mt é‘t‘t? & athe fecdsoelkn? Qi e sil i ca
support. Another exanple is a metallocene catalyst on a sulfated

silica- almhmazet@pp@mtor [ooeimgin the tdesred Whdtore ArbiNEy theaclfiaw that destrete
reactor, typically a |liquid-phase reactor. As previously nentioned, the

di | uent malyolsén aroperies vr pryductiomrdto nt drleaampls, aafldw gqufed may be eseditd owasure
conditions, such as isobutane, propane, n-pentane, i-pentane, neopentane,

n- hexane thecfiol of etkglng, todlie leagent Ene, maret khat opg bo pexitiaciede @tfivgInoyat ohexane,
and the |like. Again, a purpose of the diluent is generally to suspend the
cat al yst npas tfloel @stednGudhadsyOaioliwiridiérd atdilble efadh Micfodlgion, ina. dthBowdercul ati on
of the polymer slurry in a loop reactor). [00118] A notive device may be
present wWddrdb)the reactor in the reactor system 212.

[00114] During operation, the feed system 208 may also store, treat, and meter
recovered reactor effluent for recycle to the reactor. Indeed, operations in the feed system
15 208 generally receive both feedstock 206 and recovered reactor effluent streams. In total, the
feedstocks 206 and recovered reactor effluent are processed in the feed system 208 and fed as

feed streams 210 to the reactor system 212.

Reactor System
[00115] The reactor system 212 may include one or more reactor vessels, such as

20  liquid-phase, loop slurry, or gas-phase reactors, or a combination of liquid and gas-phase
reactors. If multiple reactors make up the reactor system 212, the reactors may be arranged
in series, in parallel, or in any other suitable combination or configuration. If multiple
reactors are used, the reactors may be operated at different conditions to make end products
that are a combination of polymers from the different reactors and thus produce new or

25  optimized end product properties. In the polymerization reactor vessels, one or more olefin

44



For exanple, within a |iquid-phase reactor, such as a loop slurry reactor,
an inpeller may create a turbulent m xing zone within the fluid nedium The
i npel | er wayowasdesoven by a notor to propel the fluid medirarse@s/oemzd as any
catal yst, polyolefin fluff, or other solid particul ates suspended within
the fluid nmedium through the closed |oop of the reactor.Di|luent/Mnoner
Recovery. Treatnent, and Recycle [00119] The discharge 214 of the reactor

syst em 212, 0R¥rsiaRCdiBerl e tPBHY TBFodubithdiudite Y&l hedarRARiR oL YitRly GagpPonent s,
such as diluent, unreacted nononmer and conononer, and residual "catal yst.

The disc %‘ffggr gr;‘nfulé@yﬂpéa flatt %%%L ¥nPoPufors ?nglt, %{aal,a%e%yorgﬁal, and/or

di | uent/ nonone ecovery syst to separate pol ymer conponents

218, such 2 sl YERLBnd: HILRRCLAH,MROONE Al £AM (AE AR YIRTll Whfp 220, The

di | uent/ nononer overy Ssys ave a ressure recovery flash
of the diluent/nmononer wth an associ ated recycl e.conpr.essi on. or
ol i m nat 6 Rer P s@agtontr sl AR ShEonaliily HEFENPT Sealo ) o
or without the |ow pressure flash, the .untreated recovered_ nhon-pol r
conporients STETHEY. BeSTErt ey Bocasdut (ERNGE RFTRY FHaem shabrshSyst em
222, to renove undes{rable heavy and Iight conponents. Fractionated product
streans SOUFCREIOPhERVBET PRCtiBdEG e i IF RalPBPe %5%@%@&9 99eNgi e {98t eed
system 208. On the other hand, the nonpol ynmer conponents 218 may be nore
di rect |y fludldyenceisst o the feed system 208 (as indicated by reference nuneral
226), bypassing the fractionation system 222, and thus avoi ding the energy
consunpt ilBH16F t helnf sddiitonogpdhe enc oy stosmezfp menetsesd a datplyse thagifgeilitates
embodi ments, up to 80-95% of the diluent discharged fromthe reactor
bypasses poheefiraioni dribg imonomersis éypicatly ragdede ta the trbastquol Vheetatatat nem beesact or .
[00121] The polyner fluff 220 may be further processed within the
di | uent / peniokketuspeadal er the sfisd enmed b6 wathol the reastoex tIn ushonl, 7oty uhitalyst em 228
to prepare it for shipnment, typically as pellets 230, to custoners 232.
Al t hough ZigfleriNdttas tatalyed, clpomyiededgraniystes nierallbde@es, and other well-known

polyolefin catalysts, as well as co-catalysts, may be used. An example of such a catalyst is a

Ziegler catalyst containing tetravalent titanium on a silica support. Another example is a

metallocene catalyst on a sulfated silica-alumina support.

