;edeU U~**+T, | V-.6./T/?PEWD 02/ 12151 PCT/ US01/ 24297 TI TLE CONTI NUOUS
MANUFACTURI NG PROCESS FOR (err)-CL OF THE | NVENTI ON A j
conti nuouwmmu{aactu“ ng process fgﬂlill!mm\ﬂmmﬂﬂl ns USiNg. GEgi)pbPN AQ/‘Q“
contai ning ethyl ene oligonerization catal Ysi's together with al y al um nu
cocatal ysts, in which using a lowratio 3 AI Fe in the process results in
a lowered formation of undesired pol yetdnt ene waxes and pol ynmer. TECHNI CAL
BACKGROUND (err)-O efins are inportant 1tens of commerce, billions of

ki | ograns bei ng ﬁﬁmnﬂmﬁmmﬁbNMMUEAC¢URIN§yPaQQEﬂSeFOR asOhBRONErs for

(co)pol ynerizations and as chem cal r a for the manufacture of
many ot her materials, for ex OF. surfactants. Presently
most a-ol ef i nsarg, page. by hifu ALBLYEAR] PLOGORETESALG A0 OF L6l YL eng DY

vari ous catalysts especially certain nickel conplexes or d Ui num | kyl s,
see for iosteate US4020ddtahning . ekhpbehai digaterl zatiah ,catakytdiner
Encycl opedi a of Chem cal _Technol ogy, 4th Ed., Vol., K 17, John Wley & Sons,
New Yor k, t698§§e§5§1th@@éﬁ¥i?1u%%nV%p%??%ﬁa1¥ﬁEEEQ?BB@E“ghd“U§516%946 bot h
of i ch 266 PEEEBYOENERLPO! hoth DL SLELENEEIRLE! M P11 Gidr I ROSES as I f
fully set fort as been folnd Iron conplexes of certain

trident atmatigand$ anéesxreﬁlpmlyeehglgseswaxmst&nﬁ¢pmlumﬁron of
(err)-olefins from ethyl ene. %ggg Ei gggkggg Eﬁ usi ng such catal ysts are
those in which the iron conpl junction with a
cocatalyst, papt bigki‘hkyai‘a ]%S%{Lé‘% Q?nQOSEtééﬁﬁﬁér?éJC%f‘flf&ls of

al kyl al um noxane as recen een ound particul a I'n contl nuous
processeskﬂSbggamﬂcbenngnmaﬂﬂﬁéexesedthearhygh MMéywareuusefum a$: Fe |lead
to the undesirabl e _formation of polyethyl ene_waxes a ners, ich tend
Lo oul HERBREBBNEPTs AL bROLINGBY EEF 4 O%E 1050 SEANARGEFA T AT RARA TN Thi o
| nvent i ona£agCepns L AeMRENAEEehr & O CHERY | BEnbP AL LEHH 2rgd ToAgipar at us.

It has now been foung t hat ?omer [ Fe ratios dimnish the formation of
these undgser abtergehyst BMEeﬁﬂﬁfaa\bahEs not poéder vl B emsd gnif o tafit hy

del eteriously affectlng t he process._mation, of polyethylene waxes and
pol ymer s fKeam@gfit PHoti epFéEé%gz?@r°%h%°$?6ﬁﬁ%¥+%% of ethyiRRe Perr)-olefin

pr oduct,, §§£9088“E?Epr §tBE°8§§§%gIgP%'ééPEaiHenééE%n(%oﬁéiﬁfﬁé'@E ina

conti nuous reactor CESS I ng s conprising an ethyl ene
ollgonerlaaUmmnumaaakyis csapoébriﬁnstenhglﬁﬂéoéﬁhZh g at al Ksesclher ei n:

(a) the ethylene_oli i zafl O alys NposLEl on £0 rises,an iron

conpl ex of*5Zeofthofind- gE k.vgn§€%p§¥ Hﬁyc IP63864 8" £ ARENSER
Technology, 4% Ed., Vol. 17, John Wiley & Sons, New York, p
839-858.

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 iromn
complexes of certain tridentate ligands are excellent cata-
lysts for the production of o-olefins from ethylene. Among
the options for using such catalysts are those in which the
iron complexes are used in conjunction with a cocatalyst,
particularly an alkylaluminum cocatalyst such as an alkyla-
luminoxane. .
It has recently been found, particularly in continuous
processes using such iron complexes, that high molar ratios
of Al:Fe lead to the undesirable formation of polyethylene

waxes and polymers, which tend to foul the oligomerization

‘ AR
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wherein: Rl, R2 and R3 are each independently hydrogen, hydrocar byl,
substituted hydrocarbyl or an inert functional group, provided that any two
of Rl, RAyand h&iVvicinal to one another taken together mapchRisi/A261 N, R4
and R5 are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl or an inert functional group; R6 and R are each independently
a substitappdratyk.haykntagd hbwSbeéhNgo@h@MBotNUow@r t AE: Fé&N H: b4 1 0gen,
provided that: in R6, a second ring atom adjacent to said first ring atom

i s bound €émanpahotke, farpariaryof akBene gradeslrake dPRbY Stk S gr oup or

oy sor B 867 R R A e L R Y L SRk g 16 5T ogen or

a primarytharpoacgssup, none, one or two of the other ring atons in R6 and
R7 adjacent to said first ripng atomare bound to _a halogen or a primry
carbon group, with the r emaishE } N dj acent to said first
ring atom bei ngnhbaungd,bAtdcAYdhREEPNST Mhe Bhod NERE, réiiER 8@l thsegond ring
atomis bound to a secon dary carbon group, none, one or two of the other

ri ng at onBathoReoanboRyeglyacrat waresanadfpetymeraglatanferielndhd to a

hal ogen, a primary carpon grqQup or a secondary carbon_group, wth the

remai nder PEPCERE FPRgL ?oﬁg°§aﬁabaﬂt°§oas +%e¥¥r§f°f?ﬁgna?§%¢%%ﬁng bound to
a_hydr 09e8aah08bninkBulOor BB8Rs Sl PLEORY Eha0s BLOM & SRttt £y 2
tertiary carbon group, none or one of the other ring atons in R6 and R

adj acent in sacdnfinsbousi ngaatom aprobessditoredients acgmpaidiony @roup, wth
t he renaindﬁr of thf.rin atogs ad%ace t to said first riqgéﬁtonlbqﬁng
bound to S-RYUFBEeRlAPBRFrAAGTERT CARZLYRG: GPYRYSTOHEH B AreRT 1A

al um num gogppauRtyssai gnaethad for reduci ng conprising the step of
contacting said Erocess in§redien§s in amounts such that the nplar ratio of
Al in the cocafal yshet ethglenet fabligengr enat HPR goRed 1 YAt i PRIV s
about 200 r_k oSt y rese Loyept i oncerns the
ase. i n i nENGrsEER-AEI SHEG BBRPIEK MEYs BRELASTEL LAY CROLARLOTEONS |
the cocatalyst to Fe in the ethylene'oligonmerization catalyst is about 2000
or less) to reduce the formationsof Rl yethyl ene waxes and pol yners in such
a con tinous process. The present\ i n/ention al so concerns a continuous proc
ess far the production of a |linear~—a\ol efin product, the process conprising
the step of contacting, in a & { S reactor, process ingredients
conprising an ethylene oli 3

R° : (I)
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;

