-, e3eT)D6TT -1 22 June 2004 PROCESSES : FOR PREVENTI NG GENERATI ON OF HYDROGEN
HALI DES I N AN OLI GOVERI ZATI ON PRODUCT RECOVERY SYSTEM BACKGROUND OF THE

| NVENTI ON This invention relates generally to the catalytic production of
olefins. 5 This invention relates nore specifically to a process of
quenching the catalyst in the effluent froman oligonerization reactor,

" such as a trimerization reactor, to avoid the generation of hydrogen

hal i des. A efins, particularly al pha-ol efins, also referred to 2&June 2004

o mononsi s | n pARPGESSES 3 P i EG RERER A MEBAPEONEN and ot her
ol efins can beHALIDESTY AW ORNGAMERYAPHSN FREDUSE (}j{fEﬁO?ERf'?Pg? | ene,

with a catal yst, producing trinmers of nono-olefins, dimers o iolefins, or
ot her reaction products in BAGKIAROUND QFdHHINVENTOMact i on can be

referred to as "trinergzation’. or ."oligo | apion". Oten, the catgl yst
systemis dispersed i r;lL kggé)r%v&lgg% TEIaEy et L’hé" t}ﬁecart%]%‘f Brductign Pg Ins.

1-ol efinsi Fhisnihveridnofdd téé’m'&}’éj&%ﬁfball?ft@ al8cdsd o GueRafRe t@é‘aﬁﬁg&%'tﬂé‘
product or higher olefins dissolve in the process solvent as they are
forned. Pro8ffftenbfien ar oligemspeationgaacidty sucks g & enmarieatierreactoediohywoicenovi ng

t he process,;so . €O Lning <t h i.e. the reactor effluent, fromthe
reactor. Pr tek?eeé%\ﬁ%fg}l?ﬁéﬂt tdé? halyfi{:q agent is added to the reaction system
prior to separating 2@lafiys, Partiduturlyeaphd-SRABOMNKN etbTed 1018 ¢IiLAGNhagaN be

treated to quench or "kill" the catalyst. The effluent can be separated for
catal yst syBrBENUsGha wegilipdiwalicaly and as moagmerspéninmpomsyein polyt ef i n and

process;gol q Nngk. I.€ r duct, ol efins. A guenchin ent can
e tsed To HiBraiarbitRloscll HbREAITR SHRH S She plefine Sallperyetsegy &em
Quenchi ng otorttieingalbaiey slefity Sfop fexhbpleRYIERE) twittD a RaB RN prodRERE tdRkisdt Of

the 1-olefin product to undesirable internal, i.e. 2- and higher, olefins,
whi ch | ower B1opR@lsfinsg dumerp of idiglefiny, or othen geastion peoductsin/an additive meagtisn. can

renove haza i i the alr- _and. water,-,.sensi.tive,al um num

al kyl's. Pr ed\g?%urgécg%tﬁ e%%ggtfe@g%ﬁkdtﬁaats é{llmg %:% 70! Ogaﬁhggmglaﬁaéﬁmt 0 (J?Jfriﬂ;é‘ gléet al yst
30 di schar gentalgsttdysterf fs| diggrsed§ inainprob &k isblvehi, aaERAE £eictals, e3P -dignfuench
or "kil]) the catalyst. U S. Patent No. 5,689,028 discloses addi ng

2- et hyl Fexa#fs! oRtpaHE hydeagen, arsrfed ieas sees-a Theirgagtionaproductrasdughsr olefins
uenchi n t.al - 22 June 2004 system U. S
I?’atent Ng a%%sbg\éé %Oglg%ﬁggbﬁépglv , |t}s{§)f %rsee%r%qﬁét addi ti on'ofyan al cohol can
quench or Kkill the caPaldpst olfias end spénBcatBBisesstdNe aréretdlerdd bydieahvages t he
use of ethapnol to quench an ethylene trinerization reaction. U S. Patent

No. 5, 750, g8 PrRessh sV contiming dhempri-caltheorrgrior chffeaiy omothe aeastony| i ¢
acids, pri S -+aI] ) z@grreﬂ)' - f of .an

et hyl ene t piiﬁrﬁgerr ﬁgz])é’t ?gﬁaﬂgg@%{r@eggﬁaacﬂ%%t al ésqibegﬁ%ﬁ %}ték ?er?g P %}é)gﬁ?'ts?p EI'\:ﬁlengpat ent
st at es,20" t herypefrthe meagien abripoacntet Jhe effludnit lchz bagreagRinto difeach GRYLIE the
selected froma w.de range frqma trace anmount to a sol vent equival ent, but

it is pref PANS- iTheLifluencap b separgisd fopcaigyshysigan yraste dispasalrevsieabl y
0.01 to 10%nRVrenRiddhd 1dviert j [ I . For
xanpl o 0. 0TIy peain iier] R WpRaE SHL Gl Shd REoRd) St
(Exanpl es ®lefmb. 14), or amonia (Exanples 7 and 15) is used. The patent

teaches generally that this.step "maintain[s] the dispersed state of.
principally the cat a|<5"s‘i“°BESJHB%ﬁ%?ﬂt§aP rli’_e’t"}si@‘!l F‘%&Eﬂcﬁ‘rﬂ’ﬁi ﬂiyl'l’?f_“?ﬂe
procesgsl i ng the emalysesyduioh e \Quhcilifi of SRRy L7 eANis iRkt IPplebéntl NI €t Of

the distillation tower.
1somerization of the 1-olefin product to undesirable internal, i.e. 2- and higher,

olefins, which lowers the product purity. Quenching of the catalyst system also can
remove hazards associated with the air- and water- sensitive aluminum alkyls.

Previous patents teach that an alcohol can be added to the catalyst

30  discharge in the effluent of an olefin oligomerization reactor to quench or “kill” the
catalyst. U.S. Patent No. 5,689,028 discloses adding 2-ethylhexano! to the reactor
effluent of a trimerization reactor as a quenching agent to quench the catalyst




15 U.S. Patent No. 5,750,816, - col. 12, lines 20-23 and 49-67. SUMVARY OF
THE | NVENTI ON The present inventors have di scovered that al cohols, used as
guenchi ng agents to quench a hal ogenated trimerization catal yst system
followi ng an oligomerization reaction) can produce hydrogen halides. For
exanpl e, quenching 20 a chlorinated catalyst with an al cohol, particularly
“in the presence of water or the kettle bottons found in a plant (which may
contain ferrous chloride), may |ead to the_production of hydrog&hlwiel20de
gas. Hydrogen halides can be highly corrosive to process equi pnent.

Accor di ngl ysysterhs USs Pateht Blot 6,830 P0BJExampR! ), Sdisclowes ¢hdt id ditivinesfi 23 Acetpl and
. methods that do not produce hydrogen halides. Again it is desirable to

reduce or ef#hfivanck qridlighe etabysiosyssm. i dr dgtaat R. 5669 fliediselress dhe veg e
used as quegf:gghggo}atge eSich l%t}ﬁﬁcﬂmh?n za{i&?r&rcﬁ&?di ng desires, or one or
W

nore ot her desires whicC econe plain upon consideration of the
present specificationU.8r Padf Nal 55608d6iteachbotie @idition phalcolvls,tpienols,

i nvention descrihed here. One aspect of the invention is an _oligonerization
process.” | ncaraexyicorddss painaasy & ypegondpt aipines, roamoplado; the cflduanhgf anand a
process nedj ST 4, V] . - we lefin J.s.r ted
in the pr esgﬁggﬁéﬁnPﬁQQ%%%a%§§? r sgggt g%'i@ogog&g%zdgggg&gr'o &gtp%gétn?ggﬁgls’ ?ﬁg
product strpateitngd ofide mefal gliasilielngfigenpuadunaty dedekatkd fysh aSsyhicatnge

resi due, both dispersed in the process solvent, or nmedium, The resulting
product strBam ¢ §acs amount (¥ & FolyeRf raNBRISTG PHitIEIS BICTasally ip @) pgg fram
aliphatic hARr 1 Re, al.j j i . A EPiHnat i on of
fhose mat ery P SO0 B sy ok BB O O B 0T B e also
can be Idonbianeentwition inhthe selvent”edFanixampleo0002% by medght tlehapaeoic{iixamples

mat eri al s. The_ quenchi material, is provided in an unt, at | east .
substanti al? mﬂ#é&w%@e rearepies ﬁé’%éaltﬂi Ol RIS 3 W@Pd%ﬁeﬁs? Hs) is

material s hfs\és. ?ﬁ@pa:feﬁy{g;cﬁegtgﬁ%pg&ﬁatftﬁvy Qép %aﬂ%ﬂﬁ@?%@ﬁ#ér@&ﬁst%%. used

to quench oligonerization ca Anot her  aspect nvention i s an
ol i goner i z girirmeipablyothe ataiyst whinphndrite irpthedieadticsit disparsios” {‘rethicquiosdss knan

al cohol in an apount at _|least partially effective. to ench. the catal yst.
The pr oduct{ramys aifiet of U Qlieemesaatn fagior £ dhes et of e Sislilaren, % gtay

forms gsst aplee pfayem@afrs,m,él%l?caﬁlﬂz; gg@?Z@-@g%ﬁi@-@ﬂ material is. provided

in an anount effective to at [east reduce the generation of free hydrogen

hal i des. Al t hough al cohol quedMMARYEIFeTHH BNMEMNEID®EN found to generate
hydrogen hal i des, the_stabilizing material. alleviateg the probl em

bt antl y by 30 i nt oTBE BRSGGIT Gy ats dtsgerret dht e BEhASe. a st abi o
material (tfipy ' b ydc ki dakiBh GBI s34 PRIl IokGHY ar
node of act(iﬁgn?hn%% CAIF{EE%%P)IEEHS%%}/ I@élllb &ﬁlaézdsLI'HEé-rI1 ISI\}EI\FI'I Svﬁ?%%e {)he i nltl/'éenti on
will be deswroéligndrizationmexctipnncani producechyirogar halateso diomemample, guesichingbe
understqod that .the.invention is not limted. tao those 25 enbodi ments. On
e cortbr arsyHIpFERtEs GBI A oo A UEN ERY RADY BESERS S PORE. and
equi val ent eaife HBYoRE fhuiel iﬂ%ﬁam tMiBL WS SidihifeBtk S16R8)IndyNBaRPENded
claims. The nmention of or statenent of a’preference for certain enbodi nents
does not i rthié peaduction iofithedtogen chloridedras.otHiwlrogerbbalides was beHaghlycemesve
mentioned Qr stated t.o be preferred. 30 The reaction contenpl ated here

broadl y. réP &FEESY §APREBl| goneri zat i on

Accordingly it is desirable to provide catalyst quenching materials
25  and methods that do not produce hydrogen halides.
Again it is desirable to reduce or eliminate the generation of
hydrogen halides when alcohols are used as quenching agents.
One or more of the preceding desires, or one or more other desires
which will become plain upon consideration of the present specification, are )
30 satisfied in whole or in part by the invention described here. .