15 [00117] Further, diluent may be fed into the reactor, typically a liquid-phase reactor.

As previously mentioned, the diluent may be an inert hydrocarbon that is a liquid at reaction

conditions, such as isobutane, propane, n-pentane, i-pentane, neopentane, n-hexane,

cyclohexane, cyclopentane, methylcyclopentane, ethylcyclohexane, and the like. Again, a

purpose of the diluent is generally to suspend the catalyst particles and polymer within the

20  reactor (e.g., in the circulation of the polymer slurry in a loop reactor).

[00118] A motive device may be present within the reactor in the reactor system 212.

For example, within a liquid-phase reactor, such as a loop slurry reactor, an impeller may

create a turbulent mixing zone within the fluid medium. The impeller may be driven by a

motor to propel the fluid medium as well as any catalyst, polyolefin fluff, or other solid

25  particulates suspended within the fluid medium, through the closed loop of the reactor.
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di l uent/ nononer recovery system 216, typically containing active residual
catalyst, nmay be returned to the reactor system 212 for further

pol yrer i 280i2010/058450h as in a different type of reactor @ecTorsdemw/odi774er ent
reaction conditions. The pol ynerization and diluent recovery portions of

t he pol yol efin manufacturing process 202 nmay be called the "wet" end 234
or"reaction" side of the process 202, and the extrusion/loadout 228 of the

pol yol ef ipjuRAAGERPnet REJVBY, b§mﬁ§h{§gjﬁgidedry end 236 or "finishing" side
of the pghoqbeTin PHLH RS f%npﬂb){ﬂ%hn&h&g fhe Bglgm@?aﬂuf?gs
conveyed fromthe wet end 234 to the finishing si"de 236 by a bl ower or

other el &6l Gdhy H&ﬁ@?@dn\?}%eﬁt?%ﬁ Atgquﬂt”&hb ‘é?e'ano LRy gl{do&%ﬁuﬁoﬁ&eﬁé&” e of

t he dil uent/ nono recovery s s e uti] |ze to transport or

convey t h?e] 1(9191{ e%ﬁf;){stf ! l"![fhet ?21%0(?121]c [om rr1nec1y g%vé:ﬁ&y rP docggs d]c Isuréhsarl]sl Bgl SI de

236. In t i que, era |on o] IS nore rectly
coupled finishin Such |rect or "close" ative

coupl g S sy &eﬁoevgweéva%ﬁb??%ﬁ%é@@gg? RSTRREe Fer R e Ghrer

fluff 220. Extr S|on/ oadout 0012 S|on/Ioadout system
228, t he Y85y “‘FF"’&f Bo¥Mes %{}bﬁﬁa ?eléﬁ‘%ff Gg%dﬂ ode E PYARRIETSOICGNER pel | et s
230 with the desired nechanical, physical, and nelt characterlstlcs

Ext r uder SYE&H PyMPhdiride %%rﬁprﬁwsrecgm flagh 9§ the lilgertsregomey ijthesthancer s,
and peroxi des, anong others, which are added to the polymer fluff 220 to

i npart d@sOFiBed cerarlacomPesiqnce may olidnaishis reads APy UTER 49 4 Bigh PESTIC An
extruder/pelletizer receives the extruder feed, including one or nore fluff
product s {90 and what ever additives have been added. The
extruder/pelletizer heats and nmelts the extruder feed which then may be
ext r uded [0H20Ligh aWjibldr etithzertheliosv pmeshere sk sthe netrdadfrorovenpd nywpelfymar
pellets. Such pellets are typically cooled in a water system di sposed at or
near t he cdinpafrats@ed afaytbedugel beteszal, suchhss bpelfraetienariay sysenczMy eyresiofas om t he
pelletizer to the | oadout area using a blower, or may be directly carried
by the peahliigiraflobkivitandaligk cb@pdeets! aaak@ishatad aduct streams 224 may then be

returned to the reactor system 212 via the feed system 208. On the other hand, the non-

polymer components 218 may be more directly recycled to the feed system 208 (as indicated

15 by reference numeral 226), bypassing the fractionation system 222, and thus avoiding the

energy consumption of the fractionation system 222. Indeed, in certain embodiments, up to

80-95% of the diluent discharged from the reactor bypasses the fractionation system in route

to the polymerization reactor.

