WO 01/ 47839 PCT/ US00135366 -1 PROCESSES FOR PREVENTI NG GENERATI ON OF
HYDROGEN HALI DES | N AN OLI GOMVERI ZATI ON PRODUCT RECOVERY SYSTEM BACKGROUND
OF THE | NVEpplpsAysddi s i nvention rel ates generally to the cpéptsoiassss
production of olefins. 5. This invention relates nore specifically to a
process of quenching the catalyst in the _effluent froman oligonerization
reactor, such as a trinerization reactor; lto avoi d t he generation of
hydrogen hal i des. s RO *'ﬁﬁlﬁN @Eﬁ’Eﬁﬂ %ﬁﬁﬂ? red to as
1-ol efins, have nle%]?&%g%% as SI%%%I I ¢ chentcals an Soal':s rmnobngrhgor

co- nononers in pAAMDES ReANOLIGOMBERIZATIGN. PRODUET REQOVEBRYeSYSTEMNd ot her
ol efins can be produced by w@m ffor exanpl e et hyl ene,
with a catalyst, producing tﬁ-& < mﬂm&im&rs of diolefins,

or other react |_on pr odmhsmvrant@cm ﬁtmstgeﬁéranﬁaﬁmwatalyn’ﬂyrsdmﬁmbfaeﬁﬁsan be
referred tg trlmerlz tion"" g{)rrerlzatlon Ef cat al yst
systemjs di sfgg‘lsé’é‘ffm?f‘ ke %}me to a.praces, @f ﬁ‘é@&b‘&ﬁtﬂ&e ¢ ys6$i the
1-olefin 15 apgeRifrdiah ofighMehiAUen reaiod, fubltlad B oA SRARER realldf th 296 ON
product or higher ol efins dlssolve in the process solvent as they are
formed. Produthe gsperationsofiiregearhelides: al yst system are recovered by renoving
t he process sol vent cor@fghgg %nfcﬂ all - gfgjg f t he
reactor. Preferably, a catalyst Eﬂ}y ageorltt J‘%ﬁ’%ﬁ etiggta%ugeariée%gt?%%‘ system
prior to sepamamrn@smsmgﬁmhenh@ISM|mnomommwrﬁ¢renepcﬂyuent can be

treated teyqu st. T e Gan be separat ed
for catal $st %)glg é%ﬁ teéesed p% fi/':‘f %mpgth ﬁ% B 63%@(3?‘?? Yol efin
and process scintatihg Mdreaﬂﬁﬁns,afod exampiu eﬂ’tyh:hél,duﬁ‘t a cahbﬁﬂ, pﬁoduéing tdrnasiong

agent can be used umi n poriion f. the catal yst
Syetem - uencHoolsfad HEmER ol Aty of i toadhon GFed® Tn o 3B fesoton

i someri zat i onThik réala&onlcd?d&fteibrﬁHﬂleéﬁt“m:ﬁ@:zhﬁbiﬂ?drP'aﬁ%cﬁmdd%@dﬂ"a|Oﬁ&t te. ' 2-
and higher, olefins, h | owers the product purity. enchin of the ’
catal yst syst %ﬂtéﬁ%tﬁ Wénﬁepzatea%soag%@ﬁtﬂwem St A lOWaT f=

wat er - sensi t indeophotally Hir @%ehyérs fed’{rﬁyeg)aﬂés PPHeSBictioh of Saighd? s;n_hol
can be added to the cat al 30 discharge in the effluent of "an olefin
ol i gomeri zatl@FFOFV@dEtﬂéPrP‘tOQeGQG@Néﬁ ag theyiare Iﬁ"m‘leﬁe cat al yst U S. Patent No.
5, 689, 028 di scl oses . ad(i’r%c?oﬁhﬂ%hﬂ?&i@ﬂpéatﬁ vcre‘aflé“égltm/ingf a

trinerization reactor -as a quenchi ng-agent to quenc e cat
the process solvent contaimng_ them, i.e. the reactor effluent, from the reactor.

Preferably, a catalyst kill agent is added to the reaction system prior to separating
20 any of the rea_ction components. The effluent can be treated to quench or “kill” the
catalyst. The effluent can be separated for catalyst system waste disposal, recycle
any remaining lower 1-olefin and process solvent content, and recover product
olefins.
A quenching agent can be used to quench the aluminum alkyl portion
25  of the catalyst system Quenchmg of the catalyst system is important to prevent
o _ ;sOmenzatton of the l-oleﬁ:n product to undesirable mtemal 1 e. 2- ‘and hlgher, y "
olefins, which lowers the product punty Quenchmg of the catalyst system also can-'
remove hazards associated with the air- and water- sensitive aluminum alkyls.
‘Previous patents teach that an alcohol can be added to the catalyst
30  discharge in the effluent of an olefin oligomerization reactor to quench or “kill” the
catalyst. U.S. Patent No. 5,689,028 discloses adding 2-ethylhexanol to the reactor
effluent of a trimerization reactor as a quenching agent to quench the catalyst



WO 01/ 47839 PCT/ US00/ 35366 -2- system U.S. Patent No. 5,859, 303, Exanple
1, discloses that addition of an alcohol can quench or kill the catal yst
system U. Svolbpimsss No. 5, 750,817 di scloses the use of etpozusboIsssequench
an ethylene trinerization reaction. U S Patent No. 5,750,816 teaches. the
addi tion of al cohols, phenols, 5 car bog)ﬁl_i c acids, primary or secondary
am nes, or ammonia to the effluent of an” ethylene trinerization reactor as

a“"metal sol ulge7i B%. BYRAL No. 580 AL BRAmSIEA! Biclosek MRt 2BEH6LBE &081cHHol t hE
metal sol ubili"zing agent used may be selected froma wi de range froma

trace anount ¢an quesd exddll thejeatalyst aystem.HdisS. PatentdNgy 5675984 B| djsciasesathe aBgye from
0.001 to 50% demogﬁ]%ueggf %e%%ﬁgﬁé&m&izgﬁ%e&%io 0% by weight in terns of

10 concentration I n or exanpl e 22% by wei ght 1-hexanol
(Examples 5 and 13), H&SyPatentiNo. (5258836 asachesaheladidition off aleoholsnplenpBxanpl es

7 and 15) js ed.. The patent teachgs generally that this.step.

"mai nt ai n[gs] ?aﬁoxaihgagﬁ%@al%%se(g?mﬁ& g’ﬂgﬁeié’f Ao o d %F@@‘F&cogﬁﬂonent s in
the reacti on ghyiBR Ginfizationrehdiét 43ra0GRE4 soivbRizinklagentt.nThe phtest staés, the

ol i gonerization reactqr, to the_ inlet of the distill ti% tower,.," 15 U. S
Patent No. 5,Reserniagg of thy metgbsolybilizing aggnbused mpy Ay sgiected fomnRVidsr2pet

| NVENTI ON Thegpheseite dnibuRiMiod soreal Bquivai&® ik &ds bit@draily 6P B Qhrfe fib1ed as
guenchi ng agents to gquench a hal ogenated trimerization catalyst system

foll owing an0-80} iby avqight, mergreferablycfl o Hia by wjght dgéssmsaf i des. For
exanpl e, enchi | O, Lt 5@&@ 3 wﬁé’i‘%ﬁ'g haul arly
in the prgd;en‘?éhggra\%\g?g}&grs thrg' Egttt e E%?’P%ir?stb?oun iln&g&%ﬁléﬁﬁ.vﬁi ch may
cont ai n f err o%isnd h3)o hexjdaminerfExamples 6 and 14)conmmudenia (BxamplestA/aidotfons chl ori de
. gas. Hydrogen_halj.des.can ehighl rrosive. q Droces ' n

Accordi ngly i‘fse'?'s o salt?nglt:ﬁa(é T& prc>1¥7i %gt %%tséfpyg?m%ﬁlglpsiﬁl?en%wm% elrgl{gg "sz 25 and
met hods t hat shincipally phieochtatyst byrdpagats ih e @Wadion Ajspensiont “insthel psacesslline t o
reduce or elifnate the neration. ..of hydrogen halides. when al cohpls are
used as quencﬁz?’ﬁgﬁ%lﬁ‘@ﬁf 8? liggmerizafion 6?a°i¥’ﬁé° g\eéﬁlgtd‘?éfg‘e 3&@?‘@?”8?‘- one or
nor e ot hers degist PatentviNG.C3)750,816, bsiC P2Hing: 2023 WAOW9-GENSI der ation of the
present specification, are 30 _satisfied in wiole or in part by the.

i nvention described here. mé‘&@&&l@l&m i's an oligonerization
process. In the procegseprésaitdhvehtors HlediicoPerbPiaf alobild, AisddeaCt ant, and a

process nedi um are . _
quenching agents to quench a halogenated trimerization catalyst system, following

"an oligomerization reaction, can produce hydrogen'halides. For example, quenching
20  a chlorinated catalyst with an alcohol, particularly in the presence of water or the
kettle bottoms found in a plant (which may contain ferrous chloride), may lead to
the production of hydrogen chloride gas. Hydrogen halides can be highly corrosive
to process equipment.
Accordingly it is desirable to provide catalyst quenching materials
25  and methods that do not produce hydrogen halides.
Again it is desirable to reduce or eliminate the generation. of
hydrogen halides when alcohols are used as quenching agents.
One or more of the preceding desires, or one or more other desires
which will become plain upon consideration of the present specification, are
30 satisfied in whole or in part by the invention described here.
One aspect of the invention is an oligomerization process. In the

process a catalyst system, a lower olefin reactant, and a process medium are



WO 01/ 47839 PCTI US00135366 -3 provided. The lower olefin is reacted in the
presence of the catalyst systemto produce a product stream The product
stream i nrwowrier3s| hi gher ol efin product and catalyst sPET/ESHOBES due, both
di spersed. in the process solvent or nmedium The resulting product stream
is treated with a quenching material _§ _conprising an aliphatic primary

am ne, an aliphatic secondary amne, or a conbination of those materials.
Opti onal | y, prpided.c The lowar olifine reaoed ixhihe gresarice rof alhescatAAyst eystamtde conbi ned -

with the selected am ne to form conposite quenchi terials. The
quenchi ng nBiodrgec product sream. qdhe pradugh s'é??&hﬂ’ﬁl“g?s ?g‘%g?rr@ﬁf%% ‘Qﬂ?‘?té‘P‘Fy
effective t gufigRcher RRidua! Bdtl dlsperddd iAMd roceds! Slodnt B mi¥dhuf. | al s have been
found to generate few or no hydrotgen hal'i des_when used .to quench

ol i gomeri zati on cat alShstresultimgaireduct siregmas twgated withjaguepehingmatenal,

ol i gonmerkza .n%ﬂ'is R pritfiir§ BmidaC P SRAYEL seblidfMiuhihel &0at €d with an

al cohol |5n gén arrg{&%@eag?hﬁ‘tea%t palraﬁ'af ly “eff e?:t lve to qgen_ch t he catal yst.
The product cotbisgioniof thdse materialst dptinhally, an algohal gbiother auapching aateaialst hat
forms a stahl e hydrogen | .i.d I Lzl Jal is provided
in an amounfs® &% % O?r@énetlagwlg}f ﬁ?é?@%ﬂ%ﬁ%?%%@r@%ﬁﬁ%ﬁaﬁgf ree hydrogen
hal i des. Al mhetigh JThe qhaiching ematdriah s praided inlan dnonet dtdeasst substautially gener at e
hydr ogen hal j des, the %@?l lizing material alleviates the problem
apparent|y %yt i°AgY% th any hydrogen halides to produce a stable
mat eri alg (t hough t he Ahis @aénching @mitérials liave bedn foinnd toegentrateafew qrawot i cul ar
node of action). _DETAILED SCRI PTILON OF THE | NVENTI ON Whil e the invention
will be desbydrpgss Wdféahﬁédls? 19 qherdh igomenzalgp &2 o di ments, it will be
under stood that the ishéet bepct of thoinvbitithti€sh bligdniepiaztiontpreddeoiti nents. On
the contrary, the invention includes all alternatives nodi fi.cations, and

equi val ent sWhish theypraduct sEsamyisdregted fyith anralcokel injan amoynt atgast garti appended
claims. Theg o{el%l %n?l{éﬁc}pﬁle%w fRbdit Rfeﬁfneilﬁ%ﬁﬁreﬁﬁﬂ vadrd ai n

enbodi nent s s not indicate an intent to exclude other enbodiments that
are not 15 nestehiliziegimeterisk thatefgrmoa sleblp hydregenchplidg salty hEhe #akilizing cont enpl at ed

here broadl y., Lalates:d8; LA UREIVE D aPfRast el el SREragdopkher | over
olefins to %1% %@gbﬁﬁbﬁgﬁﬁ%g@%ﬁ%nithg’g context, "Tower" and "higher"
are rel ati veydregehdralidesol efin, as used in this disclosure is any 1 .