One aspect of the invention is an oligomerization process. In the

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




-of ethylene and other | ower olefins to produce higher olefins. In this
context, "lower"” and "higher" are relative; a |lower olefin, as used in this
di sclosure is any 1 4 22 June 2004 ol efin that can be converted to a

hi gher 1-olefin, wherein the higher 1-olefin has a greater nunber of carbon
atons than the lower olefin. The reaction is carried out in the presence of
~one or nore catalysts under conditions encouraging the reaction to proceed.
5 The present invention will be exenplifi®d in the context of a22Junc2004
trimerization reaction, although it is contenplated that the invention wll
find use i n R5PYded.o/Thgdpwes elgfinds reastact indhe préstndenef the atatabyst sysiamused i n
this disclo .S I,ned as coibj nati on of any two, three, or nore
olefins red c{’(ﬁuﬁ etah%gﬁtd{f’rtbs 8 gﬂ%ﬁ uc aéeam E’&f‘ﬂ&ﬁ?éﬁﬁ’%&le@bam@%%s by
two. For exaaplt syhemtrbsioge, Wotf URpd@edaNdR frbcdsh QoAb NRkERM, Of three

et hyl ene units can be reduced by two, to one olefin bond, 1 n 1-hexene. In
anot her exanpl e, the fbif respléingprodust stream tih oeatodriwithas iqoendiing wmterial

1, 3-but adi e I an. -reduced by two, .to two olefin bhonds, in

|, 5-cycl goc?: g?f‘:ﬁglrslltg% %Q{ﬁ‘gac RefEry taﬂ'é“?’@Prﬁllpg?ﬁ‘%‘?“ngzfrP’d’f‘i’“nF’sori %t ended to
include | S dbmbiriatiahiofnhede rHatelighi MOptichallyedd al8shol Gr-dthér BichZiRhl uterifach
as further discussed below. The reactants, catalysts, equipnent; ancf1
reacti on codtPtiBhs epsanngd withtthe spleetsd aming tsefosm comdpdsite quendttinpn pr oduct s

and by- prod - for .result. of the. tri.merization reaction ar

furt her desgﬁt eaf 'bgﬁg\ﬂ.ﬁ%ﬁg‘é g‘ﬁtegagff Hrﬁglq[ﬂgdgtaﬁrﬁ‘%c"ggﬁf Fe@ﬁtbﬁ S@B?alﬁ’se in
the trineri efkector torqueasts thef cdidliyg. i nventi on include ol efini c conpounds
whi ch 0%1 self react, i.e., trinerize, to give useful products. For

exanpl e t he sel f - r eadVniys Aenehing meaterialahavsi been| fohrd éngenexatd feweorsel f
reaction of pd43s ' i -gycl ooct adi ene,  The reactants
applicabl e P%‘? Egs}gh?lgde?@%%ﬁkﬁgr@{%g%?%n& ¥ eé'ggg%'? C?‘ﬁ]ygtsi nvention al so

i nclude ol efinic 25 coupthendspsthiof thehweneacis af siipoddratioh efddeb<Cin
conmpounds, i co-ctécgi nmerize, to give useful products. For exanple,

€., >
co-trimeri z¥NiBriheProfycy N it isathd xaearc algokplvie ap-ameeiiat deast partially
1-tetradece b I | Z2at | f nd I.- but ene, can. gi ve | -octene.
Co-trimeri zgl??ctt)ﬁeé% qlh-g’g(g{ctg]%eda%cf?'et@%{%h%&ggﬁeagT \}séakégﬁxéc[ap?d\ggg fe or |
docosend. 39alSlizinglhatetisli ther fozaislaestale hiyarogenpalideisalar €h kasaipapounds
having from abo.u]t. 2 to. about 30 carbon atons per nolecule and havi ng at
| east one oFPEITIA & RIQYISFE ThaAEmamRE AHPE N to1absast raduee teregensmationrad inext
limted to giRogendhdifeb OW Ng. 22 June 2004 Acyclic olefins are contenplated -
such as, for” exanple, ethylene, propylene, 1-butene, 2-butene, isobutylene,
1-pentene, 2-pent ene, Althbegtealeohd-quenelisg nddrilengve Bedheoufd e gendigipt ene,

3- hept ene, ly]d? f ogl_[ gr Egl toatéhsznes, t h_e] SHf our nornmal nonenes, and m xtures
of any two B 5 1HBe &t ing material alleviates the problem, apparently by
20  interacting with any hydrogen halides to produce a stable material (though the
present invention is not limited to any particular mode of action).
DETAILED DESCRIPTION OF THE INVENTION

Wh@le the invention will be described in connection with one or more

embodiments, it will be understood that the invention is not limited to those

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

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

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




- Exenpl ary di ol efin conpounds contenpl ated here include, but are not limted
to, 1, 3-butadiene, 1,4-pentadiene, and 1, 5-hexadiene. |f branched or cyclic
olefins are used as reactants, while not wishing to be bound by theory, it
i s-believed that steric hindrance could hinder the 10 trinerization
process. Therefore, the branched or cyclic portion of the olefin generally

w1l be distant fromthe carbon-carbon dguble bond. The present invention
isnot limited to use with the ol efins stggested by this theory22 junke004

el AP i S A ] NS s OBk =

trimerizatigeatehahbét ofSeiebanueaiRitaapiirt leder blefic oTHaneetioh ihcdrhied out in
invention is a three-part system conprising the conbinatjon of a .chrom um
source, a pi¢ pegsen eRNPIEORLPRIHYHE UBAEr CPNFRIONS SRCRUKASINGINE SeACHIPY) 10 he
cat al yst systemjcan be supported on an inorgani c oxide support.: These

cat al yst S)Psr?{éerrg' are 20 especially useful for the dinerization and _
trimerization of ol ef The presatineditiohoriliexaeneplifiddinl deeohexiofiexene. For

present purposes, any catalyst or catal yst system conprising, tal .al kyl
i's more br GEEIeyizeERT Eanplion. homltdatcan%mplaé%f%%%ﬂ‘w %ﬁ'@lﬁé&sedn

hal i de sourfgﬁ JIP%)H%%&HRJH? readnGiy O'rfrg'ﬁeriﬁlﬁgﬂ‘,%’uéeg% WRis ddeidshipond de
conpound. e r'om um source can be one or nore organic Or | norganic
conmpounds, definédiia¢ Any kembhiatioh wihaaxitdal thoee, siraherei definoradlcing the nGzber al |y,

the chrom um source will have a fornula of O X", in V\:hifh eagrl X cgﬂ be the
same or di faferiefi, i-eangareaincashonipublegands by two, diog sxpmplea i ree aisiiin is an

i nteger,,fr 046, L 48 ' ' T6aRedlRvs iR abeHt 1 to

about 28 c}rrgtr)‘g%snafh%rr% pe#m %{%@'?%g‘%},hﬁgégq%g%k%le al ﬁyl, f!ljlfykoxf/, ester,

ket one, cardiefky betd iarl-hedetle. Inaahiotiter £xample, eheafipir elefithbomdsgarthe radi cal s

can be straight-chained or _hranched, .cyclic or, acyclic aromati%: ﬁ)r

al i phati c, “CFPIRoRRidver LArbutadiene; WHtsiqap begeg By twp. OO UPTRRIPdE -6

22 June 20 of d | ary inorganic radicals include, but are not

limted to?ﬂalhsglggﬁla%ﬁgag‘réﬁ%xi di zi ng radical, for exanple, halides, sulfates,

or oxides. Preferabl yAstibai héreothi temns Surinegrization” shintendedntd incjudeor chr om um

(I'1'1)-caontajning compound that ¢ ield.a catal yst syst wi t.h i nproved 5
ol i gonBpi z AtiMmEHZAson of NSt #o‘?iealgé%/:'?R'fry?em?flprﬁﬁraﬁtfﬁﬁbertﬁﬁcugﬁ om um
source is aoe?clwa_o UPeddedded GRIRAURGuDGERYSRdYeattich ARG s8R in the

avai lability, and enhanced catalyst systemactivity. Exenplary chrom um
(111) conpquestat prackssdmd thetreation pooducksrartdebly-pogdusts fomnaehas ariesndy phthss

chrom um napht henat es, chrom hal, i des, rom um pyrrolides, and 10
chrom um ditBRETNERIOISHAEHeY éreeé;‘gt}*fﬂ ‘5‘?59”6?9 E%‘P}Ym (111) conpounds (followed in
sone instances bel ow by their respectpugimapbreviations) include, but are

not limted to chromum (111) 2,2,6,6,-tetranet hyl heptanedi onate - |
Cr (TMHRP3; chroni um (The jea2tantshapphicatdn dert wse-in Gh¢ Mifperizatinnoprocess (of |thip

tris-(2-ethylh te): i I.11),. ht h te, -. Cr(.N : hr-om
T o oA aais opsfisie Shutpoutacs, whilf Paih PiFRESy 4.0 rferite, GBS ™
acetyl acet qpag ¢ grcfda{c&m P éﬂa}dp%ei, ?\F@Efii‘-@éacﬁbﬁ Qfficttylérel dan gvE MLiixeie, cadoni um

