;1 JKLe3eOODR. 6<Tiv -1 25 June 2004 COLEFI N PRODUCTION This invention rel ates
to olefin production. AOefins, primarily al pha-ol efins, have many uses. For
-exanpl e) al pha-ol efins, such as 1-hexene, can be used in hydrofornul ation
(OXO processes). 5 In addition to uses as specific chem cals, alpha-olefins
al so can be used in polynerization processes as either a nononer or
conononer to prepare polyolefins, or poklyinrers. Several nethods of producing
olefins are known in the art. These processes include catal yzed5 June 2004
di nerization and trinerization @M@E@i t hese ol efin production
rocesses are exothermic reaction n significant 10 amounts
gf heat. Furt hernore, %]B?Se’ﬁg?lgfqnolﬁ?% %i Snlgi;lln g I gﬁbg'nd '?ri nmeri 2ation
catal yst systens are el phintarilyeaphaalsimantaneatanpeses For bammepved from

the process. Heat renoval requires additional, often expensiyve, equi pment
and heat caPeolbng sshtagl -hexenpecanchy W“-’td)ﬂ,“ %%‘%E'PF@PB?Q§%§§?‘%§€ ity
of the rSeSlelntaadragtio%a{oab%§Fas]sge%t?tcﬁgﬂqicg%s', g{!)hgﬁc)tlgﬁ‘ﬁssalg@\ﬁn bawght id n-situ
cat al yst® syst'em preparati on, ereln the catal yst systemis prepared
in-situ in golymefiEdtichaprioossséLactidier ahadnexanpl egmemendy. 8. prépare $obBdelard

U S. 5,288,823. This invention provides inproved olefin iBr ﬁguctifn
processes, RAYASTS nptvsialanetheds af BIodyeReralslss Y ka0 Re A af PSh

processes. G0.c08 naial!d Ayl difiEli-RIAV PR el Sn FrodGiaNtU G Hele
system pro UctT on process. e present invention yet further provides

i mproved heatfi€ prsdielionfprodeeses alraleysthesyistremtipne pad atih @engrocegsficdite
invention also deals with a continuous process to prepare olefin 25

ol i gomePi zaAmswioet Peatneri zati on catal yst systems. In accordance with this

I nvention, a process tﬁnﬂér%rggﬂe h&({;h 6P ARLESESioR SRR izaforP L REIVEL
oligonerization or trinmerization catalyst system and producing olefins in

t he presenagsefnstdie erbbihmicolehgamsrand dreaonedis b hiernempatd drene drcapripsesssyst em
and a solvent, wherein said cat_%%#st S stem.gre arat i on gjol&rg)ﬂses :e%O t he
steps of fiHeY reBAYAIEAREeR2tHi R LA SOEREES SR B IHYFI G- CBh e R ng
conmpound t NG DY i ' ek the QBduRGhi fgalsadi d

chrom t np/ %f?%%g%%x{h%p%&vﬁt?hﬁlg)ghgt%‘g}y(£all%{<gelle?o orma catal yst Zyst enm and
t hen cast aclbeg. SRiidr patedts Izat ahupt isyst eatalyist hystem girgpraatgineprhereipries er abl y
et hyl ene. 25 June 2004 In accordance wi th anot her errbos_j nment of tsgé S

i nventi on, CAAhYSHEXYEM; 18 MERAFHEYSWAILA TEBITPETLEE B ehariCh G aR Yot 8Fi n >

ol i goneri zat § yer i catal yst system and producing olefins in

t he presen?éi%?Sﬁaeﬁ(({):UeT?i %’égﬁ’lgggm&ri zation 5 or trinerization catalyst
system and a sol vent , Thisane¢micsaprdveias abpatved ydefanpprdsgapaPresssEonpich gés
the steps of first contacting a.neta and a %%rrol econt ai ni ng

al kyl .
conpound tdW&?‘fﬁdd)]Fr@?éﬁhgﬁFW%%“rW t‘?ﬁl%%%ﬁ"é’f] RIBESAYE: contacting said
metal ghkyl Fpyrrol e ML enlibh TuRnGiB0lded S AVl Citiyat oatahyst
systent and then contacting sald catalyst systemw th an al pha-ol efin,
pr ef er abl y pedbdustieneproddssl n accordance with yet another enbodi nent of this

invention, a process | s provided which consists essential ing an
ol efin oligonerizati o'ﬁﬁ?)Pr‘?SFWn’é‘l” PR ¥ fglﬁt?‘ﬁrl PRIy dit é)rrﬁ?\éér%h%ﬁg fﬁ@ﬁ%ﬂ

olefins in tfm@@atgfftsé’yrk@én%eﬁﬁﬁi&l §idcBssOl i goneri zation or trinerization
catal yst system and a sol'vent, wherein said catalyst system pr egar@tﬁi on
conpri ses the steps ofhéiimentionmiscddatgwahche@Hinyms BIHCEE Wnkfega| &-'"
pyrrol e-contai ni ng conpound to forma chrom um pyrrole m xture; second,
cont act%'rsng OéléPH]CE‘%?‘(‘)‘?ﬁ HFntrb'W?@té’“n‘f%%m[esyﬁef'ﬁ a netal alkyl to forma
catal yst system and {NeQ.CE&M-AGHHNEiS A WEnGah 2l pEceSyBLRDV Ml viaoh

al pha-ol efin, preferably ethylene. In accordance with still another
enbodi ment cofprisesprapusngiaomlen 20 gpmevedsor g Hm@ﬁ@é‘@“vﬁﬂ%l‘ﬁ‘ébﬁﬁg%’f@

essentially of preparing an -olef n oli rizati tri LZAkian
catalyst sy StGiERaIrsdnarng orer Mot it e oprengHzRlos by REbGFANOR
ol i gomer i zah PR Qysibii AR h 28kEAN vak@hYsaid sysll ansyareh argakaent Gomgrerei n

sai d catal yst system preparati on conprises the steps of first contacti,ng a

metal aDkylthapidbs o firstotantastinga PHIAGH EBNSOSEITERd? PEFECIRIERIPELERTPTU 1 ol e

m xture; secqond, 25 contacting sai ret I .9 by il a
chrom um sgﬁﬁl%réﬁ oY 3P rgfpgﬁogﬁ: %%(ngé;gsteg%mﬁgﬁutcﬁé% Sglgﬁ?fgléﬁ%gﬁ’gg d

catal yst sysiaitWith aafic@l pikgt @) 8drina cpradysespdiby; ehdyhemeont@aua $8d  Sysi ens
Cat al yst systens useful in accordance with this invention conpnse a 30
chrom um source, a pyrrole-containing conpound and a netal alkyl, all of
whi ch have been contacted andl or reacted in the presence of an unsaturated
hydr ocarbon. Optionally, these catal yst systens can be supported on an

i norgani ¢ oxi de support. -3These catal yst systens are especially useful
for the oligonerization of olefins su ~04 as, for exanple, ethylene to

[ N I



The pyrrol e-containing conpound can .be any pyrrol e-containing 10 conpound
that will react wwth the chrom um source to forma chrom um pyrrolide
conplex. As used in this disclosure, the term"pyrrol e-containing conmpound” *
refers to hydrogen pyrrolide, i.e., pyrrole (C HSN), derivatives of

hydrogen pyrrolide, substituted pyrrolides, as well as netal pyrrolide

conpl exes. A "pyrrolide", as used in thizs- disclosure, is defined as a
conpound conprising a 5-nmenbered, nitrogen 15 containing heter dSylmhe2084ich
as for exapghigst PHtendwdth de&lphabla{espoéferpylyrdhﬁlenand m xt ures thereof.