Although alcohol quenching materials have been found to generate

hydrogen halides, the stabilizing material alleviates the problem, apparently by
20 interacting with any hydrogen halides to produce a stable material (though the
present invention is not limited to any particular mode of action).
DETAILED DESCRIPTION OF THE INVENTION

While the invention will be described in connection with one or more

embodiments, it will be understood that the invention is not limited to those
- 25  embodiments. On the contrary, the invention includes all alternatives,

modifications, and equivalents as may be included within the spirit and scope of the
appended claims. The mention of or statement of a preference for certain
embodiments does not indicate an intent to exclude other embodiments that are not
mentioned or stated to be preferred.

30 The reaction contemplated here broadly. relates to the oligomerization
of ethylene and other lower olefins to produce higher olefins. In this context,

"Jower" and "higher" are relative; a lower olefin, as used in this disclosure is any 1-



WD 01147839 PCT/ USOQ 35366 -4 olefin that can be converted to a higher
1-ol efin, wherein the higher:-1-olefin has a greater nunb on at ons
than the | OY@&PVEP¥rin. The reaction is carried out in §éﬂﬁ%“3§§’;§g of one
or nore catalysts under conditions encouragi ng the reactlon to proceed. 5
The present invention will be exenplified-in the context of a

trimerization reaction, although it is con Iated tq&t t he | vention wl|l

fi'nd use in Qefiethabeandesneany tﬁﬁ‘hﬂ‘%@éti’% hﬁephgl'e gher drple "aléasli'sed in

this disclosugge ﬁnnﬂ?t)f @ﬁgorﬁﬁoﬁglﬂlﬁ%@l&m’} 'o%n.Oleﬁ'}h‘achﬁﬁ) is éaMfi@tout@h noOr e
ol efins reducing t olefin, 1.e., carbon-carbon, double bonds

by two. For ethappisencetoffone m mrwlyaﬁs wgleneandifions, enqeuragighe ER3PHAN ©F t hr ee
et hyl ene units can be reduced by two, to one olefin bond, in 1-hexene. In
~anot her exanpl & the four olefin bonds in the conbi nation of two

1, 3- but adi®ne units carrheeresentlineaitiby withbe examplifiod @h éfei gontzahofsa i n

1, 5-cycl ooct adi ene... As use re he t |zat| LSl it ended to
i ncl ude 15 di FEEFZaHoPJRac 6‘?“’(1‘{1%103#}1 {Hé 5 o0 e%?t?‘{g‘nP YR nré?"iﬂig fpgﬁe'm each
as further di sEétSsiR@metigdtion/reattions e'mhﬁﬁrzamnt:,atsalbgtsmmseﬁmq@mms and
reaction conditions useful in th present process ?.nd t il?cth)re
“products and $sfngd 6%1%?&%01?125?%’860 any, tvyo, thyeg, ogmqrg Qleips Flflﬁ B act i on

are further dgsqtfided., RebeNicarBsm dodblt bond oy i, FERGH §t1@é)&!rée&ﬂé:ﬁxe for use

in the trimerization process of this invention include olefinic conpounds
whi ch canl®&el fonde ircthe combinatien pfidraeathyleng vgﬂs/ean %@ﬂmed&ydafec fosonerqy

exanpl e, t henélgj#x; E&gﬁgﬁ h Q. ol WSt Ex Qﬁevﬁ)u}oﬁﬁﬁgaﬁds @nge the

self-reactio tadi ene can give 5 cycl ooct adi ene. The reactants
~ appl i cabl e f osombsmation of weo ﬂISrM@amﬂcwmdgceébettWPstq tpeiefimbongs.s o

I ncl ude ol ef m clgé &g orlpaga%gs whi ch can react with other ol efinic conpounds,
l.e., co-tri errze %o gl ve useful products. For exanpl e,
co-tririnerizat | on of etsh;sbdahere,pﬂhaﬂ;erhe’itmmenzaaon !glmvendbddeamhuleor

1-tetradegcene, Co-tri i on of. ethylene.and .1 an,.gi v

1- oct ene. f%o ’f’rﬁ“ﬁ’? ?aﬂini asRAL#R Cérﬁmg?ﬁ'f}f"éngac ?i" %rdi%f]ses??adecene
or 1- doc osenﬁloﬁorﬁyr&a@h@ datdlyety, Ieitﬁbm&lt,ohﬁfﬂethﬁmbﬂdiﬁd?s wefal irhths e
conpounds having fromaboyt 2 to about 30 E‘zr bon at.ons .per eﬁ“h} cul e and
having at | eaeseBhirocess and edearian PEdBes gnd m‘rlfﬂmmee Aet At dde, but

~are not |im tgehetiatioiGeaction are further described below.
Reactants

20 . The reactants applicable for use in the trimerization process of this
invention include olefinic compounds which can self-react, i.e., trimerize, to give
useful products. For example, the self-reaction of ethylene can give 1-hexene, and
the self-reaction of 1,3-butadiene can give 1,5-cyclooctadiene. The reactants
applicable for use in the trimerization process of this invention also include olefinic

25 compounds which can react with other olefinic compounds, i.e., co-trimerize, to
give useful products. For example, co-trimerization of ethylene plus hexene can
give 1-decene or 1-tetradecene. Co-trimerization of ethylene and 1-butene can give
1-octene, Co-trimerization of 1-decene and ethylene can give 1-tetradecene or 1-
docosene.

30 Suitable trimerizable olefin compounds are those compounds having
from about 2 to about 30 carbon atoms per molecule and having at least one

. olefinic double bond. Exemplary olefins include, but are not limited to the



WO 01/ 47839 PCT/ US0035366 -5- follow ng. Acyclic olefins are contenpl ated
such as, for exanple, ethylene, propylene, 1-butene, 2-butene,

i sobut yl eWO01478%nt ene, 2-pentene, 1-hexene, 2-hexene, PGTHE0S5IS6

1- hept ene, 2-heptene, 3-heptene, the four nornmal octenes, the 5 four normal
nonenes, and m xtures of any two or norse. of those. Exenplary diolefin
conpounds contenpl ated here include, but are not |imted to,

1, 3- but adi efadlowingi- pent adi ene, and 1, 5-hexadien.e.. |f branched or cyclic -
olefins are used as r .an whil e no i shing. to be b d by theory, it
i s believed. that st e‘?%%flﬁ?ﬁ??saﬁgém%‘ﬁﬁ %te\f?:sﬁ SRl K elf’r%?‘ﬁat i on
process. Theropylene,1-titenep2-buiehs dsobutyleye| li-penyemet 2-pentade, 1hexeneef in general |y

will be distant fr t he .carbon-carhbon ubl e hond. The present, invention
' ot 1 b pak SR AR BTS SOGEe B 1oy Tamel R o be
usef ul . 5ANfoud h6fmdd nbikaiks, \ehdl Inigtasek o€ kidpivd drmbleefaeet i on is cont enpl at ed
for use according to_the present inventjion. 15 Catal yst Systens One

trimerization cat al ydtxespeneticldncemprunds gontemplated hergringudg, bRt are mpls

i nvention i fmfled B, 8S-Rdidiensy 4 HBAGAER bid 19-HelfimeNDI nation of a chrom um
source, a pyrrole-containi ng conpound, and a netal alkyl. Optionally, the

cat al yst syst em can Ibbranehsp oF cxrlicotiefins armesed am reactgsnts,awhila mas grishingrhes e
catal yst sygtighi = : '[{TF;]' L on and
trinmerizati t?)J.n of u%??#l%gﬁégtﬁigﬁélgésvléd?}%?@ e&gﬁg{aiel%eceoghy elrilgera(%% 1- hexene. For
pr esent 1§ur possigationrproesss. dhgreforeyrthe brandhed tor cynjic tpertioncnfithé slefiy a net al al kyl
I's nore brogdl T - C I ncl udes a

hal i de sour e?%Pg(r&mé%g@kp%?ﬂgmctﬂggé}?{’}rg!ﬁ@rno%%gfec%%di €, p‘l'o%m fluoride
conmpound. Zinvektien ¢hnatrlimiredIo usecwith atie diefirsrsaggestedby ehio tipary © terusefubr gani c

conpounds, in I.C he.chr.om um gxi dation state is,fromO0 to,.6. Generally,
Cher ot oni A SISt R Wi pAEFate TR B end By SosPSefeine i b R AoobBiRE % can e
the same orthe @dsémlidrRhtiorand can be any organic or inorganic radical, and n
is an ipteger froml to 6. Exerrp&aré ogganic radi cal s can have from about
1 to abtlut 20 carbon atons per 3 teBtemsng can be al kyl, al koxy, ester,

ket one, carboxyl ate Oneafineization calys sydiérh com¥aphted in Irddneewitk radi cal s
can be strajght-chaiped _or branched, cycli¢c or acyclic aromatic or

al i phati c, ERADEUPRI Grecrast System cAMATIFRS thecgmimation of 2 oMM i phat i ¢
source, a pyrrole-containing compound_and a metal alkyl. Optionally, the catalyst

~ system can be supported on an inorganic oxide support. These catalyst systems are

20  especially useful for the dimerization and trimerization of olefins, such as, for
example, ethylene to 1-hexene. For present purposes, any catalyst or catalyst
system comprising a metal alkyl is more broadly contemj)lated. The catalyst system
commonly includes a halide source, for example, a chloride, bromide, iodide, or
fluoride compound. |

25 The chromium source can be one or more organic or inorganic
compounds, in which the chromium oxidation state is from 0 to 6. Generally, the
chromium source will have a formula of CrX;, in which each X can be the same or
different, and can be any organic or inorganic radical, and n is an integer from 1 to
6. Exemplary organic radicals can have from about 1 to about 20 carbon atoms per

30 radical, and can be alkyl, alkoxy, ester, ketone, carboxylate or amido radicals, for
example. The organic radicals can be straight-chained or branched, cyclic or acyclic,
aromatic or aliphatic, can be made of mixed aliphatic, aromatic, or cycloaliphatic
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I nclude, but are not limted to, any anion or oxidizing radical, for
exanpl e, haWVO@E4783%ul f at es, or oxides. Preferably, the chPEHUSHISErce is a
chromium (I'1)- or chromium (I11)-containing conpound that can yield a

catal yst systemwi th inproved 5 oligonergzation or trinerization activity.
Most preferably, the chromumsource is a chromum (l1l) conpound because
of its ease ofroupe, Exenaplirylindriganic radivalscintlade; but arenat lmited to5 tamyrasion iovi t y.
Exenpl ary chromum(lll ound cIu but are not limted to,

chroni um car BE%gadic glcﬁ‘?’c? ’ﬁ%ﬁ?ﬁﬂé 5T PH9Bni um hal i des, chroni um
pyrrolides, and 10 chr dpreferabli, diaéteomiufpssikdel is a@kvinar§)cer om um (111)
conmpounds (foI I ovved 1@3 sone.i nstances bel ow by their respective

abbr evi at i ons$hrPRER §LL-ogptaming-compound fhat ean W?ls acfatabyst Systet Pt proved 6.

t et r anet hyk hegfgopeslizowst & winfefizatidhldb@vinchr om um (111)  2-et hyl hexanoate -
C(EH)3; chromum (II11) tris-(2-ethylhéxanoate); chromum(lll)

napht henat e - Cr (Np) 3; Mastawefonably) the)chrapnivmi sgurce déhz elromivn ¢H)rempewrd i c
fluoride; Q{)l?é@dfrﬂs(éaééé l?s%eé%hﬁw?lﬁt&,l %ﬁi &hharfdl Q. Eﬂéktje acfi¥ify.at €;

chromum(lll rate, romu eopentano rom um (I11)
| aurate; chr oﬁxmlwldhyomumﬁm eqmpomhds)mphnde (hlut hoe lmﬂlmedd@ chogmagmm um (| I )

oxal ate; or cg f. tvvo m)re eci L ar £ (11
conmpounds i ncfggo ?a% ¥ thr oPa ﬁgﬁrhgrré égglgl éyﬂ& Cf%(s)’r%lus

f Ihuor i de; %«ll;lh ; ciromiune HioﬂﬁﬂedESp@moOememmg('y throm#n tIIII<) n()ﬂpejdalyl :(fmﬂnwamai e);
chrom um acet uty at e n anoat e;
chr ot um (1) sSRSkinaaikes SRR ek rrspective bteaainl Bl ok pe P8 Ao
chrom um (1) topshrériuird@H) 2626, GQBtbddib'tlﬁym&ibﬁan&iloﬁat@—QIr(MD)s, Chiofrit IIL)! I )
and chrom um%l I Iﬁpcorrpounds can al so be conbin rrol e- contai ni ng

... Th
conpound of t Xgupaie s%ﬁ ; Chrgmpn SHD m?@'ﬁefﬁlé‘h-r R t@r chgsménng (IDhose

that will TeagdhniMehdle 3 GHINEYY hROrRIGHT Hﬁ%élﬁoﬁ&r @In%mx&fix‘oﬁﬁélé" Rhidvfié Qb
conplex. As used in this di dclosure, e term "pyrrol e- c¢ontaining

conpound" 1% ef dremium (1Y eerflacstanatcs Phra@u{m (1Y) agstatepehsomiuOIHS Rptyrate;

derivatives 0 e wel | as
net al pyrrol% e congﬁzngésgeh&hbm xtures t {n;;l{e %ﬂwgrﬂﬁﬁwl $ defined
as a conpoundelzomiven(Itl) piyrrglide; Shnopirne (BT, oxnlater olgeombmattoas nf twp bemereocycl e.

et orof epti c- or  homol opPPATRSF A R apua R B e, Sags o | e

radi cal or limited to chromous bromide; chromous fluoride; chromous chloride; chromium (II)

20  bis-(2-ethylhexanoate); chromium (II) acetate; chromium (II) butyrate; chromium
(II) neopentanoate; chromium (II) laurate; chromium (II) stearate; chromium (II)
oxalate; chromium (II) pyrrolides; or combinations of two or more. Chromium (II)
and chromium (III) compounds can also be combined.

