WO 02/ 06192 PCT/ USOL/ 22628 TI TLE MANUFACTURI NG PROCESS FOR a- OLEFI NS

FI ELD OF THE | NVENTI ON An efficient manufacturing process for u.-olefins
using 5wenedim i ron containing ethylene oligonerizati onPCRUISIYREZS,
conprises one or nore liquid full reactors which are ap- proximately at the
bubbl e point of reacting ethylene, and optionally a final reactor to which
no ethylene is fed, both operating G3d&E ot her specified conditions. 10

TECHNI CAL BACKGROUND Qq¢- f] el a ite onmerce, billions
of kil ograns being W&‘%@%&%E@%&@?%%@E@&% as nononers for
(co)polynerizati ons and as chesisabr i merngdintedes for the manufacture of
many other materials, for exam I5 ple detergents and surfactants. Presently
nmost oc- ol ef i e afl avester et datEngg ed cgldsgofer tatlefios eshyldene by
various catalysts, especially certain ni ckca;:. conpl.exes or %I m _num al kyl s,
see for iGREEHCE WD PR g e ygse&]ﬁ- LGPk 23T 100§t aky S Soy hrer
Encycl opeding Bfs L& alr 2 dechngli@pu1dt R dsbtorOhwhikh adehapWley &
Sons, New York, pp. 839-858. Depending on the catal yst used and the
product wmicstimahalomidadia duibkde mesingyr cdfessestdng efdylepsy eRey tend to

operate at .high .pressures,. and/ or high erat ur. nd/or:_have | arge
recycl e sqprte]é%ta,l hdF or e éfo%?pciocé)f( or' gg e%lgrrp tgnifrleeé%cﬁg (J;F@éa?gltglst
st r eans) ,opdda tofngirederd nodieas epedilfd eapidndli tdesis .of t he nmanuf act uri ng

pl ant and/or increases plant operati nchosts bot h of course undesirable.
Ther&) fore better processes FECHWRAMPAKGRINRS are of comerci al |

interest. 30 Recently. as report i.n . 5 61 0 of
whi ch are heréjb"ﬁi#t%?spoarra ed” pooyrei:?aenl‘terlteén%gﬁ% ﬁ%‘rsg:lo%@rf%gté%dl ?’?ﬁggP El%stgg as if
fully setkifigyddamd thdiasy heet faimngd ddhatearion abigy exes uskfadr bai n
tridentate |ligands are excel,l ent cata-

monomers for (co)polymerizations and as chemical intermedi-

ates for the manufacture of many other materials, for exam-

15 ple detergents and surfactants. Presently most o-olefins
are made by the catalyzed oligomerization of ethylene by
various catalysts, especially certain nickel complexes or
aluminum alkyls, see for instance U84020121 and I. Krosch-

witz, et al., Ed., Kirk-Othmer Encyclopedia of Chemical

20 Technology, 4™ Ed., Vol. 17, John Wiley & Sons, New York,

pp. 839-858. Depending on the catalyst used and the product
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
125 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-

1



1 WD 02/ 06192 PCT/ USQOL/ 22628 |ysts for the production of a-olefins from
et hyl ene. De- scribed herein is a manufacturing process for a-olefins
which i sve@predlal |y useful with such catal ysts. This procPCEPESOVR628 tS in
| ower capital costs for the manufacturing 5 plant and/or |ower operating
costs for the plant than is found in other processes. SUMWARY OF THE

| NVENTI ONlyRHiSs fow erite qrr oducterers of p-odexSiforindie gitndwtd.onDsf- a | inear
a-ol efin product, conprising the step of contact- 10 ing, .in.,a continuous
stirred tsHidRhAdrer 18 £ SRAIVARTSHELDS W%%gﬁ%iog‘ﬂ]sefé&%ri sing an
active ethyi » Ol ' ' cat: %tq%prg%&sél lQn, e l.e nd a
sol vent, R@lcgpeﬁsgn%%%%%%%ﬁ%%n% 2&12%%’ 3 to al?usﬁggocw%ﬁd@gct&a pres-
sure suchegdatediietsoim i Tuoes cpirradd doerile rfeacttre aanufecthiréayi val ent i s

essentially singl hase liquid full, wherei t he active ethyl.ene

ol i gotrer ipz]eﬁrftor%bcg/t% ?:?W%giﬁ?rsaetsl% CCiS?C n f(;'o&:nﬁr}éex ngran;e &6Podfd of the
formul a RLHBRE Rl NIt Mrdiessds RS R7 (1) wherein: 20 Rl, R2 and R3 are
each i ndependently hydrogen, hydrocar-TbyI, substituted hydrocarbyl or an

inert functional group, pr8ViaRY INWENBEOR1, R2 and R3 vicinal to

Gt TR k
one anot her tgken i e ring. R4
i ndependent |y q%&défjolglg‘%&%y%} g%é}{)%dg %Z?rrs%bes% t%}gﬁ%yg{%(@?%glonormsan
inert functiQnay af-0Mber £ VI QRID6 1 PR 4901 /36 2% ep of contact-

10 ing, in a continuous stirred tank reactor or its equivalent,

process ingredients comprising an active ethylene oligomeri-
zation catalyst composition, ethylene and a solvent, at a
temperature of from about 35°C to about 80°C, and at a pres-
sure such that the continuous stirred tank reactor or its

15 equivalent is essentially single phase liquid full, wherein
the active ethylene oligomerization catalyst comprises an

iron complex of a compound of the formula

wherein:
2d a 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 hydrbgen, hydrocarbyl,

25 substituted hydrocarbyl or an inert functional group;



R6 and R7 are each independently a substituted aryl hav ing a first ring
atom bound to the imno nitrogen, provided that: in R6, a second ring atom
adj acent woozaitsz first ring 5 atomis bound to a hal ogen, par/pséwas38 car bon
group, a secon- dary carbon group or a tertiary carbon group; and further

provided that in R6, when said second ring atomis bound to a halogen or a
primary carborRgrdith R ngn€ €a6b oRdepenaentiy 8t ARPSEBCEFRY aF¥hsldW R6 and

R7 adj aceqf to 3?% 1184 L1049 BLAT A& choung 4o ﬁ%g&@n&f A dd mary
carbon gr%%, vv|§t %’he r%-é%@lﬂnder of the ring atons adj acent Oto said first
ring atonthdéet ng bound to a hydrogen atom or in R6, when said second ring

atomis bound to & secon- 15 dary carbon group, none, .one.or two_of the
other ring atot® %in %%%ﬁlﬁé &M afigascz??’& 1% S84 %dr%toﬁ”ﬁﬁ‘?e bound
to a shal 9g6M. i & BEUARS Yo CAr RAToGERU R O r BnEiSf WHIAsOh CRFAGH, G Gdton-Wi th

the remainder of the ring atons adjacent to said first ring atom being
bound to GaRY PV FBPHL 0PL 28 FRL RN R FEIENER] fgrEtsHh i s bound

to a ‘tert%]?tg%(id&@r group, none or one of the other ring atons in R6 and
R7 adjace 0 Sai irst ring atomare bound to a tertiary carbon group,
with the renmaider®,ofwdre gdiny skl adjpacenpn tie deudd itost hahggatnom

bei ng bound to a, h dro(tge atom 25 These and ot her fe% res d advant ages
of the prv%eﬁtprlmgﬂff‘én FHROW FFOWR: R r 2T 1QF iRt o 6% Hose of

ordi jonary; skiddond {Rer@rInd OMhajheadt Ngo0kat Aeri okt oving Seomtaréed -
description. it is to be appreciated that certain features of the
i nvent i onbewié@ ht@rae, hdbegen ap¥ t §  PEHERRFY B30 QWi vitHe Ewvntest  of

cmbad meri s O arearg iy Ruaf BHRRERC AL EARAR O Bk ©

% i OUS res of the invention are, for
brevity, BeMy 02061 %0 PCTH{S0dd@262280m; oxr
in R®, when said second ring atom is bound to a secon-
15 . 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
halogen, a primary carbon group or a secondary carbon group,
with the remainder of the ring atoms adjacent to said first
ring atom being bound to a hydrogen atom; or

20 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 adjacent
to said first ring atom being bound to a hydrogen atom.