[00121] The polymer fluff 220 may be further processed within the diluent/monomer

20  recovery system 216 and in an extrusion/loadout system 228 to prepare it for shipment,

typically as pellets 230, to customers 232. Although not illustrated, polymer granules in the

diluent/monomer recovery system 216, typically containing active residual catalyst, may be

returned to the reactor system 212 for further polymerization, such as in a different type of

reactor or under different reaction conditions. The polymerization and diluent recovery

25  portions of the polyolefin manufacturing process 202 may be called the “wet” end 234 or
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[00124] In general, the polyolefin polymer pellets 230 may then be
transported to a product | oad-out area where the pellets 230 nmay be stored,
bl ended wohomvdsersopel | ets, and/or | oaded into rail carspcCrruseds/o6iyags, and
so forth, for distribution to customers 232. In the case of polyethylene,
pell ets 230 shipped to custoners 232 may include |inear |ow

densi typol yet hyl ene (LLDPE), nediumdensity polyethylene (MDPE), high

density pplyghh¥leng tﬁé‘%@ss 260 dn € MRANGE G R RN & Qﬂ% @R ehe pHRRIMAIPrOMSs t ypes

and grades of polyethylene pellets 176 may be marketed, for exanple, under

the bran (@A ydg § | ene of
Chevr on- %ﬁ?ll Egu%%gﬁﬁbg%1%§%%§%§.#ﬁﬂﬁmg’M&%é Vbod*g%%s B%%ig%' USA.

Cust Oner i Ca’h% S&);%e@% fFjg ngr%g cL&%&%egrOIE%ey\Q&%L& 5'34‘[%‘[ finishin

polyethylene pelle nanufacturlng of a vaﬁ%ety of

roduct s | d. te ot he cl udi ng adhesi
Ce o haide2aP BYE RS \O/reol%a%ﬁ RefishinBiBy RO ke rf.“&eaﬁla%&r? IRteL B A
agricultu fi In1 str tch fil f ood ack
PUS Bl 0 Bt e el bty sl S ey b RO R P RSERRST By MBS and
can liners, grqc bags, hea duty s ) ast bottles saf et
equi plrrentpo a?'i ngéo f’? 3 dhe, aY‘f‘c’fv%‘H Z:f%r ?ta;}ﬁ%fm@aﬁg aidﬁ'e?f’é ahdhisiechpiape. figduct s.
Further, it should be enpha5|zed t hat pol yol efins other than pal yethyl ene,
such as porgivoytheret enﬁe?Wfl%mﬁ*ies%‘@PﬂYc%m‘ﬁéﬁé%E@ faingingsilg 780 s Sushaditase

processes di scussed herein. [00126] Utimately, the products and conponents
formed froonslpsl ypdrathversoppling maygeduge theyicedh &y pprskisaessdepgotimeagf the polyimeher
processed and assenbled for distribution and sale to the consuner. For
exanpl e, feft280onol ded sail boat may be outfitted for sale to a consuner, or
a pipe line may be assenbled and buried for natural gas distribution and
sal e.10To BExonsioehdploadiystess or conponents, the pellets 230 are generally

subj ect eq0a1@3f ur t hiar ther eaesish/igdow ughteas 223, otve nmilydhergflufif 26 cisi wpicatbl di ng,
rotational nolding, blown film cast film extrusion (e.g., sheet

ext r usi onrxtritiep@o PAGHUCO poly@aE pelle@X2INUGItDAhe GRatd AGLaARGN) Phi il extirtidt on,

etc.), and so on.
characteristics. Extruder feed may include additives, such as UV inhibitors, flow enhancers,
and peroxides, among others, which are added to the polymer fluff 220 to impart desired
15 characteristics to the extruded polymer pellets 230. An extruder/pelletizer receives the
extruder feed, including one or more fluff products 220 and whatever additives have been
added. The extruder/pelletizer heats and melts the extruder feed which then may be extruded
through a pelletizer die under pressure to form polyolefin pellets. Such pellets are typically
cooled in a water system disposed at or near the discharge of the pelletizer. The pellets may
20  be conveyed from the pelletizer to the loadout area using a blower, or may be directly carried
by the pellet cooling water to the loadout area.
[00124] In general, the polyolefin polymer pellets 230 may then be transported to a
product load-out area where the pellets 230 may be stored, blended with other pellets, and/or

loaded into railcars, trucks, bags, and so forth, for distribution to customers 232. In the case

25  of polyethylene, pellets 230 shipped to customers 232 may include linear low density
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[00127] Blow nolding is a process used for producing hollow plastic parts.
The process typically enploys bl ow nol di ng equi pnment, such as reciprocating
screw macwpreny/osaseunul at or head machi nes, and so on. TireThiSeawonnd7ds ng
process may be tailored to neet the custoner's needs, and to manufacture
products ranging fromthe plastic mlk bottles tothe autonotive fuel tanks
mentioned herein. Simlarly, in injection nolding, products and conponents

may be nphdedylRs (BLvbEle Me@ﬁﬁﬁdéﬁsﬂ@@@l{ybtﬁ?l%h@U\?{DPEP%gﬁjH&Qg&%ﬁ@t‘hﬂ%ﬁe’s food
and chem cal packaging, toys, autonotive, crates, caps and cl O0sures, to

