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PROCESS FOR a- OLEFI NS FI ELD OF TH | n efficient manufacturing A’m
process {@yodsidzef i ns using 5 cer m" || m tai ni ng et hpgiTars®1/22628 g
ol i gonerization catal ysts, conprises one or nore liquid full reactors which

are approxi mately at the bubbl e point 8% eacting ethyl ene, and optionally
a final reactor to which no ethyl enelI®BLE ed, both operating under other
specified conditions. 10 TECHNI CAL BACKGROUND (er% %ﬁjl ns are inportant
itens of commerce, bi MANGRACBYRING FRURESDHA MRy Wl 5t Ur ed yearly. They

are useful as nononers for ( POl TR 2 & ragd as cheni cal
i nternedi ates for the nmanuf terials, for exam 15 ple

detergent s ang,Swelrachants maRuE8EPLEYngOEL08esk etbpSaabrefitne byinde
catal yzed oligonerization of ethylene by various catalysts, especially
certa n eiezkelncdrphexesnteiningnehbylanRyPsioeneri sptifRt GRta BY920121 and

|. Krosch witz, et al., Ed., Kirk-Oh di fa: .cal 20
Technol o§PMPALESEy ONS/GE, TPFe 38%99\7 ?ﬁ%@%ﬁ%‘é‘ggﬁe%ﬁ#gf#ﬁ%g& §839- 858.
Dependi ”g)r‘a&ihg%e‘l%t alty $heaupedbasdpbhfatpoéduetcdiatr ebhylenedeanded vari ous
processes are used, but they tend to operate at hla%ﬁ] gressuie , éng%or hi gh
t enper at opedonaddior Hipall xegetesc el WhitheRRs SCAXYFEE HE %%rpl X“Cfor 25
exampl e recycle_of ¢ I : a8l .wWhigh i ncreases the capital
cost of R r‘?é:ﬁﬁﬁgagtnﬂ&re?nés%ﬁe?rl ﬁgﬁ%greai %8?252’229% ant operating costs,
bot hyppf course undesirabl e. TRIBIITAL BHAKGRGIMNresses for naki ng a-ol efins
are of comercial interest. 30 Recent I%, as reported in 1PJ82255555 %nd
US6103946, botoh-Qdfefidhisclrgr dMmerEBRti AESFSoPAt EABY CEr ePENCE B &n f or
all purposes as if .fully se I i ee t Qakriznogsconpl exes
of certai??r R ﬁe&qgﬂgﬁl&sga%rtgqggcgﬁ?g% 'ca? gfeguas\le) gg/ 06192 -
PCT/ USOL/2262% Ae e f @o)idtd yieadueitiionsofingd alsethesitadmistrymede- De

scribed herein is a manufacturing process for (err)-qolefin i S
especi al latagsdfan the mapiectars pd §\an¥hp§%ﬁloe‘@§)§rﬂ8§8rt §°ﬁe%§\‘}\‘er
capital caqsts_ for the manufact uri .5 pl / L o@R€R ALl Ng costs
for the glghI/iErPets oﬁfﬁ% %%Lg&#%rntﬁ’r'ocgg%téa’se?ﬁ%bpmg\%&%%%oTHE | NVENTI ON

This i nve%}_té' Hh EONKET e g IGeAR folidomeriredicn of ethylensely
(err)-olefin product, conprising the step of, contact10 i n?_, xi n rconti nuous
stirred tenidoumcatalystss eaRAGERIdM ,Ceﬁlt@éé’s?ic%ae?ﬁogﬁ? S 88n%ri sing an
active ethyl ene ol i ' P& £ FRASIdian arkd by efesahd a

sol vent ag]tunélql‘gnnpae%@l;gr’ez%%é ﬁbo%qg?out 35C to about 80C, and at a pressure
such t hatyithe comtanupusd st ikimd Gzmenr Exnsysrl apeditss ofs Chemigailent | s

essentially single phase Liquid fu]l, erein, the Lye Vp
ol i gérer i%&lﬂ&fﬁﬁ‘ﬂ& ‘g%t Eéo(r:]rpy?%esijéh %e‘&%]ﬁ%?'e%a% ﬁ%’ clﬁérrpg%fﬁ%?'of t he
formula ! L) whesegss  20peina ity a i afsamaalt ivsepententiey prypduagen,

hydr ocar

distribution desired various processes are used, but they

tend to operate at high pressures, and/or high temperatures,

and/or have large recycle streams, and/or be complex (for

25 example recycle of catalyst streams), all of which increases
the capital cost of the manufacturing plant and/or increases
plant operating costs, both of course undesirable. There-
fore better processes for making o-olefins are of commercial
interest.

30 Recently, as reported in US5955555 and US6103946, both
: of which are hereby incorporated by reference herein for all
purposes as if fully set forth, it has been found that iron

- complexes of certain tridentate ligands are excellent cata-
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byl , substituted hydrocarbyl or an inert functional group, provided that
any two of R1, R2 and R3 vicinal to one another ( ' taken together may form
a ring; wéendidrd are each i ndependently hydrogen, hydr oeaTiyto)/ 2238
substituted hydrocarbyl or an inert functional group; 2 Ra -~s WO

02/ 06192 PCT/ USO01/ 22628 R6 and R are each independently a substituted aryl
havi ng a1{kEst foirnghat prodadrtdohoothae-oiefibnai frogeathplenededdehat: in RG,
a second ring atom adjacent to said first ringSatomis bound to a hal ogen,
a primar gceabkdnhgredp, is semenufagiryirdrB5ACEFBUHOBr ¥a0leEiRsry carbon

group; and,furtherprovi.d t hat n_sajd o] I t oMy _to a

hal ogen Wﬁlﬁg,6ﬁ §SRﬁcﬁ§ﬁayC&?8%§ gW%g%,sﬁgﬁeeggégnggfmg%%fstﬁe ¢

ot her 10r i,ag 288 tish iR 12M@rReapdiateabsts Sardther mtnufagtatnmgar ebound to
a halogen or a primary carbon group, with the re-naiEder of the ring atons
adj adent plensapadyors tlomerg OREEAEANHGCRBEAITPE SRRYBMBREN SN S orin R,
when sai d _sego rd i und to a secon-15dary carbon group, none,
one or t%Bug ageoggﬁngggﬁgégggﬁsin R6 and R adjacent to said first ring
atom are bound to ahal ogen, SNARRY@OF T DNVENTGIGN or a secondary carbon
group,with the remainder of the ring atons adjacent to said flrsiripg atom
bei ng bound t @hd ShydEHeH OFt GACEEDEi / ﬁﬁ?cﬁﬁ%n%gﬁi5h§e85ﬁ§u?#ﬁ§£a§gn1is
bound to _a.tertiarycarhan gr N0 ; h hgk kbRgadtons in R6
andR adFa&éHFanoééﬁﬁgﬁf}gFggﬁﬁE’apgm'g%geggﬁﬁggtgtgbtertiarygarbon gr oup,
Wi t hid he jpgmaispder intitfidusngtdtewd adpkcerbiaosait fitssequinglentm bei ng
bound to a hydrogen atom 25These and ot her features aEd adv ntaﬁegigf t he
present ' bresesison ngdadigantfo COMPEAGRY GRd8CEEIEd SHPYERBSe 6t 98T GF ~har y
skill in_the art.f fcﬁﬁrgj Qbont hethohlow Raade- sotlached desaription.
It is tozﬁégé%bfﬁﬁ%ggéﬁit a c%%?tgphfeatgges of the invention which are,
for claridenpetestumd et Ml @bout B35 Ccdiot aboudf 89EFar and efb8dPRERrs, nay

al so berovided in conmbination in a single_e i_ment . ersely.pvari ous

f eat ur es SO HRIGHVEIRYS %MﬁQH¥%549PSf%F1 Fggfg§$ﬁé&ea§%g&2fgcéé§

PCT/ HSOlJe%;ZuQ%/%l%%?&rﬂé)%ééhﬁifaql%orgtiweobmw nglgi@nifadilyenhersay al so be
provi ded separately or in any subconbi nation. BRI_EF DESCRI PTI ON_OF DRAW NGS
Fi gure 1 the aqriamh affhylens diiganerdzaid ony @hed vis th GORPLEFESse (in MPa)
of ethyl ene _and _a -m xt 0 [ [ obt ai ned in the process of
the preserfFd 8T f&éﬁﬁdigﬁﬁﬂéﬁ%ﬁg§éﬁﬁﬁﬁgﬁghgéhenatic di agram of a pl ant
for manufacturing a-olefins by the wreseqk process. 10 DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Hegei n,\ ceryain terns are used. Some of them
ar e: =N

—N
\,
wherein:
20 ' R', R? and R} are each independently hydrogen, hydrocar-

byl, substituted hydrocarbyl or an inert functional group,
provided that any two of R', R® and R’ vicinal to one another
taken together may form a ring; .