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: |

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



WO 02/ 121s1 PCT/ USQOL/ 2~297 gomeri zation catal yst conposition, ethylene and
a cocatal yst, wherein: (a) the ethylene oligomerization catalyst

conp03|t|\960§)q gises an iron conpl ex of a conpound of thg 4
wher ei n: Rgluand R3 are each independently hydrogen, ygr oggw%)ﬂ

substi t ut ed hydrocar byl or an inert functional group, provided that any two

of Rl, R2 and R3 i Cii@dn t£aDREsSEGHDEFirdAkA bl AGLIHRINd®Y fOHRIBJNg;: R4
and R5 are each independently hydrogen, hydrocarbyl, substituted

hydr ocar b 8r PEANREEr €arABt g@m;p ghoup; FBe e R0 a0 B ’@la@mtlrc@épendent |y
a subst| (UEA ALtk A 0O Ao 4oL iR 1 O hayRd =g khe g pop Lrgoen

provi ded a secon I’I n atom a ) acent 0 sal n8 atom

i s bound bouadhabogenalagahi BRI ¥ paih@ﬁygé@bﬂﬁonagﬁ@@pndxﬁit/hC@lﬁ@%-grOUp or
a tertiary carbon group; and further provided that _in R6, when said second
ring at onffP3ng6tna Bhﬁ Ralggaronf adparamkyteatdbd Bibeh, THSAtPhe or two

of the otgggné BRG0P LMy, gngBQnF%téﬂlaSFHt to said first ring atomare
o}

bound to a gen or a prihary carbon group, with the remai nder of the
ring atons adj aueRt, theyai sh i dl rstcondgriatoratoe rlgs ool ttw & rsyedzromlgen atom
or in R6, d second ri ngsatom i s bound ‘ﬁt e secon dart' carbon

0

group, noﬂ@ryoﬁ@g%?n AHOTP t HB™Gt hERer PRt e ?FF@F%&E REQFEH to
said fi rSEnrRﬁgarﬁi AN Y kI tod sRid £ir¥D 02h42254nPEFEUSBLAA. 894

hal ogen, EI‘I mary carbon group or a secondary carbon group, with the
r emai nder ha OgHB, r A rBrANARE 6arReBngT eV sat (B f $ eePNAR Y %ﬂlmlbarr@lﬁ.bound to

a1y dr 00ct; 8h0Bhe Of ohhs ey VBN AE! £13GC00MNL | A0 ALERL ! S0 DO 10 A

tertiary carbon group, nhone of OnNé © atons 1n

adj acent t:d)ngaadoﬁubeinglhguﬂﬂonbaaehpandﬂglemOaaomprcbrary carbon group, with
t he remai nder the ring atoms adj acent to said first ring atom hei ng
bound to a hydi”ég%n IR SHEF (ICIHE RGBS 5 TS &L &n ary

al um num c9iREHNGroup, none or one of the other ring atoms in R® and
R’ adjacent to said first ring atom are bound to a tertiary
carbon group, with the remainder of the ring atoms adjacent
to said first ring atom being bound to a hydrogen atom; and
(b) the cocatalyst comprises an alkyl aluminum com-
pound;
said method for reducing comprising the step of contacting
sald process ingredients in amounts such that the molar ra-
tio of Al in the cocatalyst to Fe in the ethylene oligomeri-
zation catalyst is about 2000 or less.
Stated another way, the present invention concerns the
~use, in the aforementioned continuous process, of a molar
ratio of Al in the cocatalyst to Fe in the ethylene oli-
gomerization catalyst is about 2000 or less, to reduce the
formation of polyethylene waxes and polymers in such a con-

tinous process.

The present invention also concerns a continuous proc-
ess for the production of a linear o-olefin product, the
process comprising the step of contacting, in a continuous

reactor, process ingredients comprising an ethylene oli-



characterized in that the nolar ratio of Al in the cocatalyst to Fe in the
et hyl ene oligonerization catalyst is fromabout 5 to about 300. These and
ot her fe I d advant ages of the present invention w readily
understoggaggﬁ%ﬁgse of ordinary skill in the art froma rgggﬁﬁgﬂ%¢&ﬁhe
follow ng detailed description. It is to be appreciated that certain
features ghméhezhny8At LARaMLENCaRSos] Plok] a8thY1 cHESSR bed-Ladoy in the
context of separate enbodi nents, may al so be provided in conbination in a
si ngl e enbpdtmevikerebnversely, various features of the invention which are,
for brevity, d riped | he context of a_single enbodi nent, may also be
provi ded separ§$g|§B8re?%Y239€sag%%ﬁ%?ﬁé%?%h9n 5?§¥§f[fgﬁ?9%ﬁﬁ OF THE
PREFERREDCGMBODESENES Hebai Bompeekabh 4 et dlpaii®dusedchSorermild hem are: A
"hydrocar byl group” is a univalent gy oup cont ai ni ng only carbon and
hydrogen. As exanpl es of hydrocarbyl's maywtbe nmentioned unsubstituted

al kyl s, cycloal kyls and aryls. I no _akzzrmjse stated, it is preferred

t hat hydrocarbyl groups (arid al roups) herein contain 1 to about 30
car bon atons. By "substituted hy arbyl™ herein is nmeant a hydrocar byl
group that contains one or ubsg¥tuent groups 5 WO (121121s1

PCT/ USQOL/ 2- 4297 which are inert u the process conditions to which the
conpound contai ning these groups/is subjected (e.g., an inert functional
group, see below). The substituéht gyoups_al so do not substantially
detrimentally interfere with the olmgoneffzationlprocess or operation of
the oligongerization catalyst system If not otherw se stated, it is
preferredaﬁﬁﬁ?lgbbstituted hydr ocar byl groups herein contain 1 to about 30
carbon atons. khclpfdeghd ®3t BeeMBaBh NEIn@Epesdbstl{UbPdroger, Myliso AL ai ni ng
one or nore heteroatons, such as nitrogen, oxygen and/or sulfur, and the
free val ebxk, ofubfbisubsti bydsacaybybca¥ b3n HagrbefveciirnakbiEI®om In a
substi t ut c I 1 f _thei hygr ng3 titut in
trifIuoroﬁg?ﬂ%géngﬁg%iﬁg t%wgu%%tﬁdna %ggug"nﬁ%?%ﬁ%frggn%éﬁhéﬁkzﬁémp,

ot her t habakydr bcgebibromagulistnt at ethdpydr ocarbyl, which is inert under the
process conditipns to i ch the gonpound contajning the grqup is subjected.
The functionaIRgﬁ%ﬂ%éR%S%ﬁ?(ﬁ?qﬁoﬂn9@8§P t&V]byégggﬁﬁrigﬁgFgcﬁﬁp¥ifere
with any prgeessufeachiBedchenghnokhat {he-corpeundondn WakGlp 1 hey are
present may take part in. Exanples of functional groups include halo
(fluoro, chlorB® andit @ane icedd) indepentiont lyueh sadbstORBOeAharPlnhRE6 i s
hydrocarbxl or gubs%ituted Eﬁdrgcargyé. ln _cases in.@hich t he fqut'onal
group ray B8 RelAFTRC FrRAsPAEPBNCRERGI V0 Fali® at Biot HatT 09Tt PtV H¥Sup al one
shoul d nothggerdinate to the nmetal atom (Fe) nore strongly than the groups
in those conpounds, that are shown as coordjnating to the metal gtom that