The pyrrole-containing compound of the catalyst system can be any

25 one, two or more of those that will react with a chromium source to form a
chromium pyrrolide complex. As used in this disclosure, the term "pyrrole-
containing compound" refers to hydrogen pyrrolide (i.e. pyrrole -- C,H,N),
derivatives of hydrogen pyrrolide, and substituted pyrrolides, as well as metal
pyrrolide complexes and mixtures thereof. A "pyrrolide" is defined as a compound

30 comprising a 5-membered, nifrogen-containing heterocycle.

Broadly, the pyrrole-containing compound can be pyrrole or any
heteroleptic or homoleptic metal complex or salt containing a pyrrolide radical or



WO 01/ 47839 PCT/ US00/ 35366 -7 ligand. The pyrrol e-containing conmpound can
be either_affi tively added to the reaction or dgener -ﬁﬁﬁ =Si tu.
Gener al | ngt"{{%%%‘;rrol e-cont ai ni ng conpound w || have frlgém aogﬁ?‘s'éﬂf t o about
20 carbon atons per nol ecul e. Exenpl arﬁ pyrrolides, nentioned because of 5
their high reactivity and activity wth-the other reactants, include
pyrrole; lighiympyrroljde;, sodiumpyrrolide..potassium py.rolide; cesium
pyrrolide; f‘ﬁ’é‘gs ﬁgygpfe-cgﬁ%@fq&iﬂrgg%?%heid graiﬁpnaglg%'l %g?ﬂ?ntget hereof . ~
The useful sHbfhidrWeidattd id-Glul des i nclude, but are not limted to
pyrrol e-2-carboxylic acid; 2-acetyl pyrrole; rrol e-2-carboxal dehyde;
t et rahydroi ndol e; 2, Sieaerally. e BVF?IB‘F%tMEIPg-cﬂ‘P%“ﬂWIﬁ aY?)%'QF’n 0 &?r ol e;
3-acetyl - 2, 4- AoiRI0VAbdh dtéthe perGhél¥dule Breslh BBl fitotifes| fichGonta vehsy bf - 3-
pyrrol e-propionate; ethyl-3,5-dinmet h%l - 2-pyrrol ecarboxyl ate;_ or
conbi nat¥ ontheir thighr readtivity\ardh aqtivity jwithy the ethenieaetants, decledsRysioi iR ai ns
chromium the ras yrEoHaS ot 8e: CB%uh Erﬁgi,-&eeq,casaﬁpg,pm um

e hﬁ%’:%oa%?}e? dg'rgowl&%gjcoﬁ P onpot ina 15

~pyrrolide. erred pyrro nt &i ni ng nmpounds usef ul
trimerizat i sbstiteted lpysolidey,sirexmbematitre therbefc the usefohsubbtituigd pypolidsdsi st i ng of

hydr ogen yrrolid 2, 5:.di hy| pyr . 0Ri ] i des because of
e%hanged ?’?‘{‘Flr'fg ibfg?‘ﬂiedﬁ?gﬁtlgﬁotwo&?%%rﬁgﬁhf%@b?ag%@%lghse, a chrom um
pyrroli ge ;?ml@gxamibdﬁl]@hm; ttéulah;adminddala;rﬂ,m' “ﬁ’lml“;w’p@“ﬂm&é' cont ai gi ?g
conpound. used i | i scl osure r ani rroli S use o]
f o[?n a tht a?‘bgl’y"é‘i}%i&é?ﬁ“}’ifzg?gmfﬁ‘y E’Wﬂ*ﬁ%ﬂf@f'ﬁ%&%’gé R aﬁ?%‘. provide
both the Ch;?ﬁfﬁl@ﬁi‘oﬁﬁﬂﬂt@ﬁetﬁﬂ@,S—Mﬁwmnfpghe}ewm)@rlamé;rmgcmhinm. While all
pyr_ro! e-cont ai ni ng coppounds can produce _catal s}]@m W bhthl gh
activity andessph ithe P ,oag@t@plngfpmg?lgld(fpn@%_c {}T‘Fﬁw e can
produce a c@hghisd i b lcabiBd aRaRehima ipymblide. and sel ectivity to a

c
desired product. 25 The netal alkyl of the catal yst system can be any

heterol eptic or homdhepgastprersd PYITRIpicoBtamng Faipowsds W% netal al kyls
can be 45 CluimMarich dittlyst HARAIM IR seliQedBOR hE BFoub LomideRAribgarogeomal | C. OF

both (iT" nore an one I'gand 1s present). Preferably, the alkyl |igands
are any satpyolidel 23-dimethyimyreelecer chagrmiymapyrolideschesatse oBenbpAgednet al al kyl can
have any nunber. cak tﬁ?ﬁﬁ UL chiofhi bGdeddanavai | abi lity
and ease ofmﬁqscé,z‘%{oﬁea%nﬂ&gﬂé% yly’vm : ﬁéﬂgﬁ yccq'rr_p‘?hlqggE l ess than about 70.
carbon at onproyide bothtthé clabkinm smireecanddhepytrqle-edntaining gonpoxmd; Ag ysed in

this disclosure, when a chromium pyrrolide is used to form a catalyst system, a

20 chromium pyrrolide is considered to provide both the chromium source and the
pyrrole-containing compdund. While al]. pyrr.o]e-pontajning compounds can produce
catalyst systems with high activity and productivity, use of pyrrole or 2,5-
dimethylpyrrole can produce a catalyst system with enhanced activity and selectivity
to a desired product.

25 The metal alkyl of the catalyst system can be any heteroleptic or

. homoleptic metal alkyl compound. One or more metal alkyls can be used. The
alkyl ligands on the metal can be aliﬁhatic, aromatic, or both (if more than one
ligand is present). Preferably, the alkyl ligands are any saturated or unsaturated
aliphatic radical.

30 The metal alkyl can have any number of carbon atoms. However, due
to commercial availability and ease of use, the metal alky! will usually comprise
less than about 70 carbon atoms per metal alkyl molecule and preferably less than



WO 01/ 47839 PCT/ US00/ 35366 -8- about 20 carbon atons per nol ecul e.
Exenplary netal al kyls include, but are not limted to, alkylalum num
conpounds, walsag¥sher on conpounds, al kyl magnesi um conpoundsECT/G80R§I366 nc
conpounds or al kyl lithium conpounds. Exenplary nmetal alkyls include, 5 but
are not limted to n-butyl” Tithium s-bugyllithium: t-butyllithium

di et hyl magnesi um diethyl zinc; triethylalum nunm trimnmethylal um num

trii sobut yl alaygitmongarson gt@ﬁbf,ﬁahdﬂe;ﬁﬁe t her eof Pr ef er abl y, the netal alkyl is
selected fromthe groug consi sti ng .of g@ﬁ% tY i , hot
pre-contacted with wat Exemplarimetel alloys Re ot W‘ﬁgrtf’vat i ves of

al kyl al um NUISATRAM ﬁg,scon{b%h%e RiR{BErod! deMipohnds] Wg{@mpd@npo@ag m Xt ures
thereof. M xed netal alkyl's can provide inproved product selectivity, as
wel | as i npr clietrrcmeamppyndsersaliodhlitkinm: qoppoynds g Bxgmplary mesal aloddmelude ty. The
use of  hydr e ! fu! efin (i.e.

l'i qui d) prodﬁ’b:‘l{lg%ﬂmgﬁhﬁ{eflzé:?ég lg% éUﬁ‘W‘ E@&f{?lg) production. 15 Most
preferably, tdmhyrmhgriesmhkyliethsdzm, Mﬂhﬂyldnmimedmglhkklwmmnum conpound
expressed by theth f or mul Q? ereofRZX Al RX2, Al R2OR, AIRXOR, or
A12R3X3, in wHI® uﬂgn"é?f oélcﬁﬁ’iﬁﬁ Bt oM each Ris an alkyl group, O is
an oxygen atom and X P&f&amwthgmtatamyl 1s|:‘setemp&a'1royn the rgooupnctmsistingg efile, but
are not limted._t Ialumn oyI num trlbu al um num
30" d ot hyl | RPRIOBED e BT R ALY by SPHPPRRAST o

et hoxi de;jo digiitatives bNMIRMEBEARL ¥oEFounds, hiﬂlo@énﬂtﬁdrum@lduﬁﬁﬂ@{ téiepounds,

et hyl al um num sesquichloride; and m xtures thereof for bg t c:itt al é)gt

syst em act i vidng ouxyres thaech Mg‘éﬁmql\ﬂktyiﬁ car PEOVARFS ISP v

al kyl al uni nur&%ﬁpﬁqﬂng@d E&rh@&ﬂk‘y&tem%&my Betidifyf, of bﬁ)dbmtycqh@hswf system
activity and product selectivity. yst 25 systens nost pertinent to the

present |nverib’ﬂ@&yze@mﬁﬁlggtﬂ,ﬁl@mfmﬂhlaldk‘ﬁ@ede’&ﬁt‘&ﬁ%llﬁﬁldép uplin andych as a

chl ori de or | e g.to be bound by theory, it is
bel i eved that%&éag%ﬁ&?,mgighgo% i|18n3&§:d§lrrpound can i nprove E@oduct purity

and sel edi5i vi ty Any Mdprnewbiwﬂhfamniahglktbﬁmendlydmhyzbéa talpmigwsh as,

for exanple, nd_or 3 | rides
i ncl ude, but cg?'gmﬁl e)ﬁpres&?%gt?l %Q%egérlt;g%% tré ﬁ&xi ?}qﬁa ne chl ori de,
chl orof orm ERXYR; fok MR, ift WhichaAhisancdirhiame atmobanhktlamasalkyﬂlerwpi :

O is an oxygen atom, and X is a halogen atom. Exemplary compounds include, but

are not limited to triethylaluminum; tripropylaluminum; tributylaluminum;

20  diethylaluminum chloride; diethylaluminum bromide; diethylaluminum ethoxide;
diethylaluminum phenoxide; ethylaluminum dichloride; e'thylaluminum
sesquichloride; and mixtures thereof for best catalyst system activity and product
selectivity. The most preferred single alkylaluminum compound is triethyl-
aluminum, for the best catalyst system activity and product selectivity. Catalyst

25  systems most pertinent to the present invention comprise aluminum alkyls
containing a halide, such as a chloride or a bromide.

While not wishing to be bound by théory, it is believed that a
chloride containing-compound can improve product purity and selectivity. Any
chloride-containing compound can be used, such as, for example, DEAC and organo

30 chlorides. Exemplary organochlorides include, but are not limited to, carbon
tetrachloride, methylene chloride, chloroform, benzylchloride, 1-hexachloroethane

and mixtures thereof.



WO 01/ 47839 PCTI US00135366 -9 One particul ar conposite catal yst

cont enpl e is the conbination of chromum (lI1I) ,G%]ﬂ noat e,

2, 5-di ma'?‘h q}{{'}? ole, triethyl- alum num and diethylal ulFrﬁlum)(a: %ri de. This
conposite catal yst systemcan be used to trinerize ethylene, formng
1-hexene. U.S. Patent No. 5,198,563 tedches the 5 use of a suitable

trimerization catalyst for .the present invention, The entire patent is
i ncor porated by referé?&%ar?‘ﬂ\lari°P’§‘pﬁq“§(9Pt88'ﬁtr‘émEﬁ“pﬁl?ﬁ??isa'{hFon catal ysts.