name a f ?H’DPLZ?Q&@ %Lhaﬁ&drwemleweo% S&fo e@laﬁ(‘? Qﬁes 1yeﬁ§he¥1§§@ll'étse ne

pi pe, for exanple, may be ‘extruded from po et hy ene p used in an

assor { e Of,, ARR! hERLEETR: bR hflr RELGR nliis! gﬁaﬁg@ego@@iﬁ@sﬂever ease of

instal |l ation y an vant ages eed, plastic

pol yet hyl pi s achieved ni £4 cant Mse for ya as
distri butl\:/?aorﬁleglIM Sr)%{hgi% © 0% rahtegr0 9 Pge alemlcat1 0md)ran}f)’l uﬁblfﬁghengjioecf‘ rcht:al
condU| ts, Tt gOV\@Eéand com‘rum cations ducts, chilled water piping, and well

casi n S, a few applications. In particular, high-density

pol yet hyI ene HDPE) whi ch generally consti tutes the | argest volune of the
pol yol ef |%§Eé@p—%&%ﬁ5€%—a§§& i s tough, abrasion-resistant
and f1 exil#1é3( even® %YOl%be@ergeéﬂl}f?ﬂlyﬂeé‘Fﬁﬁ&“S@@@@él}ay tlﬁl}’rs%élr%ﬁé‘n“f?ﬂ”@%)l pe may
be made in size ranges fromsnall dianeter tubin to pipe that is nore
than 8 f&&e Viefictyiohrexdagts, compeRonty hpuschodd y@?ﬂmd@gerp@mswgluﬁmg aghesyeppl i ed
for the pressure piping markets, such as in natural gas distribution, and
for the rog. prexslyrdhesivpianplicetipneat dectrgat hvi@sanﬁioqabk@ongrmuiturahﬂlr@&arshﬂ@et ed

pi ping. [00129] Rotational nmolding is a high-tenperature, |ow pressure
proce®s uddmdstrachf Binmthal bakageg fisng, Hicabiphfobth @ackeping catlk enntaheetiozeno

bi axi al | y-rotated nol ds. Pol yethyl ene resins generally applicable in this
process do®l pdeksging; @sshnandtdaatiinéds,omotengbidschcavn-ditgeacksendie boftleprsafsur e when
nelted to forma bubble-free part, such as certain Marlex(r) HDPE and MDPE
resins. Fkyiiphettn®atngst s pal yedrkyl EFrentiist asd pliticghbductsoFufthdradt slooual

nol di ng may exhi bit
be emphasized that polyolefins other than polyethylene, such as polypropylene, may form
such components and products via the processes discussed herein.

15 [00126] Ultimately, the products and components formed from polyolefin (e.g.,
polyethylene) pellets 230 may be further processed and assembled for distribution and sale to
the consumer. For example, a rotomolded sailboat may be outfitted for sale to a consumer, or
a pipe line may be assembled and buried for natural gas distribution and sale. To form end-
products or components, the pellets 230 are generally subjected to further processing, such as

20  blow molding, injection molding, rotational molding, blown film, cast film, extrusion (e.g.,
sheet extrusion, pipe and corrugated extrusion, coating/lamination extrusion, etc.), and so on.
[00127] Blow molding is a process used for producing hollow plastic parts. The
process typically employs blow molding equipment, such as reciprocating screw machines,

accumulator head machines, and so on. The blow molding process may be tailored to meet

25  the customer’s needs, and to manufacture products ranging from the plastic milk bottles to
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desirable | owtenperature inpact strength, good | oad-bearing properties,
and good ultraviolet (UV) stability. Accordingly, applications for

rot at i onawbyernaiseesd Marl ex(r) resins include agricul tur @CTiEsa09/0637M¢dust ri al
chem cal tanks, potable water storage tanks, industrial waste containers,
recreational equipnent, marine products, plus many nore.[00130] Sheet
extrusion is a technique for making fl at plastic sheets froma variety of

pol yet hyligng, £ esivasrudiReiids %e%u&?&mer&be SId hetlyl MEhnjectidl RoRMEIBroahiGeLRy are
general ly thernofornmed i nto packagi ng appli Cati ons such as drink cups, deli

cont ai nef cdmp Jtele! el AN ded RAR Yy Bﬁ%&&%ﬁ 1&@ v, fh@gldfﬁg cgﬁtﬁfn&% folPEng & her