25 These and other features and advantages of the present-
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
'30 Dbelow 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 enbodinent, nmay al so be provided
separately or in any subconbi nation. BRI EF DESCRI PTI ON OF DRAW NGS Figure 1
is a graphootodienperature (C) vs. bubble 5 point pressurkBClURIIReIS of
ethylene and a m xture of cc- olefins typically obtained in the process of
the present invention. Figure 2 shows g sanple _schematic di agram

pl ant fdieafafﬂm%twmfi@ec@rm@f‘q 5 By SRl sstndigiestes Sy Glser q_ED
DESCRI PTI. QN QFy 'Ia—iE_.:éD (Etl\/ElgD MENES &Rt icRr tain terms are used.
Some of themare: ydr ocar group” is a univalent group containing
only carbon and hydr ogen Bm:ﬁﬁemggmmmh@m ORAWEIWCS may be nentioned

S pref erred (RATH o cearby “av R Sl TR GAops) ROPEIR contain 1
to abput .:tggq b%_cg%c lg%l ¢l i's nmeant a
hydr o- cf%bffca oup ﬁéat cont at ns onehé}El nor e subs?(l{lt uent groups 26 which

are i nertolfiars tihe ralks solsomididd dns the whiiatesshe fc aieo packsemtt ai ni ng
these groups is, subjected (e.g., an in- ert functional group, see bel ow).
The substlir’t‘{%fﬁlﬁ?oups al so do not substantially detrinentally interfere
with the oligomRlidal i G AL essnle QRUAHIAT i ddIan0ldgampiiaaat i on 25
catal yst system  |If not otherwi se stated, it is preferred that substituted
hydr ocar ldr g[tamp&chﬁmﬁimg cpnd g firdls toy t&tm@re’ﬁbrﬁarﬁmcwmns. | ncl uded in
t he nmeani ng of substl- tut ed" ar e r| ngs conta one or nmore
het efbat oms, sHEFAILERD O Q& TERY FREFERREL, EMBODIMENTE oo val ence
of the 30 sub d th atm a sub-
stituted hydrg%:allréf)hf é%l]ldé%gt ggglr%séanay%tﬁgfbﬂs)tl- tlﬂr%d as in
trifluoronethy. "wmwmlgzr@@/ U@OH 2pGagilent group containing

only carbon and hydrogen. As examples of hydrocarbyls may

be mentioned unsubstituted alkyls, cycloalkyls and aryls.

15 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

20 which are inert under the process conditions 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. If 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 gsubstituted hydrocarbyl may be to the heteroatom. In a sub-
‘ stituted hydrocarbyl, all of the hydrogens may be substi-

tuted, as in trifluoromethyl.



By "(inert) functional group” herein is neant a group, other than

hydr ocar byl or substituted hydrocarbyl, which is inert under the process
condi ti omeODDo0MbE ch t he conmpound containing the group i sPeTS@E628. The
functional groups .5 also do not substantially deleteriously interfere with

any process described herein that the conpound in which they are present
may take part . ExRpFbsEWICHARAT FERURT AP ih-I1T MR thd FHFHRror o,

chl oro, ,f};@_,aﬁqa' é%ﬁo t SHG- 5 -@gg_gjlyg&[ iy RBM i ;

hydr ocartl;gg/ or subljéglg‘\?ﬁ%d y%lr (")t%;r 10 blfl?t?t(?n cases ixﬁh}v\lﬁi ?ﬁlltcﬁle e

funct i onalneroumdey bee nearcess teanditiems ney athixttorhha mwnfagmetd onal group
al one should not, coardinate to the net aldatq]g,\brm%ie st':.ron ly than the

gr oups i‘??rf%ﬁfs’éué% TrHCH RS TR our as cordiHat FHHE= net al
atomsthailds ddeyoshoubsknotiLispl@sestde slasiy echiea-fekk ariditnaidyng group.

By a "cocatal yst" or a "catalyst activator" is nmeant, one or nore conpounds
that read®reF¢ss 1es@RsPed dieireiial thalkh gt PIRP Vs mavhech vAxed a8 al yst

speci es. td.yvat ' " WH AU Ql%) )
whi ch, 2 eree'cillr'tfclfjmzil %n%%fé%@%oln%'ou%&%nﬁp%ﬁ c[ﬂé gj%drfégéglsgtﬂaj(}ne@% y lm’Egir oup is
bound t o @mad tm e &t wero Oidierogy oUpsorsucands,odd)or aexdargiber auaixi de,
hydri de and hal ggen may al so be bound to alum numatons in the conpound.
By a "lirsar-QRol eheneproBuctl’s hydmegarby lcompeybsitafutegd prdgeseiant |y

conpr i si o 0 oJ.. mixt 0 ﬁg&; -pgg[hds f.or oul (CH2CH2)
qCH=CH2' %]2? e?#\?qéj%]%e%nlril n"f’ﬁél-é%gcrhgof tol a outg)rlcgip Itﬂ{r%%rrtl))s Q?cég?es% t he

| i near a-toteefd i dqut anletedl aicde e stmctpioeas ywidd dlene mhouirce maft com
pounds having_ differing values of q of from1 to 18, with_a 30 m nor anount

of conpoiftF HRATR) o VIR MR (IR 1T OTiHat daR FHSeSE Mith 50
wei ght pepceantosanchisehdd afilablde difsm Rt dRlahPeiLeMe of the

product wll have q val- ues over 18. The product may further contain small
amount s metal atom, that is they should not displace the desired co-
15 ordinating group.
| By a “cocatalyst” or a “catalyst activator” islmeant
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 g 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
,Bd 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 g wval-

ues over 18. The product may further contain small amounts



WO 02/ 06192 PCT/ USOL/ 22628 (preferably |l ess than 30 wei ght percent, nore
preferably Iess than 10 wei ght percent, and especially preferably |ess
than 2 wav@ht/oqiezr cent) of other types of conpounds such aBCT/abkizxrexs
branched al kenes, dienes and/or internal ol efins. 5 By a "primary carbon

gr oup” herern is nmeant a group of the formula - ---, wherein the free
val ence -(RT¢ lf%ola;ﬁyle%‘% hetetat Ymwefh & wwﬁwé‘&r@sareé& HBpPlthe solid
line is Reed 1 QR @ SARSIdL Utk Algedi® IRy %ﬁetf@:a@f hyrarggcar - bon
group is attac Thus the free valence --- may bé I0 bondedto a hydrogen

atom a hdiageh mxght dearddn abmther HMQ&JEeratammpoa;tr@ﬂ fsmchateem et c.

I n ot her rds the free _val.ence - hydro dracar byl ,

subst i tut 'd%’c%ﬁcg%dcﬁal]é If‘?ﬁ'(ctq]o%%l gar"bci/g) a (S%ieﬁér)ll “Yery car bon
groups incl UdQBy Gy pr d2EH ddbdn Zrold R Glerei@H2(0 HoanrtOGHG @b olb
CH20OCH3. By a "secondary carbon group” is neant the group ,CH wherein the
bond repﬂé@%hﬁ%ﬁﬁqﬁﬁt ol d Whieseins the reenyalepsm of - a1§u5§tPPMted aryl
to which t ar 0 0 th ds
repr esent® é} q%%j asﬁaé %c%}sdg{ oée}ntaéé% %%]eetgjeat%o%%t&gt er ?L% i<k

hydr ogen.a fﬁhﬁ@&at@drﬁ)rﬁi 01 gﬂmxprs:umd keeryth e cs avte car tdhd foerigntry laar-ot her
words the free val ences represent by .t he dashe l'ines

hydr ocar BRAR EHR |Jt~°ut %rcarqﬁw § nege 3% & i onai"ya@r%?p

Exanpy es 10f <ﬁﬁ &%h%&%ﬁ Wﬁl &%ﬂaﬁkﬁbmﬂﬁ%ﬂ'éﬁ
(C6H5) 2, cyc ohexyl , - CH=CCH3 . a "tertrary car bon
group" i ] @tcgrtmﬁp ofl fure atfarmetc C%IIBGDU%GIG‘M@ 2/ GeEoLree

PCT/USOl&%%ﬁ&%%e ~-- may be to hydrogen, hydrocarbyl, substituted hy-

drocarbyl or a functional group. Examples of primary carbon
groups include -CH;, -CH,CH(CH;),, -CH,Cl, -CH,Cg¢Hs, -OCH; and
15  -CH,OCH;.