Medi a  Usuakénfbinitvh oHthfomithi (BOURERexbitftd) 2[5 dinethgRyraieN iritghyd-onpound, and
the metal alkyl are copbined in an., olefinically. or aromatically

unsat ur at ed aHBURY L Sietsflalymipum ‘@*P“ﬁ%dﬂﬂﬁf’m‘ﬂ’f@“ﬁ §ﬂf‘éﬂﬁt§§ﬁ’ﬂﬁ'ﬁ %Il?.e be any

aromatic or yalyitphdhiitze diAEHRCRAMARES, 1-hékeke. UAS S0ikht Nol 8481563 teaktles thest ate.

Preferably, to thoroughly contact ‘the chrom um source, pyrrole-caontaining

conpound$ ahet ofea switable gnerizatien pajalysd dorr the Rresent mvenion. | Tag entize patent ighe

hydr ocar bon. r:.0f: Bt cule. 15 Usually,
%glﬁo%\éﬁ)ﬂyer%m& 1tsocflsc¥tﬁ'ﬁ}3% tﬁlrngﬁ%891§ gartgﬁggtg.

t he hydroca}no conprise l'ess an about n atoms per

mol ecul e, and preferably, |ess than 2Media 20 carbon atons per nol ecul e, due

to the commercial avwailabilit n f of r-wei ght
conpounds. The nopst \@?‘%‘? rdr‘ee%}%ﬂr;%ﬁ'%'ogogl?%bﬁm@gﬁglgﬁcﬁa&%ﬁﬁﬁggl ﬁ?’oaﬁwﬁr oduct
formed by utie mdtaltdliey] accadomibjisdd i s olefinickily ocaranptially ivhsaturhtedene is a
reaction_prodyct, sonme of the 1,20 hexen roduct can he re led for use
as a redlti BYFrARIRoRFracugy megiur)- &&Pﬁ?ﬁ?’gﬁ?ﬂgﬁ"i%ﬁéﬁ"&gﬁﬁi ?@%ﬁa}]ﬁon

co WPFU nds dﬁﬁﬁi&dhﬁﬂnﬁinleﬁ gis@éuspﬁ@.ﬁﬁ&r ﬁﬁ&#ﬁ tPréfesably] nthomughly icﬁmhmdbeh but f are
not limted to,. ethylene, 1-hexene, 1, 3-hutadienge,  an I xtures thereof.
Exenpl ary ufiEamim sQuce, amﬂaxcw&mmyarce@a?%gnaf@e@ﬁflki‘s gaﬂggg?{qc Nifdia

i nclude, buf, Afigni@Qfated | M ted to, 25 benzene, toluene, ethylbenzene, xylene,.

nmesi tyl ene, hexanet hyl benzene, and m xtures thereof. Unsaturated aronatic
hydr ocar bons are pr efherhydrocerbpmpandiave apy numgbes o (carbgn gtomsiper molesulest syst em

and 1o s ottegng, fl Wubedbid Wi ﬂd&g:rﬁ@ie%ﬂﬂaﬂ%b&ﬁt?@'dﬁ%n afoh i The nost

preferred unsatlrated aromatic rocarbon is ethylbenzene for Dbest

catal yst symolsmulacanduirefrablyclesy Gam ehous 0 carbpwy pions pspmpleeuley dusdpitbeat i on
process ge ncgﬂrﬁ’lhér)fiai %\falﬁ%ifiwg%%c fhs@ of loW-mb1eBilat WEightc@hipoids. FREPONENtS i N

an inert nedi um or uent. Broadly, the common trimeri zation reaction R
di | uents camofteréfened bydverartionicampowndds epeactitn preductdbumedrhy wse of the -

catalyst system. For example, if 1-hexene is a reaction product, some of the 1-

20  hexene product can be recycled for use as a reaction medium.

Exemplary unsaturated aliphatic hydrocarbon compounds
contemplated for use as catalyst reaction media include, but are not limited to,
ethylene, 1-hexene, 1,3-butadiene, and mixtures thereof. Exemplary unsaturated
aromatic hydrocarbons useful as reaction media include, but are not limited to,

25  benzene, toluene, ethylbenzene, xylene, mesitylene, hexamethylbenzene, and
mixtures thereof. Unsaturated aromatic hydrocarbons are preferred to improve the
stability of the catalyst system and to produce a highly active and selective catalyst
system. The most preferred unsaturated aromatic hydrocarbon is ethylbenzene for
best catalyst system activity and product selectivity.

30 _ The trimerization process generally is carried out in a slurry of the
catalyst components in an inert medium or diluent. Broadly, the common

trimerization reaction diluents can be liquid paraffins, cycloparaffins, olefins or



WO 01/ 47839 PCT/ US00135366 -10 aromatic hydrocarbons, Exenplary reactor
diluents include, but are not limted to, isobutane, cyclghexane. and

nmet hyl cycl SYRYMM | sobut ane can be used for enhanced coﬁ% Fmﬁﬁfy W th
known ol efin pol ynerization processes. However, a honpgenous trimerization
catal yst systemis nore easily dispersedl®n cycl ohexane. 5 Therefore, a
preferred diluent for a honbgeneous catal yzed trinerization {;’g&ess S

cycl ohexane. #Amaticbydragrehons ExenplanhepctehdiBentsdrpiudss butgre np B 6n, a
slurry proce fla€ ' L hde MRdicdibe vA 6P 1S a

product of th%%‘fg?’l %%]%H%?%dg’rm%%g? lg}r'\&o%%:désg%#hergfor?ut he choi ce of
react or di | ueerthanesd comgatibilityi with Rndyanseldfin polymerizasion procsssed f Howevarna t i al

olefin reactant. Fo i f 0l i i [ i sed to
trimerize et hg?r%(’r%n'%uosqﬁ%%%(%ﬁg ,ca aiﬁp?g'%ne%% or é@keﬁggﬁ%gﬂn@ ?ozh & a|ng'n

‘reacti on wpul Thérefoile; hpxefared dilueat foy lachomogentoteoataigzedarimeriationgprocessdist 0

pr oduce 1-decen§, the oligonerization reaction solvent would be 1- decene.
If 1, 3-but adi SFPEARSt i neri zed to 1, 5-cycl ooct adi ene, the trinerization 15
reactor solvent woul d lg adcded4ire Wi Ginateetitboditient @R tilgs yi/entions belargonpri si ng
a chrom um source, pyrrole-_containjng conpound,, petal al kyl,_ and_reaction
medi a can conPTRFES 58HPe FBHSE outan fbivent @ednm), W "Hgia%qaﬂé‘?‘g‘éqt?c gleficy ~and
can_enhance t g ohfpiditiod Prodedd. aTHbfor, IHSERRe STHEALHIER] ofediRinGis hal i des.
20 Equi prent e trinerization reaction can be conveniently carried out in
a suitabl@® rbased on thepeleréomof the anitidnlefinasaciante For sxaneple.df der eactor with a
fluld jackel QfgonleRbldAtatallRPls b EPhfor binyRAC S Whetddl! MElsGivh b 0
mechani sm suck as, for exdnple, nechanical“stirring or an I nert gas,
typical l'y ni teliggerrizgiongeactipn jwonlsl leentrhoxeng.edf etitylgneo@dchenene weret abl e

react! o eau! RIRRLeTRYpBlR e e Sfon AR Seasfloh O GRGIPEG 1 |
mechani cal stirring, SUCH As. 101 examy e a's irring punmp, can be used
React i on CondddcemensIf Ty3-betadiest wamntrineesietd ont, Heydomtaljiengsthe dfimedzitiom t hi s
specification, can _be pr red_from catal yst systens of this invention by
di sper si ofP r BAFPLIPIY Tﬁﬂ?@%eﬁﬁ%‘g‘& °?“’g’}ﬁn°~or- gas phase reaction techniques
~using conventional equiTheRataly3nsysteanicsirisig ddweiugesourds)pimsiei ng of the
nononer or nononers wth a catalyst EJ;gste_m can_be effectgg],bgl i;\ny manner
known in the gntainies, corapndnmetal alkylp sl Eeaction media can contain additiona

components that do not adversely affect and can enhance the resultant catalyst

system, such as, for example, halides.
20 S Equipment
The trimerization reaction can be conveniently carried out in a
suitable reactor, preferably a continuous-feed autoclave reactor with a fluid jacket or
internal heat transfer coil and any suitable stirring mechanism, such as, for example,
mechanical stirring or an inert gas, typically nitrogen, purge, piping and valves. Any
25  other suitable reaction equipment may also be used. For example, a loop reactor
with mechanical stirring, such as, for example, a stirring pump, can be used
Reaction Conditions
Trimerization reaction products, as defined in this specification, can
be prepared from catalyst systems of this invention by dispersion reaction, shurry
30 reaction, or gas phase reaction techniques using conventional equipment and
contacting processes. Contacting of the monomer or monomers with a catalyst

system can be effected by any manner known in the art. One convenient process is
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reaction nediumand to agitate the m xture to faintai '}ﬁ!@ﬁ&& 5 | yst system
in di spet”%‘??)‘l‘fr"ﬁ?roughout the trimerization process. O (ﬁ%vﬁ contacting
processes al so can be enployed. Commonly, the catal yst system and reaction
media are introduced to 5 the reactorlleither continuously or in one or
nore charges, and the olefin reactant iis cgntinyously or intermttently

i ntroduced tormensgh et catalust pystem mdhe practipngnedivfad to pgitats e JIXRRO) essur e

inther eagrfn%taﬂﬂlﬁ@lchﬁllygtsiyg@l‘lﬂh AispedioR ¥urasighonoing wem&eAUsn pRicedsi N react ant

at a suitable rate to replace the ol efin consuned by the reaction. Hydrogen
gas can be Othar kvt eontagting proessess alparoan ge employedicti on to 10 i nprove the

rate of reaction and ﬁﬂﬁﬂ&.? tﬁ?s} | Sh&{Onafddid Le ¥ntfdilcdd foMer
product selectivity. (% e pr éstﬁeénln%e 0 g%%ﬁ@én canqﬁe a%ig\?alrllt aggous for
reduci ngs t hihe réigtop itk contpmbysie pisini ove @r anqgre vlkeges, andothe olefiyregetanhist hat i s
easily renmoved from the reactar d Sil .o effluent, as
by filteri ng HApEslyY °é0%tﬁ’69'§?qﬁgﬁ9“‘%ﬁee£§§°r"lg¥%§%geflre@géstﬁggg 3#%&/%%69% present
is ]ysualb: y ér&ﬁﬁeabmétpr&sﬂreﬁ@ﬂﬁbeaﬁorlﬁﬁhm{ﬁs kpintaifed( ybmidingla gasedB00 N cnP) ,
preferably fromabout 0.1 to about 80 kg/c about .1 to 800 N cnm). The
reaction t eNpE EacaR %WPB%”S%’%W o ( ePEﬁﬂéﬁW@"M@? re@%hon' trinerize
the ol ef in react ant s py@Rne: ghd o oRhBigh®™ the WReion dgsthareactibd bi n a1 ange
of from about OC to about 250C_Preferabl reaction .t,engqe atures within a

range ol0 2oimpr¢‘@rrham§mf@e@w@nasmﬂn@@ee%faﬁfﬁ'&yﬁﬁa%m BYRFIwi thin a
range of freé}ga&h)gafcﬁvﬁﬁ%eogrés@mtoﬂé%g&[ San BB RN REeolI R rédi€ingaRet ant. i s
y a

predom nately et ene, a ‘tenperature in the range of from apout 0C to
about 300C kyepredudt Ipplymers inte aipevyiery, menftacky foryn thajis easilygremexed Sem | s

P edor 1t S rébldY b0 Gaci brRHAY Blo e ifludCosty WlRring land 60 EzBRten. 60 1 ©

about 110C 1S enp e reaction tenperature Is too 25 |low, the
pol yrer t erffie pastia tpraskure of hyrrogengresont is ysually dom atiout Ad to 8bewti188 t enperature

o or ot 14 ot e 30 1300 RUREL Bl FRGL e 01304608 pdRcompOse. The

overal | ure enp can-be any pressure that” can trimnerize
the ol efi n @abattlant80 Nzem®r al | y, reaction pressures are within a range of

2500 30 psi g (about TRoEeReHEEpEEe sl i AR ) |0 Toou
pressures Wihddkide the dléiiO@adtints. Generaly) utactidntenpemhires qre edthin 2 range about 1000
Dol 8 10000 heneaS 8 o Bhin T profiiibiy Dbl BhGLAR Ml Tafle d10° Of 300
20 from about 60°C to about 200°C, and most preferably within a range of from about
80°C to about 150°C are employed. When the reactant is predominately ethylene, a
temperature in the range of from about 0°C to about 300°C 'generally can be used.
Preferably, when the reactant is predominately ethylene, a temperature in the range
of from about 60°C to about 110°C is employed. If the reaction temperature is too
25 low, the polymer tends to stick to the reactor surfaces. If the reaction temperature is
too high, the catalyst system and reaction products may decompose.
The overall reaction pressure employed can be any pressure that can