mar ket s for sheet xtrusion of polyole |nc ude thosSe that utilize

el At Vel b DG BISSLS L Oh NIl ARSISEL GALLANAL, app | cati ons,

such as truc eté adt |ve uhnage ayground
isin

equi pnent bo d use extru
geomenbr Ol%]d\/\he?ﬁemﬂsgfl pr%cgsest 5? ﬁ’ylue%led[?r?%e%h é]le pl e(’:ie ¢ nIPc?’ | ar ge
contain syste for ni n a i,catjons and mnuni wast e di sposal .
00151 " PREBI e pily Py @ R, ﬁPe*}S;*/OfH’i“’x?éPg@%?Bﬁ{P&? 3o ip Bst em
used for polyethylene. The Amerjcan Society for Testing and Materjals
(ASTM d RTREL TFYHEC Al ey ﬁ%ﬁst%ilaﬂsa dma%rlitmde%oskaﬁﬁgwgee)anﬁ thetliieckness.
However, the blown film process can produce naterials as thick as 0.5
mi |1 i met éhd cegoplaticspolyghdensi giine. hsupehirypinsted ficplowendirdvagr mejrshe®used in
conjunction with rmnolgmﬁer and/or multilayer coextrusion technol ogies for
produci nglisvilvéipougorpy ulismgarysephrsagtdrih alwebinptaldcaival penduitt ageeusnd
properties of the products produced by the blown film process may include
clarity, csmmangetons tlecs, ghillkd wyter ppingcald wetlopengsi @siamandew eppjieateas, It o nane
a few [00132] The cast filmprocess may differ fromthe blown film process
t hr ough tpheichlas hightlendty pehdthylent (RIDPENvHich getardlyadongititenthatargest volume
capabilities. These characteristics allow a cast filmline, for exanple, to
oper at e af thd gilgsleffir gabup toif Piustiat @sd i pige, if oligh, sigadi@nedistentadnd dkiblcs .
Applications in food and retail packagi ng take advantage of these
st r engt hgevelriab@dbfitczing temperatures). Furthermore, HDPE pipe may be made in size ranges

from small diameter tubing up to pipe that is more than 8 feet in diameter. In general,

polyethylene pellets may be supplied for the pressure piping markets, such as in natural gas

15 distribution, and for the non-pressure piping markets, such as for conduit and corrugated

piping.

[00129] Rotational molding is a high-temperature, low-pressure process used to form

hollow parts through the application of heat to biaxially-rotated molds. Polyethylene resins

generally applicable in this process are those resins that flow together in the absence of

20  pressure when melted to form a bubble-free part, such as certain Marlex® HDPE and MDPE

resins. Furthermore, the polyethylene resins suitable for rotational molding may exhibit

desirable low-temperature impact strength, good load-bearing properties, and good ultraviolet

(UV) stability. Accordingly, applications for rotationally-molded Marlex® resins include

agricultural tanks, industrial chemical tanks, potable water storage tanks, industrial waste

25  containers, recreational equipment, marine products, plus many more.
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pol yolefin pellets may al so be supplied for the extrusion coating and
| am nation industry. [00133] Using either type of filmextrusion, |inear
| ow densiw9 2pologetshyl ene, for exanple, may be extruded PcorasSp@dpernyl ene
resin pellets and used in an assortnment of applications due to its
flexibility, chem cal resistance, durability, processability,
costadvant ages, and the |ike. Such applications may include stretch films
for pall ¢jdidbpg MegiRE @Jtl%sioﬂ?sq(t%glnﬁlﬂleff&rmgﬁiﬁ%shat‘iﬂ'&sti& EielsSroADe VYgGEbADI es,
shrink wap, and ot her product packaging. Filns made fromlinear 1ow
densi ty poj ¥ahiu 6REnNAYQIACHEEY CATRE G0lafil GRS YGEES Shdch YRHSHAL
applicat?bﬁ%,ysuch ag ggoﬁbnbrghes. A ggénéﬂbrghéﬁﬁgy Bg usedi%orfgblate a
storage pj S r i . roundi ng
ground, gﬁn%m? %ﬁﬁ&pﬁ‘%t%c%agglﬁg%ﬁ@%g? er’ W%Sm&gl%ncﬁlgér)hwﬁlgf %ﬂéaﬁ;l&%%&e@g%% i cat i ons
may i ncl yde garneni.bags, bakery fil industrial |iners, apnd.t | i ke.
G her "FedibR TERRuh TS TR W Preh PHEES S n Bk Son B ubine
wi t h entr.ai ned, nononer..may be returned fromthe diluent/nononer recovery
oyst erm 2 e Pve Rab i i T et i G g S OB gl ¢ o
pol yneri zation reactor. The anmount of entrained nononmer may vary, dependi ng
on the pam}m@rwgtb%ﬁn%rﬁfna PlerfRiPmatyF dunnagn| éaysfoyad F‘é‘}“&l’fl‘?l\}e*}“{)a'%% A
i ncorporation efficiency of 1-hexene fromthe trinerization of ethylene may
i ncr ease thirkusgApaHrudsshestnfecxamplends ip gegmenebrefiesuehare Bptrsgghpolyathylsée exanpl e
of "direct" recycle to the reactor, the recycled diluent may be cool ed and
passed t hradtigh isawhlded i largh eegumen gy stemh éremppatsysppieatioon et suaicwal enoved
out of a bottomdischarge and sent via a centrifugal punp, for exanple, as
feed to tteetefdispotal.onati on system 222. The overhead of the knockout pot may
be further cooled in a heat exchanger and collected in a recycle diluent
sur gelot and01Boy f eethd blowhdilmegrotms is Dowattetyediversa coertsianf yygen pedpomay
deliver the diluent through recycle diluent treaters to a |oop slurry
react or. pblyethblotd. dTieAmeaicad Sbéiady far Teelidt indeNitesaidd A S Tampdefibesofilmk e kks di | uent
(not illustrated) nmay be added in the fractionation system 222, for