i s they shoul diRoR’ diapFacend Helees Y aSHeRHat i Fahh dp- Ty N

" cocat al VatonOf s3poGARALYSE AEibYBROTS bE1fERD cBRBOR! oPBLE, COMBOMAdS L hal
react with a transition nmetal conpound to forman activated catal yst
speci es. @aeysaehboat gitpsp art avaeotiasyanathbhygratmpm amwd tunpoemd” whi ch,
herein, is nmeant _a _conpound in which at |east one alkyl 6 WO 02/ 121al
PCT/ US01/ BX9%% ﬁgoﬁﬁa s bound to an alum num atom O her groups such as,
for exanple, akkoxfdeymbydsife s@coh@l 008N LB Al Sbhmdand txidgyd num
atons in the compound. By a "linear a-olefin product” is neant a
conposi ti 6 & PréMeynaatiopnc epEPsi RENE- cBRBoARdtVer OFi khar @EBeT conpounds
) of the (CH2C2 qgHs rei i N L 0 about
18. In nn%?hggégggstgg |n%%? a-gﬁg i %r% ué%ub :éq%§tp%§§'nft%%b%§%§ wi ||
be a m xt boendf tocoapbaddgenavirng dirifheryngavhbuegrofipq withrthe 1reéo 18,
with a m nor anmoun conpounds havi.n al ues_of re _than 18 '
¢ Preferabl?aFﬁggrtﬂgn% ﬁggghP%ﬁ@PCEHchgﬁﬁ hBrﬁabgeggFﬁBl§l?%s§t?ﬂan 20
wei ght pepeeit;, pelinbihe oPEotyet-oeh! aRame @rval ues over 18. The product may
further contain small anmounts (preferably |ess than 30 wei ght percent, nore
* preferably | esdnt Ran Yoepefght peceahtring R edPets dPryndrie? & #RSPNess t han
2 wei ght perce t of _coppoupds ~su a a hed
al kenes, gﬁgﬁeg%gﬁg%bg&?ﬁ%érﬁ%ﬁzdl8P%ngg gggaoip??%a§§ﬁ%grggﬁgggééﬁg her ei n
is meant angrRbuaN@fRT hedfarentd ao Gdd-ct -£instendiny tdteonf ree baluedceo a- IS to
any other atom and the bond represented by the solid lineis to a ring
atom of a substituted aryl to which the primary carbon group is attached.

Thus the free valence ---- may be bondeg to a hydrogen atom a hal ogen
atom a carbon atom an oxygen atom a sulfur atom etc. In other words,
the free valence --- nay be to hydrogen, hydrocarbyl, substituted hy-,

drocarbyl or a functional group. Exanples of primary carbon groups include
-CH3 , -CH2CH ( GHB ) 2, -CHzCLl, -CH2C6H5, -OCH3 and -CHzOCH3 . ' By a

T . 7~ 1 — N 1w A MNA ™A



wherein the bond represented by the solid lineis to aring atomof a
substituted aryl to which the tertiary carbon group is attached, and the

three fragohonsis represented by the dashed lines are to apgqq DhoAt ONB
ot her than hydrogen. In other words, the bonds representedcbﬁgﬂLén%ashed

| ines are to hydrocarbyl, substltuted hydr ocar byl or inert functional
groups. BExamphes, ok p@amaky earben §roupsot Ng! ¥deon&aty EBrdors grodp ;( C6HS
)3,-CCl3,-CF3 CH3 ) ZOCH3 , -C=CH, - % CHz, aryl
substltut@Ht%ryhesE@Waa§ Eﬁeﬁﬁltbﬂdr4nﬁd%h@m$y¢d3¥g6ﬂ§r9¢"Sa%ﬁrﬁ%ﬁﬁta
nonoval en}., §°§§5hcbgi88pboﬂn&hkg ﬂ§d£5§SnV§£8ﬂce .S to the carbon atom
of an aromatTc ring. haveY oné?sr fore afomatic rings which may

be fused, conngatrY, byheh r‘@ﬁd bsmﬂmd)rrmdﬁ@rtcgﬁ QP o "taules tderttiedyar yl
is neant a npnoval ent aromatic 8€oup substltuted as set forth in the above
defi ni ti oR2HPORSFHEHPy uPEHShGHr BRar BF| The SPHRER T1RY AEGRS | in R's@Bst i t ut ed

aryl may paves YR AN PO &a £ OFBLI(C FiP%H MN S dBo R &0 P2k
PCT/ US01/ 2- 12 sed, connecte bng#%gle bonds or othé}agrghpg %%gmever

when. thecsaubeni gnowvy, awykhhbbearémaender onfit thertimg atems radjacdrnce in
the substjtuted.a rou an _be to a hete ton1 ch as nitro of the
heteroaroh%t?%l? ﬁérﬁgsfé 8?0%6%%}%%ﬁb Qf?ré ??%ﬂnégb %ﬂﬁ% and R
bound to an i mpp Bhet toGERadY OO cofipAEaed éﬂealkﬁg @Iﬂmmmtdf&ﬁe groups
bound to an i m no nltrogen shown in (1), for exanple Cc %CCc~/c \N (Il)

or (111) Peendtons shown in the 1-position in the rings in (II) and (I11)
are {he fEhatablog: BLANS OONRE L0 a1 £ NPaLRO 00 BLOM QLD GuapDs uhi ch

may be subs ed on e ar groups are no ons adj acent
to the fiIﬁétrtﬁgFatmﬂBtBEEeShpMEnef@Il@dmﬁriﬂatiﬁn(¢é@a1yﬂt(ié fwder e t he
open val encies to these adjacent atons are shown by dashed lines (the

2, 6- posi t#Peti B FPVRPRE %ﬂ@ 2,5-positions in (V). ¢/ \ ¢ ,.c~Nc .cue

(\C/ » an;iNR‘( | I\/)Tﬂésé‘ &My bEh@Pefeé%Péé egh §OIRONREa g &B i1%e %ré:gerﬁ? RO

invention will be more readily understood by those of ordi-
nary skill in the art from a reading of the following de-
tailed description. It is to be appreciated that certain
features of the invention which are, for clarity, described
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,
described in the context of a single embodiment, may also be
provided separately or in any subcombination.

DETAILED DESCRIPTICN OF THE PREFERRED EMBODIMENTS

Herein, certain terms are used. Some of them are:

A "hydrocarbyl group" is a univalent group cohtainiﬁg
only carbon and hydrogen. As examples of hydrocarbyls may
be mentioned unsubstituted alkyls, cycloalkyls and aryls.