O

trimerize the olefin reactants. Generally, reaction pressures are within a range of
from about atmospheric pressure (0 psig or 0 N/em?® gange pressure) to about 2500
30 psig (about 1700 N/cm’ gauge pressure). Preferably, reac_tiop pressures within a
range of from about aundspheric pressure to about 1000 psig (690 N/cm’® gauge
pressure), and most préfe_rably within a range of 300 to 900 psig (about 200 to



WO 01/ 47839 PCT/ USOQ 35366 -12 about 620 N cnR gauge pressure), are

enpl oyed. |If the reaction pressure is too low, the catalyst system
activity cawole4188®m | ow. The maxi num pressure general |y | PCTAISOVIBE&d by

sdf ety concerns and the desire for vessels having walls no thicker than
necessary. 5 The contents of the reactor gan be agitated or stirred by an
inert gas (e.g. nitrogen) purge, by introducing the reactant, hydrogen,
flrui d medi um agdut 68G NN SIS presiaSdre BRkployed. efff the! RattidnpréssiRNB €do aySi Ny
agitation, by nechanical or _magnetic stirring, Qr in any other_suitable
manner. The r &kcoetabist sustem PVt Cary he Eoown iheSnsximymairesstie) 870 RlY & ng | ower
10 1-ol efin r gREkAEK &%t‘a{%éﬁ&hﬁ%dﬁi’é&e%ﬂé fHVsR1s4a0m WHE I thRRE th&MOVi ng
the liquid contents o he reactor. For exanple, a continuous stirred tank
react or syst eneessary. be enpl oyed that includes feed systens for catal yst
system reactant -and L um. | Qf: . A
bat ch procgss can al so e&@%@%&ﬁ?@fﬁ%&ﬁé@%é@%ﬁ?g@r?fété%?@}; glf(laHe#%t S
treated to ki (d.gtrieogen)yrpurgelcry infroducingcatht sdagtant, hydroganyfluisiapedinmeopr oduct s,

recycle the residyal reactants, djum _and ot her components.suitable for
recycling, an&atwgﬁ6§§ﬁﬁfﬁ%@’e§gi%ﬂtﬁ WAL CARE ar%tf‘t?g)q' @X%ﬁcgﬂ’.maﬁ'ﬁé
trimerizati onnagieici stifringS of 0inyedther Gnitsbde Magner.eacti on tenperature 20
usual Iy can be regulated by cjrcul ati.ng cool.in ter through. a.jacket or
heat transfer coil, thﬂ%‘= %W?f“é\‘”ﬁliydﬁ %{"_lmﬂ'b‘lq‘s]éf ytsﬁ%adlk']% E% ¥1+Y“is
i'mportant 190 BRleHA Radtéht(s), [BABKESysRAR tn® ploceds BiYdlim ant repdovinaehe gigeidor, so
the reactor can be effectlvelé_ mai nt ai ned .at the desired reaction
@1’

t enper at ure afPIEYRohbsreactos PRl @ qostintpus stined fapk FRaGRE ATy °BY t he
cooling nedi UR APRYELhaPAVRALLRE @s})e?ﬂ%rﬁr'eéth%tskéif&n,zéaaﬁﬁtan& hdaffel 1S

that the trimerization reaction can be run at”a higher throughput for a
gi ven t enper aang @ disoltergshsystem forrhecsfBusnt.o dubat¢hoproedss cat dpehe emploged,t he
catal yst syst been used to prepare one or. nore olefin products, the
reactor effluent stream conprising olefin trimer product(s), catalyst
system aihfl sone pol yneFheaeadtorgiffuentis tyeaterr tolkjll thegemeinder ofshe catalystt ed wit h
a 30 catal yst _Kkj agent tao "kill". deactivate or quer t he tal yst.
Exenpl ary cat 28 s%%raﬂe plé?gllelﬁf’sr ISH tgﬁp sé‘*uéf;reﬁcet%ets’glr'%ﬂgﬂc%ﬁoqt%? primary or
‘secondary am tdasponerits saitdbienfok astyclasgg, and dispose of any components that are not

=

recycled.
The trimerization reaction is exothermic, so the reaction temperature

20 usually can be regulated by circulating cooling water through a jacket or heat

transfer coil, thus transferring heat out of the reactor. It is important to be able to

transfer heat efficiently out of the reactor, so the reactor can be effectively

maintained at the desired reaction temperature and the heat can be removed using a

minimum quantity of the cooling medium. - Another advantage of more effective
25  heat transfer is that the trimerization reaction can be run at a higher throughput for

a given temperature, which can improve production efficiency.

After the catalyst system has been used to prepare one or more olefin
products, the reactor effluent stream comprising olefin trimer product(s), catalyst
system, and some polymer or higher oligomer by-products, is contacted with a

30 catalyst kill agent to "kill", deactivate or quench the catalyst. Exemplary catalyst kill
agents contemplated here are alcohols, primary or secondary amines, or
alkanolamines.



WO 01/ 47839 PCT/ US00135366 - 13 Any al cohol that can be easil y di sper sed
in the reactor effluent stream can be used as a catal yst ki I ent. For

exanpl e, WORHF8M cohol s such as nethanol, ethanol, W propanol ,
etc. can kill the catal yst system Pref erably, .however an al cohol is )
selected that has a boiling point, or 130l ecular weight,- such 5 that the

al cohol will not forman azeotrope with the olefin nonomer_ product.

General ly, materi al sMVtWOB?lrﬁ*t&mBBieWW@isﬁW?ﬁ@’&ﬁdeaﬁ@ﬁiem'femrﬂe@ﬁul ar
wei ght s ar &g,y RS éskfé il kﬁﬁ{lg AFEPLLARES lowd? aRiShSIX 6o B hetRBL eSS, in

whi ch the catal yst syste sed to trinerize ethylene to 1-hexene, a
monof unct i ostlzenok ipoaplandl, ispprbpasipk etsr canokill theaeatadyst systenat Bmferpléy, mol ecul e is
preferred S the cat t tional
al cohol ha V%rrx ?‘%&ﬁ é\;eg!c{cegr S%Esa ygrr\zlhﬁgéﬁ e"?@@d ngsﬂuglécf% best
cat al ysts Sylhit&m qludmhnmgot ﬁnnhnalzcmiopb snthrtbe alefin mpnomempradict. from t he 1-

hexene ol ef I n oduct .. .Exe nofun nal ..al ¢ hols | but, are
not linmtée 1y, matetialy i tﬂ%“ﬂ’i%a"ngﬁng p°§1 ipgjlar oo g‘fuhar w{@Lexanol
3-octanol ; Iﬁorhqmmyrtelfgml&e&r&pzpt anol ; 3-hept anol 4- hept anol ; -

2- met hyl - 3- hept anol ; _1-oct anogl ; 2- octanol anol ; 4-oc ol ;

7-met hyl - 2- decanol ; B# ary ?r%%a%‘yh‘d?,ﬂ’&é’é?h systgm ﬁé‘éﬁﬁ{g’

5-decanol . ,u&eﬁié1&h¥lbﬁéiﬁqaﬁabne ariﬂoﬂasmhwéx@ﬁalbwm sbdbi RbRdarboal Y, a
| ow nol ecul ar - wei or poI ol, for exanple_ _ethylene glycol, can be

used aslOa Qg };egtmqaq:qule @g&f?mdw@%caéﬂtﬁtﬁél o851t MostREHITOLY D have much
higher boi |} 00,a0flSS alchid] haﬂﬁge.kqefméﬁe bGP ABAS ?al ﬁofe’&h@?slw fapei ght, and

t hus can be separated nore easily from 1- hexene. The al cohol is used in an
amount at |bestsiatalyst syster quen¢lfing: tSuck aleehalsy ara epsilyirpmovablefromithe For  exanpl e,

al cohol ﬁe?%ﬁqaog%ﬁxgqﬂo@mg %@!ﬁ% ﬁ{oh%ﬁétmﬁﬁl%@ﬂ Yhelude, Bdt, b mpout 100,

preferably most preferably from 25 about 0. 05
to about 2 liniitedrtellatexawkt Bhehzolndhexanch Btetint-1dfexaol Toatano)ist-heptangl

deactivgte C sus y ] for a

hal oge %h?kngfﬁgl ‘39@[ érlﬁ tﬁ%/ dzoglzen R h%@ﬁéxgl Pkdéﬁélgzegggﬁagt ‘ed, as

descri bed p!r-astaml;sd—gctmo?ﬂambﬂ]yll—bdmmli hdecanolnﬂ#MI'é decariodsr4-ol efins
comonl y WI I C roducti on of hydrogen

hal i des. WLS ‘&’@ 189 ghﬁ"@ %F%tgsed by treating the .
product St reamwth Altsﬁaatbtely,anag ﬂiﬁlédiﬂalr-&}elghhdiol bopolpolafatealnhplehal i de or

hydrogen hz%altﬂy?e%e Sg%l(col can be used as a catalyst kill agent. Diols and polyols commonly

20  have much higher boiling points than monoalcohols of comparable molecular
weight, and thus can be separated more easily from 1-hexene_.
The alcohol is used in an amount at least partially effective to quench
the catalyst. For example, alcohol may be added in a molar ratio of from about
0.01 to about 100, preferably from about 0.01 to about 10, most preferably from
25 about 0.05 to about 2, in relation to the metal content of the catalyst to be
deactivated. '
If an alcohol is used as the catalyst kill agent for a halogenated
* catalyst system, hydrogen halides can be generated, as described previously.
Practitioners that manufacture higher olefins commonly wi_ll elect to avoid or reduce
30 the production of hydrogen halides. The hydrogen halide problem can be addressed
by treating the product stream with a stabilizing material that forms a stable halide
or hydrogen halide salt.



WO 01/ 47839 PCT/US00135366 - 14 The stabilizing material contenplated here
can be an aliphatic amne, an aromatic amne, a netal salt of an am de, a
met al sal t VP 014783% oxi de, a netal "salt of a carboxylic aBCWUSHH¥35I66

conmbi nation of these materials. Mre specifically, the stabilizing
material in the present invention can bejgelected fromcyclic and acyclic,
5 aromatic and aliphatic amnes, nitriles, amdes, etc. The primary am nes
contenpl ated as st abi | iThe s@biliRingmaatria] icomttmplated deftydat ienf; aliphaier Sixé,am ne;
cycl ohexyl am ne; benzyl.am.ne; npaphthyl ani_ne; an ot hers. .The seconflary
ami nes i ncl ud® PB4 ’r?el,ne@rf’*gto‘b‘{] 146y aymetalyfalf AEA butoxife, @ metal salt

di cycl ohexyl agfian@irbdtly i@ A, G Efnbimkitidn B $eké ARt M&ry!sg&ﬂfiéaﬂy,_ thee 10
stabilizing material can be a tertiary am ne such as tributylam ne, The
cyclic and arstabilizing materialsn dhpipresenh invention #en e gelecter frempeyglie and peyielic,as
stabi l'i zi ' i; -ani Line. . di.pe; di net hyl pyri di ne;

mor phol i ng;g r?&nr?%dazo ed;hmlﬂndgo ﬁ%f mluglg%la@;i&ép?’y%t?'ol e; 2,5-dinethylpyrrole;

3, 4-di met hyl pyrrol e; 3hepdinehi aniogs/contdnaplated & statflizing matshialsringyde ol e;

2-acetyl pyrral,e; azal e wrrolidine: pyrroli.done .
di pyrryl net hf@lmﬁﬁé’aﬁéﬁéﬁxlﬁ%%i%gcyﬁ%{ﬁé&? a ﬂsm’cgoéln]?ea%ﬁgtngahtﬁnﬂagl%eaﬁn %e
al kanol am neotherfn®hgsacondary aminasglinehide dictinfiansihd; altisbpropylaninesdibingl- t he sane

nol ecul e possesses.. bo | cohol., functionaljty an | ne functionality,

whi ch may corfPRH e °t5’g?’?¥? ne’a‘iéléeﬁg%l’ﬁcn ,‘f %%W&ﬁﬂ T)apyine. cilﬂeal yst system
and to sti@bi Istabilizitgamaeiialicae be anetiad Miin® buckGis @abut@amiR. hydr ogen hal i des.
Exenpl ary al kanol am nei_ I ncl ude i sopropanol am ne, _nonoet hanol am ne,

di et hanol ani he, and t r B R¥AlG 2adapamatie pmings 284 rslated, gompounds spateraplated npl at ed
here al so i NqeROR RBINLME M@Srials MeAR alite PRI BRfes SRRy hrgdiiagi ne,

di et hyl enetriam ne, and, tetramethylethy]enediamne. 25 The netal salts of
anmi des usabl dmjdazelecndelingcindolenparile: Ax-dinetyipypiols; 34-dimetiimamoleal t s of