Broadly, the pyrrole- cont aining co nd c n..be [ r
het er ol ept i c or honollBgcrerd ﬁ%‘tea‘f“ﬂ&gﬁ?fﬁ‘é&c% %1g}ePP%g61g gf‘ﬁ%}ﬁ{é’ga gér(%eg |lsde

radi cal é &gf\@ ichNRniHEO bRpaARg ah BidTHh @@gmﬂuﬁtﬂatmmxbmmﬂﬂaeon
afflrrratlvf Htot ol efi'n production reaction, glenera t ed
in-situ. 2ea@memtdny and Ipeocpgcmg)tbleﬁcsnm @pmreﬁgné@ﬁﬁéhma em PLEPMEIZRHIBM about

4 to about 20.carbon ato per Y, cl ude, but
are not? | i A F‘éﬂc'i"ﬁ‘t‘o&rﬁmgs ¥ 5§§F'€c"’f“§da PHEFH g@ %%é%‘gc(%ﬁé%stﬁtgehgf hydr ogen

pyrrolide ¢ Eéﬁfaﬂloﬁ)corﬂﬂrfs@s KB YT Y mfemrﬁmntgra pelodikgeandapasslenm
pyrrolide, stum pyrrolide, and/or the salts of substituted E%/irrol i dgs
because of cdmtgnlmrr@emhpwﬂquoafmdm%n‘amﬂ |al}iYﬂnyWPlehmPFfér%t5ﬁ%‘?“dn &qtiesiis sal

Exanpl f bst t d | ud
yr ol o 2- iR RGIE R HIPrBE soBifk G Brd L crpliel fiukdand
t et rahydr oj }%qqgo%tac%ng SQIdn@fftzkl%th\{/Eﬂéﬁl' ®ith %nlhl]dtdlﬁleﬁyxl, piefetabyy pthyleokte,

3-acetyl - di met hyl pyrrol e,
et hyl - & 4- di met hyI -I(letchmdynfa:r‘blihwle) @ngrrqr@b@lp}egbpgﬁlgﬁ dnvention, a

et hyl - 3, 5-di net h L arbo Iat tiche 30
pyrr ol e- coREFH d’r%ﬁ%gdﬁael%ﬂ?% gssmﬁﬁal &nﬁ] ?%Hﬁgégtﬁ?ﬂ;ﬁtg tlc?#\gl?n S
conpound cgphgeSalcR0cAIGH §HehmRYproalidife olciiie imntit ppeehee oéthe olcﬁn

pyrrol e-cont ai ni ng conpouhds "used in preparatron 25 June 2004 .0 .
trinmerizat bbgomammtmorslysm@maa@eCgtebféh%}étFW 2Bt 1Vgitot 3”&%‘@?‘9 H‘S’ of

hydr ogen pyrrol i t | {o% adDVP)
and/ or chr éyﬁt%pﬁgﬁqrgp?rhggr%g%egdgegtg}?s Ssﬁc??ggtagf Hglagéﬂg?gg{ij@tsﬁgn activity,
sel ect j t 4 AR sl domiRapabhY o Mmﬁﬂﬁ/@yﬂblmmtuae cteeand, um
pyrrolide can provide h 't he chromium 5 sour Ce%ﬁ?gbﬂt rroI cpnt ai ni ng

conpound. AentaeiEtg $mdt6hr(snmﬂ8’wfb@eﬁ@xmé‘ﬁthaa€h‘?t f‘(’f@ 15 used to
forma cata|yst. s &AR REAIBRADI SR feflembDy OVi de
both t he cﬁ’(%m Un%‘i%%erwcce&é g&%g%{dmawg{tgy%gﬁt alﬁnl nga gonpoundqﬁ%\hl le all
pyrrol e- costhaiameng conpounds can produce cat al yst systems Wlth hi gh
activity and productivity, use of p roI and/ or 5- di ol e can 10
produce a cat al yst s;}é‘taé’ﬁPWaP?F ‘é(htha';m‘ |e\‘}?bt(§h§ﬁ'at fﬂﬁ Wi %{{)/ﬁt%) a
desire ?ﬂﬂ:@&s 1s}1‘§vmﬁe\i’h1@ﬂ1 %Mﬁsxﬁ?@ssgﬁuﬁﬂyoﬁﬁﬁeéﬁﬂhg&hl Slefih JlpoRlcBRAtich
nmetal a . One or nore netal alkyls can be used. The al kyl

| i gand( s) of tmmenzmtcml caiilllyytl sysmm el awﬂuangmieﬁms:mﬁ@/mﬁsmﬁﬁh% O%eé’dﬁ cal .

Al phat i ¢ PispBstzainsorn Bty kBl A any pumpert Siap el Gt |
mol ecul e, EowEN Sirep zﬁtﬂﬁoﬁ QoﬁBH’E@rtﬁb dlep@¥Rik@liontdcyingndineedaliof! amses t he

met al al kyl usually w1l conprise |less than about 70 carbon atons per netal
al kyl nol epuheleasrtdltzpnefgexrcanqupnﬂess’onhanﬂatbbatk}’ﬁemaiﬂo@%x%‘f%n5§‘3‘ﬁﬂéip mol ecul e.

Exenpl ary net al K s include 0

ko et Rt A R kY Bt O oo st ey R e o B B0 e
al kyl zi nc e&m@u%&rﬁn%@meﬁld&xlacllh%lamaraam@yaem wikearphiphy-oleiral  al kyl s
i ncl ude, but are not 1imted utyl lithium sec-butyllithium
tert-butyl prefériabin elylnhyl magnesi um di et hyl zinc, triethylal um num
trimethylalumnum triisobutyl al urB 23 ﬁggwg ﬁt ures thereof. 25
Preferably, the netal alkyl is sel e group consisting of

non- hydrol yzed, i.e. Caglspgeraanireatiad astdrdamet eith @iskinvahtion nemprise a
conmpounds, derivatives ofy al kyl al um num conmpounds, hal g qt e]g hich

al kyl a3 aRrerBmpseRs 2 Byicolficenisiuag cHEpawrd pad 2 mEfa g g‘df ot &b

sel ecti vi tﬁ agec\{x‘eéén cd ﬁR&BYfQﬁ&gtlﬂltﬁé reggﬁgee gﬁ%ggﬁtﬁfgtyd hmbmbyq _
and/ or pro tct Ivity. e use o rolyz neta alkyls 30 can result is
decreased Olpeibhally,ithese, cdtalgsti gjstepmauludiel smppemdd nncﬂrea@wrp@ oy rder Suppog. |
solid, production. Mst preferably, the netal alkyl is a non-hydrol yzed
al kyl aI um ntun 25 June 2004 conmpound, expressed by the general fornul ae
AIR" AIRr X, AIRX" ALRZOR, Al RXOR, andl or A1ZR3X3, wherein R is an al kyl
group and X is a hal ogen atom Exenplary conpounds include, but are not
limted to, triethylalum num tripropylalum num tributylalum num

di et hyl al um num chl ori de, diethyl al um nt un 5 br om de d| et hyI aI um num
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_g_ 25 June 2004 however, all contacting nmua be done in an inert

at nosphere, such as, for exanple, nitrogen and/or argon. For ease of
-preparation, contacting usually is done under conditions of anbient
tenperature and pressure. Contact time can range from seconds to hours,
preferably 1 second to 4 hours. Longer contacting tinmes do not 5 provide
any additional catalyst system benefit. -Phe second step for catal yst system
preparation_in accordance with this enboglilnrgenﬁ]teof _the invent hoi%tﬁhmw 04

i ncr ement al Thesegpialyshaystems gae especiaily dispinhietolhe R oM egnon haletns: fichnet al
al kyl /pytrole fépép&&ﬁa;fia- t}(ﬁgg DRDRGexOfie. addidst @ atlis WR1dEhFO MR BrmoNt ai ni ng
conpound to the net ’a? ?pyrroesolutlonls 10 critical in that the
chr omi um nu&tligomeaiddiéch "sbroadly encoinpessesrthet airhlyinatBuc hf bwe odsfst al additi on
of the chrom um containing conmpound to, the sql.ution ovi d better heat
control of tdReHZAlioNy Lo fgg‘%%ﬁﬂuﬁfl? REPUGE SJFEpnaHL ?eeﬁlgflﬁfion. Wi | e
not wi shi ngfidhchSaRAYNE Bn LRGAENNic igrodutt BRA icBiRAndHbAL o N6 RSGah @ilee dur i Ng
catal yst system preparation can result in a |less active catal yst system 15
The anount solefinetcforooapotdmic poliuctyibutrdeemeti Inchde popoaenvatian f wietais.