R? and R® are each independently hydrogen, hydrocarbyl,

25 substituted hydrocarbyl or an inert functional group;



A "hydrocarbyl group” is a univalent group containing only carbon and

hydr ogen. As exanpl es of hydrocarbyls may be nentioned unsubstituted

al kyl's, wpGh@aldsyl s and aryls. 15 If not otherw se state®CTius0i/226p% ef err ed
t hat hydrocarbyl groups (and al kyl groups? herein contain 1 to about 30
carbon atonms. By "substituted hydrocarbyl" herein_is meant_a hydrocar byl
group that comfaand Bhewe emste iamimeirt%ﬁmlmlao@p@%%% a&"ﬁ’é PR¥t  under

the process conditions to which th n t at Qi he §QuUBs is
Subj bt ed e S LiTH % oG Co 508, ity A-Spaehne P e Bt
groups alg@rdo not substantially detrinentally interfere with the

ol i goneri zati on process or operation of the oligoneri zatj{_)on 25 cat al yst

system |f notinoffer @i secondt 84N 2teR pHFEPRedEP NBRTubLTFE Ut EF

hydr ocar byl gr.oups.h in _cqntajn. 1 to 3 0 1.9Ba Laebxded in

t he niani é’mgfls"g) s%‘lrS:uot gd%%%? ﬁ'néspggﬁggynigﬁgggﬁe@gr% %Dre het er oat ons,
such as mdrogarbopx yeeumed/ er temtiary sadboheofroup ;vandnésrsherhe 30
substituted hydrocarbyl may be to the heteroatom In a sub stituted

hydr ocar BIOViges §0athe hydrogens may be substituted, as in
trifluoromethyl, g MO,02L06182-P6d/ LSRG/ 226881 Bybdthaets) afabbgemal
group” herein 1s neant a group, other than hydrocarbyl or substituted

hydr ocar ytt ,a whiictarys daxdyan (@WeeID t MEOTISH 0©8SSs OFo MOt Odn$ho OMRFEN t he
conpound cont ai ni ng .t he sgroup_ivs_ subj fanctd on al so do
not UbstEMd ei'itl%“sd&ne%er F‘Bésﬁy "iliqaeér% ggom%ie%n%r%%%gfe@sg eﬁ??ﬁ%d her ei n
that the Gamoud 4 haMtidgdn tdie)a Prenpires eatrbony grake ,paritth wtheExenpl es of
functional groups include halo (fluoro, chloro, hro and i.odoél and et her
such as TERB@lerhafeitherRa0nS FiMoEIRRens: tousadit dr%%&thﬁwgc FoFo byl . In

cases in,which.the § téqﬂ?{# ég}’%t@?ry- Rg- near a transition netal atom
sho

t he functl?eolﬁ1 group al one not coor di nate to the netal atom nore
strongly than irh&®gr abes isaitheseondnpougdstohatsabeusfoff asseeoRdi nati ng

to the netal atom that is they should nqt displace the (W 5

or di A&t i rAIF GRFOB/Y %O%Caﬁcﬁ%%ﬂstoneorora%w@ato%o gie é:ct{f%e\}:gt‘?%rnge%é:%%am one
or nore cQimeundy Rhabqsgaeht WbNsAidr ANss £ | Oingred dm car®doouhd dcd axm an
activated cata yst species. One such catal yst activator is_an "al kyl

al uni num eaimuemd''a Vi ohar Y ocardr@t rgraup am SeCRREIN 5P R | east
one al kyl group is bound.to | unj. { : 3%, for
exanmple, ‘&t T ,r%ri'%%r a?i% %é? (%131 n@ayO a ggjﬁ%%%p%oﬁggﬁ%%ﬁm at ons
in the coppingkomlbeaing ibeatid (s ra -tdfdgerpraaauct "o s nmeant a composi tion
25 predom nant]y conprising a conpound,.(or m xture,of omopougtg_%.glj_, t he
formiPa H(CH2GHR)RCHYEEN \ivdikiSeTPncs TART AE8TEF EPU% §%Bodf I8% ¥n nost

cases, th,}ga}g&@a%rg@ér)ﬂ@ﬁ@f&f MOVt dtirepreisentagues s Rl bhabe a
m xt ure of compounds havi ng differing values of g of from1 to, ;18, with a
30 ninor RhmdircEntedpEaids HasthFing Atess 358 POVES f18n 31 §STBLEEr abl y

I th 50 i ght , d f i
56 MNc20 Nl i BerGEDL, RO IR B0 oF A s Al i

further cpgtgi{aSeptdt arDHgt 8tEm b BAFID X P/ WIBMIP26 28 qpr ef er abl y
| ess .than 30 wei ght percent, nore prefer a(glh%/ | ess_than 10 _wei htS arcent,
and especi al | yThese epaf| gthessteatnres @RS oF HRF T TFEs of

compounds; el A AkeleBe hpRBchEdas] fomesors 6he Sopnethose! of asmal -
é ﬁy a prinmar

ol ef i ns. y carbon group” herein is meant a group of the
fornul a - GhRy- skibheini hhehartr feomateneading ¢ Elhe ahglboWERd A¥m and t he

bond represented by the solid E ne is to a_ rj Of, 3¢ SUbstd iyt ed aryl
to whi ch tRélpdi ﬁﬁgﬁrﬂ@’r_fﬁﬁ'gr ‘ﬁplﬁsggtﬁ%cﬁé%.?g%gg?h{‘é %Fee val'ence ---
may be . features of the invention which are, for clarity, described
' 30 below in the context of separate embodiments, may also be
provided in combination in a single embodiment. Conversely,

various features of the invention which are, for brevity,



10 bonded to a hydrogen atom a hal ogen atom a carbon atom an oxygen
atom a sulfur atom etc. In other words, the free valence --- may be to
hydr ogenyohg@g@sar byl , substituted hydrocarbyl or a functhCarnisiol/greesip.
Exanpl es of primary carbon groups include -CH3 , -CH2CH ( CH3 ) 2 ( -CHz2(C1,
-CH2C6H5 , -OCH3 and 15 -CHZOCH3. By a "secondary _carbon group! is neant

t he groufeé&tyibedwher ¢he chetbshdofepreteal edenpodieerb) ilﬂaYi%es? %o a

ring at om of , ubstituted aryl .to_whi ry carbon 20 group is
attachedPrQHagﬁatﬁePFlE@ 57 Hd8¥r &Pr %1%%”%@8&%131)?12869%2@%(1 lines are to an
atom or atons ot her thangRygropescrIPEEEN aOPNBRANIGEDUPS My be the same or

different. In other wordsS the Tree valences represented b hf dashed |ines
may be hydroc&ibyre dubst it gre®bhoér 56RPBYRATHES] heFtl ¥8- 1 BHEPT8nal groups.
Exanpl es of secondary carbon _groups include - CH( = GHCE 24 - CH( CBHS) 2,
pycléhexyp}ntcﬁréséHg?)(ééHypg)aﬁg 9%ﬁ¥éf§§ ?ggygzﬁlgg?flary Tarbon group"

| S meant 3,64 AUP 0bi A8 10Miadnks: in38né préCed/ 0618Re PETLLEAN/ 22628
wherei n the bond presented by the solid lineis to aring atomof a

subst i t uiageatylont.o which the tertiary carbon group is attached, and the

three free bonds represented by _the d Lhes; Opo@Nzahpgher. atons
other than 5 Ry@M8Ger. TP Re a\I/n\BfeLgs?Ep%ga%%%dglggg?ésggt gdbby t he dashed

lines arg (o 1A lng pHRsild iz $yh ¥ deo gt toproests . f unct i onal
groups. %?grrp )élgl 0 t‘}e%tﬁnagr?ycarbén grgﬂps i%%lrude -C ( CH3 3, -C( CoH5
) 3 10-CCl3 , DEFAILEDCDESCHIPIIPNCEE THECPREFERREDCEHMBO S aryl and
substituted aryl such as phenyl and 10 1-adana | BY +hahyhrel:S Meant a
nonoval ent ar &e&SE g 3 B0 PRE PF%@'va%teoﬁlgeolﬁstP%{nt & Carbon at om

of an aromati G NGk JGgrave enendvalene groust contaiginshi ch may
be fused, connectéd by single bonds or other gr bstituted

oups. .15 By, "su
aryl " i s omantcaxrhoonaral dndragatat i @Sgﬁé@ﬂpéﬁ?sﬂffﬁlﬁ’éa%?%?gisf BA%h in the
above definitiqn of Xsubstif.ut I Y loyo1d m]'g!,qr Led@Rrangl., a
subst i t utsd MG IRES h‘ﬁﬁeu%%tﬁtgge%%el Forat e Tings which ma?f be fused,
conngst ed oyt R ANES Sratddier risupse feowede thazo hydaecek®ydubst i t ut ed

aryl has a heteroaromatic ring, the free val ence i,n the,sulbsti.t d aryl
group cagusaso @nsbtakleak o QERIN REE S rct?é‘g:ﬁ)lrbfl ttl?eaf?gtl:ﬁ%r tggr (%%gc?i cring

i nst ead fona artlad'l&on. By "essentially single phase liquid full” herein is 25
meant that at Teast 95 volume percent of the reactor volune' is oacupi ed by
a liquid that Bis assbagheupkdsdydsesarbyddurherain t he MEAStor2 vBYHRE nay be

t ak b , | I t hyl d t ,
uhi o - L bGPHR: (5P R P pPBRbsS c AR | D2, REVErT hes Taas

sone ,smal i, apuRt-cofi hissolmieg ehkylwrecagss tagdbeions to which the

compound containing these groups is subjected (e.g., an in-

ert functional group, see below). The substituent groups
also do not substantially detrimentally interfere with the
oligomerization process or operation of the oligomerization

25 catalyst system. Tf not otherwise stated, it is preferred
that substituted hydrocarbyl groups herein contain 1 to
about 30 carbon atoms. Included in the meaning of "substi-

_ tuted” are rings containing one or more heteroatoms, such as
nitrogen, oxygen and/or sulfur, and the free valence of the

30 substituted hydrocarbyl may be to the heteroatom. In a sub-
| stituted hydrocarbyl, all of the hydrogens may be substi-

tuted, as in trifluoromethyl.