than 0.254 millimeter (10 mils) in thickness. However, the blown film process can produce

materials as thick as 0.5 millimeter (20 mils), and higher. Furthermore, blow molding may
be used in conjunction with monolayer and/or multilayer coextrusion technologies for
15 producing numerous products, such as labeled bottles. Advantageous properties of the
products produced by the blown film process may include clarity, strength, tearability, optical
properties, and toughness, to name a few.
[00132] The cast film process may differ from the blown film process through the fast
quench and virtual unidirectional orientation capabilities. These characteristics allow a cast
20  film line, for example, to operate at higher production rates while producing beneficial optics.
Applications in food and retail packaging take advantage of these strengths. Finally,
polyolefin pellets may also be supplied for the extrusion coating and lamination industry.
[00133] Using either type of film extrusion, linear low density polyethylene, for
example, may be extruded from polyethylene resin pellets and used in an assortment of

25  applications due to its flexibility, chemical resistance, durability, processability, cost
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exanple, to nmake-up for diluent |osses in the manufacturing process 202.
Furt hernore, conononer (e.g., 1l-hexene) fromthe trinerization process 130
may be adwleosxosv4sni ous points in the recycle diluent ciPCEiSeodos27a4€dition
to the reactor.[00135] Wile the techni ques disclosed herein nay be
susceptible to various nodifications and alternative fornms, specific
enbodi nents have been shown by way of exanple in the draw ngs. However, it

shoul d begindetstAQdmt hake. t REcH GEHRLAMESMAY endiRle {RMBNHRL tR RBchidifp ted to
the particular forns disciosed. t her, the techni ques enconpass al

modi fi catlansys, @%a%igg%t ﬁegpgqtaﬁ»&igrmt {]egsrfa%llf:ﬁ%'shmg Wit Nhg Jolle Rt t and

scope of the te s as defined by t ow ng appended clail ns. CLAI M5

o 1 uent TERTFsi fimsmafl FERLAE QR R g PR BEE D SRR, | Lony

with a kill agent to at.Iqast Bq{tiall eactiyate th catalx§t system b)
. success¥in unusual appll]c? }ons sSuch a %60 cmorancs. n%eomeyfn. rane 1 € _used to
separating the reactor - ertluent 1n 1) one or re fTirst streans

conprisin | igonerized olefin, diluent, or con@i ations thereof, the one
or more Pors @ SPRERRE et oL BHGTRAT T 9RO M (e WS OB i al 1y
deactivateg catal yst, and ii% a second.stregn1cogﬁ{jsinghthf deacti vated
cat al yst AGHYS EFOLEb SEARTYHE FHe ceupBRaiY rEam WPHHIAHBAN LY EHTCD.  The
met hod of Claim1 wherein the one or nore first streans is substantially
devoi d ofoags Pikergidaw, industriph Engipepdtedike-dl ai ms 1 or 2, further conprising
recycling the diluent. 4. The nethod of any of Clains 1 through 3, wherein
the step Qiherdiged Seeamsg t he reactor effluent with the kill agent produces
the at | d8@B4bar t i Redygle ddaont (v at ppamtlispbutang) syithngnitraipicd grogomerdueelr
catal ytic activity.
10 returned from the diluent/monomer recovery system 216 (e.g., corresponding to stream 218
of Fig. 7) and sent to the polymerization reactor. The amount of entrained monomer may
vary, depending on the polymerization efficiency. For example, the relatively low
incorporation efficiency of 1-hexene from the trimerization of ethylene may increase the
amount entrained in the recycle diluent stream. In the example of “direct” recycle to the
15 reactor, the recycled diluent may be cooled and passed through a heavies’ knockout pot,
where heavy components are removed out of a bottom discharge and sent via a centrifugal
pump, for example, as feed to the fractionation system 222. The overhead of the knockout
pot may be further cooled in a heat exchanger and collected in a recycle diluent surge tank
for feed to the reactor. Downstream, a centrifugal pump may deliver the diluent through
20  recycle diluent treaters to a loop slurry reactor. It should be noted that a relatively small
amount of fresh diluent (not illustrated) may be added in the fractionation system 222, for
example, to make-up for diluent losses in the manufacturing process 202. Furthermore,