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
’25‘ functional groups. Examples of secondary carbon groups
include -CH(CH;),, -CHCl,, -CH(C¢Hs),, cyclohexyl,
-CH (CH3)OCH;, and -CH=CCHj.
By a "tertiary carbon group" is meant a group of the

formula

30 *



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 freeobwonds2 represented by the dashed lines are to pOT/AS@IM2628 at ons
other than 5 hydrogen. In other words, the bonds represented by the dashed

| ines are to hydrocarbyl, substituted hydrocar byl or inert funct,i onal
groups. EXRRHFER @?et}é(?l?@irli/e%%ﬁfh &t RIpsthe RAlide Ligq Byt 2 ]%I’(QCGI—B) 3,

- CC13, - CEg, mpﬁ%n%@bm ed" & %@W%eﬁﬁérﬁ%r%&ﬁt i tuted

aryl such as and 10, 1l-adamantyl. By "aryl"” is neant a nonoval ent
aromati c group is ahiathed heard eehw atloree free darts cmbhweanted &y an

aromatic An yl may have one or nore aropati,Cc ri whi ch may be
fused, co%%c@%%h%@ag%ﬁ eal%%ﬁ%% Tt DR GrBHE Oltéq tri%d'bsti tuted aryl"
is meant pyaPsGMR!l entn asonet iwor & Ourﬁhél&ﬁtdé Lﬁe%d:e’ﬁerﬂ:@dfkﬁftﬂhé n the above
definition of "substituted hydrocarbyl “. Simlar to an aryl, a substi-

tuted aryflasipgd hhieed o rtadnedze Gedy & rﬁl%ﬁ%twi'@ﬁi maRcagyde O

connect ed. gpgls er ?rw)is hﬁé/\ﬁ: Oqﬂgstltuted
aryl has It’?%e‘?eroaromal IC ék%irn]“g]ES§1 e@}E ee valence 1% the su s{&% uted aryl

group caniheld@e a-detu,) gr oa@cpm.ﬁss,g(;h @@19; tJ@}gen)cthghg)d}gt EI‘—Q&CHITBII C
ring in- stead of a carbon. By "essentially si e phase liquid full™
herein i s-Q&CHBafi=CHat auy} ez W&@W%@ﬂ%ntswh e Bhetloranmd| une
IS O?fuloi/ﬁ (E%ma liquid that is a single phase. Small amounts of the ‘
reac T e taken up by gas, for exanple ethylene nay be added

to the reactorB@s“@rﬁa’s igvhsdnt i SREORSL drapi alomatiidergridigy frpedsisch
conditions. Neverthe 30 | ess, sone snall anmount of dissolving etJTrél[ ene gas

my be presefree NRLeimtEl FH Hie FRRIDrRI WHe a5 HRARAGIS & sul ting
fromf Ou'AIE'gaP}l tItEy Neard Yne om% %@glﬁ%gs/ 238%% 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 hetercaromatic 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 é ligquid 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.



By a "bubble point" herein is neant the m ninum pres sure that nust be
exerted on the process ingredients to keep all of the ingredients,

i ncl udi ngve@evhydiene, in the process in the liquid phase (PCrRUSOd26280!| ved).
The bubble point 5 pressure will vary with the tenperature of the process
and the conmposition of the |iquid phase. For exanple, as, the tenperature
i s rai sed, theE¥iidhi TRIHPPFRSRYURE NeRef R oL TSR T diIe A4 guY Pifsse

(i ncl udi oL %&@%& HhOUL . 8P &4 hyh e &%%@A}:a%%l%ﬁeédiéﬁw Qa5 8ead Vice
versa. The bubble point 10 pressure al so changes wth the conposition of
the |iquialhesf dilvenifdmeedidbte, pbietudinyg Bhwleng edunde nradens condi -

tions usin ressur ell with a vie rt 1o determ t he .mi.ni num
pressure Jvﬁﬁi @?}g ]u]n%‘é:'rgap %%n(%e?' bféjc%??cl‘lli‘ﬁ@n's, eerglg?%lyef égnoelr_lgtas phase
"di Saﬁpeaﬁﬁﬁéssm%ilﬁ F£efniroue st hd at etSeaiines & | tHorprmassy iargl bubbl e
points will be found in A'Y. Dandekar, et al., Ind. Eng. Chem Res., vol.

39, p. 2588 EEIOgDobey ;oY 4bspaid fhpss . RAlIMEATRIS, 3F ] . Sci.
e e bl vAT 5 HAERL, M Rl RAGIY Sl eqranl oY b

reference or a pur poses as 1 y a "first
ring atomain RS bghRY dloawe {naludimaoethiy]aragen o ars atgaritertéhe ring

atom.in these groups, bound to an inino nitrogen shown i 1), f.or_ exanple
O O oRage B bt e, @ )V o e A S e oart Lo
in the riggssdird ldds@nchadddd)ware the ddpsdsifditth QOB QUL itd - i m no

carbon atom (other groups which may be substituted on the aryl groups are

not showdiumk ngrlze detsblals deehnt tmay Hee figastunach grutesiny B30 Gke EHBHT, for

examl e &l 30 A iodEEE 400 P80 BB P G0 BT SR 028
minimum pressure which, under a given set of conditions, the
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

//C\\ c——C
T 4N
o} C A
\T/ T
=N or —N
25 (IT) (ITII).

© The atoms shown in the l-position in the rings in (II) and
(IIT) 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-



(the 2,6-positions in (I1V) and the 2,5-positions in (V)). CGCCC C\\c Il

Il .c~N. =Nor N (I1V) (V) 51In one preferred enbodinent of (1), R6 is R12
R8 Rl11 REORIA9IYVI) and R7 is R17 RI3 | '..]' R16 RLAPRL/BSENA26I8
.wherein: 10 R8 is a halogen, a primary carbon group, a secondary carbon
group or a tertiary carbon gr_oup; and RO , RI0 | R11, R14 , R15 , R16 and
R17 are eh@RCiedicpendedt®yadhgaedhehtony dioe am Ruyiashed dd8/dr ocar byl
or a func i _ ; 5: pr owy : : ol 3] 0 or primry
car bon grgﬁ%é%ﬁée,%%%&%?étwg gjf,,vgi%?& %e and 137%8%#?%0125 h@ﬂoﬁ@ﬁ ‘or a
primary carbon group, with theCgeminder of CR&Z R13 and R17 being

hydr ogen; or 20 when R8 is secgndary car bpn oup, none or one of R12,
R13 and R17 is a halogen, a i may car boax&r\()u,p/%n a secon- 9 WD 02/06192
PCT/ US01/ 22628 dary carbon”grogp, with the re'l‘)rai ndér of R12, R13 and R17
be- ing hydrogen; or when R8_i_s_|a tertiary carbon group, none or one of
R12, R13 and R17 is tertiary carbon g—‘r%up,_v'm"'Yh the remai nder of

(IV) (V)
5 In one preferred embodiment of (I), R® is
R12 RB
R11 R9
R10 (VI)
and R’ is
R17 R13
by R16 R4
R'® (VII)
.wherein:
10 R® is a halogen, a primary carbon group, a secondary

carbon group or a tertiary carbon group; and

9 10 11 14 15

r®, r'YY, r', rY, r'®, RY

and RY 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 RY are a halogen or a primary carbon
" group, with the remainder of R'?, R' and R'’ being hydrogen;
or
20 when R® is a secondary carbon group, none or one of Rn,

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



5 R12 , R13 and R17 bei ng hydrogen; and further provided that any two of
R8, R9, R10, R11l, R12, R13, Rl14, R15, R16 and R17 vicinal to one another,
taken togevtierozay forma ring. In the above formul as (\VPoT/ARG/2¥48l ), R8
corresponds to 10 the second ring atom adjacent to the first ring atom
bound to_the imno nitrogen, and R 2, R13 and R17 corrgspond {0 the other
ring at orfPIHj GRIGIAN tSTeWe: f¥HER Fhegeldmdath Aofbouris RSt RonPSni ng

(M) and {\M kg4 p ticularly preferred that: 15 if R8 is a primary
car bon grlort}ﬁo, %égéséa %Er mary carbon group, and R12 and R17 are hydrogen

or if RB is aweoorfanys carteortigryuparRb8 gsoappr nwaey orapnebofi @?’ oup or a
secondary_;gar bgn_gr qup, e preferabl secon carbon _grou and R12
and R17 aﬁe gr%geﬁs &e% T‘Ifo 53 %’Fgr’ﬂ’af"’ tg‘ F%lganPGdB Bg

prefesablptza k¥ ankplRd7 tigsih ryy@@é@g{r group such as a tri hal orret hyl), R13
is a tertrary carbon group (nore preferably a trihgl ot rtr@ry ,group such

as a trihal omn@lﬁur@mdrmeowdﬂmaen @y dmsyerf Roor R26 BT RB iis a

hal ogen, Ri3 is ahal n, Rafnclcl ar}g(ﬁ]n? 1a\}_1€q d}}'éjra%etrheﬂ nahlospecific
preferre onpounds (ry in whi‘eh it is preferred

that Rl, tyeurceR3nar ef diym air:ogﬁjl and/ or R4 and R5 are methyl. It is
further preferred. 30 that ; R14, ;R15, R16 aag R17 are
al| hydrogen; R¥he "?‘r%‘?‘ﬁ?lfojﬁﬂdl% 861’51[ )car%oﬁoﬁFSﬁBon r &%pr ef -