present. Not counted in the reactor volume is any solid resulting from
fouling of the reactor. 7 WO 02/ 06192 PCT/ USOL/ 22628 By a "bubbl e point"
herei n iWwoBaRM2t he m ni mum pressure that nust be exertes#cwrusbhe2eps ocess
ingredients to keep all of the ingredients, including ethylene, in the
process ' in the liquid phase (i.e., dissolved). The bubble point 5
pressure mAIIByaﬁylmeth)tﬁencempeaétgr@uﬁf hﬁ@epﬂoé%s%e%mﬁ 2 HEF€BRposi ti on

of the I| For ai ht m ni mum
pressure Eﬁeggﬁﬂ HXFEP&Fﬁ%QE Eugﬁbgﬁggéggg &P§§%h§¥£ I@%g§ m??hout an
et hyl enejgasrphaserwihe preteaseconddtibne ver@achhEh@u@mmpo@mdnt 14
pressure also changes-with the conpositiogn of the ium The bubbl e

iq
poi nt magobsaABavgr s@euFdeHPYAFi 6H 3@658ﬁt|oﬁgeugPﬂﬁt%QB?gﬁgﬂ?ﬁpﬁelI with a
vi ewgort %god %e& y%ubg%agkgEEYggaégéﬁgEﬁoﬁQl§hlnHQP?éré wivenaggt of

condi’t i oft ene gas I sappears Specific techni ques that
15 are uﬁebubshoﬂe@&&i%@dngebemhlEhpblnhs wpinpobedf dundhieh AtlyeyDaréekar ,

et al., Ind. Eng. Chem Res., vol. 25862 0 45091, and
S. RahanPTrefegf. may, tpke PaLE. 1fng. ,x€8£1ef 8¢ §u§§ é%n%iggg?ggé igof whi ch
are hereEXuEgcghggrngqogﬁ rehga%acebbeﬁalanBOEOabb pan@ogesenssithf ul Iy 20
set forth. By a "first ring atomin R6 and R bound to an imno nitrogen

atont' i sgeapR°? Rghdrdith at®dnis ﬂhir@@@@aﬂbphp@r tmnmtimtaed IthIIDG—'HLI'I‘ ogen
shown in (1), for exanple s ¢l ¢ ~\ /~\C N or % g %I The atons
show® i nbyhe 1I@o§ﬁﬁﬁ@nlpnwpﬁéhrFH&SfPHCFFP?a%nHr? ©tR82Fi st ri ng

at ons bo%”snéﬁtﬂ%n!ﬁkQ%lc%EBﬁ” a %”EGBEQ@bna&OBEéuﬂthBnaaghbﬁlaUﬁatltuted

on the aryl groups are not Ring atons adjacent to the first ring
at ons 34 cabedshewes, tfoorthexmemlaé altnm( mV)reaﬁdr(leywhba@ the @peuPfa 8 WO

02/ 0G192 PCT/ US01/ 22628 Ienc to th e _adj acen r by dashed
lines (tR& FheSSoSOMPONLSS §ﬁds % 588% |%%g§P§ ?Q)FBgQ c .cue

fe. . hethl %Eo&hvkhk¥)1§ E&e?n%hBhQBehb%ddﬁﬁb@dbéEﬁheoﬂeéifeﬁ coR6 is
15I ordinating group.

By a “cocatalyst” or a “catalyst activator” 1is meant
one or more compounds that react with a transition metal
compound to form an activated catalyst species. One such
catalyst activator is an ‘“alkyl aluminum compound” which,

20 herein, is meant a compound in which at least one alkyl
group is bound to an aluminum atom. Other groups such as,
~ for example, alkoxide, hydride and halogen may also be bound
to aluminum atoms in the compound.
By a “linear o-olefin product” is meant a composition
.25 predominantly comprising a compound (or mixture of com-
| pounds) of the formula H (CH,CH;) ,CH=CH, wherein q is an inte-
ger of 1 to about 18. In most cases, the linear o-olefin
product of the present process will be a mixture of com-
pounds having differing values of q of from 1 to 18, with a
30 minor amount of compounds having g values of more than 18.
| Preferably less than 50 weight percent, and more preferably
less than 20 weight percent, of the product will have q val-

ues over 18. The product may further contain small amounts



RLRlI1 ~RSs R R (VM ) and R is RRs Rl4 Ry5 ( VI | ) wherein: to Re is
a hal ogen, a primary carbon group, a secondary carbon group or a tertiary
carbon gwewrieppPd R9, R10, R11l, R14 R15, R 6 and R17 arePpeadisoi/emependent |y
hydr ogen, hydrocarbyl, substituted hydrocarbyl or a functional group; 15
provi ded that: when R8 is a hal ogen or prinmary carbon group none, one or
two of RipreReBabhy ReFsarban BAI wgbehsrPargeifarJOEaArPeRIGFHDY with the

remai nder of 2 3 and 7 _bei h o] : i condary
car bon giﬁﬁﬁ t ﬁgngaowebﬁgﬁﬁp?rﬁﬁgg{ égé g%ﬁeﬁfélfg %@ﬁg?gg%%f g?%?inary
carbon geayp Qrwéi§ﬁQogF9cen¥W>BZ/GQhQZ PEELSOT/ 22ti26unids yseahbas group,
with the remai nder of

2, R23 and R 7 be igg hyd[oggn; gr ﬁhfn Re is a
terti ar yadkebes,gbsapchednalbenefe 6fSRPS, aRESCANHRETRS PePt14Fy carbon
group, with the renmin 0] 2 n 14 beifgahyds Hupapd further
prov?ded that%Xn? ?%ol%%2§8?ag85$R96, éll?gﬁgé% R13, %u4, Egg,u2a6 and R 7
vi ci hal theoferandtheCH,+akewhegethethenfréermiendag. -1 itg H @e
formulas (VI) and (VII), R8 corresponds t 0, the second.ring a dj acent
o the T ST BRgme: 6AEhSORTO0DA, FEDFRRRDCATL PEGERE S a bldast 8Tk AL e
correspond_t L Rer o t B cada2¢entot @hi bR fhesprinagyatasm |n
conpoundg fﬁ%gigﬁfgi%?ng %%f%and FVII)?QitOis particularly preferred that:
15 i f R8bba grupmasy atzebbedgr ofp)sRtBei §rgepvakaRyecar boR2yrB8p, and R12

ot riry BSPSGH Groan HR=29ERcaR BNy C APBSHCd BUa nhr S B aPeraary 3
secondar y,,CRIhOoR tPOUR, sandurRldtend Bté.ar enhpdhegenprds, the free
valence --- may be to hydrogen, hydrocarbyl, substituted hy-
drocarbyl or a functional group. Examples of primary carbon
groups include -CH;, -CH,CH(CHj)z, -CHpCl, -CHpCelHs, -OCH; and
{5 -CH,OCHs.

By a “secondary carbon group” is meant the group

wherein the bond represented by the solid line is to a ring

atom of a substituted aryl to which the secondary carbon
20 group is attached, and both free bonds represented by the

dashed lines are to an atom or atoms other than hydrogen.

These atoms or groups may be the same or different. In

other words the free valences represented by the dashed

lines may be hydrocarbyl, substituted hydrocarbyl or inert
55~ functional groups. Examples of secondary carbon groups

iﬁclude -CH(CH;),, -CHCl,, -CH(CeHs)2, cyclohexyl,

-CH (CH3) OCH;, and -CH=CCHj.

By a "tertiary carbon group" is meant a group of the

formula

30



20 if RBis a tertiary carbon group (nore preferably a trihalo tertiary
carbon group such as a trihalomethyl), R13 is a tertiary carbon group (nore
pref er ablyyy @uekfokhal otertiary group such as a trihal onet hylCrjusaneeéBd2 and
R17 are hydrogen; or 25 if Re is a halogen, R13 is a halogen, and R12 and
R17 are hydrogen. In all specific preferred conpounds (1) in whigch (VI) and
(V1) appeareint the bosflereptespateR1byRehgngoRedat tndyHf oben? Gha¥or R4

and R5 are nethy f her RY f 3 h
R14 Rl@tome% o guRE FLEhEE éli‘rﬁyd?ogce"%%ﬂlghg éérg}gafy%%’ab%gluls A
primary %&%@gslgrau@acﬁea¢ anef enabkyreet fiybe bondsd reyfbeéﬂaedgny

PCT/ USO1 , R11, R12 R14, RI5 R 6 and e all hydrogen;
R13 is etdnd daah@dRélh§SaaEﬁ|ﬁﬁr?nc&ﬁﬁﬁnoﬁr6GBmSnBFEeBrE%@Pa blyyethgl or

Isopgopyﬁs%%ﬁgeﬁg E%ADS§E§ WREQS @hglﬁoﬁﬁg ?éﬁrg¥gﬁ988nb¥5tﬁ@3 i's

rrmary group, nore prereranly 1sopro | or
R9, RI10, dﬁ%hedeanE&4a|Ré5 tBl ﬁydlﬁdcﬁﬂrbyar, esalbéthydtegehydmsatlwhpprg%yI

and Re is a primary carbon group, nore pref
R11, R 2iTRIA RUSCRLENZh]IROMPSre EFRTR &?08§n§6k¥§9¥58§%¥8P08£ Eg |§1g

halogen nor. ref or R1Q-pR1L, 6
R17 are dﬂdﬂ% ﬁﬁﬁb}%{B |5&Errr’?1%(l o% ot e %Eé%grzg%ﬁff RJ@ECIH and

trifluoraridiyh cranek,R8 ak§1l&n@.@m&h&h&m&bﬂybrymosechraéepabhyl and
trifluoronmethyl. In another preferred enbodi nent of (I), R6 and R are
respmctl\ﬂaqdamantyhs R2 and (V1) (1X) ’

By ‘aryl” is meant a monovalent aromatic group in Wthh
the free valence is to the carbon atom of an aromatic ring.
An aryl may have one or more aromatic rings which may be
fused, connected by single bonds or other groups.

15 By ‘“substituted aryl” is meant a monovalent aromatic
group substituted as set forth in the above definition of
vsubstituted hydrocarbyl”. Similar to an aryl, a substi-
tuted aryl may have one or more aromatic rings which may be
fused, connected by single bonds or other groups; however,

20 ‘when the substituted aryl has a heteroaromatic ring, the
free valence in the substituted aryl group can be to a het-
eroatom (such as nitrogen) of the heterocaromatic ring in-
stead of a carbon.

By ‘essentially single phase liquid full” herein is

25 meant that at least 95 volume pércent of the reactor volume

. is occupied by a liquid that is a single phase. Small
amounts of the reactor volume may be taken up by gas, for
example ethylene may be added to the reactor as a gas, which

- dissolves rapidly under the process conditions. Neverthe-

30 less, some small amount of dissolving ethylene gas may be

present. Not counted in the reactor volume is any solid re-

sulting from fouling of the reactor.