al kyl I pyrrole solution, used to formthe final catalyst.system can be any
anount suf f*8i@ ﬁ?mcel')cf‘%tbﬁldz?ﬁnﬁ&af\?eCOBHJtOéngé?adsey'é}f gﬁlrélpﬁatélﬁéfl gﬁf’yv,ghqsﬁe anount
of netal al jyhimivé coh ehaRleWitR MhdIs@HibS of edBbval ngbrasied fan réhatn®hags. of
chrom um pressed as a nolar ratio, in terms of noles of chromum (Cr) to
nol es of 20T propgeres(df)a pelyiiee dpynot shangsonpdedly wohripred Bpdidsaden.(M in
t he net %I allryl) usu%l y.at least a fi fheen-fol d rrﬁrplrar excess %ic

pyrrol é%ont ai ni ng corrPESHEPRHE SOWHE SHURAPEE o iPYy-F 81U Mol AP 8&8%€ess of
metal al kyl cHrsmiss doipRhndd) viRiEH the ShroahiiANbUBLNGE Statd¥set@hablays. Thene
C:NMnolar ratio is wthin a range of about 3:3.3 (hgl SO expressed as
about | : |chrothium oaidationtstale 35 0.00etalis ehrpmetier ¢ipl Be therdranivg NPYsenpl ar
ratio is within ran of. 1:3:9 to 1.3:21. To f - 0 al yst
system corrp(ta?fécﬁzflg" d@%gﬁﬁ?&mﬁlr FAr e bAE ST S eg():(g’n‘(’i’%&%u} Srgp(tfEj(gl\e/}Jee(r:rgltr‘?t to
catal yst syshRraGifeVdrt indRen R Gl drchfic @F iddhganic fabal; ahdly Btasinsdgem
conponents can result in catalyst systemwth poor perfornmance, i _e.,

i nsuf filéi erfromdt fové.t \Exemplay odganic vadigals can haxe Hosh aboink ¢ ARV AT F4kPRase

in the amount of netal ,(alum nu O.in th F ot W crease in
e amoant BimE RebTda i He FEkaort M b i s ek e oo
decrease OfcaffxQNE4BR, IKAtIHRE af @BE hidid £ Aldlidas UTThe iofgdnie reHsas cpr bdsttighi-t y,

but decreased purity and increased polymer production. - 9 - 25 Jun% 2004
As stated ehpineénor brarched: eNdjistorsarnelesirempiie gaeEahate, 2R Parveds pofixe

sol vent, also,called a.catalyst t S LO ntaaatal yst
system  prioPEs iaﬁ?‘PSEﬁﬁC%%{)‘% (iy(%F%ﬁ{}ﬁ%fc % ﬁgb%'ea%gf a ft?ar&ﬁgﬁllfl%ﬁy has a

chrom g cQREIBAS, Al 1266 nof liddedtio af8ed, Ralfataf)aind/&@0oxidesCr / Ml cat al yst system
solution, preferably within a 5 range of about 0.0l ng

: ] 4 nL cat al %G-;Sdt/ c
system sol ution to abBieferablypiheceliramiwaisanirst1s A hremigBiit- FOH2P T

preferably, the chrgm.umconce [ i L.y, mtion is
W thin et angRoni Ty Er g SpbLRE el o e e

cat al yst syspamedaditdndtizanen haslr eainehystionsysivm albtosy pteferablel deti vity and
productivity. 10 The netal al ky] | p(%/rrol e solution ang t he ¢ vailabilit

chr oni um c SATINNIH goWEeHD A ciraalugt (1B h comeeunsbbesnss REG2%T Plorse 8VEERE ALt i ng
any reaetants. t n LN %‘;},Q%;/yg rircaimpsundsed. For
exanpl Zg c%‘ﬁ?fgwcgeggﬁa%g%g St%ﬁ'oécggég[%t S s#e%h%tgﬁrrg%r(len)tcs clgﬁh be done in
a batch pr asgsde, and asd aseimied tbadiebmige darbaxylatesymhroatinomapigtherddes-or t he
two conponents can be continuously 15 contacted and fed as o%e gitfrceam into
an ol i gomeChRARINEH hghdesy Phropn ey PAFCIISAC U Or RN GBSt RE “Hetal

al kyl1pyr [ Qb BRI EhAARII EoriBOGHURLRAL Ubi Ote G 18 ADRE cHffielundny)
conditions sufficient to rorman active trinerization catalyst system All
cont act i ng 200466, -beradonby lnngtencdondta ¢Ct( TMHDI ghehwmigpd H1 ag;ethdhexpansl e,

nitrogen and/ or _argon. Contacti. condi tions ny_condi ty,0ns 20

SU {1 S58nt 245 TP ST S et apt R B b GG, GERERATTOLL Condi t i ons
of anbi ent shEHMELAL PERNH)Y, BROINHARIIAY &n1588- cHrombaat(1ll) Bromite (bbrdmiom | ess
than a second to several "hours. Preferably, contact tinme | d

s about 1 secon
to 4 hour s br@oidehcthroininm (Bif) Guerde (chramic fluppdel cheomBimlds &F?tyfaﬁc‘é’ﬁfite’
addi ti onal catal yst system enhancenent. In a second enbodi nent of the
invention, the first step of catalyst 25 system preparation nust be to
conbi ne the chrom um conpound and t he pyrrol econtaini ng conpound. These two
corponents can be conbined in any nmethod known in the art and preferably in
t he presence of an unsaturated hydrocarbon, as disclosed. Such a
conbination forms a chrom unf pyrrole solution. Reactants 30 Trinerization

. o R - - Y o




20 based on the selection of the initial olefin reactant. For exanple, if
the oligonerization catalyst is used to trinerize ethylene to-1--hexene;

the solvent for the oligomerization reaction would be |-hexene. |If ethylene .

and hexene were trinerized to produce 1-decene, the oligonerization
reaction sol vent would be 1 decene. If 1,3-butadiene was trinerized to

1, 5-cycl ooct adi ene, the trinmenzat~on 25 geactor solvent would be

1, 5-cycl ooct adi ene. Optionally, based on econonics, a solvent disffuaeents

t han, one ofchidnguf(IYPaREAE adHremih Tl BanREed ukiosnioal IDEnttpedtadoateNg
startup, or initiation, of the oligonerization process. A djfferent inert
di | uent, sGbefé!?nﬂllbhlaamﬁrﬁhf@Wf@&HB stearate, ropuRdILPryelids AL, can be
used durin hgonEnhi.zation process initiation. 30 Exenplary initial
reactor di %ﬂ%@ﬁ%@ ét;Jqul%lébut are not limted to, isobutane and

cycl ohexane. Once t heSpeetd éenfifianybstesmaliaflfecbnpdunds ahabgsthutraeaadant and
optional diluent, additional diluent can_be added to t