erabhy ”Béﬂ'é’lse&fné-(@rW%%é&@%jf&ﬂ@&@/&?@%rﬁrr %Orat%lnlbda% R14,
R15, R16 and Rl17 are alT hydrogen; § |s et hyl is a primry carbon

gr0up ndrae treefigriao phiteedsn ; Emd R and R! 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: |
15 if R® is a primary carbon group, R is a primary carbon
group, and R and RY” are hydrogen; or
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 |
20 if R® ig a tertiary carbon group (more preferably a tri-
. halo tertiary carbon group such as a trihalomethyl), R'? is a
tertiary carbon group (more preferably a trihalotertiary
group such as a trihalomethyl), and R'? and RY are hydrogen;
or
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/or R* and R® are methyl. It is further preferred
30 that:
R, R, R, Rr'?, R™, R'®, R' and R'Y are all hydrogen;
R* is methyl; and R® is a primary carbon group, more pref-

erably methyl; or

10



RO , RI0O , R11, R12 , R14 , R15, R16 and R17 are all hydrogen; 5 R13 is

i sopropyl; and R8 is a primary carbon group, nore preferably isopropyl; or
R9, R10, VR 82/0%92, R14, R15, R16 and R17 are all hydrogenpPCT/R$® /32628
n-propyl; and R8 is a primary carbeon group, nore pref- erably n-propyl; . or

10 R9, R10, R11, , 4, 5, 6 .and 7 are.all hydrogen; R13 is ‘
chl oro; and Rﬁ%irs%ghaﬁaégeﬁﬁlrrrﬁrlglﬁlgf e?‘lgéﬁ?dcﬁfﬁradf;e adrt %Q'dzroﬂf@", R11 ,

RI2 ., Rigy RlS,cnfi6 gd RA7 Qe dlindi0ia0enn Bl S ddidhahereiy . more
preferably t?%f?%ofohetgﬂgl; alns"cjll1 RgﬁllinS iI's a trinha onet h)ﬂto,r rr%lre preferably
trifl uordotet midhyln anot her preferred enbodi nent of (1), R6 and R7 are,

respectively R2 R1l9, ReaRe Ca-C.e~\e CNANCR1I \N. .\ R25 \N R22
and (VIl1) (B@ (())' v%elre ?12:' Rig |%Sl a %lal 88gn,glaaﬁ:rq r‘?&}ly%%rﬁgﬁngroup, a
seconglar \R'3 cag bogogrepp1or addt Y tilAry prankey, Hatpn GUR,ImdRe0, R23 and

R24 are each independently hydrogen, hy- drocarbyl, substituted hydrocar byl
or a fundisfraialynousoo®rbyidted that: when R18 is a hal ogen or prinary

car.bon. group ne,10Ne,110r 1o ,of i, 2 d,R2 Qr a
primary car bon&g’grRou’p,eR\Mtﬁ the r’er%i'n er 3?8 1,%%§%d%§%ﬁﬁg
hydr ogen;R*® of s 14-MEo P21 06408 RIS D262 ashdorRER dup ,a meeeo paafy
carbon, group, none or one of R21, R22 and R25 is a halogen, a primary
carbon grfAYiof BrRE¥ORL/ OF

10 - Rr%, RY, RY, R}, RY, R, R'® and RY are all hydrogen;
R'® is chloro; and R® is a halogen, more preferably chloro;
or |

R, R, R, Rr'?, R, R'S, R!® and RY are all hydrogen;
R® is trihalomethyl, more preferably trifluoromethyl; and R®
15 is a trihalomethyl, more preferably trifluoromethyl.

In another preferred embodiment of (I), R® and R’ are,

respectively
R R'® 24 23
R R
N/ N
c—¢ c—C
C// \\C 7\
R21/ \N/ \R"’ st/ \N/ \Rzz
l and | .
(VIIT) (IX)

20 wherein:
| | R'® is a halogen, a primary carbon group, a secondary
carbon group or a tertiary carbon group; and |
R, 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
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
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dary carbon group, with the remai nder of R21, R22 and R25 be- ing hydrogen;
5 when R18 is a tertiary carbon group, none or one of R21, R22 and R25 is
a tertiamwoozaedion group, with the renainder of R21, R22 pOUURRR26E ng
hydr ogen; and further provided that any two of R18, R19, R20, R21l, R22,

R23, R24 and R25 vicignal to one another, taken together 10 nay for a
ring. In the aBse Ror Al ésSGVPTlii?r}énEIaFPR? QRQBPCOF?%%p%ﬁd%net% t]ﬁe'second

ring at orgad,ageqes Lo the, dﬂorg%&l i@ 3hRPy Rauadt arbng b BOsBLbhogen, and

R21, R22 and 5 correspon to'the other “ring atons adjacent to the first
ring atondazb ¢aroompouods, () ttdriiai mmgldad 19 &fd, (R%ﬁ) anidt RPS Lpar -
ticularly Jaff glwéred that: if RI8 is a primary carbon group, R22 is a
primary c P and R21 and R25 are hydrogen; or if R18 is a

seconglary car b@ﬁbﬂr@l@plsRQZtéﬁtﬁa@yl saryosagrodP, b@@n@r@ﬁpo@é &f srtondary
carbon grayp, nore preferably a secondary carbon and R21 and R25
are hydr dyénangr R Ef IR & jterkipant CaHPoPa Oy r E’Yt}ﬁ}%( ﬁﬁﬁerﬁﬁ‘éﬁéfi%‘l ¢fa

trihal o tentigey o) A trihalomethyl), R22 is a tertiary
Sib Eroritl 207 HEHP BB

carbon group (nore prefer ‘oterti 25 ary group such as_ a -
trihal omet hyl )ancimﬂlﬂ?ﬂenar;drcRﬁﬂieai e:l'kwtdranygﬂm ccfr Rg RS, 8°%5 Wil pgen, R22
i s a hal aggn, d BR21 and B25,are hdro en eC|f referred
conpound (t)Rl n whi ﬁP@\fH IYlC’Bﬁa};\n g(? a%@a T |1f §1’lp{$%$§ DSl that R,
R2 apg R?m@jEfm &r ; and/or R4 and R5. are met hyl. 1t is further
preferred that: 12 WO 02/06192 PCT/ USQOL/ 22628 R19, 0, R21, R23 and R24
are al | hydr ogen; tiRe 2beversigipulamd( VB ) ngd p‘rli%r)R ca@%ﬁe:ip%@? nor e

preferabh&)qﬁﬁgygecéﬁd ring atom adjacent to the first ring atom
bound to the imino nitrogen, and R, R?? and R?® correspond
, to the other ring atoms adjacent to the first ring atom.
15 ‘ In compounds (I) containing (VIII) and (IX), it is par-
ticularly preferred that:
if R*® is a primary carbon group, R** is a primary carbon
group, and R?*! and R*® are hydrogen; or
if R'® is a secondary carbon group, R?*? is a primary car-
20 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
trihalo tertiary carbon group such as a trihalomethyl), R?*?
is a tertiary carbon group (more preferably a trihaloterti-
25 ary group such as a trihalomethyl), and R*! and R?*® are hydro-
| 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



R19, R20, R21, R23 and R24 are all hydrogen; R22 is ethyl; and R18 is a
primary carbon group, nore preferably ethyl; or 5 R19, R20, R21, R23 and
R24 are av0Oohgadpogen; R22 is isopro pyl; and RL18 is a priPherysezbmsn group
nore preferably iso- propyl; or R19, R20, R21, R23 and R24 are al
hydrogen; R22 i5 n-_propyl; .and R18.,js a prinmary carbon oup, nore
preferably n- Ii%rpﬁtz)(gyIR?yorR%l@PdRﬁ(z)% 2 21po BYER@oRD4 5#9{3 Ja“fImQ‘R;kaF]ofgen;
R22 1S ChAH Op1e05 sDLOMRInaRY BABoLS 8rBabo0RBreBEELBEEDEY ARbYNEN] 0P Of
bromp. The active oligomerization cafal yst may be prepared by 5 a variety
of nethods, se&'’foR*1,nsEhnc® peedi Blslaye addr pydrogesd BS5955 5550
US6103946 @S mel,l as_US6232259 and W00/ 08034 botg of fhic aée al so

i ncor por &4 By r-8f & BhEBALKePBF ROFoPT]PP pliPhBsRESHET #P1¥ uFF¥Y setFort h.