20 wherein: R18 is a halogen, a primary carbon group, a secondary carbon
group or a tertiary carbon group; and R19, R20, R23 and R24 are each

i ndependeotokgetaydr ogen, hydrocarbyl, substituted hydrocaPBylusoer22a28
functional group; 25 Provided that: when R18 is a hal ogen or prinary car bon
group none, one or two of R2l, R22 and R25 are halogen or a primary

car bon group MA%h“PHEbiénﬁPhHE BeredR 1§&Qe%ﬁﬁ BERHBURRE BFen:  or 11

WO 02/ O%ﬁze&éyﬁgﬁ%%@eﬂfe RR18ni nd ﬁf&@@@@ravn%@é@%ngé%w k&gHe or

one of 5is a ogen, a primry car group or a secondary
carbon gablippfwthé ihgreémannder1ntlﬁaingRﬂﬂmﬂmhé&5lmefhg pyeicegen; 5 when

R18 is a.,terti carbo , _hon ne . of nd R25 is a

tertlarylEaF%S égﬁbﬁ p #ﬁe na%ﬁ88$ %?)RQF?h?égaéﬂgeﬁﬁ% “B%i ng

hydr @genpragguf:erwﬂ paeyi Q@éht Bﬁé aBMpbrer@f e RIB, £t Ypr &8ss Rehd R22,
R23, R24 and R25 Vicinal to one another, taken together 10 nay forma ring

I n t hethbovempoghtias ¢¥I thy émquedxpha$§8 clor¥ espmeket 02$ heh8econd ri ng

éton1adj cent t he. ng o] t and R2l,
R22 and Eﬁ%P%E g%%%oﬁ% %§&§%& ﬁ& H;B%@ aiéﬁbéggfacengd%a §§Qﬁ$frst ring
atom 15¢hincanpodintea bhéséomﬁﬁcmuagnQV%thylam@)(Wi&homt as eenyleéwsl arly

preferred that: if R18 |s a primary _carbon group, R22 is rimary carbon
gr oup, afias RRpagfdwiRbE ARETRGEPogBRY BICRIVEER | s %h%e%%“ﬁ%gyp%%?%on group,

R22 oS gp%ggafx g 029hgﬂgogrwehoehé éa%agﬁwoﬁaap%arm@mar%@-

prefera y a secondary carbon group, 1 and R25 are hydrogen; or if
R18 i s adfiemti arlechubbhegpoupt(meyeber véasabdy wnderhm&na®@$t¢@m®ltarbon

h tri hal th tert b
O of o1 abEyoRS: R tAPof oL EBYERy CBE SulstElch BB nis one PR T rot ana
R25 are fydt@udePre8suté WA8chs anBakogegivéRZsés &f habrgepiomad fizé and

R25 are
ethylene gas phase “disappears”. Specific techniques that

15 are useful for measuring bubble points will be found in A.Y.
Dandekar, et al., Ind. Eng. Chem. Res., vol. 39, p. 2586~
2591 (2000); W098/45691; and S. Raham, et al., J. Pet. Sci.
Eng., vol. 14, p. 25-34 (1995), all of which are hereby in-

- corporated by reference herein for all purposes as if fully
20 set forth.
By a “first ring atom in R® and R’ bound to an imino ni-
trogen atom” is meant the ring atom in these groups bound to

an imino nitrogen shown in (I), for example

o} c—
P
i \T // \\
C\\d’7C \\T//
. ='!| or =N
25 (II) (III).

- The atoms shown in the l-position in the rings in (II) and
(ITI) are the first ring atoms bound to an imino carbon atom
(other groups which may be substituted on the aryl groups
are not shown). Ring atoms adjacent to the first ring atoms

30 are shown, for example, in (IV) and (V), where the open va-



hydrogen. In all specific preferred conpounds (lI) in which (VIIl) 30 and
(I'X) appear, it is preferred that Rl, R2 and R3 are hy drogen; and/or R4
and R5. ®ifnigiddy! . It is further preferred that: 12  WBCQA/NDEH1H28

PCT/ USCOL/ 22628 R 9, R20, R21, R23 and R24 are all hydrogen; R22 is nethyl ;
and R18 is a primary carbon group, nore preferably nethyl; or R 9, R20,
R2l, R23lamtik24ter ¢halsle kyldeogpat aRemsi sret Bpwn hiddreBefslangsi mary

carbon group, nore preferably e | ;. _ar 9. _ . F R23 R24 are
al | hydr d§&i® 2REZPPSLLORSo J%yl‘;&%n&“%§g?§5a5p§|%%%ﬁ%85r E%n (g?gt}p, nor e
preferably isopropyl; or R19, 0, R2I, R23 @ndcR24 are all hydrogen; R22
is n-, propyl; and R18 is a ri%Ty car bon q.fou}s}\, nore preferably nl0
propyl; or R9, R20, R2l, R2 andCR24 are_,aﬂ{ﬂ?t@nggen; R22 is chloro or
brono; and R18 is a hal oge,n;'CmH/é pr.eferably | oro” or brono. The active

ol igonerization catalyst may be prepared by 1E| a variety of nethods, see
for instance previously incomm r at edodS59555H5 and US6103946, as well as
US6232259 and W00/ 08034, both of which are aé\;)o i ncorporated by reference
herein for all purposes as if fUﬂy set forthi"Were a cocatal yst such as
an al kyl al um nym QUK. R r (ghe @€tiye catal yst species,
an i'r%n conpl ?%8?‘%, Sl}lcrfs]edzzi%a coﬁ{pe?%xbgf (( P) with Fed 2, may be reacted
wi th an al kyl al um num conpound, preferably an al um noxane such as

met hyl al um noxane, to form aqqmact ivg ethylsene oligonerization species. The
rati o of alum num (as al kyl al’uniNays pound) to iron (as a conplex) in
the ol i gonerization nay be 'about b about 1000. The catal yst used in
the process of the present inven Ry be unsupported, or may be -
supported on any one of a nurd el I*nown substrates such as discl osed
in the 30 previously incorporated regferences. Preferably, however, . .the
catal yst is used in unsupported forR® In the pWdtess described herein, as
in nmost chem cal manufacturing processes, there is often a balance that is
13 WO DA 92SPCT/ USOL/ 22628 struck between initial capital cost of the
manuf acturi ng plant and the operatijng cost of nmaking the desired product.
The. process descri bed herein styike hal ance between these two factors
which results in exceptionaIIyR pmapdi acturing 5 costs for a-ol efins.
Wthin the paraneters described smal | changes can be nade to
further optimze costs based on s f,actors, such as the cost of

et hyl ene, |ocal cost of enérgy? etcf R

R'S (VII)

.wherein: |
10 R® is a halogen, a primary carbon group, a secondary
carbon group or a tertiary carbon group; and
Rg, Rlo, Rn, R14, Rls, R and R are each independently
hydrogen, hydrocarbyl, substituted hydrocarbyl or a func-
tional group;
15 ° provided that:
| when R® is a halogen or primary carbon group none, one
or two of R*, R and R'” are a halogen or a primary carbon
' group, with the remainder of R'?, R and RY being hydrogen;
or
20 when R® is a secondary carbon group, none or one of R?,

R} and RY is a halogen, a primary carbon group Or a secon-



By a "continuous stirred tank reactor or its equivalO lent" herein is neant
a continuous stirred tank reactor ("CSTR') as is understood by the person
skill ed wo ihetvart plus those reactor configuration consirdaresgi/bsegti onal |y
equi val ent thereto. The standard CSTR conprises a stirred tank with inlets
15 for the catal yst conponent(s), any recycle a,-olefins (sol@g$nt) or other
sol vent 8adYefAyPeRegTrany aisht EBe FemaindeproduBi sRreand BSTRCare wel |
known in.the e for instance J. Z Kroschwitz, et al., Ed.,

Ki rk-Qhrlr}Elgl Eﬂ@%g %%édlog of Cheni cal Technol ogy, 4th Ed., Vol. 20, John
Wley & 20 SowhenNeW York, td806arppcadifly -chfinsy, Wdish di1s drme arfp®ia) ed
herein by, yeferenge for all purposes as if fully set forth. As indicated
above, fBncE6h&  ebfi Var ehREY f CRTROICSIOURyy Yal & Hhe epindsr &danpl e a

ci rcyl at gng lﬂwp‘%‘%&aﬁﬁgbe%%g\ﬁﬂ%ﬁ% bg.ingredients are essentially uniform

t hr oughout 't he | oop. unctional equivalents are well-known to, or
can be readi | gndefertheedppyitiedschat andi maoyoskRE) &F,i R'th&'f el evant

art. More;t han;one,CSIR (Qrigequi vakent) . e used in series,. for exanple
to -avoi d®t he & nstfl ¥ afli on fof %%ﬁaﬁl angéléT%i/rggc?B?saﬂ?\F%ﬂrmg/alﬁ nor e
expensi VeohBaRel WRa§MebL-RI af @3agt ors in series (a preferred configuration),
or to hel p-provide enough cooling capacity for the reaction system (see

below). 14 Vo bhe0oshorepCrrugdas20¢P8 ane (¥AELi oR iePBHAFPANGs $iessure

' th h i i . t t
Ui 1okl NECRESC ROt cBUacLapt e e BELUET ;g Hbe SRR |
essent i'atbythenghenphaserbigeui, dahdl R*?, PrEY erabIRY tbisespo@std, theom a

pressure above the bubbl e paqint Eressure, to below 2 tinmes the bubble point
pressur eCtBAY KRNIt BtewscBdIpRENEr [Pi BB HrESEuFEngi 2yl ene. By doing so,

the reactors) Eﬂseeﬂﬁsmhe ggfi eBﬁEéiﬁﬂnésf@?Li ahhy (¢thp! et phaseddquid

full. This makes the nost cilent use o e volume of 10 the reactor, in
thi s insthockaaly prefkeredather:volune is used to produce a-ol efins. The
et hyl ene may bg %gltroduced. into thebreact or  as.:a gas at therbubbl e I;goi nt or
a higher pressrB t1F caght SPAFYCHPW P1Ms R spargd PTAGEEY or 219 | ke,
whi ch ar grkpagWnaha RFe a1d rR*Wate 1sfitdgadwi s (<5 15 vol ume present of
the reactor) of efhylene bubbles may be present v@i | e the gas is

di ssol vi ng, thEsRI sista| $eecondraereareny@aPuRl IR het i d. PIHEAHY 08283 is run