C reactor, . as
needed. 5 Dulitnigdi tRe cismoys bromide CEIWU§JH@@E@&hmm?%e£}§P? o rfdFenayn@h
reaction, Hhe, | | | e 28 OB Sl £HuGRle Wb MRl
renmoved fr:i))tr%@[ ﬁ%fi?%f?f%%%@l %%’ #ﬁ%{#’o?ggg’r%}gg?or ) HF\?éalcl: io%’ t enper a{ ]ér es
and pr essunespengnobe, aimpniieniH) urae, andnpu@gs) steanatsd, chraammli)mxaiae t he
olefin reactants. Generally, reaction tenperatures are within a range of
about 0 t o2eleuthrspam(id) phaphefsy, reaction tenperatures within a range of
about 60 to about 20 a]p,gl < : r LADHR 8y ARESRe-Rbn@ Rt 1S0C
are enpl oyed. Too IO\?vl%gf a %%@P%ﬁ)‘ﬁgggﬁgﬁ%%&eﬁca# groduc% t%o rlmggh
undesi r@bl eompswmidithae wil @dant twitlts tiehclasmidmrsoesxcantpl fermpotymwerinmagmadrdisie hi gh
of a tenperature can cause_ 10 _deconposition of the cat.al yst systep

10 | " m and
reaction pPUBREKs. ArEirs iy this disglgsireothe JpaR s RYEQ BRI TPIEPQURfg ES°6F
about atno | - 5()%,1.&%' f Fasldr Je€s Wi thin
a range of&g our%)g%% ﬁ%@gﬁg&r’il%’t a %3?41{%\%0%%12%%;% ?rr%?t&%rnre)[?)g?gbley, within
a range of s@80utied 8Oolddsy anmelleaspinot dyrrdbde compiskea edpyiralrdepy assigde can
result in |ow catal yst system 15 activity. ti.onal | hydr ogen,_can be
added to tHbml‘Seg’éP]BF”fﬁolsa E!"Qraétzec‘flﬂ%‘)"rréa%cﬁ%%ﬁmﬁ%&/%%”qr‘%%eirgcgsnéﬁg%?nél yst
systemaact L\ tqy: L5180, Rydr 0 1D ecadskedbst&F l€eaptor to
contrmﬁ,’j1 i!.:(;eﬂ.tﬁﬁr%nrﬁ %tglg?y‘gg’l ?UE p% 3gr%@#§|’o?gﬁgcfi on.  Catal yés)]tqﬂ)s stens of
t hi s i nvenmixinreartherpaf t Beodddy,| the JuirtodbtenthimingisempouRDcdn bepyitebe dsior
processes. Pr oduc({ls The ol efinic prciductﬁ of thli S invention halvg radical
est abl i she®ubFtFFolspticPrhoinelerta Mty ogtPich BF skt FERE Mg & RYHRIG Fress
exanpl e, ag [RAN S&or e HatainQ$k SithP UIRRALYVEN Sdded to
copol yner s?ré /?ﬁ%?%??ﬁ%ﬂs@ng% CFOEIEP?E@r aétja!lgllder standi ng of the p? esent
i nvent i on tuwadlcfis pasinantagestinn| br gengpated igkeduby reference to the foll ow ng

exanpl es. EXAVMPLES EXAMPLE | This exanpl e .denonstr at es..r.equl chr.apj;um
addi tidh and flow 30&%&%%FH%HH??F??EB‘%HP&F;‘?E%POé’QéP’é hgm’ér%%r%ﬁ&%d
under an i peffouf RERARIMR Rokdd fr HERRE, TlehipArydsyAliiceNhcluagnarn ateines,

according to the follow ng procedure. To a clean, nitrogen purged, 5 gallon
react or, 1Hmitdd itdysardgf ardrsglecteidt frogethe puoupedonsisting]&f byrgggn pxre

et hyl benzene re.added. Then 389 nls of,. 2, 5-di net hyl Lol e . 5- DMP) was
BTPANRRR AN s S s R AR S S SR IR
conpri si ngpdaffled afdBf tid ka%ﬁégﬁc‘fl L ridics apetalid2 81 high Ractivity and

is

di et hyl al um num chl ori de ( ) pressured by nitrogen into the sanme 5
gal | or25r eawstigity With thesotheokéastants. hExempise cdtsubgitisdrRasdifcapbeitde 18t e

reactor was stirr and coqgl ed by . an internal, coolin i | ition
of the al u'?ﬁtﬁﬂmt%f%[lpyfﬁcﬁ?' % ?bgfé’élclﬁcﬁg 2SI RYHP Iy pg’ﬁ'%%ékk(%@xg%cﬁg%’

m xture wefegatydtsHREININdRndhl RS rele, elhulhenzepathyiporibhe reaoldrd- In a
separate container, 630.9 grans of chromun(l11)ethyl hexanoate QCr(EH) 3)

ver e di ssofivethyipyrrae, sthyb.dedimdtheinytstbox yralmpryF F-RYKT M PERIICH T h

ni trogen. L ( =l ethyl benzene m xt ur t@1eAQLe After

cool i ng, t%@&l@%&Wﬂzb&ﬁ%ﬁ%&nﬁp&ﬁea mg\/én\é@gﬁ%geg%%ﬂ%gt he reac% or and a

t enpersat urRridisonfainidE cvRpoahs ebMaths clibemieaciher revmsars ichromtimagdmpowided by
an internal cooling coil during this addition. Then, the C(EH) ~ lines were
f1ushed w3 be spllsHp oroming parelidfe. After about IS minutes of mxing and

cooling, the 15 . reggtQho cfg{.,legwoﬁ&c&%jrﬁﬁé Rembothdd hiidadinirepdration
filtration and dilution wth eithe

cycl ohexane or iret hyl cycl ohexane, the
reaction diluent. Slow, or increnental, addition of the chrom um conpound
foll owed the procedure as descri bed above except that the chrom um sol ution
was added in 19 or 20 50 gramincrenents. The tenperature rise after each

i ncrenental addition 20 was only about 1C. The data in Table 1, Runs

i 01-104) provide the results of the regular chrom um addition. Runs 105-108
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o] - 15 - 25 June 2004 The data in Table | show that the slow, or
increnental, addition of the chromumsolution results in a higher
conversion of olefins per gramof chrom per hour, as well as increased

1-hexene selectivity and purity. Furthe_r' re, the advantage of 25iJus¢ 2004
combining the, g%ltnregi (ﬁpg?]tgf]@t %lsh%{ QJC%(%M ﬁo@oﬂﬁg B 28Eki&tHEof hydrogen
subsequent | y addi ng e chrom um conpound an inalTy i ntroduci ng 'the

et hyl ene i nporrdlide, ieagiyerole §CALHNP B Seditethydplracle 43 SoDMMewaiierectanmiper at or

can decrease the anmounts o yrrol e and al um num.al kyl . needed for th
reaction. | RYERIASS ReqausgP aﬁ@‘éﬂ‘f‘?ﬁlg@e'g? P ‘Pfl"§“8‘étag1“§/‘§3f’ S§§F§ﬁ¥%¥ W%%étpé{f'(fyon
reaction or gpfiohanf 8t eddi€oAMRUR LhRImiBREST RO CanPhiadieesbth $héleRioRieRd.