-for exanpl e, 3gj R Qes_ eLde, Lde;
N et Nyl P R e P o B
i m dazol d32- parpldingripyeolidinepanddipyrdmethane. bet a- 1 actam delta | actam or
epsilon- lactamw th 0f. | . . odic table.
hobied ) Sl TRV BCh BB

Exanpl es of 30 such ne are odi um e am de;

cal ci um di et [Qpnegaititelar advantage of dikarsdqmings/is diwt dies sapetmelsculerpbssessss uth de;
- sodium bis (triyethylsilyl)amde: _1ithi.ymindolide; sodi rrolide;
lithiumpyrr S*CPg’g;iﬂ%c&o%léy ﬁﬂﬁin BWPM‘?‘&‘@?*‘" } which may contribute bott o

deactivating, or killing, the catalyst system and to stabilize against the generation of

20  corrosive hydrogen halides.  Exemplary alkanolamines include isopropanolamine,
monoethanolamine, diethanolamine, and triethanolamine. -

The stabilizing materials contemplated here also include polyamines.
Exemplary polyamines are ethylenediamine, diethylenetriamine, and
tetramethylethylenediamine. '

25 : The metal salts of amides usable in the present invention as
stabilizers include salts of, for example, dimethylformamide; N-methylformamide;
acetamide; N-methylhexaneamide; succinamide; maleamide; N-methylbenzamide;
tmidazole-2-carboxamide; di-2-thenolamine; beta-lactam; delta-lactam, or epsilon-
lactam with metals of 1A, ITA or IIB Group of the periodic table. Examples of

30  such metal amides are lithium amide; sodium ethylamide; calcium diethylamide;
lithium diisopropylamide; potassium benzylamide; sodium bis (trimethylsilyl)amide;
lithium indolide; sodium pyrrolide; lithium pyrrolide; potassium pyrrolide;



WO 01/ 47839 PCTI USOQO 35366 -15 potassium pyrrolidide; diethylalum num
pyrrolide; eth Ialumnumdlpyrrollde alum numtripyrrolide; sodium
25d|matW9 H§/ %l i de; lithium 2, 5-di methyl pyrrolide; B

2, 5-di net hyI pyrrolide; potassium 2,5-dinethyl pyrrolidide; diethyl- ‘
al um num 2, 5-di met hyl pyrrolide; ethyta$um num di (2, 5-di net hyl pyrrolide);
5 alum num t ri (2,5-dimethyl pyrrolide), and conbinatjons of those. The

i m des usablpetassinng prrelidides ﬁtethyﬂua&@nw@rpya@hd% teHnylalymiapm dipyerolides

1, 2- cycl ohexphedi ¢ g t

6- pi peri di n)ét rione, an lhéenrsﬁ& roaze5| n fgaéc}llg%gh@ ﬁgmrr‘ge@lwlﬂt s of

but oxi des uQafbiisemhBﬁedlmeﬂwb’m@debnomua&éahmsthﬂwffqm&, Kiethylnet al s

The rotal < PR 2 ERpRA: M tLRa o SRBBhERRIEL T 7, 1l e

the netab saltmpummin(@, Spnhmbihylpynollm) tdnd obmbinamms of dishiselm pot assi um and/ or

rubi dium salts of, box I|c es.of t car ho i c acids
i ncl ude acetic acid, eﬁl"ﬁ tg‘? Bres%nF eption.gs; S&%IWEW‘% aci d,
hexanoi ¢ aCllQrcyblBBé}ﬁﬂédlﬁﬂﬁﬁyﬂmdQ%héUﬁﬁmiﬂe gmlﬂma@riﬁmmd@qm decanoi ¢ |
aci d, benzoic acid, enlactlc aci d &thallc acid, malonic acid,

succi ni ¢ ac d"Pe&FiH‘FEPPE gipgr Y%ﬁ? e-2d diongcr vl ic acid, maleic aci d;

fumaric acid, and Sa'TH‘erhéthﬁﬁé@szﬁﬁh@ﬁ%@iﬂl@h&exﬁ%@ﬂﬁ)ﬂutﬁlﬁ%ﬂs &plt
contenplated here is silver acetate, |ithiumacetate, sodium acetate,

pot assi Uith aslkelametalsydascribe frhenr AP PlCEPISY bm@ééﬁﬁ#‘hﬁmﬁﬁ%%fﬂﬁ?rﬁes usef ul
herein as s{,&%&h dzers include tributyl- phosphine oxide and
triethyl phosphine. The stabilizing material should be provided in an anmount

effective to at |easthemealsalts Wmﬂm&m@rﬂsﬁﬂ hereinag stabiligprs declefes.  For
exanpl e, frﬂ:@‘ eﬁ‘:ﬁ%ﬁs %ﬁar@g%?ﬁlﬁf{ﬂgﬁiﬁm "?tspotag&n%%%} %ﬁb} i@ about 0.01
re 5°t0

to about 10 nol es he st abi | i zi ng
mat eri al casaltbof addmdylpeacxdsolExambles oh&ie@gfuoxjdic acids includd acsticacid,he use of an

al cohol ,is not. se t .1 h L) th 4C her. material s,
for exa}r%)l eprﬂP ryr‘liok’atg'él gclg’a‘?agecnar# lr‘liég A uespgaé%fc ackd %ta%tocSO : :
cat al yst, eadid)monailoitnarid)decanowcanii, heatzoio racuk pllengheetmracmp phthalhu:adtﬂ;l S.
General ly, an aliphatic.prioary an ne n. all hat | amne, or a
conbi nat i on™BPHE G SUC %?"5%4“%" %&ﬂ?@mag{ h ge"’% @atalyst kill
agent . Mor efusiafi6 labidCaid sdlicylid@acid. An exemplary carboxyhc acid salt contemplated

here is silver acetate, lithium acetate, sodium acetate, potassium acetate, and

U

20 mixtures thereof. _
Exemplary phosphines useful herein as stabilizers include tributyl-
phosphine oxide and triethylphosphine.
The stabilizing material should be provided in an amount effective to
at least reduée the generation of hydrogen halide gas. For example, from about
25 0.01 to about 100 moles, preferably from about 0.01 to about 10 moles, more
preferably from 0.05 tc-) 2 moles of the stabilizing material can be added per mole of
halogen in the catalysts. g _
The use of an alcohol is not essential to quench or kill the catalyst.
Other materials, for example primary or secondary amines, can be used to kill a
30 catalyst, either alone or in combination with one or more alcohols. Generally, an
aliphatic primary amine, an aliphatic secondary amine, or a combination of those
materials is contemplated for use as a catalyst kill agent. More specifically, the



WO 01/ 47839 PCT/ US0055366 -16 ami nes may be acyclic aliphatic am nes or
cyclic aliphatic amnes, within the-scope of the invention. As with the
al cohol , t YEO8M478¥® quenchi ng material can be provided i n PGHUS

effective to at |east substantially quench the catalyst, either alone or 5
when conbi ned with an al cohol or other gugnchi ng agent. Enough of the
catalyst kill agent is added to the reactor effluent streamto at |east
subst ant i al | yaminesunhy bel eeydic whiphatic @mintes ok lcyclictftiphaticemyinesy paflincthe eeppe

catal yst systemand to reduce or. eliminate the production of undesirable
solids, partfchfINPPbl yner or catalyst solids..If an insufficient anmount
of catalyst kill 10 agexy with thesstebhob e amibelqseriching heateriet adnys¢ pwysiedn such
as chromumor alumnym _ can precipitate and . jipterfere wth.future

ef fl uent pr ocESYPRR e%e%#é? P&&%ﬁ“@@“&ﬂ@hﬂum’?}?@’ﬁcﬁ%ﬁﬁ e\éh iAWt s of
catal yst ki | wR&Geaimbiandd Wih af dREhol RRbthEP heendhingRalts in the effluent
stream Preferably, the anount of catal IviSt ki ll agent added i g from about

one to about four nol aEreyegh obthersetalysitill agenids pide &0 ths TpadtfeetBR®hnt  of
catal yst kill stream g 3 ﬁea?tdsqﬁﬁadtﬁll% tﬁﬁéﬂcﬁ,b&ea&i\lavw of AADRE olehh gﬁadﬁaﬁdﬁr

equi val ents of catal yst ki age per nole of metals in the reactor
ef fl uent st r ecatalysTopstenuehd tratedigesar. dlindinate therprodsighion efundssivable 94BN of t he

Cabi 11 ze . angriai RO o YRNRTMIAR PR B ORI BRoAR DR

1- hexene, 1@ anagaft isesal; atdy me2ls inthie caalystaystemomeh 9s chroniian 95 elimisim.hough

distillation is pref.erred for_.eas f us I L.apl L.S& |

ethyl ene is r%aﬂdgﬁcdplfa?eo?ﬂ%t Wgerﬁ%ea\gﬁl? g‘ﬁ“"ﬁ reg%"lljegpl,”%f: %51 %Q'lée%@%hgﬁ g&n%j%'?he

medi um ar e di fivd bRl equifalerts Gfrnédtélﬁtﬂcﬂasgehbcancﬁasﬁdetkimmmﬁ ofemethls in et al yst

conponents are_concentrate ecovered. together wi th.the by-product

pol yet hyl ene. SHip@It supamy; i’f"l%?rP ¥i Eli}ﬁ Wﬁ?é&éﬁ@ﬂ’é&k’ﬁﬁ@ﬂeﬁg‘f@{sif?ﬁﬁ °o"ﬁ kettles

are about 25 R0 bOutabUoll BdnivalGfs andlnfoki prefRidbBNtht affidantodflvatlysakitl

believed to be sufficient to pronote the deconpos,|ti on&gfga I urﬂé]gum hal i des
,‘Sﬁﬁl

present ik t hageapadded isafrem abputityo to aAbe deren jngas GBRVHEH 88t eps
are taken asTﬁeﬁﬁ&é BEfhetals the rddbdf ARG HEAN. N66'WRIh dakHsPEIfbgBiR! dafle
generati on. e concentrated di spersion containing by-product- pol ymer and
30 cat al yst_ ceupoensrosionefhereacipkcar ded, or can be further treated as

descri bed bel ow. The B?s“ﬁ b5 fu&e ddbiiger i zati on
process comonly cont g!l[%gq%én%a o*’s(?%ggrt%ﬁo t%g qp%rchlovmm% conpounds but ene;

1- hexene; any halides, the olefin products, such as, for:example, 1-hexene, can be removed.

20  Any removal process can be used, although distillation is preferred for ease of use.
In a simple distillation, ethylene is removed from the reaction product, then 1-
hexene and the medium are distilled away from the reaction dispersion while the
catalyst components are concentrated and recovered together with the by-product
polyethylene. Typical distillation temperatures in the distillation kettles are about

25 190°C to about 210°C. These distillation temperatures are believed to be sufficient
to promote the decomposition of aluminum halides present in the spent catalyst to
produce hydrogen halides, unless steps are taken as described in this disclosure to
prevent hydrogen halide generation.