(1'1'l) neopentanbate; chrom um aurate; chromum (111) stearate,;

chrom um ( Ith¢ yelpyeactibn o1, ehutedienencin give bislvaloectadieneorfliefsa¢ts of two or

. Speci fi | ary i um (.|| ds .incl. b -
T ed o ARG LTGRG P dB° CURFUAIGY POy Sans Bl S pbndb it
(1) 2@sbi sobgroahdy Wifhanadkesot wilh bl dbfinid tompeimisei.e.Cboarineriz, tb)

butyrate; chromum (I1) neopentanoate; chromum (l1) laurate; chromum{{Il)
stearate; divonsefinh grofjctex Foaesampla; eorimenzationgi ¢taylene plusdiexedmtAtat i ons

Conbi ned. M byFFOR L BTERRG CGrpRTREer e BAFP U TR

l-octene. Co-trimerization of 1-decene and ethylene can give i-tetradecene or 1- ;

docosene. .
30 Suitable trimerizable olefin compounds are those compounds having
from about 2 to about 30 carbon atoms per molecule and having at least one
olefinic double bond. Exemplary olefins include, but are not limited to the




25 one, two or nore of those that will react with a chrom um sowe to form
a chrom um pyrrolide conplex. As used in this discloswe, the term

"pyrrol econtai ni ng conpound” refers to hydrogen pyrrolide (i.e. pyrrole --
C/HSI ~, derivatives of hydrogen pyrrolide, and substituted pyrrolides, as
wel | as netal pyrrolide conplexes and m xtures thereof. A "pyrrolide" is
~defined as a conpound 30 conprising a 5-nenbered, nitrogen-containing
‘heterocycl e. Broadly, the pyrrol e-containmhg conmpound can be pyzbhée®@0oany
het er ol epti giRfwihenol eptic: netal conplex or salt containing a pyrrolide
radi cal or -7_ 22 June 2004 ligand. The pyrrol e-containing conpound can
be either affirmativelAryelielfihe aideont@nplatednsueh ag,etwc%ﬁ,gié Qﬂ@jl%-

General ly, the'P rrphg-con gining compound wi || have from abou to about
20 carbon aX"6RE '%E’r “RBIeRE 4 -Buteps, dpphulylpngyi-penitente - pengerte, dHetendjecause of 5

their hi gh 7-@agdreVBinexand 186kl ¥ 1M the ot her.reactants, include
pyrrole; |ithium pyrr(}){I i de; éoééfleh%qh\gbireg%lgﬁ ,teﬁ%ttggz‘i’lﬂrﬁw grieges: thesi um
pyrrol i de; fonengahalsicmknesybsd nfivtued §fy4myOlwdleSmoss of @@k Nat i ons t her eof .

The useful substitut eg %rrol iides include, but are not limted to
pyrrol e- 2- car boxyl i ¢ S€7APIany. digkafin enpasnds cpytemplated herer inokidk,denyede not
t et rahydr oijpfiRdLio, 4, RoFalRhDY r 2, 4-di_net hyl -3 10 et hyl pyrrol e;
3-acetyl - 2, 4-di et hyl pyrr oflg’; i@%ﬁéﬁhgnﬁ%ﬁdﬂgéﬂ‘ﬁ(a “P%t hoxycar bonyl ) - 3

pyrrol e-propi onate; elffoyincBed odicpelidylefids By et eGaRaxub, AW Rile Rbt wishing
conbi nat i oqﬁ wLNes eﬁfb \rﬁl\pen t he Eyr,rol e-cont ai ni ng conpound cont ai ns
chromium the redif CAPeTNr Brif SR SHpBYndceahingeanca could hinder i um

i ot 21 o ca oy e eeS TRTORIG e LRk B R RRRET ST bR Sledinsi <1 Tng

trimerization cat al_}/st system can i sting of
hydrogen pgeraritdevili besdistantefrom| thy saibenaartahr dtbITbEND- Thi PRsschecause of
enhanced teinerizat| 0 ‘act& Vi tg/. _Ogti onal |y, for ease of use, a chrom um
pyrrolide can provi 8 HBtH {hesecwiB the pledigs sugeesied ynthipiheont to bomsefuhi ng

conmpound. Asiyusiefin itiht Wil Soadh ' rrolide i.s used to
form a catal ;)/,st sx;l/s_tén) ?ag%égﬁggﬁhﬂerﬁc\égﬁho i%g'lil ‘%@ﬁ?%ﬁ@?%ﬁc% BB Qi de

both t he cHicorresant émientien.and t he pyrrol e-contai ni ng conpound. Wile all
pyrrol g5 cont ai ni ng conpounds can pEOdHCG catal yst systens with high

activity and productivity, use of m$ 5di net hyl pyrrol e can produce

a catal yst system w Uhe&ﬂhéﬁ%@t@orﬁ@it&]%tts\&séﬂpc&ﬁ&ﬁﬁ]ﬁ &4 aécgrcﬁangeévg{hg? eptic

product. 25 The netal al kyl of the catal'yst system can be any Bt

or honol eptRCUWEREED i & ihireecparp systein cOmprisingnthe eombirgdtionl dfyd shreaihule used.
The al kyl goiug@enQS %éhe netal can be aliphatic, aromatic, or both (if nore
than one Ii‘gand ‘RS Gsamenssompaung apd 3 metah alkyl. |Qpftomally athe catalyst

sat ur at ed ©steunsat bé albrakioRNAt inbrdaaf %hﬁﬁ%?powel‘ﬁ@ste. é%%ﬁ%’sbrst%%@ have any

nunber, of carhon atons. However, due to co cl al "avai y and ease of
use, te rRSPSFIallyY Rgafulyfor the dimdrizptiomapd trsmetizaiont dfaslefi Wck @s,Cfaf bon at orrs

per netal I referably | ess than g, about 20 carbon
atons per %D%ll:ed {E@ﬁ%(ée@pﬁgg’gfgﬁ‘e&f Pé?%{}'i RUIPARES Y, CHASLPRCHYYSY i mited to,
22 June 2(CQdtenl éorhpiisifg B WhietS104TIA U Gisg oleyeloll , I esi um
conpounds, al ké/l zi_m@?:gorrpounds or al krﬁﬁirlliﬁlﬁ%ﬁnﬂeg%npomggé cﬁ%éﬁ%lsggr%%ﬂrret al
al kyl s i nérRonly ingludesrachalisle sopreer St axempldy ut gHlotidd, firoumides idditiy,| dri t hi umn

t-butyl 1tk compound.

25 The chromium source can be one or more organic Or inorganic

compounds, in which the chromium oxidation state is from 0 to 6. Generally, the
chromium source will have a formula of CrX,, in which each X can be the same or
different, and can be any organic or inorganic radical, and n is an integer from 1 to
6. Exemplary organic radicals can have from about 1 to about 20 carbon atoms per
30  radical, and can be alkyl, alkoxy, ester, ketone, carboxylate or amido radicals, for
example. The organic radicals can be straight-chained or branched, cyclic or acyclic,
aromatic or aliphatic, can be made of mixed aliphatic, aromatic, or cycloaliphatic




~di et hyl magnesi um diethyl zinc; triethylalumnum trimethylal um num
triisobutylalum num or conbinations thereof. Preferably, the netal alkyl

is selected fromthe group consisting of non-hydrolyzed, i.e., not
pre-contacted with water, alkylal um num conpounds, 10 derivatives of

al | :yl al um num conpounds, hal ogenated al kyl al um num conpounds, and m xtures
thereof. M xed netal al kyls can provide inproved product selectivity, as
wel | as inproved catal yst systemreactivity, activity, or produ22Junet2p04 The
use of hydr d l.kyl s .can.result in.decreased olefin (i.e |iquid)
br oduct | on SiogPF ERENBLa i et HaicgS o E R Rlinfed e Yy anton o

pr ef er abl y) otilingetaalicall foy lexinhpR, Rakddy shilediesz ofl odldey! al um num conpound
expressed by the general formJFas AlR3, Al1RzX, Al RXz, A1RZOR, Al RXOR, or
A1ZR3X3, in which Al Pscfgrebly, the slemivwnsoussgds archremigm {IRyPr group, Ois an

ot Tt a8 Iy PollBnat oAl Al GG el £ BRI S it ErprBba g °

di et hyl &l unoligometdation @ trifhefib&tidnaddivitgum br om de; di et hyl al um num

et hoxi de; di et hyl al um num phenoxi de; et hyl al um num di chl ori de;

et hyl al um num sesqui c Mt Perferabiyel the STQRBEMSREFETS 2 Grromayn (Hhx epmyrqundy st em
activity a r ] LeGt i Vit Vel t r i Kyl al um num
conpound i ggqtcrg?ée%%l}tsa?%ﬁioﬁtdﬁ]g’ %‘%}laﬂ_ﬂg’@gten@g@a@ y‘%t?aq %ys‘? ? %%?’a%{“%t y and
product selEcimpiatyychroatiahy$I) edmpymidifclods tbupard hoelmitkd té,hdrghRment

I nvention conprise alum num al kyls containing a_halide, such as _a chloride
or a bromi d@roaNates, shromjuEh paRfithenatss. pyQREUIE halides cpromium pymelidesy aed t hat

a chl orjinde | nigng: C ' o) ' tivity.
Ay on Or§ (ARGRR e ERTTAAh B ATRY WFBLRE () AihiduhaBTIREATh
and or gano ssthecinkancadselodbgnher ryspet ganaishirtdatiolesd inclade)dey abuhotdimitadt

limted to, carbon tetrachl oride, nethyl ene, chl ori&&i hl.or of orm

benzy! chi ortpdBromis (b4 oderpisiecinibeniRttioRe re sHfHD): Strompum A1) 2004
One particu. mfb% e y -e6h_ ek A J . [:pat of
chrom um (ILdlleﬂ)hygl?hy h(llaiano tlg,b” ghﬂpﬁgﬁgﬁigzr gﬁ’é&%x??éeajt?ﬁyfc’ a ul{r}nﬁln%%51 and
di et hyl al umaphtirenatt or Ce@p),f hsoromap (51t chlaralea chsimis wedmideg ahrdasic fhedide,o
trinerize ethyl ene ormng 1-hexepe. U S, Patent . 5,19 3 teaches the
5 use & a %{ﬁwm b richilesiiaion Iy &Fet%%ﬁm’em G aneeen,  The
entire pat &Rforh#in (GO RALBAELARY. J}@%@{yﬁﬂgﬁgﬁg raké;ﬁ:h%rﬁfamﬂr)estt%gme;

trimerization catalysts. Media Usua rom um source,
pyr r ol e- comhanmiuny (IEHrmoroide; emdntiva (FH) akalalek gt cambimatohs nEtve or arre.