Whil e not wi shing to be 10 bound by theory, it is believed that the anount
of precipit strcpand theeplyylecantiinisg coyppend. pAsdised iioAhis ahsclepyss twhaned anount

of polymer produced in the reactor; an ingcrease in_t mount _of
o ey pt 1t cPGTN TPl dRdis e Tk T e BAE STt heheonRnt Pl samcbe
product i on. cddsidesed P VIdBbotRNKE BRfRARRGcRIRUR] 0 PetolorbnRimagiced during

the trimerization process can cause the reactor to foul nore frequently and
15 require oenpowewnWileealf pyrrolesantamgng compeundsaearoProdEsARERE'St $YSteatsal yst

systens in this.Exanpl.e were epar ed by .maki t0G. Lyt Lons.. The
fiyrst st ockwghﬁ'ﬁﬁégg\’/@éa‘b‘ﬁ 853{”55“@9 ”d‘F%ﬁwﬂ%a%%%gsﬁ‘g‘@s&g?g@%@% ina
100 n {pl ugRQuce! ReR1aByP sPite@f with eniYRedastAddesd agldctiigy 1004 dksidd mi xture
was diluted to 500 M with toluene. The second stock solution was prepared
by m xi ng 6@oduett of 1.8 M et hyl al umi num di chl oride (EADC), in tol uene,
with 58.8 m of neat and. di.l utin i - M ith
toluene. 28 m of the%ﬁ%ﬁ?b%@ﬁ “pg?%’“ gle%ﬁogg}ﬁlgs%f(hﬁg}éggﬁﬁgﬁg%kWn a
first contaidigormad Ohé bk etbrkan&] dkyMicah Healse@neThe28knl ligdnd($)eofabamearzim

al kyl stock 25 solution was added to a second container and dil uéﬂ%g o 50
m with tolalkrecanges Any ahphatiseansl/arearematip fadierlatPreksayntherakd L?é,h a

m xi ng f.ee :grpang%%&rgt b Rin g Sank al ﬁgﬁha\ﬁ’@%éﬁc&lheﬂé’ ﬂ'hecfﬁléfHI% NRE Lyl xed
for 5 mnutes. 2 "8orvent was renoved y vacuum artd the residue was dil uted
to 25 nml W hlinkercdfadaeangtonft paiupslecult. tHhieeveat dleyst coeysicanalwerdalhiést ed in
alliter batch reactor 30 at a reaction tenperature @lf %ch ¥:Iith 450 m
cycl ohexanedseanef sseiatmetrhalky! soaly vy IipmRrgen cwadaa ddent 246 ¢PRy| ene
was fed on n yptaln eagt ar EbbRatodls per

m nut es. Fo%?lg?@ngkﬁestl nglg}’ heogegg%ea-%g Sg{e{i’%@%?é&%ﬁg%ggﬁ mli%b 25 Ju?le 2004
5 10 15 syshercslcarEx&hsian, hetadwlityh coapbends mslidenbu@t-rO4imRedh . 205- 208

provide the results in which the catal yst co o_?égt wer e. added unds
sequentdlal | gfkylgiugrigun eupPIds galkyIBPTay CRPRANYETHERIMERCHNET PGP

el ectivity, Wl 9 (o - 5 9 d larv metal alkyls
%ecenes, 20ﬂ%%@gﬁm@.ﬁg65%5%‘5%&'@%1%000’.’%\%?86.}32’(963?%31.3’89207731?4000. 0949
6. 499. 62. 63300864, HiA0Ge 16 UmifAAo5 3-tuAdithiir, 560Mbu038g8uE9 rdBusIPHRSEE, 4000
. 0l 895. 199. 33, 65203bh70, 5000. 01095. 091?'1%?' 65204b80, 339%06395. %13?0%%158' Cr(E
H 3 mi xed viehyImEnsramidigthplzinge facthpleymnains g RSB s

et hyl benzerhqumium,earfzfiﬁﬁxtiupesTtﬂQ[legf2 show t hat even w t hout cooling,

continuous 20 preparation of catalyst system produces good trinerjzation
product25and has good Bosfeebbi, ahe potantidlis sEXARPIDM (the BRauf oISt P!

exanpl e denonstrates caontinuous catal yst. system preparatiaon I
concentrati’&’?ﬁ'?y‘ggly t huBSPIEHORIAT -‘ﬁi’tié’éﬁt?ﬂr‘f iaﬁﬁ’%gflmll 1\J/vmcccg)ncpeorlll'(tPl }rﬁ%ti on The

fol I owi ng tlregisa! Wélg{)ﬁilMﬁfn%an@rﬁg&ﬁgisj Hal@%é’rﬁ@&ﬁal_kgfﬂa@uﬂirﬁfm compounds,

di et hyl al um num chl ori de (DEAC), 151 g triethylal um num (TEA) and 178 g

et hyl benzenmdweneurddedcobfa inpgarddoprodydti sethstiviindes welltasogaoved sptalyst

D met hyl pyrrole (16.8 g) was diluyted to 25 i &1 andadded
Loa 50 Booomencyrrier iy it Safibe pas At br HAKBER FRE AN

- Chrom go( | Idah 2egi1014 di@¥aRedbEAH, 6.6 |Bhid\aFodh@ ol amrllincrea3dd pghetdry l.benzene
- and rinsed into a 1 gallon cylinder wth 44 g ethyl benzene and purged with
* nitrogen. solid, production.

Most preferably, the metal alkyl is a non-hydrolyzed alkylaluminum




Et hyl benzene (225 nL) was added to a 1 liter autoclave reactor to -17 25
June 2004 provide material to reach the stirrer. The reactor was purged
with dry nitrogen to avoid the presence of air or noisture. For three hours
the TEA and DEAC sol ution was punped sinultaneously with the
2,5-dinethyl pyrrole solution into the 1 liter reactor at SO niL/ hour. The
tenperature ranged from9.7C to 21 C. The reactor 5 pressure was 95 to 107
psig. The reactor was stirred for 1 S m'n?xtes after all the reddStlant 20tvad
been pumpeded bl BxhRAGLOEy nENRoE0R BihTa WIRNCAIERS LORXCORIRIOIR] 2
pyrrol e/ al um num af Ky mxtlfre d was pressured w th nitrogen into a1
gal | on cyl i ARXORThedforrAQRE amireinR & dyhlkyl gtaupeandb¥ is rehalpgamatdmi nt o
the 1-liter_reactor sinmultaneously with the chrom un(])ll)2-.ethyl hexanoate
sol ution foFx¢mplas’ %mﬁ%‘i‘% igeiuge, bt 3tp _no&ﬁmqeﬂglov\gggtéga@gnpgmt he reactor
and the te%&q;waﬁn{im%m&mﬁmnaﬁ, %f%tﬁmlu%ﬁnﬁﬁ- chlB8d @I ReEylabui@am

e

110-113 psig. material was stirred for" 15 mnutes after all the
react ants hia@rée ndipthypdamimto ethosidee detioylaluithingmcpiteabyide, ofhixlapasingm and

found to be active as shown in Table 3., 15 20 .25 Tapl e [ f
Cont i nuous HAYOSHEWFIRY hfrrlswrfcacfsawglorlﬂﬁeﬁ%‘f FUFBRET f’éﬁ"i&%@%ﬁ%&%ﬂ 1- 06
, 1C~ /C6 %ﬁbffm Qctﬁ&iffﬂﬁa VHERRY £QBL VIO UBhe most preferred alkylaluminum

Cat al yst 30 288. 299. 271.69Pr epar ati onSl ow Addi tion )
Cat al yst 302@Bikahde99e 18ahPRhepianat (TThA Protidicth i ugtipem hlendegdhetr | bs Rx

pol m hribs Filter | M hr 765004..630, 004. 63737664, 750.,004 LS.
denonst r at egEﬁHét“Sg‘gﬁ?ﬁ e IEs tét”él"?'é’?ysbfg %{paa[cggﬁy drpqg%%‘? Sfl-fs&@‘é]ty and
conpar afj e HeAlhs %&Wo?@@&ttﬂe%t&%t&k%g% éﬁé@lﬂﬁ-ﬁﬁﬁtﬁ@ﬂﬂ BeRc3@). and may have

advantages on a commercial scale. EXA IV The foll owi ng exanpl e
denonstrat es cont i nuo¥hidanal wishing &t berbprrsbhy db¢asH, Htls F?Fg%’f‘édhé'e‘?‘lt rations.