comonomer (e.g., 1-hexene) from the trimerization process 130 may be added at various

points in the recycle diluent circuit for addition to the reactor.
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5. The method of any of Clainms 1 through 4, wherein the step of contacting
of the reactor effluent with the kill agent produces the at |east partially
deacti vatwo 20458t system having a reduced activity f@cTitseomnszing t he
ol igonerized olefin. 6. The method of Caim5, wherein the step of
separation occurs by one or nore distillations. 7. The nethod of any of
Clains 1 through 6, wherein the oligonerized olefin has an isonerized

ol efin cqpjigsf | eSWhH@at'ﬂettQ@ﬁmcﬁlfes th&1Qkd aepas i ged 1wl %ﬁécﬂoti%[eoqyc%o%@en
corrpared to a method which does not at |east partially activate the

catal yst S AT S R AIBE 0GR L1 edhodPGECI ! 16 i BPTET Zegy Of ef i 1

has an isoneri ze In content t I'S 1 nNcCrease no nore'th

par 1 8l 1 L ?fﬁ%“@ﬁ'eq%%fe%? T e %ﬁft‘r}%ﬁﬁ@ S&h’?ﬁ‘téensi‘*f%fﬁésa. s 1
nsition nmeta

t hr ough tal yst. s e tr

corpound lfgﬁfé&" §t§%et i e Pait Ofm?r@%%s& OREER Bord AL SRR | o

wh t t t t f kill t t
oy snt hEitRtiona S abYs a0, AEkR ranGis e%eth%\a&%%mrﬂ? 2 spopse ﬁthe"i‘?e”me‘)

met hod of ou h 10, rei n the kill agent is contacted
in an eqﬁ?@&lﬂéﬁtasgﬁt?qeg?%#h%h lgwi %%@ﬂen?egh atons in the catal yst system

ranging from0.9: 1 to 1.2:1. 12. The rrethod of any of Clains 1 through 11,
wherein the kill agent is contacted in an equivalent ratio of kill agent to
nmetal atons in the catal yst systemat about 1:1. 13. The nethod of any of
Clains 1 through 12, wherein the kill agent is selected froma Cto C30

al cohol . 14. The nethod of any of Clains 1 through 13 wherein the anount of
guench agent is sufficient to render the second stream non-pyrophoric.
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15. A method conprising: a) contacting a catal yst system ethylene, and a
diluent; b) producing a trinerization product conprising 1-hexene in a
reactor; wP208msvisng a reactor effluent conprising the eaTaiSgeEw/063734 em
ethylene, the trinerization product, and diluent, fromthe reactor; d)
contacting the reactor effluent with a kill agent to at |east partially
deactivate the catal yst system e) distilling the reactor effluent into i)
one or nore first streans conprisingr&img! ene, 1-hexene, diluent, or any
conmbi nati on thereof, the one or nore Streans being substantially devoid of
deaCtlvaRﬁQn%Qhﬁh&ﬁg and ii) a second stream conprising the deactivated
catal yst system and f) contactlng the second streamw th a quench agent.

16. The meth wherein distilling includes one or nore
distilling §$g%§lf§%8@ﬂ% thod of Clainms 15 or 16, wherein the one of nore
first streanﬂlscamhsngmunabﬂqﬂdﬂwondxmmghwmewmmUhmna@eﬂ@ometmﬁoéﬁhls t he
distilling step, 1 thod ains. 1 h 17 wherein the
step of cont act f r%lgCF]tuFl 111 agen?tfola?{e%ﬁtpam%?' %eﬁ(étwl% eltf'e Ca? fsyﬁr Jduces the at
| east partlablyxdaaﬁmgmahﬁdocaﬂa&ysﬁosysten1having a reduced catal ytic

activity. 19. The nethod of. any of d ains H%p 18,. wherein the step
of contacting of tRB® PIAYF fsty efafnﬁéﬂ‘flp%“fg’lo %ﬁ@%ﬁe HgeditBr Yduces t he at

| east partially de@cﬁlbmtoadﬂea%ah%sane%yﬁlberﬂrh@ttbaﬁm b%lrfg%db!,@eﬁhdalﬁﬁddvdﬂdt y for
i somerizing 1-hexene. 20. The nethod of any of Cains 15 through 19,

wherein the cataly§fﬂ§§§?§%P%Bﬂbﬁk§§§m§dP¥§ﬁ§1¥@on metal compound and a
netal alkyl. 21j Tﬁ%ec%ﬁ@lMﬂﬁon@ﬂéﬁngfhe@e@n@ecﬂ&tﬂﬁfC&th 20, wherein the

kill agent is contacted in
c) contacting the second stream with a quench agent.