in the ljiqui se_l " t nt ']gﬂi; such as an
i nert origjgﬁi grﬁﬂézgruﬁd?eﬁﬁﬁgé Oggr%-glt? ?g{% 't%gg%yp%?g%ﬁl C g? degree
Wi th anysetohbierpr caebsncompapentad Riebedally aiwe mainmydn;i o1 he reaction

product of the ol jgonerization itself, one or re a-olfefi rh . _preferably
the 3 xture offpBr i1 nFSTHEY FATRMIEHRP | FFEEFTHING &diefins

such as a9yt eaeliaty2eadvehebBapPsREHCEs BYttiRaPoREEES1) TORS At at he
process a separate solvent nay be used initially with the liquid me dium

event ual kgrbéany ABSLPR TNOUR- dMeFEnBrederahbyon Rbibalereytbrefins may be
Yo the r 95008 SE8RoRs, Pas arB SRRVl VAR RT A& TR R MR ar
t he et hybene ol i gonerizati on conponents) or none of the a-olefins my be
25 if R® is a halogen, R!’ is a halogen, and R'? and RY are
hydrogen.
In all specific preferred compounds (I) in which (VI)
and (VII) appear, it is preferred that R, R? and R’ are hy-
. drogen; and/ox R* and R® are methyl. It is further preferred
30 that:
R, R}, R, Rr!2 R, R15, R'® and R'Y are all hydrogen;
R*® is methyl; and R® is a primary carbon group, more pref-

erably methyl; or

10



recycled. 15 WO 02/ 06192 PCT/ USO01/ 22628 The process tenperature, usually
bet ween about 35C and about 80C, nore preferably between about 35C and
about 750 @fobkpats the cost of manufacture of the a-ol ef iPEF/USI1/22628r al

ways. The higher the tenperature the |ess cooling 5 that has to be applied
to the reactorg) and/or the higher fhe tenperatyre of the coolant used to
mai ntain the Bgsingd Rélrvpéﬂﬁzzat Lﬁglgg BIeSssRco@}r}q]d‘lanﬂ?%raH TGt ant

t enper at yr ,ge ly 55 3605t - THErJecaynsh §P6uBSthYEe ObigpsRAL zat i on
catalystﬂin %bgggl%Mt%?lncré%s?n%r%ﬂﬁ%grature. %t fg | O foﬁ%d t hat maxi mum
vol unet r peypeedytti e of a-ol efins coupled with good absol ute productivity

of the catalyst usyally, ocgyrs qj,n the range of j.about 4 0.about 65C, so
this. tenperat B%e Rang& |1s Bor efBrreB. ‘Fi a?‘?‘}f?t%e ?’éﬁp@fgt%¥%r%?§%’ affects

t he hubbLe pq nt LS € Ny afighPy cdboeRegtdup hembrgui d phase.

The %i ghgr [i%eqtseo%{)er atur ea?}t@\gg?gh%rﬁt he pirfessure ngede%hto mai ntain a

si ngl e pbas€erabilgh lisoprepyds oapital cost of the nmanufacturing plant

because of, fop exgmple; thhcken vessel ss 7 gssors to

attain the hi Baer ethy en préglsur : ’HiR;hggrar?%ﬁg‘s %8%%?%91%2%8 NCreases

energy cst S.s A0FFbE; tatperattr 8 pengerei tagbbragsotp, medee apeebubbl e

poi nt pressures. Figure 1 shows bubble point pressure vs. tenperature in

t he rangerebl®5@-pro®@yd,; @3ing as a solvent a typical mixture of a-olefins

pr odté)ced in t?igs Rrooc%as Wiith guaSchud zfzs H@eryrcgpat anf afapbgsh; 0. 74 (see
y 0 '

bel o), and at an et'hyl ene cbnteht of wel ght percent. In Figure 1, at
pressur erdove dHlotd Nearid ’fhésgraphlagenngierphasefarablijechiesent, while
at pressure belowthe line in the graph a liquid and a gas phase will be
present. 9Fhis graph is specific to this .30 particular m xture of '

i ngredi ents, %ut giam lpar phiet spvangbe gehezad edt’f areoker hpapbgent i ons of
ingredients. Préferdbly the fotal pressure in the reactor(s) is 1.0,to0
about 1. &% iine st itea bt ey oimer e meafigrahing dr e opattndul 8% Roc 16

WO 021 06192 PCTI,USQ1/ 22628 ess condi ti 1.0 to about 1.2
ti me¥ thésbﬁ‘bl’ilré"}]’&gi%e?tg’rygss & & ?ﬁg%g%%%yng%ggghﬁ:gﬁggg |lgorreri zation

cat al yst used 1iph i HaagricTerticdl epbetiemahly offe (The RAxamdnk’pems,tted by
the 5 cooling capacity of the reactor(s). Catalyst nmay be added to the
first reaespecyiMeld to one or nore subsequent reactors in series.
Differing anounts of cat alyst s be added tQ each Jeactor. The
oligonerization is quite &xothefm c, about o kJ/FOl e of et hyl ene

ol i goneri zed, and as such oling will usuwall /be applied to the
reactors) to maintain the esi;\ed process te era\‘{ure whi | e mai nt ai ni ng

hi gh volumetric productivigly ofcthe reactor(g). .!dn each of the reactors
the tenperature and/or 1es\s~H e N\_mpy be di £ ,@fft.\ hyl ene may be added
to just ‘the first 15 reactor,| or gny conbi':hatior of Teactors. Cooling may
be acconplished by any nmethod known irgddie art.| For exanple cooling tubes
may be run through the interior of one or nore of the reactors to cool the
contents. Another method of @&dT)ng is to have (3%é or nore heat ex 20
changersélgi% ernal to the reactors and connected to the reactors by a liquid
| oopH o TYHE reactor contents. These external heat exchangers may be
typi cal shel | mgifdigubenaxebanges spr heyy haaebthegrovantageetdraiathey may be

nore readily cleaned than a heat exchari)%ers internal_to the reac
carbon group or a tertiary carbon group; and

RY?, R?°, R?® and R* are each independently hydrogen, hy-
drocarbyl, substituted hydrocarbyl or a functional group;

25 Provided that:
when R'® is a halogen or primary carbon group none, one
25 '
or two of R¥, R* and R?® are a halogen or a primary carbon

group, with the remainder of R*, R?? and R® being hydrogen;

or

11



25 tors, and if nore than one external heat exchanger is present, one of
them may be shut down for cleaning while the manufacturing process

cont i nuego obfagioai rcul ati on through ' . these external hea@Taxoharge | oops
may ‘al so help stir the reactor contents. The reactor(s) may al so be
jacketed with 30 a cooling jacket. Some or all of the feeds to song, or all
of the react ombeamp bels dolsatanslany sanhan Eesithl amearroPrrenh®t Fyredi ent's

to (hel p)2£oal .t treactor(s), If n e i he liquid

lines) c nnéttd r‘}%gt Ha ?eg%ﬁagfen’ V@r%é%%%gf%%s%%‘%G% %msﬁisborr%y be

cool ed apdiQr cpasent Brough heah exehargeiadefnpfor¥3lR*dfandiex® bethods may

be used in any conbination to cool the process ingredients as needed to

mai nt ai ninge h¥E3Q98H iprocess tenperature. 5 An inportant itemin the

capi tsal cost Qf,dNigss MANU 31 Uni 10, RlfordRfkdub,! oredYr SneOR &Pt on s

the amount of "ethylene that nust be recycled in the process. Recycling of

et hyl eneRréf taand iRVoLses témtshanyg ocirboe gneepctwdtlt Hye ependinge® hef product

stream separahi on f ot.her.valatile in 1o gredients (for exanple

1- but enef}, arft r@E@ngmﬁ%lﬁ Pé'%Fggﬁnt’o one or nore of the reactors. .

Conpr essors anghPeeEhiretrodidraerhagddngr eabl vt @'t hak'tam¥al R€gsts and

use a |l ot of energy. I n order to reduce the anmpunt of recycle ethylene, the

15 proce®& n®’al BY eadhRseizinglndio qnaanather sddken Gageddetany

et hy] ene_f ee ot her.__. n the ethylene dissolved inthe liquid fed to the

final’ regléyo%)o.(rmrﬁe rcltélg’gent ration of ethylene in the liquid exiting the

final reactor 1w ldhd viee floawel ashdwIion)t hed i(gu)d aht exdmmpsmindse sone

fraction of 20 the entering ethyl ene has been. consuned hy th %err)-ol efin
REsE108 4GP

forming tea&hicomecrmcs HingrtoBaOdRCRRY 58 &P6ndip full) final
CSTR (07 1gild/ P nle 10f: B hithBlon Dand YU Tahd AT NabrRbygobtiow

reactor. Plug flow reactors are well known in 25 the art, see for instance
J. 1. Kraschibig othetr aling BdomsKiadiacemie toEwbecifopedi X188 &hemi-cal
Technol.ogy, 4th Ed., Vol . John W l.e ' : w, York, .1996, _
1007151059, whilch q%ﬂH%&ﬂspﬁgat QG4 rgw?g&ﬁeﬁgl%n( gp’ai% %gr nges . as
ifofully Qe iferth prredrerd thek .t he final reactor comes 30 fromthe | ast
liquid full reactor in the reactor train. One cag maintaip a single phase

in the final Ada® dridya medialniGRFRITe FrEaRurk f E8nt t RELPREY| 98EPPRact or

and/ or | owering e Hr i Lowgy tenperature results in a 18

WO 02I06§§fu§CT/a|ErJ% Zg%ggal%omg]r:eghg%?gaSof\rQ? pressure, the pressure may be
| onered to the bl s pai secaiddhe ¢cadoon gtouhatR¥ eiper apuimar¥oeasxanpl e

the |ine_between the |ast reactor and the "final" reactor cgntain a

heat 20ex c ROy G SHR OF 1B\RG<P Y EAFEPR SR P Eh &5 6EESSYI Pqui d, after

whi ch t he IRsRNe Qivddie gLri j,d iy B3t deqver?Edarbongdesgeh; i srpreferred to
mai ntain the pressyre int final reactor at the sanme pressure found in
the previous rigadtoris|e terpiaryreabemgrew (1% RekIHRPHe & plug flow