- 1g - 25 Jyne.2004 Continuous catalyst preparation i ce ation
The t ol 1 owi STUOT i Saeeia-PamEowsr e FaaV aPeheL pYRnE hnd h@RERAE oAby

di et hyl al ur@m&%&%aaﬁn@@% tHEAGInd €20b& ubdd, ehéty bal foRicratiple] DHA@nd Bfary
et hyi benzene were added to a 1 gallon cylinder under nitrogen. 2,5 5

Di met hy| pyretdbrdds7 6Egeny)lavmsrainbeitl exddesoinglide nputygre ok dmitesietez §4@°8nd added
to a 30Q nL cylinder under an.inert atnpsphere - 3 th

Chr omi Ui | I‘Fﬁré}ﬂ?rﬁ%’ﬂ’é’i}bﬁ% }E’T%b.cf’?ogr)o c\’/{g’s Padshionde }lhfg?)(:hg]:]or(e)ie hyl benzene
and rinsed j{it Qix@uks3Rédesn cylinder with 40 g et hyl benzene and purged with
nitrogen. Ethyl benzene (225 nL) was added to a 1 |iter autoclave reactor to
10 provide material t&seeldghcoantastingiandér reqmasr e SrBEHEPYES with dry

nitrogen to avQid the .presence of air_ or isture.. F r s the TEA
and DEAC so‘f’ﬁfq?‘é“ﬁomgng%ﬁﬂwogp‘ﬁﬁ‘ﬁlé’ﬁ%gﬁ@@ \’/;\jctl%]%tlﬁelﬂé ,pg_ gﬁgr?e?ﬁﬁ pyrrol e
sol ui i on i nRatubfed hyHERAERACTRE unddfgatddtidasdarbbk ¢&is baang apomnpedoat 100
L/ hour while the pyfrol e solution was punped at the rate ,ofﬁfPO \n’é/hr. The
t enper &0ur ealihade dyfiragathion, HCa 1Bst bawd Bseolidseate-e Frefsrabiy.cosaffect arowsh ¢ o |
19 psig. The reactor s,stirred for 1 ] -af t t athanls had
been punpedACHTE RS "ﬁ%zgg{%ﬂunﬁ'ﬁ%urg%n‘fygfﬂmg‘%%&?ﬁ% cs;nc?@’ uha 12 fi6aE LAGH

(0] e reactor contai ned a
pyrrol e/ al ugi RBAtaldod hidscchbenanill Mam prgarlisac. Wihé unsdtumienhydieesrbon

ga3lon cylinder. The pyrrolc/al um num al kyl m xtur s t hen ed into
the 1 |itercandmeeanysiimberarfeearen aipmsperieoleryisni ﬁﬂ{al rﬁzﬂet‘?%r“gg‘ﬁg

hexanoat e solution far.,three. hqur T Y | wm JfdtuldNiaxur e was
punped at ?@’(ﬁ?ﬁﬁﬂﬁ?n gﬁ% CRE “csﬁﬁ?fr%ﬁﬂ%’ gg?‘ﬁt‘{q)gir%gg aﬁﬁr}ggg} ?An at a rate of 30
mL/ hr . 2Gool jragr@s, REdethnt Sdubor@ssditoanite heolceuioedat tr eomeegidl bet ween
23.0C and 25.2C. The pressure was 106l 4 psi % The E’(aheriﬁl was. stirred for
15 i nut es aveilehiligy pnd ese ehetcanExcAR@T b HBHTHGRIeIPREY RYUOFERY or . This
catal yst was 25 teste nd. f oun t] dy §epanstr aLeddepspaidabl e
activity as O@ilg?rbrllceu%’lq?m\?&ﬁ? ﬂfétt ﬁﬁﬂgdﬁﬁvéﬁﬁegﬁ ?12% beén descri bed in
detail for mbeuRHtROsst O hi Irhats trefeiren unkdtuissedaliphasichey droprsbe sgmagund
limted thereby but is intended. to. cover changes_an t{ons

| | - modifi
wi thi n the §prheeEnaniccstshal eheigsen of ¢ gy%@(ﬂ@g_ %epj_lrjagleonz%_%gﬁf %ﬂi A process
to Ol GRS, OLA! bOS tchd)? pRidERENERAbIAN AR AL GRIRS hudtbeahons
catal yst system wherein sai d ol 1 gonerization catal yst system pr epar at i on
conpri ses tiheludecips o8 nodlintiont &g benzeng, mdvale, gHbenggae.acylene, mesitylene,

pyrrol e-cont ai ni conmpound i n.the esepc 89{1 n : :@q [f})éq; oon
to forma émegl%"/q%??’r?ﬂdemfﬁtﬁcﬁ%?mﬁﬁ gj RTAC F#fgﬁggﬁgg tR ks

al kyl / pyrrole m xture with a chrom um source to forma catal yst system and
then contacting said catal yst systemw th an al pha-olefin. 2. A process
according to claim1l, wherein said oligonerization process is a
trimerization process. 3. A process according to any one of clainms 1-2,

wherein said catal yst systemfurther conprises a halide source. 4. A
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system preparation can result in a less active catalyst system.

15 The amounts of each component, chromium-containing compound
and metal alkyl/pyrrole solution, used to form the final catalyst system can be any
amount sufficient to form an active catalyst system. Generally, the amount of metal
alkyl/pyrrole solution used is determined based on the moles of chromium.
Expressed as a molar ratio, in terms of moles of chromium (Cr) to moles of

20 nitrogen (N) in the pyrrole compound to moles of metal (M) in the metal alkyl,
usually at least a fifteen-fold molar excess of pyrrole-containing compound and a
one hundred fifty-fold molar excess of metal alkyl is used over the amount of
chromium used. Preferably, the Cr:N:M molar ratio is within a range of about 3:3:3
(also expressed as about.1:1:1) to about 1:3:100. Most preferably, the Cr:N:M

25  molar ratio is within a range of 1:3:9 to 1:3:21. Too much of any of the catalyst
system components does not provide any significant economic improvement o
catalyst system activity and toe little of any of the catalyst system components ¢an
result in catalyst system with poor performance, i.e., insufficient activity and
productivity. It has been found that an increase in the amount of metal (alurminum)

30 in the reactor can allow a decrease in the amount of chromium in the reactor.
However, an increase of aluminum and decrease of chromium in the reactor can

result in increased productivity, but decreased purity and increased polymer production.
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5 range of about 0.01 mg Cr/mL catalyst system solution to about 25 mg Cr/ml

catalyst system solution. Most preferably, the chromium concentration in the

catalyst system solution is within a range of 1 mg Cr/ml catalyst system solution to

10 mg Cr/ml catalyst system solution for best catalyst system activity, selectivity

and productivity.

10 The metal alkyl/pyrrole solution and the chromium-contaiming
compound solution must be combined prior to contacting any reactants. Any
method of contacting known in the art can be used. For example, contacting of
these two catalyst system components can be done in a batch process and stored for
later use in a trimerization reactor or the two components can be continuously

15 contacted and fed as one stream into an oligomerization or trimerization reactor.