The. hydlr ocar bon can DSPGFYE SHIREDCIBPTaNT SHAEPEPREFOBEHEBr oL e Bohascos.
sour ce, pyrraie B dirGmols SR dhrghibul RN MEpFERS BFlorid D ¢ i
a liquikd sthas-@-ethjthekgmirate)aclromivmn(IDaacetaten ghrouminer (I6f batyrdderchacrommen per
mol ecul e. (II) neopentanoate; chromium (II) laurate; chromium (II} stearate; chromium (IT)
oxalate; chromium (II) pyrrolides; or combinations of two or more. Chromium (II)
and chromium (III) compounds can also be combined.
The pyrrole-containing compound of the catalyst system can be any
25  one, two or more of those that will react with a chromium source to form a
chromium pyrrolide complex. As used in this disclosure, the term "pyrrole-
containing compound" refers te hydrogen pyrrolide (i.e. pyrrole -- C,H;N),
derivatives of hydrogen pyrrolide, and substituted pyrrolides, as well as metal
pyrrolide complexes and mixtures thereof. A "pyrrolide” is defined as a compound
30 comprising a 5-membered, nitrogen-containing heterocycle.

Broadly, the pymrole-containing compound can be pyrrole or any

heteroleptic or homoleptic metal complex or salt containing a pyrrolide radical or




- 15 Usual Iy, the hydrocarbon will conprise | ess than about 70 carbon atons
per 'nol ecul e, and preferably, |ess than about 20 carbon atons per nol ecul e,
due to the comercial availability and ease of use of | ow nol ecul ar-wei ght
conpounds. The nost preferred hydrocarbon conmpound is a reaction product
formed by use of the catal yst system For exanple, if 1-hexene is a

~ reaction product, sonme of the | 20 hexeng product can be recycled for use
as a reaction nmedium Exenplary unsaturated aliphatic hydrocar b2hupedf64inds
cont enpl at eflofiQl HREpAToIcHoflatiihg CEAPbR cAPBE RithétCAHHRati A& R0
limted to, gézItrﬁyl enel,ﬁl‘?L(3 hexene, % S@Eut adicene, iamd m xtﬁ;‘gg)t’ taher eof . °

Exenpl ary urescticar @it gehesatedrat-situ. hydr ocar bons useful as reaction nedia

i nclude, but are not 'm'tﬁd 0o, 25 benzene, 'tol uene, . elté%yl enzzgne,

xyl ene, nesitylene, heXaffé ﬁyﬁa‘ﬁm}%@_?f&"}ﬁ?&"&?%@t r6F. TR Pt 4t ed
aromati ¢ hygdraear be raarb%heat&ﬁegar fRfecuft. BXRRRYAy phfrofHaD inhdrtbned beddse of
catal yst systemand to produce a highly active and sel ective catal yst

syst em 5Thethaivdiiglpreattvite dndingatity witbdhapthearéastanysd iodedeopyrréls; bthnyh benzene
for best catal yst system ac idv_i t%/ and pr od .gt_ sel ecti Vi w tgo 'Iihe £
trimerizat i@ﬁ“ﬁﬁd&cé UG HEFRIdFy PP ESLYP YT Gt TR PETTRIPY 16F SEfe®cat al yst
conponent s 4 Bs@fteldWitol e8! dHBotibiflitld#8 hereSt. O7HE ﬁsef&h_ﬁlwﬁfﬁ‘i@ﬂ}?ﬂ?ﬁélfﬁéﬁ i zation
reaction diluents can be |liquid paraffns) cycloparaffins, olefins or - 10
- 22 June 2004dermreare oohlmited &0 pyrrele-Exarpokplic agidagaottybviedsit s i ncl ude,
but are not_linted to,. jsobutan cy.cl ghexan nd nethyd cycl ghexane.
sobut ane. Gt Rt R A EE B Bor R Tk P arT

pol yernipzat dtpflp Rre1e € 3 58 8ty 1-HoN@U Rihy 18y ROIED SRR Y I -dif i ISZ@HARG c £Bb@A )31
systemis nore easily diSpersed in cycl ohexane. 5 Ther ef ore, a preferred

di | uent f orpyardopoypésrata) Sthydi3al-dimethy - 2perrckesaibonylsre o6 sembinagipns ohexane.

I n accordange w th, angt her enbodi nent of this inv j . urr ocess
can be car %%r&g%l}?“?'h Wﬁ%’ﬁ?mtﬂ?&ﬁ ﬁ?ﬁ'?o%l %(Hﬂiylgpgh%p%ﬁ%c?ﬂ eo#es‘?lﬁagﬁol efin
ol i gomer i zadhréfiups e6mpound bar 8 edlledt henehdisepyafolideact or dil uent, or

medium is 10 based on the selection of the initial olefin reactant. For
exampl e, if the ol i gohks mest prsferrast pyryele-cpataipieg) compeyndsalseiid ik@hy| ene to

1- hexene, the solvent for the oligoneri [ act | ene.
17 "et ypendRERUTE R o Er s BE S8l st HREE b oty GnarbeH

ol i gomer i z yirNide,cAstdigBthsa oVelitothibe pesIRiee betdust oBchhirrdd ene was
trimerized to 1,5-cyclooctadiene, the trinerization 15 reactor -sol vent

woul d be 1,BmeygRisrCIdiiiynOptinally afoglqpse ob ysg, ansheembin PYAGLde €8% oni um
source, pyrrol. tal nkng conpoun a| I r j .8 :can
contain adcﬁr&flg?\g’?ﬂlcoﬁpcgﬁe %uénn?%ua{{:gégc%etp d%/%%eggfa%ﬂ% f:gc B{élﬁ% ﬁﬂée@r{ ance
the result ans distladuystwisnsd ffomtuipyafolideds ueedtipiodm hadtkhyessysizin,Equi pment
The trimerization reaction can be conveniently carried out in a ,suitable
react o”§ prebFeRiNg pymoldmisi sensidercddepravids dofy therchrempim gpyme 204 1R 4 j acket

_ | i oI Sacpra! ET _ c
or 1t e naly NS cd ANAEELoriluba 0NN Bl RBrAbE ChBolREAMN SBllualC

i ca rrring n1nert rcally nitrogen,

purge, pi pica@handystehy asth Mgl acthviet hed pruducabity wseadtpyaolegu2srent may al so

be used. For exapple, a | oop reactor ) . . ..
dimethylpyrrole can produce a catalyst system with enhanced activity and selectivity

to a desired product.

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

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




- with mechanical stirring) such as, for exanple, a stirring punp, can be
used Reaction Conditions Trinerization reaction products, as defined in
this specification, can be prepared from catal yst systenms of this invention
by- di spersion reaction, slung 30 reaction, or gas phase reaction techni ques
usi ng conventional equi prment and contacting processes. Contacting of the
nononmer or nononers wth a catal yst system can be effected by any nmanner
known in the art. One convenient process’is -1122 June 2004 t2@ Jsnepetd

t he catal ys¢t tenbin he reactfoq mediumand to agitate the m xture to
mai ntai n tﬂgnigﬁﬁ o0 SPIRSRTT i THO'§T ' Ber si on t hroughout the trinerization
process. Qher known mamimsd MeaPhkoBSaEadg a0 anobHmergltoyed. Commonl y,

the catal yst systemand reaction nedia are introduced to 5 the reactor
ei t her conﬂlkwlﬁﬁuguy%pom@omfb, alkyihoren eorapoiingds. alkylagnesiugy compalEs.ant i s ,

cont i nuousl| . ] rmttently .i [.0 eaqg} a gas
under pres'él%ly (@?H#E%SB?%%& ucf’real%ﬁ lﬂh@%fggﬁg%éﬁasgg%ﬁy% li]'ﬁ%'irﬂnt |1%1gg:h%§:’ addi ng
a gaseoss ghedremot dagitanto Abusyl SihiuabseutAlichiim; -bplydlithiuthe ol efin consumed
by the reaction. Hydrogen gas can be charged tq the reactor during the
reaction t dicttyblinagnesiemt fisthylaiec; gricthytadtmenm AameHyAHEBIRHE: cat al yst system
activity anpd tri roduct select.i vi he presence of hydrogen can be
advant agengs?bélrtﬁgué’EigPﬂlg Otrﬁgmbi’iﬂaﬁﬁlf%%tﬁé eo-[g‘ol yners into a powdery, non-tacky

formthat is easily rigeRysly.fthesmdiiealkgas selkceddraenshe gragpemaiseng 6f om t he
effluent, as by filtering and/or evaporation. The partial pressure of

hydr ogen prebidrolyzedsiigh Inpt precganigsérst woth water, ABiAEARIM SORMPPRRLS, (about 1
to 1000, N : ) lto
800 N i) SO e S G Bl sPliptnds. falbByRat b SR l-mPelabses ™, L0,