If not otherwise stated, it is preferred that hydrocarbyl.
groups (and alkyl groups) herein contain 1 to about 30 car-
bon atoms. '

By "substituted hydrocarbyl" herein is meant a hydro-

carbyl group that contains one or more substituent groups



WO 02/ 12151 R17 RI3 Rle ~ Rya RS (VI ) wherein: PCT/U S01 /2-1297 Re is a
hal ogen, a primary carbon group, a secondary carbon group or a tertiary
carbon grwogpiaRg RO, R10, R11l, R14, R15, R16 and R17 arepedglo1/24297

i ndependent |y hydrogen, hydrocarbyl, substituted hydrocarbyl or a
functional group; provided that: when R8 is a hal ogen or primary carbon

grouplunwhlmmeametjmnrﬁ Bhder RtBcansr figsair eoadhalogen v which mehye
car bon grolég h the remainder of RI2, R13 and R 7 belng hydr ogen; or
when R$ iSPHPLE n‘élamja&ﬁi*ﬁgntﬁﬁﬁﬁpgrﬁblﬁé ars oﬂ@:’lﬁc’f@‘% RIB- an@RIN s a

hal ogen, r -0 p a dary
r emai nder@%? EIG%H&%?1 = Eib]%]%pbegléﬁg %gﬁggen T%%r QEJEHHE%H%M Pgﬁht&%ry

carbon gralge donerar sanbanﬂall}RlQeamdmRm’iaiLéyt errtuemf;emrmhgtt@@p,

ith th der_of R13 de?b h d furth
b ovi ded I HACRR - F6:0F REOCRDS Ao SHeFEL et S SHSrpA T HRrS ek gty r 7

vi cinal  teneyanoLhetent akens t aget B@heﬂ‘ﬁ'iséorsfﬂa%erd ngi¢ | st Beelovea
formulas (M) and (M), R8 corresponds to the second ring atom adj acent to

the firstthatg sikssioies  bvdrecarond noreegen, hereim xomemmnd REP
CO”GSPO’S‘Q?#\%WG LB i %)rnﬁto”%g&q]@%ﬁtlﬁ O Qe Iaéuﬁ b@g'-é

conpound contalnlng I's par prePerred t hat :
VWE@QQTQLEﬁePEIthOC&ﬂEaiﬁﬂﬂgl6né@or3mararh§aéyoaabhen gnohpasR13 is
a prlnary car bon gr

and Rl 2 and 7 are hydrog
secondarjﬂk%ﬁQﬁﬁPgr8ﬁggeﬁa§nﬁ§°£ ﬁPREHFy éﬁ?bd%“b %ﬂ%?dYaLe%%%oﬂgaFFecarbon

group, '“&ébé%f%@%@@'Hyéré@&f%&@”ﬁé§aﬁéoﬂoQEHépheéégog%&mandIﬁﬂZ aL%-
hydrogen; or if Re Is a tertiary carbon group (nore preferably a'trihalo

tertiary swrthoredr bydrogebyd , a alli haf orféxechyhydreugns s mayt dee i anpstdrbon
group (nor eferably i hal ot ary group such as a trihal onethyl),
and Rlzm%é}égﬁ A et EFHE CEQWeF y#@ is a halogen, R13 is a hal ogen, and
R12 and R17 army h'ydﬁ@@?@) fﬁn@&ior&ppcgfmrp'pr}eéﬁfrﬁdlscmw®s g(ﬂo)up n which
(Vl) and (VIIl) appear, it is preferred that Rl, R2 and are %drogen

and/ or ROTHRE FEhaR ehy@ragarbyt 9% S@%W&Utrﬁ%fl’éf@rétﬁml ROViRID i1 R12
Ri4 R13 ' %&%dera@ﬂe@rééeés LA ¥ MBI M1 P RO Rt R14 R13 i's

et hyl ;
contalnlng the group is subjected. The functional groups

also do not substantially deleteriously interfere with any
process described herein that the compound in which they are
present may take part in. Examples of functional groups in-

clude halo (fluoro, chloro, bromo and iodo), and ether such

as -OR®® wherein R* is hydrocarbyl or substituted hydrocar-
byl. In cases in which the functional group may be near a.
transition metal (Fe) atom, the functional group alone
should not coordinate to the metal atom (Fe) more strongly
than the groups in those compounds that are shown as coordi-
nating to the metal atom, that is they should not displace
the desired coordinating group.

By a “cocatalyst” or a “catalyst activator” is 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,

herein, is meant a compound in which at least one alkyl



R15, R16 and R17 are all hydrogen; primary carbon group, nore prefRl5 R16
and R1' are al | hydrogen; primary carbon group, nore prefera bly ethyl; or
R9, R10, \d¥}21218L2, R14, R15, R16 and R17 are all hydrogepCTisd1/24397

i sopropyl; and R8 is a primary carbon group, nore preferably isopropyl; or
RO R10 R11 RI2 R14 R13 is n-propyl; and R8 is erably n-propyl; or RO RO
R11 R12 RidoupRi8 bsufnlll eboananthuRBnis at@l5, GRitenng®iys sdwclalas hydrogen;

a primary _carbon group, nore _prefR]l5, _R16 d R17 are all hydrogen;

hal ogen, ﬁ%?eeﬁﬁﬁpé?abP}kEHFQEO;h%%riﬁe a@@ﬁ%%ﬁf?f%fmﬁﬁﬂg%fgﬁb%gép$9dFQ,

R 0, R11, i apfe Rbdmdbendl | hydrogen; R13 is

trihalone% y%? nnr%mg%g?gggg?y t?iflﬂ%éo%ethyl; and R8 is a trihal onet hyl,
nore preferabl gytgi fhuaearenhylefin pootthet” piefrearntd @nbompositial (1), R6

and R are, respectively R4 R23 \C-C is R2s C-N-C-R22 and_(Vl11) (TX)
wher ei n: RIedPyinanalygEANPELBIPFaR yCEBPRBRA gf 3% PP RLER oAbt car bon group

O 2oL er LhALYaSF" BN AEOURrnd FiBy.IRY FRZoadufiar o aacihd idapondently

hydr ogen, substituted hydrocarbyl” or a functional group;

Provi ded %Q@tbf“@eBoRégoh% ashal pgeRost pakas| ytkar bbmegt owpohefitn one or
two of R21, R22 and R25 are a hal ogen or a Erinary carbon group, with the
r emai nder pobdRet, oR2ZhenprREsNEePRGCRFEr Bhdh; Peravient I8 P§ e 8econdary

b f_R21, 5.1 j
Car bon o BURP6P BYRBEn ARy KA BRSPS Rp L u AL R el adsr of FBI = Ro2

and R25 bgihbg Byduagedrs WaepoRhlsi Rawiher i aajuear bbrmgreuphanoh8. or one
of R2I, R22 and R25 is a tertiary carbon group, wth the rena%gggﬁlof of

R2I, R22 aﬁgfaggbgyiA§Sﬁy@pg§eﬁp weight pércent, and more pre v
less than 20 weight percent, of the product will have q val-
ues over 18. The product may further contain small amounts
(preferably less than 30 weight percent, more preferably
less than 10 weight percent, and especially preferably less
than 2 weight percent) of other types of compounds such as
alkanes, branched alkenes, dienes and/or internal olefins.

By a "primary carbon group" herein is meant a group of
the formula ~-CH,---, wherein the free valence --- is to any
other atom, and the bond represented by the solid line is to
a ring atom of a substituted aryl to which the primary car-
bon group is attached. Thus the free valence --- may be
bonded to a hydrogen atom, a halogen atom, a carbon atom, an
oxygen atom, a sulfur atom, etc. In other words, the free
valence --- may be to hydrogen, hydrocarbyl, substituted hy-
drocarbyl or a functional group. Examples of primary carbon
groups include -CH;, -CHpCH(CHj3)z, -CH;Cl, -CHpCe¢Hs, -OCHs; an_d
~CH,OCH;3.