Contacting of the metal alkyl/pyrrole solution and the chromium
solution can be done under any conditions sufficient to form an active trimerization
catalyst system. All contacting must be done under an mert atrnosphere, such as,
for example, nitrogen and/or argon. Contacting conditions can be any conditions

20  sufficient to form an active trimerization catalyst. Generally, conditions of ambient
temperature and pressure are used. Contact time can be from less than a second to
several hours. Preferably, contact time is about 1 second to 4 hours. Contact times
of greater than 4 hours do not result in any additional catalyst system enhancement.

In a second embodiment of the invention, the first step of catalyst

25  system preparation must be to combine the chromium compound and the pyrrole-
containing compound. These two components can be combined in any method

known in the art and preferably in the presence of an unsaturated hydrocarbon, as

disclosed. Such a combination forms a chromum/pyrrole solution.

Reaclants

30 Trimerization, as used in this disclosure, is defined as the

combination of any two, three, or more olefins, wherein the number of olefin, 1.e.,

carbon-carbon double bonds is reduced by two. Reactants applicable for use in the
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5 compounds, i.e., co-trimerize, to give useful products such as, for example, co-
trimerization of ethylene plus hexene can give 1-decene, co-trimerization of ethylene
and 1-butene can give l-octene, co-trimerization of 1-decene and ethylene can give
1-tetradecene, l-octadecene and/or 1-docosene. For example, the number of olefin
bonds in the combination of three ethylene units 1s reduced by two, to one olefin

10 bond, 1in 1-hexene. In another example, the number of olefin bonds in the
combination of two 1,3-butadiene units, 1s reduced by two, to two olefin bonds in
1,5-cyclooctadiene. As used herein, the term “trimerization” 1s intended to include
dimernization of diolefins, as well as “"co-trimerization", both as defined above.

Suitable trimerizable olefin compounds are those compounds having

15 from about 2 to about 30 carbon atoms per molecule and having at least one
olefinic double bond. Exemplary mono-1-olefin compounds include, but are not
limited to acyclic and cyclic olefins such as, for example, ethylene, propylene, 1-
butene, isobutylene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-heptene, the four
normal octenes, the four normal nonenes, vinylcyclohexane and mixtures of any two

20  or more thereof. Exemplary mono-olefins include, but are not limited to, 2-butene,
2-pentene, 2-hexene, 3-hexene, 2-heptene, 3-heptene, cyclohexene and mixtures of
two or more thereof. Exemplary diolefin compounds include, but are not limited to,
1,3-butadiene, 1,4-pentadiene, and 1,5-hexadiene. If branched and/or cyclic olefins
are used as reactants, while not wishing to be bound by theory, it is believed that

25  stearic hindrance could hinder the trimerization process. Therefore, the branched
and/or cyclic portion(s) of the olefin preferably should be distant from the carbon-

carbon double bond.

Cataiyst systems produced in accordance with this invention are
particularly suitable for and preferably are employed as tnimerization catalyst

30  systems.

Reaction Conditions

The reaction products, i.e., olefin trimers as defined in this
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5  to suspend the catalyst system in an organic medium and to agitate the mixture to
maintain the catalyst system in solution throughout the trimerization process. Other
known contacting methods can also be employed.

For example, the trimerization process can be carried out in a sluity
of the catalyst components in an inert medium or diluent which 1s the process

10 medium. Broadly, the common diluents are fluid paraffins, cycloparaffins, or
aromatic hydrocarbons. Exemplary reactor diluents include, but are not Jimited to,
isobutane, cyclohexane, and methylcyclohexane. Isobutane can be used for
enhanced compatibility with known olefin polymerization processes. However, a
homogenous trimerization catalyst system is more easily dispersed in cyclohexane.

15 Therefore, a preferred diluent for a homogeneous catalyzed trimerization process is
cyclohexane.

In accordance with another embodiment of this invention, a slurry
process can be carried out in a diluent (medium), which is a product of the olefin
oligomerization process. Therefor, the choice of reactor diluent, or medium, is

20  based on the selection of the initial olefin reactant. For example, if the
oligomerization catalyst is used to trimerize-ethylene to-1-hexene, the solvent for the
oligomerization reaction would be 1-hexene. If ethylene and hexene were
trimerized to produce I-decene, the oligomerization reaction solvent would be 1-
decene. If 1,3-butadiene was trimerized 1o 1,5-cyclooctadiene, the trimerization

25  reactor solvent would be 1,5-cyclooctadiene.

Optionally, based on economics, a solvent different than onc of the
oligomerization process products can be used during startup, or iitiation, of the
oligomerization process. A different inert diluent, such as a paraffin, cycloparaffin,
or aromalic hydrocarbon, can be used during the oligomerization process nitaton.

30  Exemplary initial reactor diluents include, but are not hmited to, 1sobutane and
cyclohexane. Once the reactor has been charged with catalyst, reactant and optional

diluent, additional diluent can be added to the reactor, as needed. During the course
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LK about 250°C. Preferably, reaction temperatures within a range of about 60° to

about 200°C and muost preferably, within a range of 80° to 150°C are employed.

Too low of a reaction temperature can produce 100 much undesirable insoluble

product, such as, for example, polymer, and too high of a temperature can cause

10 decomposition of the catalyst system and reaction products.

Generally, reaction pressures are within a range of about atmospheric
to about 2500 psig. Preferably, reaction pressures within a range of about
atmospheric to about 1000 psig and most preferably, within a range of 300 to 800
psig are employed. Too low of a reaction pressure can result in low catalyst system

15 activity.

Optionally, hydrogen can be added to the reactor to accelerate the
reaction and/or increase catalyst system activity. If desired, hydrogen also can be
added fo the reactor to control, i.e. minimize, solids (polymer) production.

Catalyst systems of this invention are particularly suitable for use in

20  trimerization processes.
Products

The olefinic products of this invention have established utility in a
wide variety of applications, such as, for example, as monomers for use in the

. preparation of homopolymers, copolymers, and/or terpolymers.
25 Further understanding of the present invention and its advantages will
be provided by reference to the following examples.
EXAMPLES
EXAMPLE 1
This example demonstrates regular chromium addition and flow
30 chromium addition. Catalyst systems were prepared under an inert atmosphere

(nitrogen or helium) at ambient temperatures, according to the following procedure.

To a clean, nitrogen purged, 5 gallon reactor, 14.14 lbs of dry, nitrogen purged,
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109% ~ & () - 2KuidH4e [‘%ﬁAC?lﬁs E:]anéuréﬂ 6} 'n%ﬁ)gcn into the same 5 gallon reactor. With
| 5 coolint, the temperature increased about 11°C. The reactor was stired and cooled
by an internal cooling coil during addition of the aluminum alkyl mixture. The
lines containing the alkylaluminum mixture were flushed with 0.2 Ibs of
ethylbenzene into the reactor. In a separate container, 630.9 grams of
chromium(IIT)ethythexanoate (Cr{(EH),) were dissolved in 750 ml of ethylbenzene in
10 a flask purged with nitrogen. The Cr(EH),/ethylbenzene mixture was allowed to
cool. After cooling, the CrEH,/ethylbenzene material was added to the reactor and
a temperature rise of 14°C was observed. The reactor was stirred and cooled by an
internal cooling coil during this addition. Then, the Cr(EH), lines were fiushed
with 1 pound of ethylbenzene. After about 15 minutes of mixing and cooling, the
15. reactor was allowed to set without stirring prior to filtration and dilution with either
cyclohexane or methyleyclohexane, the reaction diluent.
Slow, or incremental, addition of the chromium éompound followed
the procedure as described above except that the chromium solution was added in
19 or 20 50 gram increments. The temperature rise after each incremental addition
20  was only about 1°C. The data in Table 1, Runs 101-104, provide the results of the

regular chromium addition. Runs 105-108 show the resuits of the incremental

chromium addition.
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5  compound and then subsequently adding the chromium compound and finally

introducing the ethylene into the reactor is economically advantageous because an
operator can decrease the amounts of pyrrole and aluminum alkyl needed for the
reaction. In addition, an advantage of this catalyst system preparation reaction order
is that the amount of precipitate produced s decreased. While not wishing to be

10 bound by theory, it is believed that the amount of precipitate produced by catalyst
system production can impact the amount of polymer produced n the reactor; an
increase in the amount of precipitate usually can result in an increase in the amount
of polymer production. It is known that an increased amount of polymer produced
during the trimerization process can cause the reactor to foul more frequently and

15  require more down time for cleaning of the reactor.