- can tri nmer ieniilwre dkidofr sdicedmeaal dBeylecan pyovide anpioved tpeauet sdleatystyar e

wi thin a range _of from about OC to about .250C Preferabl egq r.ea%hi on
t enper at ur &% WEllasi impioyetheptalyst SYstepy BACREBLRCEHY 1% RIBEEIVEY0ERe Bji°host )

Dt er 2Dl Y il bl 2 G Rlcah A Yr A0 bRARRO! gRATpRGCAIRRY o

When the reac is pr mnately et ene, a tenperature in the range of
from about ifd¢zaked pbbatier3NOGalidhpraductioman be used. Preferably, when the
reactant is predom nately ethylene, a te rature in tgle éaﬁ&fﬁlof. from
about BDC to about 1Rdestipge Yothg met3l i§ @ RonriyyArpbzpd A g 50 25
|l ow, the p t] t I cegexl f reaction
temmer at U & B B e o S rrod YRSt o rmy.
deconpose. ATREOR;eraAl,R{X g mdiictp At ssan elueniplroyatame eactbB iany aid gsenme t hat

can trinerize the olefin reactants. Generally, re?ctiondore sur ﬁlrft
within a r ni§engdxygesateBoard _ths%%&qncatﬁ%ém Y P5} QUB‘?S ’@Cﬁv‘?’% Wyauge
pressur ) L2 R Qithit&P AP uRhAsihib GROHprdpbhuifilth, GRaaRiaRGH! ©)

Preferably, reaction pressures wthin'a range of Trom about at nospheric
pressuz@ t dictitytalumifif ohiorief ﬂ&@yﬂﬁlunﬁnxgmbgmbieeduh)d;lunanmmm&: eferably
wthin ar 3{23 %'lﬁilm?r%?mtp 61'91(())}8(1 ;Sétlgylgl%x%(g#&mzde&kt)gdc; ethylaluminum

sesquichloride; and mixtures thereof for best catalyst system activity and product

selectivity. The most preferred single alkylaluminum compound is triethyl-
aluminum, for the best catalyst system activity and product selectivity. Catalyst
25  systems most pertiﬁent to the present invention comprise aluminum alkyls
containing a halide, such as a chloride or a bromide.
While not wishing to be bound by theory, it is believed that a
chloride containing-compound can improve product purity and selectivity. Any

chloride-containing compound can be used, such as, for example, DEAC and organo

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




- - 12 - 22 June 2004 about 620 N cn¥ gauge pressure), are enployed. If the
reaction pressure is too low) the catalyst systemactivity can be too | ow
The maxi num pressure generally is dictated by safety concerns and the
desire for vessels having walls no thicker than necessary. 5 The contents
of the reactor can be agitated or stirred by an inert gas (e.g. nitrogen)
purge, by introducing the reactant, hydreggen, fluid nmedium or catalyst or
exhausting the effluent in a manner causing agitation, by nechapijaad 204

nmagnetic stirring, orgn@ Jﬁﬂycu%f&&np%uité e&b@sﬁe&ﬂaﬁ{;lam&ea@meon usual ly is
run continuously by steadily charging |lower 10 1-olefin reactant(s),

cat al yst sysomhinationdopelvomswm (Bd) ethy theyanagim 2, hdimeibylpygaled tigshtlent s of t he

react or. For, exanpl e onti nuous Sti.nr tank reac Y, e
i oyed 1 PR BB RER eRbbR Ok RO SRl S SRR SR e
nedi um and \@gedits thmetice Sih31enB) fRmidd1e-1RkEndENE. PAechENONSNOBGE3 Seavhes dleso be
enpl oyed, however. 15 The reactor effluent is treated to kill the remainder

of the &at arspsd assitably trigegrivation cpebguErshe perspay wveMion: eSheigarerRateY aht s,
medi um and_ot her .c onents suitabl e for r cl. .Spose of any
conponent s lflﬁ%{Po%?}eecpﬁgfglgg@?%?%rd.s %ﬁ‘gloﬂrfr?éﬁlg}z%éeﬂk%%mr éel‘gglty?%n is exothermc,

so the reaction tenperature 20 usual | y Mg&labe regul ated by circul ating
cooling water through a jacket or heat transfer coil, thus transferring
heat out of the react bisually, theschrapiim satrceo thsep e coptaining sprEpoyl, and
efficiently, f e.re [.y:S0 t f Lvely

mai nt ai ned tg{?ﬁ%éel ac}%-\zli arrg(f%(rﬂ\"té)g%dtdi 1?j'n"mt @%%;élr%gﬁj% ag%tﬁﬁgﬁﬁégﬁwggeﬁ be renoved
usi ng gom rtydvsbaeiiinidat ordmetiién. CR hydot@blonigan Baahy aromaticant dgphaté nor e
effective 25 heat transfer is that the trimerizatigQn reaction can be run at
a hi gher t Hvémmepmn ine gesepuseHawid prapclid state. Rugfesbixale thapustly sangstidis on
efficiency. i : t r ;0T €
ol ef i ' pr odusyaiim e ofeieo RERRETL NP AL Anlf Sl APt BRER RPN ic
product ( s) ,incaliqliy statsyst em and sone pol yner or hi gher oligoner
by-products, is contacted with a 30 catalyst kill agent to "kill",
deactivate or quench Thehydrosatper camhayspay puBRen Pl CHORD plomgpaf rgolecule.

cont englat eqar @! cong! ' bAS%o

al kang}i grri ﬁgsg}_ﬁﬂ& ’ t-h%ggl une%‘%yhp(khgﬂgef/]goigﬁﬁgg ﬁ?:%ﬁ% easnll’?gerdi sper sed
in the reaaholectf indkeptefatblgaless drankebous 2 caboa atahspyismokicule, dgeme theFor
exanpl e, | ower alcohols such as nethanol). ethanol, prapanol, isqpr.gpanol,
etc. can kigommeigial availability apdicasg oppss m-wﬂmx}‘é?l prinaugiie| e

sel ect od t haky haST el HykidgriRn 4 TPk GE4thRh MEhHR forrsdiChy Bsd BAthet he
al cohol w Pﬁ(gsrt\ t F%F?n%gh}%grgg’?rdg%?o\%ﬁt hqpt he o ef}?ﬁ rmngrrer Ib|t;)r,o'?zluct.

Gener al |y, cagilst ispdtemwi Fdr sdamiplanf bdiekemgisporaacsomprbdecyisbme ofshedul ar

wei ghts are nore likely to form %eotro es. In an exenplary process, in

whi ch e dsxensRicdEGSEamRs ’a"cﬁ%‘&‘g PTOUTE IR FFRLROR MG e to 1- hexene, a
monof unct i onal al coh xé’iﬁﬁigrﬂlﬂ‘saﬁ{rat@@ra%gﬁé’cf@ﬁy%&@ar@&r?@&nﬁ&!n@| ecule is
i

preferred as the catalyst agent . st preferably, a nonofunctional
al cohol hawongnsgilated dot wsdl asccatalyd oeactioonsedie inclofe dul erd sotuyaded by, best

talyst t hi . al cohol ' ble f th
Thexene. of ST JaHREns Bt e HOMIH G CoRBEok) ESOPLY MIFGRRRA I  or e
not i m tedrdfade RardBAbonLndaiFeact R @¥aid Ghelude, But Yke hofmiasdks,

3-octanol; 1-heptanol; | S 2-heptanol; 3-heptanol; 4-heptanol;
2- met hyb- 3-beeptnantdiverk, ethylrokene? - xydemm ahgsitglone: hayemethylbanzenty jand

AR gk 0B fGF hoe B ars HEE W kpneiigorel

| ow ol eculsadbilfgi ditthe hlysPEysheh %ok 1o ppédu¥ aRicRlyeidive @ne sglcyia catglgst be
used as a catal yst kill agent. D ols and polyol's commonly 20 have ch

~ hi gher boi Isystgmpdintreost paeferrod oasateratsdsaromatio fydrogaiben s clyilearenteioght | and
thus can be _separ,ated nore easily from1- ne. The al cohol is used in an
anount at I%ggsaﬂ%ﬁttsyﬁﬁmm&vﬁgcﬁ\?éo?%aéﬁ%ﬁéﬁl&?’he catal yst. For exanple)

al cohoBpmay be added THe Gifi®iAtioh Précesd kedrally dbeuttied ofitlint o siahgyusf theO,

preferably from about 0.01 to_about 10) npst preferably from 25 about 0.05
to about 2cafafyst epmpprents in aninaremgdivg af dijuenit Beadlygthe commen e

deact | vat equ L AR A GBS aflSerltS & 65 1GRA FRLANS Ly fakarflE Vet o

hal ogenat ed




- catal yst system hydrogen halides can be generated, as descri bed
previously. Practitioners that nmanufacture higher olefins commonly wll

el ect to avoid or reduce 30 the production of hydrogen halides. The

hydr ogen hal i de probl em can be addressed by treating the product stream
with a stabilizing material that forns a stable halide or hydrogen halide
“salt. - 14 - 22 June 2004 The stabilizijpg material contenplated here can
be an aliphatic am ne, an aromatic amne, a netal salt of an amdXbme20fi®t al

sal t of a byginhideydodiBics, Flehpiryares@bP@MiEntCindhide; by ard o Henitkdithon of
these materials. Mire specifically, "'the stabilizing material in the present

i nvention cisnbitens alyetrhexarfe; and methyilcycdohexansy cIsobytage gambatused &1d al | phati c

am nes, nitriles,,amdes,,.etc.. The prinmar m nes..cont enpl at as

avabi 1 21 ngeahabeed PTG ki KGMBRIFES DoBRisERo TR REReE, Hoafet it ne.
benzyl am nepopapd lﬂyItﬁﬁbﬂ@éti@n@ktﬂgﬁ%?&emﬁla_qn&@ce@_eﬂgamspwb@@s cidl6hesdRe.