2. The method of Claim 1 wherein the one or more first streams is substantially devoid of

kill agent.
3. The method of Claims 1 or 2, further comprising recycling the diluent.

4.  The method of any of Claims 1 through 3, wherein the step of contacting the reactor
effluent with the kill agent produces the at least partially deactivated catalyst system

having a reduced catalytic activity.

5. The method of any of Claims 1 through 4, wherein the step of contacting of the reactor
effluent with the kill agent produces the at least partially deactivated catalyst system

having a reduced activity for isomerizing the oligomerized olefin.

6. The method of Claim 5, wherein the step of separation occurs by one or more

distillations.

7. The method of any of Claims 1 through 6, wherein the oligomerized olefin has an
isomerized olefin content less than that of the oligomerized olefin produced when

compared to a method which does not at least partially deactivate the catalyst system.

8. The method of Claim 7, wherein the oligomerized olefin has an isomerized olefin
content that is increased by no more than 75 percent by weight of the increased

isomerized olefin when not at least partially deactivating the catalyst system.
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equi valent ratio of kill agent to netal atons in the catal yst system
ranging fromO0.75: 1 to 1.25:1. 22. The nethod of any of Cains 15 through
21, wher eWo 20tvéskisbl agent is contacted in an equival enPCraSc@90627R4 | |
agent to nmetal atons in the catal yst systemranging fromO0.9: 1 to 1.2:1.
23. The nethod of any of Cains 15 through 22, wherein the kill agent is

contacted in an equivalent ratio of kill agent to netal atons in the
cat al yst ¢systiRimdahodaTaky oflcﬁlms%hroiﬁgm rmiemhetat@w sPertt@hpesld through
23, further conpr|3|n9 recycling th | uent

transition metal compound and a metal alkyl

10. The method of any of Claims 1 through 9, wherein the kill agent is contacted in an
equivalent ratio of kill agent to metal atoms in the catalyst system ranging from 0.75:1 to

1.25:1.

11. The method of any of Claims 1 through 10, wherein the kill agent is contacted in an
equivalent ratio of kill agent to metal atoms in the catalyst system ranging from 0.9:1 to
1.2:1.

12. The method of any of Claims 1 through 11, wherein the kill agent is contacted in an

equivalent ratio of kill agent to metal atoms in the catalyst system at about 1:1.

13. The method of any of Claims 1 through 12, wherein the kill agent is selected from a Cy

to Czg alcohol.

14. The method of any of Claims 1 through 13 wherein the amount of quench agent is

sufficient to render the second stream non-pyrophoric.

15. A method comprising:
a) contacting a catalyst system, ethylene, and a diluent;
b) producing a trimerization product comprising 1-hexene in a reactor;
c) removing a reactor effluent comprising the catalyst system, ethylene, the
trimerization product, and diluent, from the reactor;
d) contacting the reactor effluent with a kill agent to at least partially deactivate the
catalyst system;
¢) distilling the reactor effluent into
1)  one or more first streams comprising ethylene, 1-hexene, diluent, or any
combination thereof, the one or more streams being substantially devoid of
deactivated catalyst, and
i1) asecond stream comprising the deactivated catalyst system; and

f)  contacting the second stream with a quench agent.

16. The method of Claim 15, wherein distilling includes one or more distilling steps.
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17.

18.

19.

20.

21.

22.

23.

24.

The method of Claims 15 or 16, wherein the one of more first stream is substantially

devoid of first kill agent as it exits the distilling step.

The method of any of Claims 15 through 17, wherein the step of contacting the reactor
effluent with the kill agent produces the at least partially deactivated catalyst system

having a reduced catalytic activity.

The method of any of Claims 15 through 18, wherein the step of contacting of the
reactor effluent with the kill agent produces the at least partially deactivated catalyst

system having a reduced activity for isomerizing 1-hexene.

The method of any of Claims 15 through 19, wherein the catalyst system comprises a

transition metal compound and a metal alky]l.

The method of any of Claims 15 through 20, wherein the kill agent is contacted in an
equivalent ratio of kill agent to metal atoms in the catalyst system ranging from 0.75:1 to

1.25:1.

The method of any of Claims 15 through 21, wherein the kill agent is contacted in an
equivalent ratio of kill agent to metal atoms in the catalyst system ranging from 0.9:1 to

1.2:1.

The method of any of Claims 15 through 22, wherein the kill agent is contacted in an

equivalent ratio of kill agent to metal atoms in the catalyst system at about 1:1.

The method of any of Claims 15 through 23, further comprising recycling the diluent.
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