EXAMPLE I

Catalyst systems in this Example were prepared by making two stock
solutions. The first stock solution was prepared by dissolving 23.8 grams of
Cr(EH), in a 100 ml toluene. Then 8.8 ml of 2,5-DMP was added and the total

20  mixture was diluted to 500 ml with toluene. The second stock solution was
prepared by mixing 66.9 ml of 1.8 M ethylaluminum dichloride (EADC), in
toluene, with 58.8 ml of neat TEA and diluting this stock mixture to 500 ml with
toluene. 28 ml of the chromium and pyrrole stock solution combined in a first
container and diluted to 50 m! with toluene; 28 ml of the aluminum alkyl stock

25  solution was added to a second container and diluted to 50 ml with toluene. Both

containers were emptied at the same rate through a mixing tee (1) inte a third
container where the two solutions were mixed for 5 minutes. Solvent was removed
by vacuum =nd the residue was diluted to 25 ml with cyclohexane.

Aliquots of this catalyst system were tested 10 a 1 liter batch reactor

30  at a reaction temperature of 110°C, with 450 ml cyclohexane as the sotvent. Then,

50 psig hydrogen was added and ethylene was fed on demand to maintain a reactor

pressure of 750 psig for 30 minutes. Four runs using the above-described catalyst
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5 Run g/g Cr-hr Polymer Selectivity Purity Mixed
No. Olefins {grams) 1-Hexene, % (1-C=/C,, %) Decenes, %
205 84,800 0.007 95.0 99 .4 3.89
206 63,100 0.103 96.2 99.6 2.89
207 73,400 0.094 96.4 99.6 2.62
10 208 64,100 0.126 95.6 99.5 3.24
201° 67,500 0.036 95.3 99 .4 3.51
202° 66,400 0.018 95.1 99.3 3.65
203° 70,500 0.010 95.0 99.3 3.05
204° 80,500 0.063 95.1 99 4 3.58
15 *Cr(EH), mixed with 750 mis ethylbenzene.
*Cr(EH), mixed with 364 mls ethylbenzene.

The data in Table 2 show that even without cooling, continuous
20  preparation of catalyst system produces good trimerization product and has good

commercial potential.
EXAMPLE III

The following example demonstrates continuous catalyst system

preparation at low concentrations.

25 Continuous catalyst preparation at Jow concentration

The following three solutions were prepared in advance. 116 g of
diethylaluminum chloride (DEAC), 151 g triethylaluminum (TEA} and 178 g
ethylbenzene were added to a 1 gallon leindcr under nitrogen. 2,5-
Dimethylpyrrole (16.8 g) was diluted to 250 ml. with ethylbenzene and added to a
30 300 mL cylinder under an inert atmosphere. Chromium(IIl)2-ethythexanoate
(16.6 g) was dissolved in 375 g ethylbenzene and rinsed into a 1 gallon cylinder

with 44 g ethylbenzene and purged with nitrogen.
Ethylbenzene (225 mL) was added to a 1 liter autoclave reactor to
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5  pressure was 95 to 107 psig. The reactor was stirred for 15 minutes after all the
reactants had been pumped into the reactor. The contents of the reactor contained a
pyrrole/alurinum alkyl mixture and was pressured with nitrogen mnto a 1 gallon
cylinder. The pyrrole/aluminum alkyl mixture was then pumped mto the 1-hiter
reactor simultaneously with the chromium(liI)2-ethylhexanoate solution for three

10 hours at 50 mL/hr. Cooling was added to the reactor and the temperature ranged
between 25.3°C and 26.5°C. The pressure was 110-113 psig. The material was
stirred for 15 minutes after all the reactants had been pumped into the reactor. This

catalyst was tested and found to be active as shown in Table 3.

Table 3
15 Comparison of Continuous and Slow Addition Catalyst Preparations
Total Purity
Run Polymer 1-Cy=, 1C=1C=, C2=
No. {grams) % Yo Conv
Continuous Catalyst 301 0.72 88.2 69.2 71.69
Preparation
Slow Addition Catalyst 302 0.81 91.0 99.1 80.2
20 Preparation
Productivity Ibs Total polm/hr lbs Rx polm/hr Ibs Filter polm/hr
76500 4.63 0.00 4.03
25 73766 4.75 0.00 4.75
This demonstrates that continuous catalyst preparation (Run 301) 1s
comparable to the slow addition catalyst preparation (Rup 302) and may have
advantages on a commercial scale.
30 EXAMPLE IV

The following example demonstrates continuous catalyst system

preparation at high conc

entrations.
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5  Dimethylpyrrole (76.9 g) was diluted to 250 ml. with ethylbenzene and added to a N
300 mL cylinder under an inert atmosphere. Chromium(ill)2-ethylhexanoate
(130.2 g) was dissolved in 280 g ethylbenzene and rinsed into a 1 gallon cylinder
with 40 g ethylbenzene and purged with nitrogen.

Ethylbenzene (225 mL) was added to a 1 liter autoclave reactor to

10 provide material to reach the stirrer. The reactor was purged with dry nitrogen to
avoid the presence of air or moisture. For three hours the TEA and DEAC solution
was pumped simultaneously with the 2,5-dimethylpyrrole solution into the 1 liter
reactor. The aluminum alkyls were pumped at 100 mL/hour while the pyrrole
solution was pumped at the rate of 30 mL/hr. The temperature ranged from 12.5°C

15 to 23.5°C. The reactor pressure was 89 to 119 psig. The reactor was stirred for 15
minutes after all the reactants had been pumped into the reactor. The contents of
the reactor contained a pyrrole/aluminum alkyl mixture and was pressured with
nitrogen into a 1 gallon cylinder. The pyrrole/aluminum alkyl mixture was then
pumped into the 1 liter reactor simultaneously with the chromium(1I)2ethyl-

20  hexanoate solution for three hours. The pyrrole/aluminum alkyl mixture was
pumped at 160 mL/hr and the chromium solution was pumped in at a rate of 30
mL/hr. Cooling was added to the reactor and the temperature ranged between
23.0°C and 25.2°C. The pressurc was 10614 psig. The material was stirred for 15
minutes after all the reactants had been pumped into the reactor. This catalyst was

25  tested and found to be active and demonstrated comparable activity as in Example
I1.

While this invention has been described in detail for the purpose of
ilJustration, it is not to be construed as limited thereby but is intended to cover ail

changes and modifications within the spirit and scope thereof.
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1#10
ium-source’1s a chromium(II)-containing compound, a chromium
(ITI} containing compound, or a mixture of any two or more of
sald chromium sources.

9. A process according to claim 8, wherein said chromium source
is a chromium (III)-containing compound which is a chromium
carboxylate, a chromium naphthanate, a chromium halide, a
chromium pyrrolide, a chromium dionate or a

mixture of any two or more of said chromium (III)-containing
compounds .
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15. A process according to claim 14, wherein said pyrrole-
containing compound is hydrogen pyrrolide, 2,5-dimethylpyrrole,
or a mixture thereof.