By a “secondary carbon group” is meant the group



and further provided that any two of R18, R19, R20, R2l R22, R23, R24 and
R25 vicinal to one another, taken together may forma ring. In the above

forml as Wylehhdsgnd (1X), R18 corresponds to the second r @g/ boined] acent
to the first ring atom 12 WO 02/12151 PCT/ US0112- 4297 l% to the imno

nitrogen, and R2l, R22 and R25 correspond to the other rlng atons adj acent

to the flMibréb.ﬁgtEéOan!inréﬁﬁEQéﬁﬁéd(b})/ gratabM A {yhlis 8pda(dxlg It IS
par ticularly preferred that: if R18 is primary carbon group, R22 is a

prinmary c&EBBnoOdr 6u§Ub§ﬁéltRQEdaﬂ€Yh250aW]élﬁ]ydi?]@@eﬁecwdmry Re8rpen g
secondary EBEBOESQQEEQFhBéz 5&a%8£h”§£¥ecﬁén Q”r Qé@er?éeg %CQHQG‘W

carbon gr up nore preferably a secondary car oup, 17and R25 are
hydr ogen; dashitl EiﬁessaaeteotaaratomrbﬁnagomspotMQretmmmfhyébbgeﬁ trihalo

tertiary carbon group such as a trihal oeth LS a tertiary carbon
gr oup (nD?EeE?ngP@ﬁI9ragFPPH§I%?%rp?aneg?%%% %ﬁc@l 55exertt hafBnet hyl ),

and R2| - agdnB20,BE8sNYHEOCORR: Al chbekBebPedehBb@sh, i€ 2abanaghal ogen,

and R2I and R25 are hydrogen. In all specific preferred conpounds (1) in
whi ch (VI Lireanday| X bpgeacarbyli sspbstetnedd thpdr&iariR?]l aod R3ente

hyd : d f h f dth R 9,
RIS e R 2= LI

primary canboader ooR( (CHDY.§ pregfoan pblynnefhyl,, oycRRexy0, R21, R23 and R24
are all hydrogen; R22 is ethyl ; and R18 is a prinmary carbon group, nore

preferablyCBKﬁﬁkﬂﬂﬁh,ngd REG=CRPb; R23 and R24 are all hydrogen; R22 is

i sopropyl; and R18 b rimar arbon L pu nor e, preferabl o _propyl;

or R19, R20, §eaﬁ§aﬁ§40§¥§°3ﬁrﬂ§ ’S%n S35 ‘?‘sglﬁ%‘ﬁ%péF BRG RIS | s
a prlnaryf@gmbmg group, nore preferably npropyl or R19, R20, R2l, R23 and
R24 axe all hydrogen; R22 is chloro or brono; and R18 is a halogen nor e
preferably chloro or bromp. 13 WO 02/12451 PCTIU SO1 /2-4297 Conpound (1)
and its iron conplexes (the ollgomerlzaC .....

wherein the bond represented by the solid line is to a ring
atom of a substituted aryl to which the tertiary carbon
group is attached, and the three free bonds represented by
the dashed lines are to an atom or atoms other than
hydrogen. In other words, the bonds represented by the
dashed lines are to hydrocarbyl, substituted hydrocarbyl or
inert functional groups. Examples of tetiary carbon groups
include -C(CH;);, -C(Cg¢Hs)3, -CCl;, -CF;, -C(CHj3),0CH;, -C=CH,
~C(CH;3) CH=CH,, aryl and substituted aryl such as phenyl and
1-adamantyl.

By “aryl” is meant a monovalent aromatic group in whicl
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.

By “substituted aryl” is meant a monovalent aromatic
group substituted as set forth in the above definition of
“substituted hydrocarbyl”. Similar to an aryl, a substi-

tuted aryl may have one or more aromatic rings which may be



tion catalyst) may be prepared by a variety of methods, see for instance
previously incorporated US5955555 and US6103946, as well as US6232259 and
W00/ 0803#0 08331 of which are al so incorporated by referepeg, Rgfehsy for al
purposes as if fully set forth. It is preferred herein to react an iron
conplex of (I), such as a conplex of (1) with Fed 2, with the cocatal yst
(e. g., thesaflkytahnetned cynpiugtie, bprds evabdshan ateupsmoxaneswsch as
met hyl al um noxane, to fpo an actjve ethyl ene oligonerization ecies. The
nol ar rat‘%e%f g%?u?ﬁ]ﬂ%*i&%‘g?ée% ?ﬁyftﬁl}ﬂ?ﬁrﬁuﬁ%to ALLE TR (4% conpl ex)
in the ol fpeserhzahtOniRr €her 3hbyti sud@UWr20Qlp | &5$ b I Huef erred
upper limt is about 1500 or less, still nore preferably about 1000 or
| ess, anderepeenal$ychbasitnizgpogen) et ; thedrefserpaxmati¢ ming sirabout 5 or
nore, nor f I t 10 or nore, still nore preferably about 100 or
nor e, eveghtgr%(rgeg%?%f%?g}%%‘about 300 or nore, and especially about 500 or
nmore. For clarByya afyrsonbingt aoomoin tikfe aafdorénpotthaned HppemiAasdni ower
limts may be used to define a preferred range herein such as, for exanple,
from about*®89¢% Akt 1%0‘0‘?3$F0E¥"§b’6%g PP D ERATOET PRI RBBIR D0 to
about 1009, {nom aboutoR00 iRoRROML (PP, ARd Lthgs1other such conbination.
Anot her preferred range 1 n accordance wth the present invention. is from
about 5 to about 300. )MQQy n this range, a.rtﬁ eferred lower limt is
about 10 or nore, nor® pref erably about 20 e, still nore preferably
about 30 or nore, andtespegially about 50 orC rp';C and a nore preferred
upper limt about ZOO'DQf?éss, still nore pref&ably about , 150 or |ess,
and especially about 10 or less. Again for clgrity, any conbination of the
af orenmenti oned upper =N | ower(qlziym t gr-may bé&~ENed to defipne a preferred
range herein. 14 WO 02/12151 PCT/ USQLl/2~297 |t should be noted that the
above ranges aeems 3kowr chilytBeal ePOPREERR N i tingss . inundel) @& ai n
r

ci rcum St%‘fﬁgﬁ:a% {rd Pﬁ@@“ﬂ#]&i%{oﬁ& B&@d S%J;E‘abx{ el%ij%]ég)f‘c s a{l{]&{‘er Al

Fe ratios course © € process 11121 ~the A: Fe
rati o to (behdesyreapstwatiyh shay ebé evabs t Fout@X anpl tehe tdweyY edumn coul d be
started at above any of the upper ratio,limts nentioned above, then

reduced tBFENBOHSRYEY | eVRINGL 2BPMANRYNIEPGFRE JFO tTRE | oWt € ratid 359WT t s
ment i oned o re r | a t £00P ds, r re of
R513A1, R%ﬁl%%%ﬁhS%%l%%‘@%%%' " % M"SH‘ (al km’l 3"% é%(g%&% I’&m‘éﬁi n R51
is al kyl tentaesing these28dtaceoh atons,ap: sdhewralddy dashed iardson at ons.

Speci fic alkyl al um num com poun { ncl ud | al und .noxane (which is an
o Tgomer JFER £hb BONEFEPR DFHLFEv] e e Bt DR L 5
(C2H5) 3Al and ((CI-B)Z@I)%Z%BAL A preferred alkd al um num conpound is an
al um noxane; especi al I netthyl al um noxane. Tﬁe c‘@ndi tions for the

ol i goneri zati on descri| ed i| previ ously i ncg org.t(bc[ US6103946 and United
States Appl. Ser. Neo:” 09(;4068‘;974 (filed Jul'y 17N”2001), entitled "MANU
FACTURTNG PROCESS FOR ALPHA- OLEFI NS" (corresponfling to PCT Appl n.