Wheres a cocat ag¥st rR3UCHR?8s # ahkyR# WHNEMIC ORBRWAEN|; S R* 20 d eigggad- f or
the active catal yst species, an iron conplex of (1), such as a conplex of
(1) mﬁthlﬂétiZ%n%B® bésr @aR¥éBaRyt FarhANagkoVal UAPREPEDRPHERHY pFeferably
an al um X 1su&p as nethyl al um noxane, to forman active ethylene

ol i goneriza-"1T1on " speci es. The ratio of alum num (as alkglaluninunlcon125
pound) to irormrCasr®,c@ip) &) andthE alregatdr hydrogenraR bels about 10 to
about 1000. The catal yst ,used in the process of the gresentfinve - tion may
be unsupﬂ%??%%ﬂ’o@nﬁa% btS sBpBEFPREY oH2ERY™ 0FECHP  AOhaBET L of ey | “known
subsqgatqﬁr§%§f;a§rdisclosed in the 30 previously incorporated references.

Pref erably, however t he catal yst %s used _in_ unsupported form 1In the

process descrided RéheiRil, d§3iﬁnﬁ034 creniaddl hysaegeact Br i g procsses,
there is often a ba£$&%@£t9?talﬁ %886M[)@gégg&ggfgggég;@&égg§g8orstruck
al 3f T ac I g

betmeenri?ﬁt?gﬁm%apl cos e~mahu
" bromo.

The active oligomerization catalyst may be prepared by
15 a variety of methods, see for instance previously incorpo-
rated US5955555 and US6103946, as well as US6232259 and
WQOO/08034, both of which are also incorporated by reference
| herein for all purposes as 1f fully set forth.
Where a cocatalyst such as an alkylaluminum compound is
20 required for the active catalyst species, an iron complex of
(I), such as a complex of (I) with FeCl,, may be reacted with
an alkylaluminum compéund, preferably an aluminoxane such as
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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pl ant and the operating cost of making the desired product. The process
descri bed herein strikes a bal ance between these two factors which results
i n exceptwonzabdiy2 | ow manufacturing 5 costs for a-ol efins. PANAURIIR2618e
paranmeters described herein, small changes can be nade to further optim ze

costs based on various factors, such as the cost of et hgl ene,, | o- cal caost
of ener gySteiek gtueen i RipbLaR Fre IR 4418 BTG I ERE va- 10

lent” hergin,is ]&9%' i & eghily i s rdd GHRWeras s
under,stoolgi%}tt%%@gﬁ%g% S |ﬂ[%q?%§% the art lq{#uﬁﬁ%%ﬁ%a?or ©

confi gur dthenpcorss sletestd 1ved i lveradlly swgikasla ialidnaretos twiesn dthasdar d
CSTR conpri se stirred tank wwth jnlets 15 for, the catalyst .
conponent%‘g?,f%?‘u TRt %%?'V\ﬁf’?%slr( SOFCeRfett acﬁt}ry gt%efn%"r%e%urw

et hyl gne, 1 t hey; Sam 1 o= | known in
t he aft, e gﬁopﬁls(?iaen%%{s\]'. Wl%%gc V\?féa{ et ta %%dsacr Ig}&ik-ahrrer
Encycl o- Ipedein pof sfaieli dendes et doyy , malddn ted. fuidler 2@ tijohre Wdsdys & 20

Sons, New York, 1996,. pp. 1007-1059, ich s incqrparated. herei.n by

r ef er ence®FF aPF ‘ﬁ?ﬁjp‘g%es&aa%tci’?s'f FIS A TR tcr?.SQC @s{ier%yc]aelneed ove,
functionalzpaubyal ntendRya &R may al so be used, for exanple a
circulating loop reactor 1'n which the ingredients are essentially uniform

t hr oughout t heBy 25 1emp:irSuats fairicterhalamy e tan Praridsvdquiiown to, or
can be readily determned b t hose .of | YA i | it rel evant
9§bre ?%%n %%ﬁ?%%ﬂﬁf(%ﬁght a ébné)3é§é%x§¥§rf%8 ééﬁ% féaé%%r

art. equi valen used in se- ries, for
exanpl e t pr@ymrd) tde iHsireddndtard dby ieiy pergge <34 Ileattiar shehieadt nay be

nore expensive than two smaller reac tors in series re,ferafr:@_(rj :
conf i gur &+&h)thete teeQF HWRE T HR e FPROsISHRS ﬁﬁ%&ﬂﬂﬁ Y the
reaction sysiemseendalqy). 14 WO 02/06192 PCT/ USCL/ 22628

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
prodﬁct stream. CSTRs are well known in the art, see for

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

pedia of Chemical Technology, A™ Ed., vVol. 20, John Wiley &

éo 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
| :elevant 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), or to help pro-
vide enough cooling capacity for the reaction system (see

below) .
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The reaction is run at a pressure such that the process ingredients

(catal yst, solvent, ethylene and products) are essentially a single phase
i quid sovohzoeivhe reactor is es- sentially single phase PCyuSal/f26d8 .
Preferably, this ranges 5, froma pressure above. the bubble point pressure,
to below 2 tines the bubble point pressure, but not to exceed the

critical presstife Pragihgfehe. THY Abi APLF YR FERtRs)tha PSR n are

oper at ed i j >Phasg. 14 gu d 1 | npsd
ef fici entﬁ?ggg%%&%ée{ 5%?%%5’%?' 1%O%téew$'eaec§%%,eﬁl%r%ﬁs instance all of the
reactor vesseetiszllysadsimgheopbese atdinefd e et etty | sercthrmy e es-

introduced |nto the, t . bb i nt . a _high
pressure %ﬁ?tbh@ﬁl%p%régf%r%%gtﬁb‘g‘zl,sdgé‘éigg %j%%égraﬁ?oifhe%ﬁa@ erch are
knownsi n ibsmaét$ré/¥&1h@e SHBbY e ANBY NBSLHES J&imoldraspiesento eldie 7 eactor)

of ethylene bubbles nmay be present while the gas is dissolving, this is
stil'l. consimes etled) Pylefrl @ PeAPL HRF@FFUL Tho Wy GEis st L¥¢RPSG Eldhe i quid

phase in a.% " I b i qui S ' t
organic I?]Cﬂ]ﬁg%é{ﬁ%d]f 3 g%ﬁ ?jge%@ﬂn%%&?ée(éct% fodgir%& gsfog'ni I cgirslet&g:e%l?gsre) W th
any of t hespddressicempenemesat&ied¢esabtialhe siolglentphase hieiquighct i on
pr oduct o%lé{ﬂe ol.i gonerization itsel one or nore

f -ol efjns, f bl
the mxtu r parts dleese e Peor efhkiisite YRR L g ?O ‘g%];ﬁ%éyé?oﬁre?i ‘n>s/

such 1gs’ lehut a8l &F, 25y arl f inscpreduced &y the REpoess vdanid ard the
process a separate solvent may be used initially with the liquid nme- dium

event ual lysb&i ng posdhdge tdeohebiws i nsSThoretdnel eare mone ba-vliefadscahy be

used initjally. Sone of the product stream agol efins ma% bgl%,lr cycl ed back
to the resREdrthed RIFHe % B09%F L8 S MPLFDPIRE oy W ticul arly

02 o oY BBy SRR A ragorpnngg o, TR 40 hefans may be
' like, which are known in the art. While small amounts (<5
15 volume present of the reactor) of ethylene bubbles may be
present while the gas is dissolving, this is still consid-
ered ligquid 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 a-olefins such as l-butene) of
‘25A o-olefins produced by the process. To start the process a
| sebafate solvent may be used initially with the liquid‘me—

" dium eventually being mostly the a-olefins, or one or more
O-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 prodess (particularly the ethylene
‘ uoligomerization components) or none of the o-olefins may be

" recycled.