di et hyl am ne; diisopropyl am ne; di butyl am ne; dicycl ohexyl am ne; )

di benzylSam Tbsrefone, dpefenrédrdilimgit $o1 y hpmogereouT lgatalyged tamenpationgpieaessns al
can be a tertiloj{% am ne such as tributylam ne. The cyclic and aromatic

am nes and FETHI%8"%onmpounds contenpl ated here as stabilizing materials

include aniline; pyrighReor@idreiwil Bdthéel &fbodiReRNef i€ inveRlisaZ0%8iry
i ndol i ne; indoie; pyrrole; 2,5-dinmethylpyrrole; 3,4-dinethyl p%rrol e;
3, 4- di chl or piegessaias: bexcagried But st 3 dimrs{msgiuno), svhich iscepiadygt eloths: olpii azol e:

'S pyrrolidine; rr.ol i done d di pyrr hnetclﬁ}an. T ahbi |1z materials
cont enpl at e‘allgfjé?%}/z@éﬂn HEH] Fﬁ( aiﬁ?rggﬂrn ﬁ'ée %@Fg arreg el Pglflé&attti g%ﬁltcéié%% o
al kanol @i Neged ntthatselebfors 8NMhe IR BlefinDREGEHS CBorhdahpé, G0 i
functi onal |Fgly and am ne functionality, which may contribute both to
1

deact i vat i ngligaserigiatipn egtalyshis esed 4p yemesige edirlanndo tlohexeapi e selvaghfaidke t he
generation of, S0 EAKERUAANAAIER ALeS ¢ BXSIRL ALY iakkangLam nes
i ncl ude i sopr%panoﬁ am ne, ABnoat hanol am ne, “diet hanol am ne, an

tri et hanol agfiniizedhe pebdlde! l-dédife, bt @liganerienivhapdtidresblvan evalld beilacl ude
pol yam nes. Exenpl ar)\é pol yam nes are et hyl enedi am ne, diethyl enetriam ne,
and’ t et r anetdergnet by 1 Sriadadipnewas mgmanized et h-cyelopdtadiens, #hg ddmgaZHI® i n t he

presentllsi nVFeQEtE?QoI@ tﬁ%’@ﬂg:‘*@zﬁﬁi‘:ﬁ,&@g’&%‘%’l _aI ts of, for exanple,

di et hyT™f or mam de; or acet'am de; N-net hyl hexaneam de;
succi nam de; mal ean dahe NataBishyysean zoattipticing atldontiue-sduna] poirale- de;

di - 2-thenol am ne; beta-lactanm delta-lactam or epsilonlactamwth netals
of 1A |IA emtaipng cangrpynds metd ahevi 5yl reastion wedigoamsopip pddijomdlch net al

croces o0 LibBAMATIS 5B LSS AT |11
l'ithiumi ndglstedﬁ;suslmdk,wmstﬁxaﬁbledﬁaliddst hi um pytrolide; potassiumpytroli de;
20 : Egquipment
The trimerization reaction can be conveniently carried out in a
suitable reactor, preferably a continuous-feed autoclave reactor with a fluid jacket or
internal heat transfer coil and any suitable stirring mechanism, such as, for example,
mechanical stirring or an inert gas, typically nitrogen, purge, piping and valves. Any
25  other suitable reaction equipment may also be used. For example, a loop reactor
with mechanical stirring, such as, for example, a stirring pump, can be used
Reaction Conditions
Trimerization reaction products, as defined in this specification, can
be prepared from catalyst systems of this invention by dispersion reaction, slhury
30 reaction, or gas phase reaction techniques using conventional equipment and
contacting processes. Contacting of the monomer or monomers with a catalyst

system can be effected by any manner known in the art. One convenient process is



-l sotassiumolidide~ dieth | alum numolide- eth | alumnumdi oli~eJ~e 2004
PPYtT , YPYnN ~ Y PYn" alumnumtripyrrolide; sodium

2,5-di methyl pyrrolide; lithium2,5-dinmethyl pyrrolide; potassium

2, 5-di met hyl pyrrolide; potassium 2,5-dinmethyl pyrrolidide; diethylalum num
2, 5-di net hyl pyrro(ide; ethylalumnum di(2,5-dinethylpyrrolide); 5 alum num
m( 2, 5-di net hyl pyrrolide), and conbi natians- of those. The imdes usable in
the present invention as stabilizers include 1, 2-cycl ohexanedi @arJoox 2004 de,
succi ni m dep sphyiendl theicamlystayseinmind ehe 2actiontmpdipar el ketagitave the midure to

per hydr oazesi.ne- 2, 10-di one. The nptal .salts of butoxides usable herein are
the but oxi JBAIBEA theygatalyst Jygtem m?@fpmme Hseghad the FTREREAUORPIRSESTY| ar y

but oxi de sahfel EndAoh 38 ﬁ{oEesQé’st 2% d8n bdREpI&Bl salts of carboxylic

aci ds useful herein as stat% izers include the retal salts, nore
particularly the |ithCommmnbdithmyatplystasysiammadh défaotion misiddd are intrbduredfto

car boxylic acids, Ex&lrr{)l es. of the carboxylic aﬁi ds icagglltgdel etic acid, 15
pr opi o_n'rsc é_?&?acmit%» FeCMYOUTR BT ENALT FIOTRHERAFET-AacTE ° E‘p{cﬁﬂﬁ’?tclsaci d,
octanol ¢ AchindlARANGE fétlifleniIHRBRAG AR SehGAVRL rEackibh ths DRBHBLCEL | €
acid, phthalic acid, malonic acid, succinic acid, glutaric acid, adipic

aci d) acr ylpressaci dTharptesdire iatiedeadtomasiatlyas ntkintamed ol ddsiydg & gastods An
exenpl ary carboxylic acid salt contenpl ated re is silver acetate, |ithium
ccet at o, s QU cisinfcs SyEPS e TR HPeA B ol coBSHDR] by dud FRPRLT

Exenpl ary phosphi nes H?%Eén bay @dnnbeaéha?ér&pl& 1h€ GEfctbiNGhrike tHe  reiition! o
phosphi ne oxide and triethyl phosphine. The stabilizing material should be
provi dé@ i nmaroventbanateafffreadttionant enhandecths tcatabysti systerh eickitie apd tromenof
hydrogen halide gas..For _exanple, f about 0,01 .to abput 100 | es,

o ef or abl y Prodi dR5iivi0: dBe ot of Brprigrbten Ry pe niteale B Boe 1 o
2 ol es of b%gftﬁoﬁﬁ@tﬂoh)lrrﬁérﬁgmw Foddry CRdh-bRk A dsted ung s eRis RinoRad @ean in the
catal ysts. The use of an al cohol is not essential to quench or kill the

cat al yst. Ghechesaciontand jeasily, seperatesixfiom) the wiflwant.yasdyy Sideung apd/onFYaRO5ABan be

used to kild a 30 .catalyst,, ejther alone or i.n conmbi~ti i (o} or nore
al cohol s. &‘ﬁaﬁéﬁlﬁlﬂrcséﬂ%a?fi’ Wé‘i’%"'é‘ E{Ffeﬁ&%usélﬁ%lﬁeffong%bg\gtl ggat iaéggte@ndar y
am ne, 191 atF.rcﬁmms@Imom 00t KREE), 'FrEREAY Frokf ab@NIEd absdt Fookg/tmd as a
catal yst kill agent. Mre specifically, the - 16 - 22 June 2004 am nes

may be acyéabaut dl ot NEmdn nes or cyclic aliphatic amines, within the

scope of the invention. As wth the. alco il i@m’ Bg ?ﬂ% i naterial

can be provided in aﬁﬂgn{)caﬁ{onetfep@g{aitvs c[]%])cié)(edl %gls S tse n?@gﬁlﬁn@aquench t he

catal yst, efimbAfe &lc0dIefiR redetaie GenerillyNfdctibrt fentper@bifel et vathiot hedge of

guenchi ng agent. Enough of the catalyst kill agent is added to the r(Eact or
| "1

ef fl uent sticangbew L focabout 23056t Breférablyy regger empraaiigs, yithin Jrangg p

the ol gfin [ cat al r j

or oducy on TSP AR RPCrB Bl pofS e BT R Lt BE BN el T aBB |
I f an i nsuBdtCiteabodMBOAC b¢ efpladielt SWHehnlthe t€ictapeid predomsiedely &thylene al s i n
the catal yst system) such as chrom um qgr al um nu c,Sc:an preci pitate and

interfere WRPFTAYES etherrangroph frpmorhout Orfg to @bomy ,g"&ﬁ“&éf RBdscuseily e
| i L d t al
O L, ] O A g 0

i's from abofifropnabéud GBCUL about 1 I03Cak entpiowl ENnthe, reactibnnesipemtigkds &iwl y t he
anount _of @g’;al yst _kill 15 agent added is frqg ab?ﬁ‘}l two fo about three
) Atte

mol ar &Jui AY-eHE Pobmeraients o stk tp thyEsaciops ©FERCH0B PIPFRBIE It or
effluent Sy L% ROAHFH FALA! I3 rekltldn RB8Bs FHY decompose.