The concentrated dispersion containing by-product polymer and
30 catalyst components may be discarded, or can be further treated as described below.
The product stream produced by the ethylene trimerization process

commonly contains one of more of the following compounds butene; 1-hexene;



WO 01/ 47839 PCT/U300135366 - 17 internal hexenes (i.e. 2-hexene or

3- hexene) t enes; decenes; reaction nedium and "heavies". The waste
pr oduct s‘pgﬁfﬁ' rmed by renoving the desired olefin nom%ﬂ"m’ﬁﬁz‘ﬂﬂucts can
be further processed by contacting it with an aqueous base to 5 renove
metals. Organic bases are not preferreti7at this point because organi c bases
can be too weak to precipitate heavy netals, such as chromum The
preferred HiRTeAl hsxenss figa dihexems 08 S-ligkencl nstenes; Mgeenesk rctiommedismpand um
hydroxi de, djigvib® their ease of use, availability, |ow cost, and
beneficial effects on future processing. The anpbunt of aqueous inorganic
base added can be anylhgriwnstetprodugt stesnt fermed by remewing theidesired olefin  or

subst anti al ) | t f |S step is
o remve. cliradt fibaklial B S brob AR B bonrdeRE i el B0 bl

al um nunj doemone metais. {yrgitiebasenme ant/prefened at this podst besausd\drjabic basesf t 00 nmuch
or too little.of the ueous. i nprgani ¢c .base can revent preci,pitation of
the chrom uff® IR  PIEEBIA figf @egﬂ%ﬂ&4”mﬁ&%%gﬁafﬁ§%egnt s of
aqufeousb: no:ugaasuf isinfrgaic divesi @ sbﬂigmslgdrqaeielaﬁﬂlpetaeﬁmﬁllhymkim dugdo al um num
Preferably, from ahout 0.2 t0- about 3 . | val ents, and nost

pref er abl y PG SRSGIRS J5e: BV bﬂ‘%?‘%’lwgqﬂ*d\r)%lgéﬁ‘g%ﬁwf RB IS ™or gani c

base should be used ThgameRhtfAGuis Gibkgaiicaiase addédcit/Be atySmount
chrom um containing solid precipitate then can be renmoved and di sposed of

proper | 10 . ofiqient o preqigitpte mpsher wbstantislly gl offhersheomiven Thagosol id

preci pi tat Gmpbitgnt fAAMFAHR sBPGs & BRIVE chridhfin® or SthePiialy BBals, 38 gmyS€par at ed.
The organic 'ayer can be disposed of. Renovirm Residues The trinerization
process corf@amngpisnsrsee slumiin dags ot misetthe samenenvirsnmpentaldssyps. on t he

i nternal surfaces of Atdﬁﬁioﬁ%??&oﬁhuth&etf:&ﬁ&ieddﬁhe W@ﬁ@@hﬁ&&ﬂ build up

on the walls of the reactor, is an oligoner or p havi ng a chain
| engt h hi gimeevenhprecipitationrof dirichuiompivoy Gisnerally, abous dipate ahowsyd molsriuct . Thi s

hi gh i . ' ' f f ke of
o ol 1 ci y 4Rl of Apld35t inbfighidt3ee dhotil 18" dsBl pds ot B gl il 15°CF 2
et hyl ene r céwhinum, Ryefesablyhxommaboutr 0.9 ¢o abfdut B malar eqeivakiue, asimes f or ned and

bui i d ] | f i __Thi | i d
det ract o { o aplBFo . B Pl Y Shire S PiabRe R RS O ¢ e

reactor. be used per mole of chromium and aluminum. The chromium-containing solid

<

precipitate then can be removed and disposed of properly.. -

20 Following removal of the chromium containing solid precipitate, the
aqueous and organic layers, or portions, are separated. The organic layer can be
disposed of.

Removing Residues

The trimerization process commonly produces two residues that can

25 build up on the internal surfaces of the reactor.

One residue, long recognized to build up on the walls of the reactor,
is an oligomer or a po]ymer having a chain length higher than the intended product,
formed as a by-product. This higher oligomer or polymer residue is referred to
here, for the sake of simplicity, as just "polymer residue”. For example, in the case

30 of an ethylene reaction, polyethylene or paraffin wax residue can be formed and
build up on the internal surfaces of the reactor. This polymer residue detracts from
the heat transfer efficiency of the internal surfaces of the reactor.
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,reactor by washing the reactor with a solvent for the residue. The
trimerizat W08t or commonly is ‘supplied with a sol verRCHEIOBPE oduct
pol ymers - such as cycl ohexane or nethyl cycl ohexane - as the process
medi um Wen a pol yner solvent is used .ag5 the process medium the sane
process nedi um can be used to periodically flush out the reactor. The
washi ng condi ti ons canPbobmep tesidae maydenembinainfrot dhesactbr py wieshing the

conditions, to remoye the pal r_residue that i.s not. r Moy upder the
usual  procedEt N £ § ‘?‘R&%‘%/tggi%ﬂfg’ﬁe, RGO {728t %oca‘r%ggelsa " hot
wash", carri egppsligd wiltya colventlfat byrprotiti® poBusts psuhessyclobskianeroat a hi gher
tenperature than the proces O tenperajure to nelt ?1}) uj ckly dissol ve,

S , r
or ot herw se TastaylgyriRhexme o Prprocessda i nﬁ?g‘{fgt B4 &he
trinerizats onpPHREES medilif, O banV@Hioc&ss tnedfm 621 bd ®Ed @!herisdtidally MBS outThe
reaction can be halted by stopping the feed of cat alégltﬂ and reactants

whi | e cont i nutheitpactor.i The washirgicanditions cancbe mare Sringeptlan fhe WHalgMoesh be, 15

but is not |ipnd & : ﬁﬁﬁg?@g Jek {&K.ﬂrg@ﬁﬁ&?%@%ﬂ ncreasi ng
the nedi umtcghn%gg%s{’gorreﬁo;%%% t tgﬁ%_ C '?"ﬁe ot wash is continued for
several - hourmsocesy canditions g Fasexamplss ther washingrsteproan bglal "hot weshfiseammed out| y al |
of the polyner .resi.d Thi mﬂ'i e buil dup
of the pol y@ cu;cngalhﬁéjgn_e ?Bh}rgc%%%ng p%]}? u]gf&%\%l N a r%gj%gttﬂggﬁcég

substant il | yerthperamichie thelgtmore xaioklyalisselve, ari atinryise fdisiddge theapnlymer i s
referred to here as catal yst residue. The exact chem cal constitution of
this catal yst™*P®%r due is not known. It may be a precipitate or deposit of
the entire catal yst or I98cofinub@y @hylénd fhitnegiditivh)ibcess) dicchiit avdsh cari be

product of a reaction between the gatalyst ingredients, the catalyst and
the reactor E‘T!Rélqu}a%mscgihﬁlr%?mb%’s‘?q H@&E&mgl’%ﬁ%‘? 'Fﬁ'ill‘:’gﬁat . t hese
residues, or ,30¥ElchinROwlcS@ntinkhetd Rfdclfl drtinliB r@¥Of nicinbf wWisdO&ndeed Wit h
the catal yst, though the present” invention is not limted by the accuracy
of that tHeorbyt ismot limited to. syslohexens andier Bethplsyslohsxanaandneress®e hee present

i nvention and,l4 i e d . ol | owi ng
30 exampl es. %@%ﬁ@%&gg/%@oﬂgg@g@ ('-:'1(5;9?le Bt W @Btifhubd foriey

hours, or as long as necessary to remove all or substantially all of the polymer

residue. This hot wash has been found to remove the buildup of the polymer
residue. -

20 - A second residue, which also detracts substantially from the heat
transfer efficiency of the reactor, is referred to here as catalyst residue. The exact
chemical constitution of this catalyst residue is not known. It may be a precipitate
or deposit of the entire catalyst or one or more of the catalyst ingredients, the

. product of a reaction between the catalyst ingredients, the catalyst and the reactor

25  wall, spent catalyst constituents, a combination of these residues, or something else.
The residue is believed to be associated with the catalyst, though the present '
invention is not limited by the accuracy of that theory.

A further understanding of how to make and use the present
invention and its advantages will be provided by reference to the following

30 examples.



EXAMPLES Exanple 1 To an inert gas purged one liter, three-necked fl ask
equi pped with nitrogen purge, magnetic stirrer, glass columm, Dean-Stark

t ube and WOIEM3®r was 5 added 250 nl dry dodecane andP2BUSIH3S366

2-ethyl -1-hexanol. The system was purged again for 20 mnutes and 50 niL of °
sel ective 1-hexene catalyst (5 mg Cr/.nig). was added. Water (2 nL) was added
and the systemwas heated to reflux. Nine sanples were taken over 5 hours.
Acidity was assessed by water extraEXAMPIES the sanples taken fromthe
Dean Stark tube and testing the wat wi th. pH paper. 10 The first sanple
was mldly acidic and all of the ot%@gﬁﬂ%l es were very acidic. Wter was
observed to be presentoiaf méiegdsqﬁﬁgeaaﬂpllm thieaHatieed Flakk aqdiped Iwikes 1 epeat ed
but in additi.on to the 2 ni, of water, nmL _ of trl-n butyla ne al so was

added. None ‘B?°&°Hé’“§5?b§‘é€fl?@ﬁﬁ“ﬁ?’n§la§§a‘??ﬁ¥"@§ DeagSfark, abe pnd K t ube

were aci di ¢ Adasdrstt iBldri dodddmneSind SBh inve BL32191-1 AecknBD m@aeﬂﬁwaso the
process. Water vvas observed' in the ninth sanple, as was observed in

Exanpl e 1. PRrRsdseindecl minutesand 30 mel pEsalestive Yihexeng epiglyst Grivgof acidity. E
peri ment al ﬁm anples 3
and 4 was a@gﬁgﬁﬁﬁ?&% hr ee- t ecke%gdého%-ﬁgh otto W#?h &gtal}?%lbxg’é with a

gl ass wel | fNine mm@rm(tﬁkpn evcercﬁ hovphi Acidity wes Rssessedkby svaise extrastion ofin
addition fu ePEIﬂE! r S t the top
of the Deanq%teémﬁ’ e as mgl;e%éaptﬁe%}%%&umﬁ?%gg&%e%%%r%ﬂbggf% %’d '
t enper atllr e Thndirst sample wasanildie heidia apdaliefdfe qihtrsamoples aerd veey bdgicof the
Dean- St ar k al so q ed,with a magnetic stirring bar
and 25 a stlw:?grrw SLW dzéétberpreﬁ'raninltg Paﬂto‘f%w 0gen stream constantly swept
mat eri al through the appar at us and Bxainglelsl er contai ning water. GCeneral
Procedure for Exanpl 4 In I.cal .experinment 00 ecane was
added to the flask a%‘a“tpﬁ%g %Bﬁw éﬂaﬂﬁi‘f‘f’ffﬂ m(:;g‘B'Fr oI AT HY F“j'lum num
chl ori de ( DoAtg-n{phtydifiné ﬂs@@mﬁ@d’&ﬁamﬁm& lae ﬂmWﬁBseﬁﬁ@xlﬂﬁﬂ smprebﬁofnlmék froma
metal cylinder. The desired_ amunt of t hyl -1 - hexanol was then added

slowly dnd Xemsieek pube P”é&c%cld“’rﬁﬁm?@ﬁﬁmgé!’w ectiyenesgiof adding 2 AWBS ¥ki mat el y

50- 70C and %gprsaegé UlVaRP wiie bt iN @ nidth Rakpte! &Was WekVed th/Bddhple
PCTI US00/ 3536 - 20
1. The presence of the amine removed all indications of ac1d1ty

Experimental Apparatus for Examples 3 and 4

The apparatus used for Examples 3 and 4 was a one liter, three-

20 necked round bottom flask equipped with a glass well for a thermocouple to
monitor the kettle temperature, an addition funnel and a Dean-Stark tube. A
condenser was placed at the top of the Dean-Stark tube as was a thermocouple to
measure overhead temperature and a wire that held a piece of pH paper at the top of
the Dean-Stark tube. The flask also was equipped with a magnetic stirring bar and

25  a stirrer and a heating mantle. - A nitrogen stream constantly swept material through
the apparatus and a bubbler containing water.

General Procedure for Examples 3 and 4
In a typical experiment, 200 g dodecane was added to the flask and
the system purged with nitrogen. Diethylaluminum chloride (DEAC) (1.9M) in

30 dodecane then was charged to .the flask from a metal cylinder. The desired amount
of 2-ethyl-1-hexanol was then added slowly and allowed to react. The temperature
would rise to approximately 50-70°C and gas evolution was observed. The contents



were stirred for 30 mnutes to allow conplete reaction and the kettle

sanpl ed. The contents then were heated to-reflux. Overhead was renoved as
necessary wmOelst7s®dn the desired kettle tenperature. The BGEVHOS866as

sanpl ed (about 2 m.) periodically fromthe Dean-Stark tube. 5 Exanple 3
The follow ng materials were added to thggapparatus descri bed above: 200 g
of dry dodecane, 80.8 nL of a 1.9M solution of DEAC in dodecane and 96 nL
of 2-et hyl - | - hep¢asiared fiars3Osininmtey ta didew] corfihlets neactibniard theskettizatappledo The ket t | e

tenperature of 170C to 209C ovyer 75 hours. The fall.owin r wal.i ons
were 10 made. SOMHREGHER Biete l}ﬁaieéﬁo{ xaﬁye?l?egﬂ wap remaved, 2 85‘%!5%%? Eoearllgél\h/vas no
change in col gg deifediketicnEmpéra@rte. | Thd tvrlicad wak simislededout i)k t ube and t he
pH of the water bubbler was neutral. Upon heating,. the pH paper in the

Dean Stark t upssiodigalhe fropctae iDean-Siark BIbs- (strongly acidic). Sanples fromthe
bottom of ¢ he Dean-Stark tube turned Eggglin?je PH paper to indicate acidity.
and the test for chloride with silver acetate was 15 positive, |t was clear
that -t he aci di ¢ hydr ocHihgrfoloving materiplsvers afded totheyappaatus dereribed 2PN ng
materi al s wer C?kl%agpg t ' ¥

dodecane, 81 ﬁq_@gﬂ?gnﬁt? S61 Ut %ﬁ'%llfsa gg%gélﬁ%g'o eca‘ﬁg lgﬁg@eggnﬁn@%?‘/

2- et hyl - | - hexmhodf 2rethyls]-beayolawasedowly added. bThiy maxtimeewgsdwated top klils added.