15



The process tenperature, usually between about 35C and about 80C, nore
preferably between about 35C and about 75C, affects the cost of

manuf act we onbeivhe a-olefins in several ways. The hi gher P€VEStIEIp®r at ur e
the less cooling 5 that has to be applied to the reactor(s) and/or the

hi gher the tenperature of the coolant used to maintain the desired
tenperature. LE3R RERTEDY BAUPSF2HIERer SHdl BniPeerpeh ARME erferditdy

| owers Coghey, Then slecay, Pk ﬁf'@féfé}b ve 9L LROIRT A3 & ¢ 1399k CAl @l MSJud ner eases

wi th increasing tenperature. 0 found that maxi mum vol unetric

product i opsof, aaﬂf@éwsu@ewo@t e@If Whéitu Broeth e sof utlee mi-osiveting tin of the
cat al yst usual | occurs in the range of about 45C to about 65C, so this

t enper at UBEVeERE VRS pr eFee r BHINET nBlRG yE TR EHPER e ele%?r sQPOéJfJfIEQ:t s the
bubbl ¢ po s e.an t. of i e. The
hi gherg th'eﬂ%%ﬁl{p%;éa %r%étﬁ%gfﬁ‘?‘gh‘%? eh%%ae%tg%ﬂege)need&}(}% 0 rral nt aln a single

phase, whtled témosemisese capi tlaé cosiamwf dwded nmmwmmg:}m ad”&s:bmzhuse

of, for exanple, thicker vesseﬁf neede/ ggllar @oa res- sor o attaln
the hi ghelSTEERATBHES pr eLSEF eCORE GRS r ST N

costs. Ag@ifetdiel eTRRERL UESst I anfige Cd&tly | #Rdshd QadPTies adﬁldamt&llezdwl nt
pressures. Figure 1 shows bubbi e poi nt pressure vs. tenperature in the

range of PE@terBOysusingregses s‘@i%njtncaretayfm%lt@ﬁlli@réﬁl%@of T dief i ns

roduced Ln this process with Schu) z 25 t ant. of, about 0.74 (see
el ol kit SRR omh ToRiiet Tt SRS AR J L SR e 1

pressure ?@@Wﬁé}*ﬂegéé@eabé‘omm?e%?&&u@tﬂ eoﬂﬂhﬂ%ﬂ Middl RIR&EENTy
whi |'e: at pressure bel ow the line 1n the g aliquid and a gas phase

will be presers .imhike gxamelefs@e@miﬂ@?% Emla:b@U: TG carthikt ure of
| ngr odi enrePRET S r o BHE tefarepred St T e APH I T 07Fs
about 1.5314&d nestddues btind| Buipiel 8t peIes Spires sincke rarid essopat td i WidryIpr oc 16
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 liguid 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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WO 02/ 06192 PCT/ USO01/ 22628 ess conditions, nore preferably 1.0 to ab
1.2 tinmes the bubble point pressure. The anpbunt of ethyl ene

ol i goner iw@br/en9zrat al yst used in the reaction will prefepablUgoieishe
maxi mum permtted by the 5 cooling capacity of the reactor(s). Catalyst

may ‘be added to the first reactor _only or, to one or nore subsequent r
tors in seFY eONE FFRF ngraR® urt et eFalby ot YAttt reRPBE dadedites dath

react or.

et hyl ene
t he react
mai nt ai ni
reactors
addedst o

Jhso0d i goner igation ks quite exothermc, about 100 kJ/nole
ol 1 goneri zed,” and as such 10 cooling will usually be applied

or (s)The aredwattaf netinel elesi ol qreciesst tenpEtalys wsddk in
hi gh . vol i d i vit f the t S).,. h
ik T Ol B Ly S Sht et i i e T et Eod PR e

doastiddhecdpd et cy 16F r eRet Bfactr @Y. CUEM LAt OMBf HeLa@dy®s.

out

eac-

of
to

of the
may be

Cool ing may be acconplished by any nethod known in the art. For exanple

cooling t
reactors
nor e heat

b daheralidl BREC rppA e FPBURRLY HE iR QNG [ MFrQfakFedrind gfeadre
eont ) | OT=H
LEE O SOREY BhErentl Ml W L0 M) B JReE,

one or
e

reac- . tors byach |feptitot ooprhe ebhiojordrel egaiciori < antisrd sexctieseiext er nal
heat exchangers y be typical shell and .tube ex- ¢changers. Th have
advant agéﬁ? ]t(iﬁﬂqr&p%% r%&;%eofb‘? I(grhtgoé%ﬁﬁdzeidrprar? eat® hange
integgal dihgy WAL 23561 By Bl B &d hale o &derdalc eatiexchanger

IS pres-

ent, one of them may be shut down for cleaning while the

t he
rs

manuf act urdiny Prodesi cehtpneesss THMRSTaMRE (V6HL e reugita ithiage heder nal
heat exch e 1.00p al.so hel p.stir t or contents. The
%ﬁ%g%ﬂaﬁgglﬁggaué Lyi Vﬁﬁn#ﬂﬁ)égacﬂé%ﬂ%@

reactor(§5

] ackete a cooli jacket. Some or al

the feeds to soimearhabt tind tdect@actdis vapdmnnn ehd/mnidragdire
heat of _,  the ingredients to (hehg% cool _the reac%&gés?.é%j nor e

sensi bl e

than - ond@eRg SHiterrrl, tRHewiens day
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reactor, or any combination of reactors.

Cooling may be accomplished by any method known in the
art. For example cooling tubes may be run through the inte-
rior of one or more of the reactors to cool the contents.
Another method of cooling is to have one or more heat ex-
changers external to the reactors and connected to the reac-
tors by a liquid loop to cool the reactor contents. These
external heat exchangers may be typical shell and tube ex-

changers. They have the advantage that they may be more

. readily cleaned than a heat exchangers internal to the reac-

125

30

tors, and if more than one external heat exchanger 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
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-

17
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17 WO 02/ 06192 PCT/ USOL/ 22628 tors may be cool ed and/ or pass through heat
exchangers. Any or all of these nethods may be used in any conbination to
cool thewooveds2ingredi ents as needed to nmai ntain the dePCBEUS@E®R2pI80CESS
tenperature. 5 An inportant itemin the capital cost of this manufac-
turing plant and in its cost of operation is the anount of ethylene that

nmust be rieXERIRYY i e t O PG A/ OIRKRBET i Hyr Bi9h SRl SFEIIMISTS -nv ks

f1 ashi ng r from ; t ; : SERQS ation
from ot he®r‘g V%)]lk%tl eﬁ?%ﬁgnég&tf%ylsgﬁfasy(}%or éeégr%g{e -b%??@r%e , land

reconpr esseoan tloe fimecces® Dmprediemre aff rndmfeddnt orssint@anprdssgkes- and
associ at ed, e(ﬂui]pment ad%gg;rea%l to the capital costs and use a | ot of
energy. IF-TTUHRT 0T 2AuTET Lﬁ%lfaount of recycle ethylene, the 15 process

My afso conpriseimpoftidt i f@RchOrtid) fies Wddt utcrary reitiH-ene feed
(other than the ethylene dissolved in the Ila(;g{d fed to the final
react or ) . EURHELE ankatht rand ok ofts 1984 afe QPR A gl dFhediamov@t 18 f i nal

reactor. w t I i.n.t 10 QU 1513 i g, cﬁ%q

fracti onv%lfﬂ%%eﬂl’e?%? eI{rﬁly\gn)% %‘?%é@&& aslx{bcep:eﬂnéj onscﬁéréeéc} b)l/%{ e é@%fl n
form ng readotliean dbten fimadlveacilosnmy bef alnenrplesedd iapivdend [ ) fi -
nal- CSTR (or equivalent), or may sinply be a liquid full fi- .nal .plug flow
react or . éﬁ% tﬁ?%v??%‘g‘&%tbr%t%?aéx'vﬁq@mq rO%S YiReTarelaldd § 9 nst ance
J. 1o Kr opcdd dits el e @ - 1e K dri@dumer Lo e epgdica AforChemeala

Techrllol ogy, 4th Esdt Voele}? 0,eJohn Wley & Sons, New Yorl?, 1996, p.

1007- 105%0 ame o im0t @cof pohatab donsef er@eay afsatish sy aasloqi@tsses  as

if fully set. forth. %’%efee far_ the final, reactqr. 0 fr t | ast
liquid fFF 8Tt o2 qlﬁeeagle\égioort ereacéarpatéleaccocsgcﬁls (I’?%}rgét% asl%n % lg@ng e phase
in the figx@drggeactor by main- taining the pressure fromthe previous
react or and/or | ower-
' In order to reduce the amount of recycle ethylene, the
15 process may also comprise a “final” reactor in series with-
out any ethylene feed (other than the ethylene dissolved in
the liquid fed to the final reactor). The concentration of
ethylene in the liquid exiting the final reactor will thus

be lower than in the liquid entering, since some fraction of
*20 the entering ethylene has been consumed by the a-olefin
| forming reaction.
This final reactor may be a one phase (liguid full) £i-
"nal CSTR (or equivalent), or may simply be a liquid full fi-
nal plug flow reactor. Plug flow reactors are well known in
1 25 the art, see for instance J. I. Kroschwitz, et al., Ed.,

Kirk-Othmer Encyclopedia of Chemical Technology, 4™ rd.,

~Vol. 20, John Wiley & Sons, New York, 1996, p. 1007-1059,
which is incorporated by reference herein for all purposes
as if fully set forth. The feed for the final reactor comes

‘30 " from the last liquid full reactor in the reactor train. One
~ can maintain 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