The overall reaction pressure employed can be any pressure that can

trimerize the olefin reactants. Generally, reaction pressures are within a range of

from about atmospheric pressure (0 psig or 0 Nfcm’ gauge pressure) to about 2500

30 psig (about 1700 N/cm? gauge pressure). Preferably, reaction pressures within a
range of from about atmospheric pressure to about 1000 psig (690 N/cm’ gauge
pressure), and most preferably within a range of 300 to 900 psig (about 200 to




- cause corrosion of the reactor. After the catal yst system has been quenched
and treated to stabilize any halides, the olefin products, such as, for
exanpl e, 1-hexene, can be renoved. 20 Any renoval process can be used)

al though distillation is preferred for ease of use. In a sinple
distillation, ethylene is renoved fromthe reaction product, then lhexene
and the nediumare distilled away fromgq?_r’eacti on di spersion while the
cat al yst conponents are concentrated and fecovered together w 28 Juhe2004

by- pr oduct o TYD] i St [ [ S, .|

G ol Phart o RO BPARAR galibhfiBin, 3h bpBloy B8, HPIRSRAESeldind Bop tow, |

t enper at ur echeatatalpe | syeteadadtivitecan Wef tooilewt Tike magimin préssuctegenomtiyiiti on of
ahuni num hal i des_ present in the spent catal yst to_pr.oduce hydrogen halides,
unl ess st epdicated B&ﬁéﬁtmoqr@%rmﬁe@eidﬁﬂmf@ wsecds Baying walls gloghicker #i28r ogen
“hal i de gene;lgg%eis ., The concentrated di spersion containing by-product

pol ymer and cat'al yst conponents may be discarded, or can be further
treated 5as descri bed H&ecwntehtseohthedusitostancsaragitasetloestidosd biran endry gane

trinmerization process commn_l)t/ contai ns one of nore o{_l the follow ng
conpounds b{ft®dirogediiEge by mtredvang thiareagignt, iygeagsny xidm@adum, or
(i.e.".2-he 0, : ; . . | .

Pheavi ee . PRAT o, SRRKEN ke PARAREE HERRDCAusAe AR, PRI
nononer pr oshaghaiccairring, duint i3 otheoadmbrombynegont acting it w th an aqueous

base to 5 renove netals. Organic bases are not eferred..at, this point
because organic bases Tzlﬁrf OPdEPalgéF@E“EWEEP‘Hﬁ%[% SF’F@&\W Ch@ﬁﬁ\gs]f’“?ﬁch as
chrom ug Th-‘él&fne{fgéfaﬁﬁséﬁggﬁﬁ)ﬁtgs&s%,gﬁﬂﬂ oPAS GRedtif sHAGHBvINIMEiqefy and

pot assi um hydr oxi el'r ease oll?r use) availability, 1ow cost, and
benefi ci al efritets of the faattor.e For egmspieng coftimcasstined ddnkarpactou systemcgani ¢

b dded b 1 fficient t I pitat .
cubst ant | 2l P4 SBEYER il gREHE ST SO NGRS TaRsar™ b PRt cp |
to renove CHPONHhge QYyREM BPWY effRERL SA BRcPiock& EInHISIbE emPRiyeEd

al um num does not raise"the sanme environnental "1 ssues. Addition o0f too nuch
or too |itthevefrthe agueous inorganic base can prevent precipitation of

the chrgm um Cenerally, about t o about 4 lar 15 .equi val ent s, of
aqueoudi nor gani ¢ basﬁ‘gﬁ?ﬁﬂ“ﬂ ngﬁﬁ%te‘a t??é@drfBlkgﬁéﬁe EW%W%Erﬂfjh‘acgfﬂGﬁ% num
Pref erably, sykfeainsapatie Fodudi® REAUWE R ARIdALI RAEtaNB] SRHRm aid JIRG! _
preferably fromabout 1 to 2 nolar equival ents of the aqueous inorganic
base shoul dcdmepansn suisebledbe reslycling, amid disrmse oflanyricamppneriie that are not

chrom um contai,njng solid precipitate then can be renoved and di sposed of
properly. Z6°¥d#%owi ng removal of the chroni um containing solid
precipitate, the aquegys t3RerSfRNYeictl YR XotHRImRO sb IR foachbie tengiRpdtateed.

The organic | ayer can be di sposed of. Renovi ng_Residues
20  usually can be regulated by circulating cooling water through a jacket or heat

transfer coil, thus transferring heat out of the reactor. It is important to be able to
transfer heat efficiently out of the reactor, so the reactor can be effectively
maintained at the desired reaction temperature and the heat can be removed using a
minimum quantity of the cooling medium. Another advantage of more effective

25  heat transfer is that the trimerization reaction can be run at a higher throughput for
a given temperature, which can improve production efficiency.

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

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




- The trimerization process comonly produces two residues that can 25 build
up on the internal surfaces of the reactor. One residue, |long recognized to
build up on the walls of the reactor, is an oligoner or a polyner having a
chain Iength higher than the intended product) fornmed as a by-product. This
hi gher ol igonmer or polyner residue is referred to here, for the sake of
sinplicity, as just "polyner residue". Fag -exanple, in the case 30 of an

et hyl ene reaction, polyethylene or paraffin wax residue can be 3blmedldhd
build up on the internhhy slechalcthst ain hdeasilgalispersed Thitke pakiorefflucns stesen
detracts froamthe heat transfer efficlLency of the internal surfaces of the
react or. -ci%%ﬁ u&ﬁcﬁgs Qﬁ%l%@m‘cm}e‘é ro‘?]é"ﬂ’é‘ir ]8}5!."? & SYe ?ﬁ{‘“ﬁ@aﬁ‘égctor
by washing telifinb® dedinoliitdprapaie), eed lcah il ttltfkeca{tﬁl?btd%@te ThPretf&‘aHﬁré' zation
reactor commonly is supplied wth a solvent for Dy- rocI:ﬂJct polyrers - such
as cycl ohexhawewst, artalyohol isl ssheetedrtbat hassa boiding moadser medkcular vidhgin, suchol yrer
solvent (s us as, 5 the.process nedium the sane ocess nedi ym can be .
used to !_E)eriltjtbagi ceafdicg)/h?ll Yﬁgﬁ"%tu&mf‘l?é’ nggrg?mwtﬁsﬁge Wi’ﬁ‘ﬁn%ﬁrdi’ﬁoaﬁ?fs can be
mor e stringehefallfNniall@iatS#ith sBhR&S5ISE PHintd K0P sindiRr HRSTRMUSarl WEGRR!¥TET
residue that is not renoved under the usual process conditions. “For

exanpl e, th&woRadkelygostosp azeptrépesa "hot wash", carried out by circul ating

t he usual process nmedi.um at a hi gher tenperature than the process 10
tenperature to nmelt, fBAR e&ﬁ?‘@%fgpaﬁ“’&%ggé‘{mﬁ} t}&%ﬁwtﬁ(“&ﬂ%ﬁsd’& 3 he

pol ymer r esiriiterizel &thfleRORS i1 HEQEe, Al YAt dralBIcbBAL WRR sB SC/DS cdrbsh hot
wash can be carried out as follows. The reaction can be halted by stopping
t he feelf of alemsaiey snolaenle iepreferrdsasihie catatyshkilhageny. Mosi pieéueblang drai n t he

reactor nedj .ch.can,b 15 but is not limted to, cyclqghexan nd/ or
et hyl eyl ononaelsT Rbraturige ool trabh b s BYCHIS R 58 o
70C. The hobestaatalyiss sysidth !qﬂaﬁﬂﬂﬁ%?rSu%B\éﬂfoﬁbls@Breﬁsi!yofenﬁﬁ/abﬁnﬁorﬁ&haqcessary
to renmove al]l or substantially all of the polynmer residue. This hot wash

has been f oifigne Sletunpradueth Expuplagy prappfinssopd ajeaholy imsludacbutparematecond

resi due, whj; sdetracts bstantial ly,fromthe heat transf )
efficiency %’%ﬂ%ﬁgé?ekg%%%ﬁj 5?@‘#%@93&3 0&’ %g?hglésheécg{uglr ésch’“@ igg}@tmﬂ%’e
exact clfen Z-abptansls Biligptdnof Lhefuiicl; Z-akahyls3-hemahslle-detandt2-kaansl; |t may
be a precipitate or deposit of the entire catalyst or one or nore of the
catal yst i ntjPedrehdisoctansd; frmesibidt2-decanok dadacknel; Bedogmioh; 3idecanaliaf-y st

! ngreph ent Siechif); gi:ﬁ)eﬂ;w Iz-‘%ﬂa} -tlh ochitSC hod i?tu\ll'\@sl Ilhercgpent ~cat al yst
constituents, a tonbination fl these 't esi dues, "or sonething el se. The

residue is believed t@alletnatioslyrkadednatetiiial teight )l s tpolidlofeg exidiplepr esent
Invention is, not Ijmted by the accuracy of that theory. A further
under st andi §1BY!6ke BReL sandraissdhas asetalyss kill agemtt Dialseand ralyels gommonly

advant ages pivk lm%ﬁgﬁ Sgﬁxg%f){erﬁ%ﬁ{aﬁ%&)ota?cothgﬁ Jfoéollxﬂ}girﬂ)qe 20 1&%aP! es-
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weight, and thus can be separated more easily from 1-hexene.

The alcohol is used in an amount at least partially effective to quench
the catalyst. For example, alcohol may be added in a molar ratio of from about
0.01 to about 100, preferably from about 0.01 to about 10, most preferably from
25  about 0.05 to about 2, in relation to the metal content of the catalyst to be
deactivated.
If an alcohol is used as the catalyst kill agent for a halogenated
catalyst system, hydrogen halides can be generated, as described previously.

Practitioners that manufacture higher olefins commonly will elect to avoid or reduce

30  the production of hydrogen halides. The hydrogen halide problem can be addressed
by treating the product stream with a stabilizing material that forms a stable halide
‘or hydrogen halide salt.