PCT/ US01/ 22628, filed=FuNy 18, 20901), nmy ot TeTMi se (V)

In one preferred compound (I) R® is

and R’ is



be foll owed. For exanple, the oligonerization reaction nmay be run at a w de
range of tenperatures generally ranging fromabout -100C to about +300C,
pref er ablyoabeslk; OC to about 200C, and nore preferably apr%ng955&97about
100C. Pressures may also vary widely, ranging froman ethylene pressure
(gauge) of from about 0 kPa to about 35 MPa, nore preferably from about 500
kPa to about 15 MPa. The process may be run in gas or |iquid phase, but is
typically run in liquid phasey prgferapghy using an aprotic organic |iquid.
The process ingredients and progdCtsymay or 15 WO 02/ 12151

PCT/ USOL/ 2- 4297 may not be solu these |iquids, but obviously these

| i qui ds shoul d not prevent the ON.generj,zation fromocurring. Suitable

| i qui ds i ncl ude al kanes, al kehes, cycIBaIkanes, sel ect ed hal ogenat ed
hydrocar bons and aromatic hydro cambons. Speci{ig)useful Iiquids include
hexane, toluene, benzene and the (err)-olefins thensel ves. The ethyl ene

ol i gorer i ¥heren8: herein may also initially be carried out in the solid

state by, for psstanc upporting .and actiyve catalyst and/ or alum num
conpound on a fg‘ublss[ r ﬁ%aé?@?gn’asa s‘%lir%ad:yor aa\BL?rﬁ rgér.o%’t & TP Ya sol ution
of the cataltysh Preapreor anagrbeaeypPeseoh ogrogdppeid havi ng an

alkylaluninun1conp%gnd on ig; s%gfac%. Thesg7"heterogeneous" catal ysts may
be used to cat&myZé ol Rgon®& 1 z&R'T pnR1 nanteRyasiyzhasehoindepdnidgmitd yphase.

By "gas phase” is neant th he ethylene is transparted to contact with
The Satal JLAERUPR| CRETRAFREPY he EPRST Lrered At herthet dhce FiiCener al
the ol i gogephzat yepupRy be run as a continuous gas phase, solution or
slurry processes. It 1s particularly preferred to run the oligonerization
as "essenPravigedi Bgak: phase liquid full", which means that at. |east 95
vol ume percent of thg reactor. volune is occupied Qﬁha liquid that is a

singl e phase. ‘SA&RI Randuft 3099 I RIIFIER0IHRR I PIRER BOBS U gas,
for exanpbe ebybengizmaykibe;added &Pe@%éf‘@%éﬁ?roﬁsa B PfRariLbet ssol ves
rapi dly under the process conditions. 55ver§3eless,7sonp smal | anmount of
di ssol vi ngreeny| ehehgakenugmpengessehtR“NoR comst & ibeine hedweaenyol une
i's any soé%d resulting fromfouling of the reactor. See, for exanple,
previ ously incorporated United States Appl. Ser. No. 09/ Ser. No. -

09/ 906, 974 (fidkenJrt yisl7a LNdamwntdddieth "JYMNGRAGHH No RRECHSS RFER
ALPHA- OLEF],NS" (cofresponding to PCT Appln. PCT/US01/22628; filed July 18,
2001). 168 %90 B2/ 1B %1 19I55/ -REAFR LT SSE RS X PR (Bs 2oF RN Te
descri bed el on: the o} ‘o ' 28, pih | $17 thihe

gt edi ontar bora oo, BESER, LR e O e re. T R e WS o
such | ow moyany@rofeny abkros to purify the process ingredients so

when R® is a tertiary carbon group, none or one of R'?,
R and R is tertiary carbon group, with the remainder of
R'2, R'® and RY being hydrogen;

‘and further provided that any two of R®, R?, R!?, R, R'?, R'],
R, R, R and R' vicinal to one another, taken together
may form a ring.

In the above formulas (VI) and (VII), R® corresponds to
the second ring atom adjacent to the first ring atom bound
‘to the imino nitrogen, and R, R*® and RY" correspond to the
other ring atoms adjacent to the first ring atom.

In compounds (I) containing (VI) and (VII), it is par-

"ticularly preferred that:

10



that the al kyl al um num conpounds are not "used up" reacting with noisture
or other inpurities. Using the oligonerization catalysts described herein a

m xture ood2@@fins is obtained. A neasure of the nol ecuplq) i g s of
the olefins obtained is factor K fromthe Schul z-Fl ory theorysﬁ 5'7t

instance B. Elvers, et al., Ed. Ul mann's Encycl opedi a of | ndustrl aI

Cheni stry, Volif A% 13\/@4gtenﬂaagrsg:eséiotns©hr@hp,nﬁll-ﬁ Agianiped imark9 @S ron

243- 247 and 275-27 ) Th| L8 defi % = n(Cn+z olefin) /n(Cn ol efin)
wherei n rgXIERA ARR)R] safl nuﬁ‘ﬁ@r%é( rr?(?leé‘s &F ol efin containing n carbon

atonms, and n(%%{%h@; ig)s d oride yN ERYon0hraRie S ROT Q) of igrieetaiddmg n+2

car bon atoms, or in other words fhe next higher oligomer of Cn olefin. From
this can wc@t@mn%datwcvmw qareRy) FHQAR amre)fpnerfeenﬁdﬂ{yb@ ol efins

inthe re %gggg ct 0 r tor is

pr ef erreds%ééljb 1?1)35 e ran%rcg‘%?1 rg&]utﬁ]g %g&to a trlé %gdg&?; % t he

a-ol efi ns of tie mfosis @ommcruijamy icatréoes r ol s(mba@t ptrecfamabeyvar ted-to
sonme extent, see for instance previousl |ncorporat ed U 6 394§3and Unl t ed

States ApRIR ERFTiREY RYME FRMR (I 31T HANSRRY ti } ed-S

" MANUFACT, L NS I p
PCT) USD1) 39605 e Farg o Q601 P17 l‘ﬂ%%%si’%?ff%iﬁtﬁg&

cl ai med isroBCHWSOIAL. a219|711:la1dme1tdw1b)d, fagrd rrelaucnngVherEOhydtpganof
pol yet hyl ene waxes and polyners in a continous process for the production
of a linedr (err)-olefin product, said continuous process com prising the

step of contacif ngf iid) £ HAJeMIORSS rencd Halddaresnd NG esh@nk’s ge@pri sing
an ethyl ene_oligonerization catalyst conposition, ethylene and a

cocat al yshydmrei n: (a) the ethyl ene ol i goneri zation catal yst conposition

conprises an | r : RlL, R2
and R3 are eac eg%%&énﬁ 6&?139 rogen, ngmc#%ié}éso W qsrgé\él} \Mt}lute
hydr acar tmhdo(vml) lmpéamfuni:ttlmaﬂr@femﬂed Aot déd Rhaanany’ tase afy-R1, R2
and R3 vicinal to one anofher_ taken together f\'-l orma ring, R4 and _R5 are
each i ndePeRRdht | 3PR(RF Refnhydr 8E&r B théubSF t 48 eHURRRH RF BherBRdan
i nert fun,fcﬁé@nal group; R6 and R7 are each independently a substituted aryl
having a first ri nq atom bound to the imno nltrogen provi ded t hat:

, R, r'?, r*, R', R'® and R'” are all hydrogen;

R? is methyl; and R® is a primary carbon group, more pref-
erably methyl; ox

R°, R'9, RrRY, R'?, R™, R'S, R' and RY are all hydrogen;
RY? is ethyl; and R® is a primary carbon group, more prefera-
bly ethyl; or '

rR’, RY, RrRY, Rr*?, RYM, R'S, R'® and RY are all hydrogen;
R is isopropyl; and R® is a primary carbon group, more
preferably isopropyl; or

r?, R, RrY, R¥, R™, R, R and RY are all hydrogen;
_'R13 is n-propyl; and R? is a primary carbon group, more pref-
erably n-propyl; or

R’, R, R, Rr'?, RY, R¥, R' and RY are all hydrogen;
R?® is chloro; and R® igs a halogen, more preferably chloro;

or

11



in R6, a second ring atom adjacent to said first ring atomis bound to a
hal ogen, a primary carbon group, a secondary carbon group or a tertiary

car bon gﬁgggmrﬂqf further provided that in R6, when said PEFAN /iﬁpp atom
is bound to a halogen or a primary carbon group, none, one or two of the

other ring atons in R6 and R adjacent to said first ring atomare bound to

a hal ogen or agprighr yrear pdh grréupR* W RAS they 87 18re a M0 BZdALIS,;
PCT/USOl/Z;ZQ? mai nder of the ring atoms adjacent to said first ringsaton1
bei ng bouRd tis a&riyedlegatrhalonmore PreRerakwntrifiucsonathylngantoR s

bound d , . f h [
'n R6 andlR Sonf RBRIEBECh durt port PERERRNE P A Bethne OB 1al ogen: &

pri mary carbonigr eHptBerapsecengadyctbs8Dnegr oop, (1 | RY hed ®fahpder of the
ring atons adjacent _to said first ring atom being bound to a hydrogen atom
or in R6, raPBACEAVEL¥econd ring atomis bound to a tertiary carbon group,
none or one of the other Fﬁng atgps in R6 and R adjacent to said first
ring atomare bound to a rtiard carbon groBP, wi tA¥ the remainder of the
ring atons adjacent to saidgiigSt ring atom bg|ng/oound to a hydrogen atom
and (b) the cocatal yst co i's an al kyl al ugi nugpp com pound; said net hod
for reducing conprising tﬂgyste of contacti saild process ingredients in
anounts such that the molAr ati oONof Al in pheN eCatalyst to Fe in the
ethyl ene ol i goneri zati off catal yst Rs about F2000%or | 8Ss. 2. The method of
claim 1, wherein said nolar ﬂatio is frop about 1100 to about 1500. 3. The
met hod of claim 1, wherein said nolar ratio is fromabout 300 to about

1000. 4. The nethod of clai MIIWherein said nolEk) ratio is from about 500
to about 700. 5. The nethod of claim1l1l, wherein said nolar ratio is from
about 5 t¥PEHSUE:300. 6. The nethod of claim 1, wherein the continuous reac

tor is essentighl ysSiaNGa Rfease al F&qh@r&ulclarbzn Hreapt | RUGHEcRAAEYSS for
the production of a linear oc-olefin product, the process conprising the
step of coarbantgngupi Araactarthavyscasherogrowpnca’é i ngredi ents com 19

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

22 and R?*® being hydrogen;

group, with the remainder of R?*', R
or

when R'® is a secondary carbon group, none or one of R%,
R?? and R? ig a halogen, a primary carbon group or a secon-
'dary carbon group, with the remainder of R%', R?? and R*® be-
ing hydrogen;

when R'® is a tertiary carbon group, none or one of R?,
R?*? and R?® is a tertiary carbon group, with the remainder of
of R*', R?? and R?*® being hydrogen;

and further provided that any two of R'®, R, R?, Rr?,
R??, R?®, R** and R*® vicinal to one another, taken together
may form a ring.

In the above formulas (VIII) and (IX), R'® corresponds

to the second ring atom adjacent to the first ring atom

12



WO 021121, 1 PCT/1JS01/ 2-4297 prising an ethylene oligonerization catal yst
conposition, ethylene and a cocatal yst, wherein: (a) the ethylene

ol i gonerigathQsysgat al yst conposition conprises an iron cogphRXofingd
conpound o? the‘?or mula p4 (1) wherein: RlL, R2 and R3 are each

i ndependently hydrogen, hydrocar byl, substituted hydrocarbyl or an inert
f unct i onabogmnduro heviidddot hit ragent, wandf RE, FR2 amd 23 wvorireaponhd one

anot her taken._together may forma ri.ng; R4 and R5_are each independently
hydr ogen, %I‘?y(jfrh(?c rthﬁr, r&ﬁ?@sﬁtf’ﬂ‘?eadﬁﬁ‘gﬁea%attﬁ’yl b, £ARSEnELEIt &REE onal
group; R6 and Rn aeReisl Ndspendenining sukstht uhad (akyl haviggpartirst

ring atombound to the imno nitrogen, provided that: in , a second ring
at om adj adéuliey lyapa offiergedr thgtat om i s bound to a hal ogen, a primary

carbon group, a.segendary carbon or tertjeary carbon group. .an
further provi dé&sﬁhatl$ng§§l%%’ngésaal s IgonW’r itﬂ‘ng %/1? o%?%lrﬁ%ﬂﬁdg?%ﬁ%g

hal ogen okyraup,i BRIy REArdhad gff ospe NpAcogeng 6 two of the other ring atons
in R6 and R adjacepnt to said first ring atomare hound to a hal ogen or a

primary carbonidr &up,18ia HFeINGENAI FRIGODITEMP iRy bt hPBHEEE2% 0 sai d
first ring ol GPhel g BOWA a2 MdLgen 3L, Ab:bnoBEcothghy,sal d second
ring atomis bound to a secondary carbon group, none, one or f%o of the

ot her ri ngeatomEriyn daGband gRouad] anen®R*t arshirt® farsthydinggen onar e bound to
a 20 WO 02/ 121831, PCT/ 1 1S(11, /2-t297 hal ogen, rimary. carhon group or a
secondary carb &%Lﬁp?_%q?i”tjf?enf&?a?%rg UR K '%é)r%f&@baﬁj &ent to
said fi r,sttzrimqoa_tt@?ta%&gg ROWRE bRoRh¥HeTaR at emnal ohBtRP1) Whak? sai d
second ring atomis bound to a tertiary carbon group, none or one of the

ot her ringsatokertiaRy sagbRn gdpdverimore pxederibdy fi hgihedatarsibound to
a tertiary_carbon group, w th. the _r [ r, of _theari ® ' t to
said fi rst%rlyi r?lg%oa oM Del ﬁig 805%& %%éql%htyﬁ;%ﬁ&geﬁngt gm aand%?b?glf%gﬂnz%ggt al yst
conpri ses gath;aldgyl al um num com pound; characterized in that the nolar

ratio of Al in the, go 22 21 25
if R*® is a halogen, R* is a halogen, and R and R* are
hydrogen,

In all specific preferred compounds (I) in which (VIITI)
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:

RY, RrR?, rR¥, R?® and R* are all hydrogen; R?*? ig methyl;
and R is a primary carbon group, more preferably methyl; or

RY, rR*, R*, R® and R* are all hydrogen; R*’ is ethyl;
and R'® is a primary carbon group, more preferably ethyl; or

R, RrR?°, R*, R?® and R* are all hydrogen; R*?

is isopro--
pyl; and R*® is a primary carbon group, more preferably iso—';
propvl; or

RY, R, R*, R?® and R* are all hydrogen; R*? is n-
propyl; and R'® is a primary carbon group, more preferably n-
propyl; or

22

rRY?, r??, r?!, R? and R** are all hydrogen; R** is chloro or

bromo; and R'® is a halogen, more preferably chloro or bromo.