10 react Cgfihlaﬁ%rte:rta%ﬁr?gcbat%tne%#pg %gl%sﬂlg ¢ MRaseenihig gRe final

reactor are nore r al ne ow reactor than a CSTR In
essence, itde fiawdidmwacdtarbimgeases(rdre prerfarabdoneertsiidbaloteattiy! ene fed

e A T S 2 O A
" gen; or
if R is a halogen, R** is a halogen, and R** and R* are
- hydrogen.
' In all specific preferred compounds (I) in which (VIII)
30 and (IX) appear, it is preferred that R, R? and R® are hy-
drogen; and/or R* and R’ are methyl. It is further preferred

that:

12



figuration of an (err)-olefin plant manufacturing having one CSTR |iquid
full reactor and a final single phase plug flow reactor. A CSTR reactor 1
has an a@pteaiogr922, an et hyl ene 20 feed tube 3 which feed®Catuppl/z2e@8 gas i nto
external cooling loop 5, an oligonerization catalyst feed line 4, an
external cooling |ogp 5 whi i's cogl ed by heat exchanggnr 6 which is fed
heat exchangeR(lg.ocRZ?ngﬁ»nf,l B'Ig{; i d%ghaq?? mell Bydrogieh exi t8 ?‘ﬁFgﬁgh li ne

8. The liquididroml is. cj 0 AR, Erehi.quyrd 24
exits fr&%\%lgtlhrjo%géh 1}@%&%?&%}}%3&(%@' ?&Ja}r?gﬂtﬁuébe hez}f% glxchglnger 11,
t hr ough whi chrédol @it k%, cRPTwmt e byréiaks Wleogen3, R¥oiki abhypbug flow

reactor 15. The liquid 16 in 15 exits through. |ine 17 tlhro hlpr%srsure
reduct i.oRndalRve 1B @ PFHHRRTY RAPAID FPHa elé)_re%%rq]q qui tream from

20, vg/ni ch contaab nspdohepfier Lps ol ig®, 2 PBYal DeRy@eopit | fR8disf 9s0pxanpl e by
fractional distillation to separate the various (err)-ol efins. The

over headgyfir;omntd Rkt |3y mtimdmnesarben ey Morsudy 9fier@bdy 460~ wo

02/ 06192 PCT/ USOL/ 22&28 and conpressor 22 (and the ethylene may al so be .
purifi edPH®YIsh&n) back to 1. Line 21 also has an ethyl ene purge |ine 23,
to remove inpynbtig® fRroM A sexytieaethylenrydtogam W’sdsnot shown is
possi bl e recycl e of algel atively 5 small part of the I\%oductt stt'{/%g,am in 20
back to brogylherandl Rectly 3 RBIMATHrearRAP LSHVIRY MPIVRFTRETHFN h it is
m xed with oli.gonerization catalyst which is fed through 4. Agitator 2 may
not He né’é"é’?é’&r'y %% the circulation from cool i ng loop 5 gan provide enough
agitation to kéép t¥e gdht @it samd HY areeaddnbpliyogenf oRh iAdehiose of

ethylene from3 into 5 gpd, then into 1 may provide additi | tation.
Not al | dat HManet and R pl HhHtd ;ﬁ%f%%‘@m,m‘?l{étp%fge@?qo‘% %@s@e‘f 2(%and some
ot her equi | t. Arrows on the various lines indicate the direction of flow

of the gas or liquid being trans 15 ported. Using the oligomneri zaﬁ?ié(on
catal ysts descrtidettiereial imonetimatioh sadiedists Moy &5t RLFEGTER Masure of

t he nol ecul ar wei ghts of .t he ol efi j i I, f-rQ:@IIpfa)e
Schul’z- FI%r{pk f%é‘éeetrfoéfg { r?s%eaﬁcoerog&l%\?%és?)I];e?qtgﬁs,ﬂ%&.n 20 Ul mann's
Encycl ope%l@ed)fugg‘ggggg AnChae193946 Vals willl, a¥Ciseen2a2ddgesel | schaf t

n

nbH) Wei nheim 1989, p. 243-247 and 275-276., This is defined . K = n(Cn+z
ol efin) /MEE@Y &8&I4n)baterad wWhi@h BediHe i@%‘%ﬁ@g Oy rr‘%seéffr’&e ol efin

conzs {AULIG R £ 090 e ALY {OAT) Ui e nuher of ol s o

atons, or In other words the next higher
ol i goner of Crygbedis. cldsaralits ourh bes det exliyied uhiauei gD shs

fractions of the various olefins in the resulting alj i i
proddtt measbied efonnEK 3SR F]° %?%rsrpeeacjtec?g’beari %L e (fbgrr?g‘geg%foﬁ]r om
about 0. 6&%9 ?\?QHta.Q-§ SSpBdee dhe( By abeih Nsecl,,t haybet reamedcivatth

I's

i nterest. actor can be varied to sone extent,. see for instance
pr evi ousl 3ni atky patanbouySeaznnzl, Jerefeysiply gy Bk a5

methylaluminoxane, to form an active ethylene oligomeriza-
tion species. The ratio of aluminum (as alkylaluminum com-
" 25 pound) to iron (as a complex) in the oligomerization may be
about 10 to about 1000. '
The catalyst used in the process of the present inven-
tion may be unsupported, or may be supported on any one of a
number of well-known substrates such as disclosed in the
30 previously incorporated references. Preferably, however,
 .the catalyst is used in unsupported form.
In the process described herein, as in most chemical

manufacturing processes, there is often a balance that is
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CLAIM5S What is claimed is: 1. A process for the production of a Iinear
(err)-olefin product, conprising the step of contacting process ingredi5

ents conplgsjob@2an active ethylene oligomerization catal ystr/ Bt
_ ( USompses t i on,
et hyl ene and a sol vent, wherein the active ethylene oligonerization

catal yst conprises an iron conplex of a conpound of the_ forml 4 (1
mﬂgr?!?:fﬁguﬁRgbendeEﬁlanétéaéhcapdﬁpénQ@ﬁtl9fh9H?d@%%PfﬁVHPB%§?qbyf ) o
substitute ydrqcar byl or _an_inert fugcti u [ t 2 t
of Rl RELEA ROQEEPnaPSratoR SREFSP PaRbas: S0 her Phad PEPascEl Ny 1s”

R4 and R&par ¢ erelsi adependeat hyrbydr sgetkebydr bahahye, betigsent thege
hydr ocar byl or an inert functional

. t .group; R6 and R7_are each_ipdependentl
grgubztht?ﬁegaaggkshaﬁgﬁb Fepulse ﬂPn&XS?BﬁFBBﬁﬂaYtBOWh@aPHEﬁSQHFE?ggen Y
vi de at : in .8 Sec r.ing,at ' t h.dafirst rin

atomdi s KOFHS ﬁGraQHQQSSéH?'a %E%#&Py P&r% ﬁg§?§§§? ggggggﬁggry carbong
group OrtEgESBR'%hﬁlqabﬂgﬂg@%oﬁﬁh aednbdet ker farenededpthat zenc&®8tswhen
said second ring atomis bound to a halogen 25 or a prinmary carbon group
P_onei ondased wn ohribesofhetorisng sachmesi fhR6CARE RE ﬁgEXiéﬁﬁ't %35ai d

irst ring_atomare bound to hal ogen or a primary carbon grou with the
re 21 84U e 9?“§E?WUS§%F22628 mai nder of the ring atgns gdjacent to

said first ring af opdeeiingdeurdireed hptkogeacabonproits equiva-
100 lent” herein is meant a continuous stirred tank reactor
(“CSTR") és is understood by the person skilled in the art
plus those reactor configuration considered functionally
equivalent thereto.
The standard CSTR comprises a stirred tank with inlets
.15 - for the catalyst component (s), any recycle o-olefins (sol-
vent) or other solvent and ethylene, and an outlet for the
proddct stream. CSTRs are well known in the art, see for

instance J. I. Kroschwitz, et al., Ed., Kirk-Othmer Encyclo-

pedia of Chemical Technology, 4" Ed., Vol. 20, John Wiley &

20 Sons, New York, 1996, pp. 1007-1059, which is incorporated
herein by reference for all purposes as if fully set forth.
As indicated above, functional equivalents for a CSTR
may also be used, for example a circulating loop reactor in
which the ingredients are essentially uniform throughout the
" 25 loop. Such functional equivalents are well-known to, or can
| be readily determined by, those of ordinary skilled in the
relevant art.
More than one CSTR (or equivalent) may be used in se-
ries, for example to avoid the instéllation of very large
.30 reactors which may be more expensive than two smaller reac-
| tors in series (a preferred configuration), oxr to help pro-
vide enough cooling capacity for the reaction system (see

below) .
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in R6, when said second ring atomis bound to a secondary carbon group,
none, one or two of the other ring atons 5 in R6 and R adjacent to said

first riweg @lpiypare bound to a hal ogen, a primary carbon pgruse1/05628
secondary carbon group, with the remainder of the ring atons adjacent to

said first ring atom being bound to a hydrogen atom or in R6, when said
second ring aThe reactiod tie auneati ar prégsvaecbenchr obpt hbRepvPCcOHA@ of the

other ring atagns in R6 and R. adjacent to,said fir rin bound to
atertia gggﬁﬁsntardsséaiwﬁﬁ'tﬁ@aysﬁkrnagﬁY%gn?hgﬁ?iHg°§P§%§?L %gcent to
sai d firsddntdadl 9Mabeing1ROWMA S0 1a gy dr sgefhat Othec fanacber igzedsi-n t hat

the process ingredients are contacted 15 in a_continuous stirred tank
react or eentieldgusiapdst phase liewpar dtdle ofrefeknrRbyut tB5E ¥8REBSut 80C,

and a pressur t h oRnt i u kLr reac roits
equiggleggtﬁé%e gsﬁgﬁgﬁl%iéwﬁbﬁ%&bﬁg?%ﬁﬁiéﬁﬁ hfgﬁgsggggi.%$h%8%?gc%ss of
claiml, wdhasacher bapblienpoisit pRésissrandbRt nos 26 ekerednth® R (VI) 13- 14
(M1) 22 . WD_02/0G192 PCTI US01/.22628 R8 i.s.a_hal og B, a grhnar )carbon
group, a<¥acdfddr Preaphss §loGTteRerer BYaPYLPEr B8n S SupSSHaTRS! R10,