18



ing the tenperature. Since a |lower tenperature results in a 18 WO 02/06192
PCT/ USOL/ 22628 | ower bubbl e point pressure, the pressure may be | owered to
t he bubbliveo pwbdip2 of the liquid at that tenperature. For erReT/aspl/R618he |i ne
between the | ast reactor and the "final" re- actor nay contain a heat
exchanger. which | owers the tenpera 5 ture of the process liquid, after

whi ch t hel PVs S b ROENL |RPERE TRy B IRFRFTBH S Mo RS e erred

t o mai nt ai i finalsr “Egﬁa]s&r% pr@%ﬁ_iér found
in the pradelg? o%lgﬁ?ie)%c %ﬁ@léﬁiéﬁ%rleﬁéﬁ%ﬁ%ﬁﬁ ﬁéee I nal reactor ee%{a pl ug
flow 10 angslod orthe Lbives lottwdemneloontasit srearttdre dridyuilee pHaselexinte- i ng t he
final reactor are nore readily obtained in a_pl fl ow reactor than a
CSTR i n AR CBEY (A5 a1 2 (HERY 6P TG AR HOWTEr 1S ASRT S on of
et hyl ene digeh tOF tHge PSREce$S St iddirT ehyr d OMefHitth the prsHurf ot tene
which is recy 15 sled. Figure 2 shows a schematic diagram of one possible
con- fi gurieaiioh oAy dee alovefed plHaWewainh uftadisumnaf srnach oM@ ingsiR | i qui d

full reagtQ ' ' h react U tor 1
has an agc%}%éatggjlr:lgsz%%%r&g{‘ h’?/r}‘ge%éeﬂf@ %Zeiaﬁo%gf 93%%% cs%?tﬁegjrcfs? %t“r% e%rgelﬁgigs into
ext ernal icodhdgprédwiopud, reaciadd goneri zati on catalyst feed line 4, an
external cooling loop 5 which is cqol ed by heat exchanger .6 ichis fed
heat exchange {tobi iﬁ’ﬂ{ﬁfgqﬁ‘ﬁ tcthartod'g}? Iglr’f@é/l? LERF SR OF %eﬁ]tusg%bgh line
8. The |ig&ds omidodhér céa%nléﬂeecbc%&éﬂﬂsoqgh DY R PhaBle dstiqui d 24,

exits from1l through line through shel|l and tube heat exchanger 11,
t hrough iwg ctheobimmt Teacior Bng awhusy Yeatkisyl Dhimd negl ifo & Palg  pl ug

fl ow reactor 15. The li,quid in 15 _ex| o] Jine 17 1
pressure tileo ucﬁ?ao%t?/ralvgarif gcgs%ée;‘s- ﬁ%%ég%g%epw;éatféﬁa?@.gaﬁhﬁquqg?d
stream f ramaadles Whe howrd i nsorthers iorol ff igwhyame theeh doe tuer ifdoed, f or

exanpl e by fractional )
i ggs, 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 ligquid 24 exits from 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 liquid 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

19



distillation to separate the various a-olefins. The over- heads from 19,
nostly ethyl ene, are passed through line 21 19 WD 02/06192 PCT/ USOL/ 22628
and conpve@sz06122 (and the ethylene may al so be purified, PChosoisze2sn) back
to 1. Line 21 also has an ethylene purge line 23, to renpbve inpurities

fromthe recycle ethylene stream Al so not shown js possible recycle of a
rel ati vel 378 GHEPTeHEPY ¥F (3R prleR RSt PRAMIN D D& RWFHEiqdt her di -
rectly i { | gi ngy Mess i i it d i i

ol i gomer %git: E%Irll&g%’t 2%@%]? %igh igle %dﬂf hérlio%%wr}&% %ié-a%%%égsgzpd%%?not be
necessar ylifiet 22, cto codémovenifpwn toes | figom | dop Haanl pravtiydeerenough

agitation to keep the contents of,10 1 r onably uniform itian of
ethylene FHORE: | b SO EHEn 1 0ROT Y JroviGhe i 4 InA C SR DA on.
Not abl glesni|sapf dhishedl gRéaade Shovdn jnsio thawai®rL vessgier ad- sone

ot her equi pment. Arrows on the various lines indicate  the directjon_of
flow of tFecEhs HRtP| fuiF bihy 2 rekdimy persrl 1wy ¢hel bl iy diiereEat i on

cat al yst cri i N i r 0l ef i i i ned. neasure
of the no %@%qgg&v\%gﬁ%% %%1%%%5(% 3&%%%@% ne i%ﬁ%@%pfk from t he
Schul z- Fl gayot hzanyy (see bornensisance B e eaerissowtatalon facbm 2dldmmnn’ s
Encycl opedia of Industrial Chem stry, Vol, A13, = VCH Verl agsgesel | schaft
TDE ] mheren > 1680, DRV 50s Samah Y b b7 4 ee SRR TP E % =
(On+2p ol ef i Adad BndiSny et # B Wne &l e oo 0| @frilerds Aty Inkieo of nol es of

olefin con- 25 taining n carbon atons, and n(Cn+2 olefin) is the nunber of
mol es of @he@ffiper o nt mpn+Xreardoreddomonar agitathan . wdids alde next

hi gher ol i gon of olefin., Fromthis c be_.det erm ‘ |_ght
(rats) rafefhhs Thet B R i s na fE d Bh e e
reacti on P&ndusthéi Xe@hiprbes . Therfowacdorties prefarg adi des bimdicddwe range
of from
the direction of flow of the gas or liguid being trans-
15 ported.

Using the oligomerization catalysts described herein a

.mixture of a-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,

VCH Verlagsgesellschaft mbH, Weinheim, 1989, p. 243-247 and
275-276. This is defined as:
K = n(Cpy olefin) /n(C, olefin)
wherein h(Cn olefin) is the number of moles of olefin con-
25 taining n carbon atoms, and n(C,,; 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) fraétioné of the wvarious
‘ 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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about 0.65 to about 0.8 to nake the ot-olefins of the nost commerci al
interest. This factor can be varied to sone ex- tent, see for instance
pr evi ousiwo pzie@spor at ed US6103946. 20 WO 02/ 06192 PCT/ USORCPPE@R2618L Al VS
What is clainmed is: 1. A process for the production of a linear a-olefin
product, conprising the step of contacti ng process ingredi- 5 ents
conprising an active ethylene oligo I i on catalyst conposition,

et hyl ene and ag sQl vent .; wheLgi ngthe active eth- ylene oligonerization
catal yst conprises an iron corrpfex of a conpound of the fornula R4 R6 N R

\' 4R R5 R7 ( 1.)a ghodbsseidr e Hodie:f&h a® Lacinhdnapesicemntd y

hydrogen hydrocar- byl , substituted hydrocarbyl or an inert functlonal
gr oup, BOded: t AemPEhSiRGOtBE $&¢pFQfa%@ﬂ¢§PRﬁQﬁrﬁﬂOQQﬁ%nﬂﬁ

th%reggte(r)]g&}ll]@g 5@%{%% %s%g?u%ed y%ir]%%ar%ﬂ{ or an |nert %%%cﬁil onal

group; R&m@oﬁtmm eachy 1 ade pend eat ¢yl wersubsthdns od mqladme igiha first
ring atom pound e jmnpo nitro provided that; '20 in R6, second
g at ol Lo ScRH oeBEELF 3§ o ST TEGET Hrav Sty 1o Temeh, O%

primary carbeRoQi94Psf 188CHBrmE@BLY carbon group or a tertiary carbon
group; and further provided that

R4

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:

fZQ in R%®, a second ring atom adjacent to said first ring
atom is bound to a halogen, a primary carbpn 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-

21



in R6, when said second ring atomis bound to a halogen 25 or a primary
carbon group, none, one or two of the other ring atons in R6 and RY
adj acent woozaitsz first ring atomare bound to a hal ogen PECT/AS@ri2nmry
carbon group, with the re 21 WD 02/06192 PCT/USOL/ 22628 mai nder of the

ring atons adjacent to said first ring atom being bound to a hydrogen
atom or PHLMEST ypientRRi HLRESCORMS | Y EVH i &0 Y Ror3t SSe¥h2@y carbon
group, no$§in§n@0 atio th%ﬁEbééﬁmﬁ 6+ngy@tons 5in R6 and R7 adjacent to
said first ring atomare bound to a%a ‘ogen, a primary carbon group or a
secondary car bom Rff,omhen Wil tdeeaeiraiindeatoh tise boung &oes sadpaeent to

said firs ring atom bei ng bound to a hydroge to or ,inh R6, when said
second ri‘%@_r%t%%?%nb%{l‘ﬁ‘épton%n?erw%ﬁr 9 ¢ b%he E;gtbl"tﬁpr %}‘%ad:ronbsne of
the other;ifi Ry RAPW hAjRBecaARdtoRéadd] acest tongahtohi 886 bbhgdatomare
bound to a tertiary carbon group, with the remai nder of the ring atons

adj acent habogend 4 ipsina¥yigCarlorm bET oI BUURl IRF IR CFEP A SHROUP.
characterized 1, gp?araa}klf;&epr&ea?e'fgﬁgedate&ﬁ; A facQ 3 et ; 5L
an ITS , I a

continuous Stirre reactior or equi val e a tenperat ure of
from aboutid®Gtan dbelitg 830&nmdnico ad laydresen sttamsuxh t hat the conti nuous

stirred tank reactor or its , equivalent is essentially single phase |liquid
full. 20 2. ThE? ﬁﬁcé@?%ﬁa&%%rﬁcﬂn%ﬁ&ch%Pﬁéﬁ PR SRECTELATY Ra