13



catalyst to Fe in the ethylene oligonerization catalyst is fromabout 5 to
about 300. 8. The process of claim 7, wherein the continuous reac tor is
essenti alyp oshp@he phase liquid full. 21 . A Asl.AsY. A E Ap¥tASIyARY - A
(sY.A".Asl.A .Asl.A3s. AF . A | . As. As. As. A3sl| . A" . AsYDN: ' &45 &C
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bilizing, lower the Al:Fe ratio to the desired steady state
leVel. For example, the reaction could be started at above
‘any of the upper ratio limits mentioned above, then reduced
to the desired level at or above any of the lower ratio lim-
its mentioned above.

Preferred alkylaluminum compounds include one or more
of R%%A1, R%alcl,, R%%,AlcCl, and “rR°!alo” (alkylalmninoxaneé),
wherein R* is alkyl containing 1 to 25 carbon atoms, pref-
erably 1 to 4 carbon atoms. Specific alkylaluminum com-
pounds include methylaluminoxane (which is an oligomer with
the general formula (MeAlO),), (CyHs),AlCl, C,;HsALlCLl,, (CyHs)sAl
and ((CH;),CHCH;)3Al. A preferred alkylaluminum compound is
an aluminoxane, especially methyl aluminoxane.

The conditions for the oligomerization described in
previously incorporated US6103946 and United States Appl.
Ser. No. 09/906,974 (filed July 17, 2001), entitled “MANU-
.FACTURING PROCESS FOR ALPHA-QOLEFINS” (corresponding to PCT
Appln. PCT/US01/22628, filed July 18, 2001), may otherwise.
be followed.

For example, the oligomerization reaction may be run at
a wide range of temperatures generally ranging from about
~-100°C to about +300°C, preferably about 0°C to about 200°C,
énd more preferably about 20°C to about 100°C. Pressures
may also vary widely, ranging from an ethylene pressure
‘(gauge) of from about 0 kPa to about 35 MPa, more preferably
from about 500 kPa to about 15 MPa.

The process may be run in gas or liquid phase, but is
typically run in ligquid phase, preferably using an aprotic

organic liguid. The process ingredients and products may or
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ing and active catalyst and/or aluminum compound on a sub-
strate such as silica or alumina. Alternatively a solution
of the catalyst precursor may be exposed to a support having
an alkylaluminum compound on its surface. These “heteroge-
neous” catalysts may be used to catalyze oligomerization in
the gas phase or the liquid phase. By “gas phase” 1is meant
that the ethylene is transported to contact with the cata-
lyst particle while the ethylene is in the gas phase. In
general, the oligomerization may be run as a continuous gas
phase, solution or slurry processes.

It is particularly preferred to run the oligomerization
as “essentially single phase liquid full”, which means that
at.least 95 volume percent 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 rap-
idly under the process conditions. Nevertheless, some small
amount of dissolving ethylene gas may be present. Not
counted in the reactor volume is any solid resulting from
fouling of the reactor. See, for example, previously incor-
porated United States Appl. Ser. No. 09/ Ser. No. 09/906,974
(filed July 17, 2001), entitled “MANUFACTURING PROCESS FOR
ALPHA-OLEFINS” (corresponding to PCT Appln. PCT/US01/22628,
filed July 18, 2001).
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mixture of o-olefins is obtained. A measure of the molecu-
lar weights of the olefins obtained is factor K from the
Schulz-Floxry theory (see for instance B. Elvers, et al., Ed.
Ullmann’s Encyclopedia of Industrial Chemistry, Vol. Al3,
VCH Verlagsgesellschaft mbH, Weinheim, 1989, p. 243-247 and
275-276), This is defined as:

K = n(Cysp 0lefin) /n(C, olefin)

wherein n(C, olefin) is the number of moles of olefin con-
taining n carbon atoms, and n(Cp.,; olefin) is the number of
moles of olefin containing n+2 carbon atoms, or in other
words the next higher oligomer of C, olefin. From this can
be determined the weight (mass) fractions of the wvarious
olefins in the resulting oligomeric reaction product mix-

ture. The K factor is preferred to be in the range of about

0.65 to about 0.8 to make the o-olefins of the most commer-
cial interest. This factor can be varied to some extent,
see for instance previously incorporated US6103946 and
United States Appln. Ser. No. 09/906,974 (filed July 17,
2001)I, entitled “MANUFACTURING PROCESS FOR ALPHA-OLEFINS”
(corresponding to PCT Appln. PCT/US01/22628, filed July 18,
2001) . |
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catalyst composition, ethylene and a cocatalyst, wherein:

(a) the ethylene oligomerization catalyst composition

comprises an iron complex of a compound of the formula

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;

- R! and R® are each independently hydrogen, hydrocarbyl,
"substituted hydrocarbyl or an inert functional group;

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

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
or a primary carbpn 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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pPb@C with the remainder of the ring atoms adjacent to said first
ring atom being bound to a hydrogen atom; or
in R®, when said second ring atom is bound to a tertiary
carbon group, none or one of the other ring atoms in R® and
R’ adjacent to said first ring atom are bound to a tertiary
carbon group, with the remainder of the ring atoms adjaceﬁt
to said first ring atom being bound to a hydrogen atom; and
(b) the cocatalyst comprises an alkyl aluminum com-
pound;
‘said method for reducing comprising the step of contacting
said process ingredients in amounts such that the molar ra-
tio of Al in the cocatalyst to Fe in the ethylene oligomeri-
zation catalyst is about 2000 or less.
2. The method of claim 1, wherein said molar ratio is
from about 100 to about 1500.
3. The method of claim 1, wherein said molar ratio is
from about 300 to about 1000.
4. The method of claim 1, wherein said molar ratio is
from about 500 to about 700.
5. The method of claim 1, wherein said molar ratio is .
from about 5 to about 300.
6. The method of claim 1, wherein the continuous reac-
tor is essentially single phase liquid full.
7. A continuous process for the production of a linear
o-olefin product, the process comprising the step of con-

tacting, in a continuous reactor, process ingredients com-
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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;

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:

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
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-
mainder of the ring atoms adjacent to said first ring atom
being bound to a hydrogen atom; or

' in R®, when said second ring atom is bound to a secon-
dary 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
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to said first ring atom being bound to a hydrogen atom; and
(b) the cocatalyst comprises an alkyl aluminum com- |
pound;
characterized in that the molar ratio of Al in the co-
catalyst to Fe in the ethylene oligomerization catalyst is
from about 5 to about 300.

8. The process of claim 7, wherein the continuous reac-

tor is essentially single phase liquid full.
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