R11, R14 heRefndateRbhed=t RRGR sehdenengetihyl Byghageniifydaocar byl ,
substituﬁgg%ﬁ§ ?%cgr%yf o? a funcbh Fional g?oup;gandggrovided that: when R8

i s a hal dydrl .or Thismuekesathen mpssupffénéensneser ofwshef vRiENeRPE and R17
are a hal-ogen or .a pri,mary .car.bon _arou Wi_t-h e_r inder R12, R13 and
R 7 Bei nd™¥ FEGGERT 1670 eﬁnﬁ§a% eaggéc8%d5£g regggog Fo18hert

ry carbon group, none or one

of R 2, ly%e? ofL hs .2 BiHMRLhyE8HBORAYF BUP 1Bk rdgaeeandary
car bon grﬁ%%;%f% E%Z)%%ergpngln er Sof R12, R13 and Rilg bei r%g ﬁydrogen; or 15

when RS ii:mtd triiet rasy toar ben agrgasp atnahe bubbie pbiRt2orRa3hagheRl7 is

tertiary carbon group, wth the remaj,nder.of R 2, R13 and R17_bejng
hydr ogen PEEFEYEEr Pu§¥%6¥¥ﬁﬁyqlﬂﬂnaiﬁy Sof SRBTIRo T LRFS ! ﬁflghﬁlz, R13,

R14, R 57;R6 apdcR ar¥ &nlaln i @he amethewnitakena2d begehber (rBy forma
rlngﬁ volume present of the reactor) of ethylene bubbles may be
present while the gas is dissolving, this is still consid-
ered liquid full herein.
The process is run in the liquid phase in a “solvent”.
The solvent may be a liquid, such as an inert organic lig-
20 uid, which does not react to any significant degree with any
| of the process components. Preferably the solvent is the
reaction product of the oligomerization itself, one or more
| o-olefins, preferably the mixture or partial mixture (for

instance less lower boiling o-~olefins such as l-butene) of

.25- o-olefins produced by the process. To start the process a

- sepafate solvent may be used initially with the liquid me-

" dium eventually being mostly the o-~olefins, or one or more
a-olefins may be used initially. Some of the product stream

o-olefins may be recycled back to the reactor to provide ex-

30. tra “solvent” for the process (particularly the ethylene
.oligomerization components) or none of the o~-olefins may be

" recycled.
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3. The process of claim?2, characterized in that: if R8 is a primary carbon
group, R13 is a primary carbon group, and R12 and R17 are hydrogen; or 25

i f Re iswa@egpadary carbon group, RLI3 is a prinmary carbecTgusoupzas a
secondary carbon group, nore preferably, a secondary carbon group, and R12
and R17 are hydrogen; or if R3 is a tertiary carbon group (mre preferably
a trihal o ter fiher promesen t@nmmme,aysalatlﬁwhb%n@@ﬁy@?u 35°¢ gndo

a tr . " i
L1 1 hal ondRG, PG REF AT Y Resrssinatentods C i PRyt °°

PCT/ USO1/ 8 ol | halQ9et Bh3 fastarhabggene apeé1BianandnR 7 are
hydrogen.%é?fgz’TﬁéffSr%%geZtsﬁéof claim?2, characterized in that: 5 Rl, R2 and R3

are hydr egarerand wadsand TR driahwst lohle teaperRIUrRl GheRlesSRCPOLRIY, R 5,
RI6 and R17 are all hydrogen; R13 is nethyl; _an 1,S_a. pri nar ar bon
group® orthad, h@so,tq@% q@lqﬁiﬁo ﬁ%@ rﬁaé:tgﬁgsgl ‘F?e‘%éi/z’rmt “hy Pog'cétn; R13 is
ethyl; and,R§ dns e UrBIor GAdUb AP used 10 RAinRaln Rhe BeBirRB4, RIS,

R 6 and /7 are all hydrogen; R13 is isopropyl; and R8 is a primary carbon
group; orteRperRIMrer1] Lady cqildnRend/Rrs igher roaleny |t%‘l\§&ﬂf8§ € RI13 is

n- propyl ; and i | car, d%rg%gﬁ; f ot o1RYbmerRE2 - R14
R15 R1§eé}ﬁfa§?¥ érogv%% %%/tr'ogeqﬁg] 1 ??Pisth?ﬁlagro; ar?d mies a hal ogen;
or R9, R@orRcbbalRst Ridredlds wilth dmerilasiace tarperpduagen; IR1ES s

trihal omethyl, nore preferably trifluoronethyl; and R8 is g
trifhoor ditetrdy Ithaz0 e ifhen proldseet wic Eradnctiooh ah&-oliefdds FWM%at an al

kyl al um num conpqund i | so. present . .hati f Al t QshisQn Of
about. 10 Qﬂféﬁgﬁ-ﬁ" ﬁﬁ%f %?Sélﬁhlgteprporcoedsuzétdf lc'i%}aio% %he‘é%ﬁgg. & ;&es 3 ny'?hat
the. .25 r&agidOnd ScHAIrBlgd PF egsdilte LB°@recatkmonta 659th| eqdihits pressure

of the process ingredients, but not to exceed.the critical Jressure of
et hyl ene. tmperat ue @RI fis | RESE T ehar FofEilYe Fi6 T9RSTELEE 30 pressure

i's bel ow 2, 11 nes the Qybblig noj Oty PRSP &sure and amount of ethyl-

15 - ene in the liquid phase. The higher the temperature the
higher the pressure needed to maintain a single phase, which
increases capital cost of the manufacturing plant because
of, for example, thicker vessels needed, and larger compres-—
sors to attain the higher ethylene pressure. Higher pres-

20 sure also increases energy costs. Again the temperature
range cited leads to moderate bubble point pressures.

Figure 1 shows bubble point pressure vs. temperature in
the rangé of 25°C to 80°C, using as a solvent a typical mix-
ture of o-olefins produced in this process with a Schulz-

25 Flory constant of about 0.74 (see below), and at an ethylene
content of 10 weight percent. In Figure 1, at pressure
‘above the line in the graph a single phase will be present,
while at pressure below the line in the graph a liquid and a
gas phase will be present. This graph is specific to this

30 particular mixture of ingredients, but similar plots can be

generated for other combinations of ingredients. Preferably
the total pressure in the reactor(s) is 1.0 to about 1.5

times the bubble point pressure under those particular proc-
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8. The process of claim1, characterized in that said tenperature is about
35C to about 75C. 24 WO 02/ 06192 PCT/ USOL/ 228 9. The process of claim
8, charagloanjgpd in that said tenperature i s about 45C t ecamsor263€. 10.
The process of any one of clainms 1-9, characterized 5 in that there are two
or nore of said continuous stirred tank reactors or their equivalents in
series. t&s Thedptioess ooranprefereblyl ai Aste- gbouki &h2aldMeF okBel y
conprise; g Hinal.r%ac&p% Bge§eries which is a fi 10 nal continuous stirred
tank realPBPLE PRIBEUE S S quid full reactor to which no additional
et hyl ene, ot hehet BaBunitato fdictsgilend bligbaekigaicdoantetabyssaidedli hal
reactor, is added. 15 12. The process_of ¢claim 8, which additiona :
Qﬁ%r ﬁ % k#éred

conpri seshg teagtipsamtidd by edd Yolkiec hRes MEXE Y PSR EREELEY s

t ank Jeacgtar . or I | hauid _ful act I ghvNgeagddilbiona
et hyl'srane,%oggﬁeg t%ﬁgr?%tqhtyt %g s?sh% vegcilér?lrt(rﬁz i c@]%itzgggﬁ,?erigﬁg gai d final
react or, tios tadd€drs20 r2acthrAlondly. Alrl tAGbnaA’ NE. AbraNsubeegUenp geact. A

9. AL. AL. AL. A" . A9. A I,. AL.A_AY . A5 . A L. AQ(LSi: ud6d4s 64C

i S5ubevs inyseriiess “rithering, supunts B, #a2a1pel ey be 2adp8) rr
<?<<<<<<L@P 25 20? TR ACHY > AT Diligoerizat 287 [ 3 dadre<exdthbxhlizy| xx<>><| |
x|<<>><x|<<<>x>x|||>|>>>|||x<><|<<><|x|E?>>>|xL|>><|x<8<|<|<p<g><p~<<><><|>
x?x| ?>?<about<808<kd<molE- > Bivlens pligeperized) | 29g9s8x#L2E8>| xxx| <>| xxx
<)) <Ry T ST T ST k3l kBkBReattal 2y ke faide! & T45
TT(T#. #. TAIR? VAR YRR P provesy> tonperature>wilile? RAa2Aalinl np>pligh><>?<>?<
>??| ?2>~? ~|?xx<?$????~????2~2????????p9>~?|~?~?%B??>>??|?p~~~~???p?x<x<x|||
| ~>>>??>y|qlltlmetr?9?pi‘ﬁql;qql|‘@-§%ﬂfx|t|h5>§~e§9§P’?|(. .