20 This m xture was he 1.0 t1l eraf u ours.
The fol I owi nTBEERITEE VAR @ 2De bl 278 SRS i %@%’&“&ﬁég%g&i"%%?’% oS
pﬂ .p?peL i ﬁxb@e.hﬁmgléﬂiatélb&f@eﬂm agdisiok ofﬂbealh ¢dhgbui§¢rmf Ems hérehaigpén cotent . ;I'he
pH of the wate er. was neut ral. at n t eri t....Sanpl es
fromthe bott%‘iﬁhﬁﬂ#f??é’er V%ﬁ“@tﬂgfrt&e bﬁffé’ %l‘e‘é“et??e r ?Pgr&é]?‘f‘@’ {Tchu%béegi c as

i ndi CaéI e]gi by Wﬁéﬁéutrﬁﬁ Up%eheaﬁhg,.tgépwaﬁ_ péd i?&heh Dbai-Statkytube h._l_i!llé(bll’edm_ ish-was
removed fromthe system by the additjon of the e. i this invention
has been.descP‘FB]énge%%‘?‘F)'f%ﬂm %5 %rﬂbeog‘gm&“aﬁ%h?ﬁ'p?ﬁﬂfﬁﬁe%c s not to
be construed agis pH th HEdi IR adidily Arkl thO kRN iR dhlofidé NI siledr acemibanges and
nodi fications within the spirit and scope thereaqf. -WD 01/ 47839

PCTI USOOY 85 36prsitivel Itwas wigar that the, agidic dydsochlore peid Was BESSRE- conpri sing: a)
providing at |east one catalyst systefdblelgast one |ower ol efin,
The following materials were added to the apparatus described above:
200 g of dry dodecane, 81 mL of a 1.9M solution of DEAC in dodecane and 96 mL
of 2-ethyl-1-hexanol was slowly added. Tri-n-butylamine (40.25 g) was added.

20 This mixture was heated to-a kettle temperature of 208°C over 4 hours. The
following observations were made. There was no change in color of the pH paper in
the top of the Dean Stark tube throughout the experiment. The pH of the water
bubbler was neutral at the end of the experiment. Samples from the bottom of the
Dean Stark tube were neutral or slightly basic as indicated by moist pH paper. It

25  was clear that any acid formed was removed from the system by the addition of the
amine.

While this invention has been described in detail for the purpose of
illustration, it is not to be construed as limited thereby but is intended to cover all
changes and modifications within the spirit and scope thereof.



and at | east one process nedium 5 b) reacting said lower olefin in the
presence of said catalyst system to produce a product stre rising a
hi gher ol¥PPH4B#%duct and a catal yst system residue di%%?@g}aﬁggpsai d
process nedium c) treating said product streamw th a quenching materi al
conprising an aliphatic primary am neZl an ali phatic secondary am ne, an
aliphatic tertiary 10 am ne, or a conbi nati on of those materials,.said
quenching material being provided GlfahMfount effective to at least
substanti al i.y_ guench l%oﬁ%}i%t%ﬁtpr@é&‘t&mpﬂgingzp‘ process according to claim
1, wherein said quenching nmaterial® conprises an acyclic aliphatic am ne.
3. A process accor di ry providingiatrieast onhentalyst system, gfulesst bnnlpwenplefinal 15
conprises a lic aliphati 1 ne. 4. A process according to claiml,
wherei n sai ?P%yq%é?ﬁm'}?éﬁ?%tsserl al ’conprises a primary amne. 5. A process
accordi ng to cl ai m 1)) whastiagrsaiddoeercplefivcini thepresdnee ofibaid cdalystisygema

secondary am ne, 20 6. nrocess accordi. tp.clai 1 Ln said
quenchi ng nfQtREPFuSE a_pro%%qagle%onwglpgﬁ 5ﬁﬁﬁ8_pr Pc%aﬁgr%%ggslggtaccordi ng to
claiml, whgiRinresidheldispeded th 84d pedcessimediungonpri ses di butyl amne. 8. A
process according to claim1l1, wherein said._quenchi ng ma{egri al 25 conprises
an al kanol ani ne. 9. A Festng said prodpet;strgam it aquenching matepial COMPASINg o nchi ng

material  CAMRhSESpriMaR 8RN, aalihatid ecofdRy amfes an sliMatic Rgtidrp Claim 1,
wherei n said gquenching imaterial conprises nongethanolam ne. 30 .11. A
pr ocess 1Gic cumigemy a ewmbination of thepemaicHalsqsaid qnearhing Materiah bemearovideftr i ses

di et hanol am 'Tn%%f] : St fhl Ishidlea §Rteth. Sai d quenchi ng
mat eri al irsqnina%l I }ﬁfﬁFﬁfﬁf?II?&pﬁbl S'l?tgu\e/%ﬁos%}lﬂé 9 PCT/LJS0Q0/ 35366 -22

separ abl e f2.om sai d H pleeess arestding i elpiny |.| whergip said quenching material
comprises an acyclic aliphatic amine.

3. A process according to claim 1, wherein said quenching material

15 comprises a cyclic aliphatic amine.
4, A process according to claim 1, wherein said quenching material
comprises a primary amine.
5. A process according to claim 1, wherein said quenching material

comprises a secondary amine. . _ _
20 6. A process according to claim 1, wherein said quenching material

comprises cyclohexylamine.

7. A process according to claim 1, wherein said quenching material

comprises dibutylamine. _ _

8. A process according to claim 1, wherein said quenching material
25 comprises an alkanolamine.

9. A process according to claim 1, wherein said quenching material

comprises isopropylamine.

10. A process according to claim 1, wherein said quenching material

comprises monoethanolamine.
30 11. A process according to claim 1, wherein said quenching material

comprises diethanolamine.
12. A process according to claim 1, wherein said quenching material is

—

N 0 o



13. A process according to claim1, wherein said quenching materi al

further conprises an al cohol. 14. A process according to claim11, wherein
sai d quenchY®@lA4T8erial is 5 added in a nolar ratio of fPEHIMIGS661 to
about 5, inrelation to the metal content of said catalyst. 15. An

ol i'goneri zati on process conprising: a) Jgpoviding a hal ogenated cat al yst
system a lower olefin, and a process nedium 10 b) reacting said | ower
ol'efin in th&emdﬂelﬁmm siid Bighel alefimby distillatiohem to produce a product stream

conprising a higher olefin product. and .a c yst resi due di spersed
in said proceSs medi un’?\ E’i"c SF@'&‘EC’F"‘] ?lﬂllb %ib%?mffl eqé’ﬁ?‘irﬁlfgrfnﬁtﬁnél cohol in

an anount efﬁlﬂﬁ&idﬁmpheesadn dl6€vhdl. partlal | y quench said catal yst system and
15 d) treating said product strea vvitaast i1izing materi al Qat forms -
a stabl e hydridgen hal i fePO5FsE acco B Lz‘w%mﬁé?@rquam W#ldYi ded in

an anmount 5 efjsaed inVﬁﬁo&r&ﬁiﬂl&Pﬁ&ﬁ%b&ﬁrl%%bﬁ%rB @h rdiibnOg ek Hdtal eéhigas. 16. A
process according to claim 15, wherein said stabilizing material is

sel ect ed fromfspiddatal¥sht i c ani ne, an aromatic amine, a netal salt of an

amde, a 20 ngtal salt ,f ?goﬁx%?ﬁﬁog%;}oc@s& hgjces t of a carboxylic acid, or

a conbi nation of those mater according to claim15,
wherein said stabil | ZI Y preniding al halagemeedi @@ysaﬁysmny,(ﬂ lowenblefihaanida ami ne.
18. A process accord lg};hto claim15, wherein said stabilizing material 25
corrprlses a y‘flc al'iphatic amne. 19. A process according to claim15,
wherein si@ d stabilizi bg readtiag isasil lowarglkeficsinsthe presenceaf said aatalyst syRem A

process accordl wherei.n sai.d stahilizjn terial conprises
a primry ani Rar (%%e ?f’m R"tpﬁ%%?é%scgmal?&w &i PPt 8%§P&’F?#“f€?n%‘é%ﬁi sai d
stabilizi ng npéterhiradidueCdifhiersed &5 sald PRIGES dradjms i ne 22. A process according

to claim15, wherein sajd stabiljzing materi al Ia?] 1 FLLJL L 1L Ll
WO 01/ 47839 PCr/ USOOOS&éIeau%sm produict stream with an alcohol in an amount

effective to at least partially quench said catalyst system; and
15 d) ftreating said product stream with a stabilizing material that forms
a stable hydrogen halide salt, said stabilizing material being provided in an amount
effective to reduce the generation of hydrogen halide gas.
16. A process according to claim 15, wherein said stabilizing material is
selected from an aliphatic amine, an aromatic amine, a metal salt of an amide, a
20 metal salt of a butoxide, a metal salt of a carboxylic acid, or a combination of those
materials.
17. A process according to claim 15, wherein said stabilizing material
comprises an acyclic aliphatic amine.
18. A process according to claim 15, wherein said stabilizing material
25 comprises a cyclic aliphatic amine.
19. A process according to claim 15, wherein said stabilizing material
comprises an aromatic amine.
20. A process according to claim 15, wherein said stabilizing material
comprises a primary amine.
30 21. A process according to claim 15, wherein said stabilizing material
comprises a secondary amine. .
22, - A process according to claim 15, wherein said stabilizing material

T



conprises a tertiary amne. 23. A process according to claim11.5, wherein
said stabilizing material conprises an al kanol am ne. 24. A process
accor di ng™oPHT183? m 15, wherein said stabilizing materi ai"cr@s@@ﬁfﬁi ses

i sopropyl am ne. 25. A process according to claim15, wherein said
stabilizing material conprises nonoeti?2anol am ne. 26. A process according
to claim 15, wherein said stabilizing material ‘conprises diethanol am ne.
10 27. A pr compuses@dertidivhaming cl ai m 15, wherein said stabilizing material
conpri ses cygl ohexyl agi ne. A Droc cecordi ng. & L. ai m 15.. wherein
said stabil ?éz%i ng mat egzﬂgﬁces%%ﬁ%@fr%ég cga?%ult%yfvg% rllles.gldzg".‘lﬁl 313%51%] accordi ng
to cl ai m 15 commprsesian alanclamingbi | i zi ng material 15 conprises tributylam ne.

30. A proce accordi to claimil5 nerein, said stahilizin terial
conpri ses e?ﬁyl enedi a%qﬂ%‘?esssic.c"rﬁhﬁ%cfgg’? lgcgg?raﬂnrfélsdt%gélfzé?gﬁn%fn erein

sai d al cgholcohpsisestisopdglamiiex car bon atoms per nolecule. 20 32. A process
according tg _claim15, wherein said alcohal and sajd . stabilizing materi al
are separ abﬁé' from saf*®PTPRcEhRsForgmgtp ﬁlaw 1g; wherpin spid stebilzang matstiglcess

accor di ng t @ompAded monocthhiRNddine. Sai d al cohol is 2-ethyl hexanol. 34. A
process according to claim15, wherein said alcohol is _added in a 25 nolar
rati o of fréf about OA®PIoGes acBerdingtoclaim 5, whegein spidistabilizdngwmatgrialcont ent  of
sai d catal yglnrisae dicthaBbi2nfies according to claim15, wherein said
stabilizing na %r?gdﬁ}s agﬁed in a nolar ratio of fromabout 0.01 to about
100, inlPel 8%i on to tAererstsaiccordmgite nlaimflSswhatein said|siabilizirgOmatetigl| | | | |

T bkl chhoekdtherineC L M S

28, A process according to claim 15, wherein said stabilizing material

-

comprises dibutylamine.

29. A process according to claim 15, wherein said stabilizing material
15 comprises tributylamine.
30. A process according to claim 15, wherein said stabilizing material
comprises ethylenediamine.
31 A process according to claim 15, wherein said alcohol has at least six
carbon atoms per molecule.
20 32 A process according to claim 15, wherein said alcohol and said
stabilizing material are separable from said higher olefin by distillation.
33. A process according to claim 15, wherein said alcohol is
2-ethylhexanol.
34, A process according to claim 15, wherein said alcohol is added in a
25 molar ratio of from about 0.01 to about 100, in relation to the metal content of said
catalyst.
3s. A process according to claim 15, wherein said stabilizing material is

added in a molar ratio of from about 0.01 to about 100, in relation to the metal
content of said catalyst.
30
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