R11 R RiQrbMh)gAdth Rindise RIB ol E 41 other RRIRy (Mdnls 2D Athanei n:

R’ adjacent to said first ring atom are bound to a tertiary
carbon group, with the remainder of the ring atoms adjacent
to sald first ring atom being bound to a hydrogen atom,
~ characterized in that the process ingredients are contacted
15 in a continuous stirred tank reactor or its equivalent, at a
) temperature of from about 35°C to about 80°C, and at a pres-
- sure such that the continuous stirred tank reactor or its

équivalent is essentially single phase liguid full.

20 2. The process of claim 1, characterized in that:
R® is
R12 RB
R11 RQ
R10 (VI )
and R’ is
R17 R13
R16 R14
RS (VII)

25 wherein:

22



22 WO 02/06192 PCT/ USOL/ 22628 R8 is a hal ogen, a primary carbon group, a

secondary carbon group or a tertiary carbon group; and 9 10, R 11, R 14
, R15 , woisoap R 17 R, R are each independently hydrpgeusolmzdrsocar byl ,
substituted hydrocarbyl or a func 5 tional group; and provided that: when

R8 is a halogen qr primary carbon group none, one or two of R12, R13 and
RL7 are a hal dherSoP &390y 8 RFBBRTYgFBURCMWOIERPhedr EREPREREYof R12,

R13 and RLZ-h&l ng-Qydrogen; o 40 o6, when &8 droud SeaRndary carbon group,
none or oner of 2, " R13 ande R17 i}{s a hal ogen,®d primary carbon group or a

secon- dary cathor'9r o, whihrthe f'énahadet’ aeRE3chRiZdapenB#hthe- ing
hydrogen; or 15 when R8 is a tertiary carbon group, none or one of Rl12,

R13 and RwAnegerer thydgoearPoh ¢ferf-ltiiad thenesmifdecoR? IRE- R13 and
R17 begi ng.. 0 AN rther provided that any two of R8, R9, R10, R11,
s B el

R12, 6 and R17 vicinal to one another, taken 20 together
may forma ringowBidddethpatocess of claim 2, characterized in that: if R8is
a primary carbon grqup, R13 is a primary carbon group, and Rl12 and Rl7 are
hydr ogen; or 2#4rn iiss aa hedogisttaoy ©ALBSHYgFBHPONRIZONE BOBEI NBR§ car -

bon group_or S dar yacar 1gr , ef |y s car bon
group, antt ﬁl"%) aoﬁ%qﬁﬂ ére %%ogeaﬁ‘l;éooar rﬁ%{l%l%rf SO%%{)(-}J%%J?%I?%% or?ygroup
(nore prefenab) Wikl rihe hedmaiedds arfy Kar e gndup's tetimes lydrogen;

trishal omethyl), R13 is a 30 tertiary carbon group (nore preferably a
trihd? ot % iary group such as a trihalonethyl), and R12 and R17 are

hydrogen; Of 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-
Adary carbon group, with the remainder of R'?, R™ and R'" be-
ing hydrogen; or
15 ‘ when R® is a tertiary carbbn group, none or one of R*?,
| R and RY is tertiary carbon group, with the remainder of
R*?, RY and R'” being hydrogen;
and further provided that any two of R®, R®, R', R%,

rR¥??, rRY, rY™, R'®, R'® and R vicinal to one another, taken

20 together may form a ring.

3. The process of claim 2, characterized in that:

13

if R® is a primary carbon group, R™ is a primary carbon

group, and R and R' are hydrogen; or

13 is a primary car-

25 if R® is a secondary carbon group, R
' bon group or a secondary carbon group, more preferably a
éecondary 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'Z? and R'" are hydrogen;

oxr
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23 WD 02/ 06192 PCT/US01/22628 if R8 is a halogen, R13 is a hal ogen, and
R12 and R17 are hydrogen. 4. The process of claim2, characterized in
that: 5 MO oR®wiand R3 are hydrogen and R4 and R5 are net hpCT/usamis28 RO ,
R1I0 , R11 , R12, R14 , R15, R16 and R17 are all hydrogen; R13 is nethyl;

and R8 is a prjmary carbon group; or R9, R10, R11, R12, R14, Rl3, R16 and
R17 are all hyldf dyeds aRi@J{oge@t,hﬂQ; I ARhegen prathly " rBdh gREGp; or
10 RO , roag%% , Rl2 , R14 , R15 , R16 and R17 are all hydrogen; R13 is
i sopr.opyl;” an "is a primary carbon group; or R9, R10, R11, R12, Ri4,

R15, R16 and R17 are all hydrogen; R13 is n-propyl; and R8 is a primary
carbon group; or R9 , RI0O , R11 , Rl2 4 R15 | G a R17 are all
hydrogen; 15 R13'He RFPSRSS %%c?ll%ll?sz'a%ﬁ%ﬂ%ﬁ“ﬁe n LiR11, R12,
R14, R15, RI16 gnd gRlZnar 83 alte MWAHQGRNT arRl R4 snbr Rhad eaehdyhy ] 104ed :

preferably trifluoromethyl; and, ks atrifluoromethyl . 20 5. The process

of claim1l, chirad&teri®eéd Rh.tRat: dh al R kyhgl Bm m#f cdrpdusdagend so
pr esent a. ' .a i g to |1 .about 1000. 6. The
S otk R el BN Re b TR B DR

process o characterize action is run at a
pressure at orrR’abat®, RrRBubki%e mét ntREpre¥sand at’ tere pridcéssidoygredi ent s,

but not tqg,exceed the critjcal pressure of ethylene. 7. The process of
cl ai m 6, ®hattceeRYzed2ptt Rhats saaigflnﬁifypr@%ﬂ% 9JHE &% 2 tinmes the

bubble point pyeessgure.pB. gire process oglschagmkl’ Hharagt @%}&%érﬂ t hat
P

said tenperature’is aboUut 35C to about 75C. 24 WO 02/ 0619 1 USOL/ 22628

9. The prRdtess béoprapwi8, asfaRhcierd zsdniary frarksg groverperature i s about
45C to about %59 R R, Rr'?, R, R'®, R'® and RY are all hydrogen;
R*® ig n-propyl; and R® is a primary carbon group; or
R?, Rr'®, RrY™, Rr'?, RY™, R, R'® and R'Y are all hydrogen;
15 R is chloro; and R® is a halogen; or
R?, Rr'®, R, Rr'?, RM™, R, R'® and R'Y are all hydrogen;
R™ is trihalomethyl, more preferably trifluoromethyl; and RS

is a trifluoromethyl.

20 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
.25 ' 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

30 ' 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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10. The process of any one of clains 1-9, characterized 5 in that there
are two or nore of said continuous stirred tank reactors or their

equi val ew@o02/6618eri es. 11. The process of any one of cl ai PET/US®/22648 ch
addi - tionally conprises a final reactor in series whichis a fi- 10 nal
continuous stirred tank reactor or a plug flow liquid full reactor_to which
no addi tional %t HenroeRtferok Hakpin Hat diadssitaed 3¢ tife thafuisdiéht eri ng

said fi nz%?ni;};&cé@ﬁre@s Mﬁj.él 12 aHRePkaegss of claim 8, which

addi tion com prises a final reactor in series whichis a final
continuous stirred tank reactor or a plug flow liquid full reactor to

whi ch no addi tj onal. et hyl ene, other than that. dissalved in the l.iquid
entering said 9 naft¢ ‘?‘?ﬁs,si%tt fderoPhslaims 1-3, characteriztd

5 in that there are two or more of said continuocus stirred

tank reactors or their equivalents in series.

11. The process of any one of claims 1-9, which addi-
- tiomally comprises a final reactor in series which ié 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 piug flow ligquid full reactor to
which no additional ethylene, other than that dissolved in
the liquid entering said final reactor, is added.
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