771 20121 <77<3 i I e v Yt PRkttt ase aR) B 7 aR e XxL;
- Ju '
et g eyl e
~X X220~~~ 7| PS>0~~~ ~~7 28X S>X>| > <] <~| >X>X?| ><IKKLKLK K> XX >

3</| | 4 <| TLIELOTy| 9|IJ| |<’:F%L> nsd. .~5'>°£’?>??‘-8;"F§99|t9%1?x<?>>>| x>| | 5| 25> | ~>7~] | ~>??
22>2>7>2> 2> 2> W ATl T 10 HARRADTA BT by> e iRl k@iowm>inMEheds f 6C
(#. #. >><| <>>7>>| <pxX xxxx||p|<§‘>pppx<x||<>< XXSSSPSAXS>>>| S<S<S<(<X>| | X?2Xx<
<?<x<| | p-ayEs’ pFYY PreuEke Goqkidg uhes oy be Hup Fhroualy Lhe, dpEess<x| | <

X<LSKSSSX~XX <S> >>> <><> <> < X ?>| >x?| >x?
| SR, %Q{J%?y%ﬁe Af‘pﬁ% f@a%ﬁ&rél To o e loselenkal.?>| >x?|

| | <] x<| < ~~~] <>LKX] XSX<IX>X> <>?20<x?<<| x| >?0| ?| | x| <<<| x| | >

>>XXXX <>>pa]dvRes<rHd & e <eodisirld x>od Halve? wreconx mors heat<ex<| >~~<>><<<
>?<?<?<<<<<<xXXL: 9845 UC

ss(s#0 #. |cHIdens |PHIS5a30E00AG ¥ SBEEE5E BB SRt B9 B [EACT | p22) 8

| L] ~? L“?tl,,pi,’el ,y})%ol \ ?l?i?775?3|f60%7p€o cool the reactor contents. These
|‘???????...?...55??5%%??00?..?????????????????????????????8777777777777777

2777222772809 1T exddfayers may be typical shell and tube ex-

_1_1(1_#.5.xx?>????g®xxx§xx&%|hxxxl£x§§!||!ﬁﬁgﬁ;&ﬁ§§x4§§x4§§§%ﬁﬁgxxxxxxxxxx
XXXXXXX< Ers>7 7% 52 SSSS5SSS5355S5555555555>55>5>

>>>>>>>>3Ean PRy Seheanad >Bhar >& Sheat -exchdnged s xixl { ex218A? 229 THR- FEAX?? 777X | ?
7 ~|'|2:|58| ltl,clr~s| ,l ?al.I‘ll <:9% ?n’iclu):(g li':kllgzllxcLJxéléaL%(g n<a<]:' Fl‘le@tn esxéhaFrrger is pres-
ent, one of them may be shut down for cleaning while the
manufacturing process continues. The circulation through
these external heat exchange ldops may also help stir the
reactor contents. The reactor(s) may also be jacketed with
30 a cooling jacket. Some or all of the feeds to some or all
| of the reactors may be cooled to allow the sensible heat of
the ingredients to (help) cool the reactor(s). If more than

one reactor is used, the liquid line(s) connecting the reac-
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. |a3Y$10@&Z&.(%alntaln a single phase in the final reactor by main-

taining the pressure from the previous reactor and/or lower-

ing the temperature. Since a lower temperature results in a
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T e ORI T ST GO
3(10%gHIHEp( ) & 1ine between the last reactor and the “final” re-
actor may contain a heat exchanger which lowers the tempera-
5 ture of the process liquid, after which the pressure on the
liquid may be lowered. However it is preferred to maintain
the pressure in the final reactor at the same pressure found
in the previous reactor.
It is preferred that the final reactor be a plug flow
10 reactor. Lower ethylene contents in the liquid phase exit-
ing the final reactor are more readily obtained in a plug
flow reactor than a CSTR. In essence, the final reactor in-
creases the overall conversion of ethylene fed to the proc-
ess, thereby lowering the amount of ethylene which is recy-
15 cled.
| Figure 2 shows a schematic diagram of one possible con-
figuration of an o-olefin plant manufacturing having one
CSTR liquid full reactor and a final single phase plug flow
reactor. A CSTR reactor 1 has an agitator 2, an ethylene
20 feed tube 3 which feeds ethylene gas into external cooling
| lobp 5, an oligomerization catalyst feed line 4, an external
cooling loop 5 which is cooled by heat exchanger 6 which is
fed heat exchange (cooling) fluid through line 7 and which
exits through line 8. The liquid from 1 is circulated
25 . through 5 by pump 9. The liquid 24 exits ﬁrom 1 through
line 10, through shell and tube heat exchanger 11, through
which coolant is circulated by lines 12 and 13, to final
plug flow reactor 15. The liquid 16 in 15 exits through
~line 17 through pressure reduction valve 18 to gas-liquid

30 separator 19. The liguid stream from 20, which contains the
o-olefins, may then be purified, for example by fractional

distillation to separate the various o~olefins. The over-

heads from 19, mostly ethylene, are passed through line 21
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line 23, to remove 1mpur1t1es from the recycle ethylene

)
(
0
)
)

stream. Also not shown is possible recycle of a relatively
5 ' small part of the product stream in 20 back to 1, either di-
rectly into 1, or into a holding vessel in which it is mixed
with oligomerization catalyst which is fed through 4. Agi-
tator 2 may not be necessary if the circulation from cooling
loop 5 can provide enough agitation to keep the contents of
10 1 reasonably uniform. Addition of ethylene from 3 into 5
and then into 1 may provide additional agitation. ©Not all
details of this plant are shown, just the major vesséls and-
some other equipment. Arrows on the various lines indicate
the direction of flow of the gas or liquid being trans-
15 ported.
Using the oligomerization catalysts described herein a
‘mixture of O-olefins is obtained. A measure of the molecu-
lar weights of the olefins obtained is factor K from the
Schulz-Flory theory (see for instance B. Elvers, et al., Ed.
20 Ullmann’s Encyclopedia of Industrial Chemistry, Vol. Al3,
VCﬁ Verlagsgesellschaft mbH, Weinheim, 1989, p. 243-247 and

275-276. This is defined as:
K = n{Cpsy olefin) /n(C, olefin)

wherein ﬁ(Cn olefin) is the number of moles of olefin con-
25 taining n carbon atoms, and n(Cn; olefin) is the number of

moles of olefin containing n+2 carbon atoms, or in othér

words the next higher oligomer of C, olefin. From this can

be determined the weight (maés) fraétions of the various

olefins in the resulting oligomeric reaction product mix-
_30 " ture. 'The K factor is preferred to be in the range of from

ébout 0.65 to about 0.8 to make the o-olefins of the most

commercial interest. This factor can be varied to some ex-

tent, see for instance previously incorporated US6103946.
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3(10%gHgHS ()--tR 6!\ 2(! 3(10%HgH&' ()-- 3(10%gHgH&' ()--\2(!
3(10%gHgH&' ()-- 3(10%gHgHE ()--\ 2(=>CBBUIK QD! \ 10' 10' 10' s<s10% & ()-
3(109%gHgH& ()--\2(H| 3( 10%gHgH& ()--" 3(10%gHgH& ()--DP_U [: ~QDl F
%W0% " & () - @ IEP AR J)fgg U180% & ()-U “110% & ()-U 1L10% & () -

L1096&j()_i|[ lFJR ﬁ%ocess for the production of a linear d-olefin
product, comprising the step of contacting process ingredi-
5 ents comprising an active ethylene oligomerization catalyst
composition, ethylene and a solvent, wherein the active eth-
ylene oligomerization catalyst comprises an iron complex of

a compound of the formula

(1)
16 wherein:

R', R? and R® are each independently hydrogen, hydrocar-
byl, substituted hydrocarbyl or an inert functional group,
provided that any two of R', R®* and R’ vicinal to one another

. taken together may form a ring;
15 R? and R® are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl or an inert functional group;

R® and R’ are each independently a substituted aryl hav-
ing a first ring atom bound to the imino nitrogen, provided
that:

20 in R®, a second ring atom adjacent to said first ring
atom is bound to a halogen, a primary carbon group, a secon-
dary carbon group or a tertiary carbon group; and further
provided that

in R®, when said second ring atom is bound to a halogen

25 or a primary carbon group, none, one or two of the other
ring atoms in R® and R’ adjacent to said first ring atom are

bound to a halogen or a primary carbon group, with the re-
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20 2. The process of claim 1, characterized in that:
R® is
R12 HB
R11 R9
and R’ is
R17 R13
R1G RM
R'S (VII)

25 wherein:
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rR!2, R, R, R, R'® and R' vicinal to one another, taken

20 together may form a ring.

3. The process of claim 2, characterized in that:
if R® is a primary carbon group, R is a primary carbon
'groﬁp, and R*? and R'” are hydrogen; or
25 if R® is a secondary carbon group, R is a primary car-
bon group or a secondary carbon group, more preferably a
" secondary carbon group, and R and R are hydrogen; or
| if R® is a tertiary carbon group (more preferably a tri-
halo tertiary carbon group such as a trihalomethyl), R is a
30 tertiary carbon group {(more preferably a trihalotertiary

group such as a trihalomethyl), and R'? and R!’ are hydrogen;

or
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qisjgmhmﬂ()an@L@&g@w@&pgyma¥VU¢fgbgn group; or
rR%, R, RY, R'Y?, R, RYS, R' and R are all hydrogen;
R is isopropyl; and R® is a primary carbon group; or
R®, R, R, R, R, R, R and R are all hydrogen;
R'? is n-propyl; and R® is a primary carbon group; or
rR%, R, RM, R!?, R, R, R'® and R' are all hydrogen;
R™ is chloro; and R® is a halogen; or

R®, R, R, R'?, R, R, R'® and RY are all hydrogen;

R'> is trihalomethyl, more preferably trifluoromethyl; and R®

is a trifluoromethyl.

5. The process of claim 1, characterized in that an al-

kylaluminum compound is also present at a ratio of aluminum

to iron of about 10 to about 1000.

6. The process of claim 1, characterized in that the
reaction is run at a pressure at or above a bubble point
pressure of the process ingredients, but not to exceed the

critical pressure of ethylene.

7. The process of claim 6, characterized in that said

- pressure is below 2 times the bubble point pressure.

8. The process of claim 1, characterized in that said

. temperature is about 35°C to about 75°C.
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tank reactors or their equivalents in series.

11. The process of any one of claims 1-9, which addi-
tionally comprises a final reactor in series which is a fi-
.io nal continuous stirred tank reactor or a plug flow liquid
B full reactor to which no additional ethylene, other than
that dissolved in the liquid entering said final reactor, is

added.

15 12. The process of claim 8, which additionally .com-

| prises a final reactor in series which is a final continuous
stirred tank reactor or a plug flow liquid full reactor to
which no additional ethylene, other than that dissolved in
the liquid entering said final reactor, is added.
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