To an inert gas purged one liter, three-necked flask equi pped wth nittogen
purge, magnetic stirrer, glass colum) Dean-Stark tube and condenser was 5
added 250 nlL dry dodecane and 260 niL of 2-ethyl-1-hexanol. The system was
purged again for 20 m nutes and 50 nL of selective 1-hexene catalyst (5 ng
Cr/nL) was added. Water (2 nlL) was added and the system was heated to _
“reflux. Nine sanples were taken over 5 heurs. Acidity was assessed by water
extraction of the sanples taken fromthe Dean Stark tube and t e Jung 2004
water with pH paper. e BdilidiAid masaiilcenieaplditd bt @ith &n afighatitlanhet he
other sanples were very acidic. Water was observed to be present in the

| ast sanpl ean ESeARFSICearnEy a misttal saltygfany apidat @ tnasaltsaltrofaibitiokisle, & gnethlesaX i

of water, 4 = 0=:hu ] l.sq s _added of tl ubsequent

i ne-samni o2l Felbokbhie falrhy SfaRoR b e 38R MerciectiEe v R N .
ef f ecti venessbititingdelhtetaloin hBiph&ehOinlvBRtidH &HESS seldéE fronm ysisaidvadclif) t he
ninth sanple, as was observed in Exanple 1. The presence of the am ne :

r emoved 2al13TPRELIE 200 Ahiphic amingstBitrilesepariflegestcal Apparatus for Exanples 3
and 4 The apparatus u for. Exanpl es and wa .one liter, .three 20
necked round bottom fﬁggfng'baﬁ?'p g}éesvﬁ"gemapqﬁﬁeésag S\%@%Im?%?naat\eqzﬂ%?%% uple to
noni tor  t heetlglatdige; tissppes daniR; cpdloRd@ldnian, bezpRmiadithaphBsddiniakaid t ube. A
- condenser was placed at the top of the Dean-Stark tube as was a

t her mocoupl ¥he6: nBistrcandayy arungs inelwgde dinthilammey diiseprerylamane; ébwyl pi ece
of pH paper,af .t . - cre : S, equi pped
with a magneti 8’ IS}?P,%I(IB’IH% 1@{&%&%@%@@%@%‘ %[chgisgﬁg% ztiﬁ %gﬁ?%ﬁ%ﬁ\;@e& A

ni trogal stsstdliziagnsitamill ganbaeptertidyiniat sidd augibutyleméppar at us and a
bubbl er contai ning water. General Procedure for Exanples 3 and 4 In a
typical experiment, 2B&be§yelisderaematis agaprsgandorelated fomprundsontrmploted em

pur g Wit Il e QGBI I HEMBY BB ik Dl Slhe! Aoifcffgecane

t hen was charged to froma rmnetal anourt of
2- et hyl - 1- henidawole; iadoliree indatk] gl \d, S+ danehglbl ook 31 dineabyipyritblke;
tenperature, woul d rise to_approxi ely 50-70C and gas evol uti on was
observed. -ﬁn%-d&;]gqrgﬁylgole; Zéeg%t@ﬁgiozwm%r%a%ﬂpwel% Tazelsyi nutes to

al | ow qgnpl HIGRE LiABI; | ed. The contents then were
PR RLAR, S0 LG8

heated to r ecessary to obtain the desired
kettle tenperature. Thke stabiliamadna@siakaopteatplitad hete Snnthd ajrenelashies! |y from

the Dean-Stark tube. 5 Exanple 3 The follow ng materials were added to the
appar at us ParhEan pdvARtags of %k%nolaawe%creéta%,sa@s.%oml\{ﬁfpoasefs@moth

sol ution of W , : 2 VAR sl ow y
added. Thi sak%%étpgaﬂ(}n\%g&siﬁ%ggtge ?%%gm@g?ﬂ% F?r?%e‘lr“%%ﬁre OP&JI t}(g%%?o 209C over

2. 75 hour s.dedttevating] omkifigng) tilse catalystosysteneamd fdstabitiee agametdihatgehyratbn ef t he
addi ti of the alcqhol, .there was no chan in colaqr_ of the aper in
the t oot cPHASHELNARSeh hel i o SrTop anca BRI {irs SR SDIBRBR 2B,

neut ral . UpgéhdRfiahblhind, WctREhdIaRGle, bid idhdefinbar k tube taned

reddi shpurple (strongly ‘acidic). Sanples fromthe bottom of the Dean-Stark

t ube turned noi st pH Papsabilizingnoatedsls cantedipiatediheretdlsp inehidef polyahines.i de
with silver_ acetate s.1 S posjtive, |t s.clear.that the acidic

hydr ochl or i%eggﬁw\ﬁggmgseﬁ_cﬂ@w:gm&e,%gﬂykﬁnpmae, rials were added
to the appaétainidhpesiidnb@dnapove: 200 g of dry dodecane, 81 nL of a 1.9M
solution of DEAC 1 n dodecane and 96 nlL of 2-ethyl-I-hexanol was slowy

added. 23ri - n- but y| ani Te 146] 28tsgf amislesderble ivheThesntinention\wds heated to

a kettle te rature qf 8C.qver 4 hours. .The follow rvati.qns were

made. | Ther SEMIERtREAR GBI i do1 Bravetie, Sl pABEmIfE: NPT AE Doan

Stark t ube atdtamideh QiinetHyEh ARGk ilB duccihifidd] n?ﬂeéﬁ@e”@tﬁéﬂw&ﬁhidéﬁis

neutral at the end of the experiment. Sanplés fromthe botfom of the Dean

~ Stark t ube imislagolgeicarhpxagnide] dighthepolamyne beta-lagtiing adedia-lagtamp iog epgilempaper .
't lactam with metals of 1A, IIA or ITIIB Group of the periodic table. Examples of

30 such metal amides are lithium amide; sodium ethylamide; caicium diethylamide;

lithium diisopropylamide; potassium benzylamide; sodium bis (trimethylsilyl)amide;

lithium indolide; sodium pyrrolide; lithium pyrrolide; potassium pyrrolide;




2S was clear that any acid formed was renoved fromthe system by the
addition of the amne. Wiile this invention has been described in detail

for the purpose of illustration, it is not to be construed as limted
t-hereby but is intended to cover all changes and nodifications within the
spirit and scope thereof. 21 ,. CLAIMS 22 June 2004 |. ‘An oligonerization

process conprising: a) providing at |ead?-one catal yst system contai ni ng
chromum at |east one |ower olefin, and at |east pne i ocess @2dinm00d)
reacting sapdssiomepyrmlididd; disthylpaminum pysrelide: hyla ‘E%‘Pgﬁ”y YIoudGm t o
produce a product, sStieafmyconRll:shduihelhiiNitolRleeTittiunl 28UsheaRthydrokabal yst
systemres Hﬁnspé) Y84 sal d Proces diuni c) treating saird product
stream wi t BoRsdBineZ balimenylpynelidg pnasium?,Sadimethdppeekdidecdiofhyhin a range
of from60 to 200C said naterial bei n? pr ovi o_lgﬂ@g an tZlnt)unt .gf_f_ecti ve to
at |east pahmiapmy 25-dimefhylaymelidss gihylalymimum: 46 - dneBYITOYdRr at i on of
hydr ogep halides. 2. I s oheal p erein said catal yst
system gonﬁ‘rﬁ%‘ggmat%“za’igf@@gﬁ%?ﬁﬁg@%ggggg%fgggg?hgbf (’gh d(lzgleai_m 2, wherein said
hal ide is chloride orTHy iiiii€icusable iA the poas iacadrogi asgstalylizdrainalude wher ei n

said amne is selected fromthe group._consi sti .of prjnmar 1 nes)

secondary am-exsiohexanediegrhorgmmiies sucsHyppdc pgmaﬁg'g%’ég%lﬂ@dé’nzﬁ:as ,

al kanol am pes, o ARH-AOAD! AR JORRSHRERED, | (Rgiofly Process according to claim 1,
mineis an alip ¢

wher ei n sai cplg atic amne. 6. A process according to claim
|, wherein said am neTliesmanl salysalfi mtalidgshanble hen¢ineare the putgxigesaks atcor di ng

to claiml1, wherein said_anmine is a cyclic aliphatig, amne,.8. process
accor diifg etkal| meigisy(desgrbe dprhery; &%??{eﬁ@l?@qw&@%é tfsaﬁ%r’lﬁses}@’@.t process
accordi ng tnﬁto%ﬁc?é. m 1; wherein said amne is dibutylam ne. 10. A process
according to Claim1, wherein said amine is tributylamne. | _1. A process
according to claim |, Theweerl salsaifctadmixybc iasids segfubbyreamasn stabilizers Anglidi es s

according to claim1, wherein sajd amne is nonoethan ] A A
process acdes ek sels. anee rﬁaﬁ.‘,‘c"‘i?ﬁt'r ue H}t}%‘éﬂ”d Sathium 1’."23%5‘?“&? E*é‘ﬁ@‘i g%’ﬁﬁlelm 14. A
process ac ' TINGI kDFSRd arBBhEld &idd mcheleaicatid acifiy om sai d
hi gher ol e%?lasdgpyg:al}bg??{l?gﬁp%nF\Q%g?ﬁ,%\%gﬁoce;s _a)gc‘oréli ng toclaiml, wherein -
sai d nmaser ipedpibnittaoit, buomier dcd svakemicadcih hekanaie acid, bepyapais 25ks FAPMG t o
claiml; wherein said terial. is.added.in. I . ratg saom 1 to
5, in rel afign PPNk 208t ‘g?caE‘HﬁtaB‘r‘?t 8?Z°§%flﬂ8’c§?e§§ §/asc £ t.lg %‘ﬁld\’l Efrll@ag%%éfa’ll An

ol i goreri zaii19fe Q@gﬁ%ﬁ&iﬁe%{d, ?id%&h‘c id Pidaic dichy serirl af@nasleit avid,al yst
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produce a product. stream copprising a higher ef. d a catal yst
syst em r es PSR FopAS IHHE':E‘? Gceﬁ%&c%’gé"gﬁéaftg‘!ﬁi Bé%%?@a%bﬁ%éé?ggd pr oduct
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said stabilizi mat.eri al, bein rovided in an anpbunt effective to reduce
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The stabilizing material should be provided in an amount effective to
at least reduce the generation of hydrogen halide gas. For example, from about
25  0.01 to about 100 moles, preferably from about 0.01 to about 10 moles, more

preferably from 0.05 to 2 moles of the stabilizing material can be added per mole of

halogen in the catalysts.
The use of an alcohol is not essential to quench or Kkill the catalyst.

Other materials, for example primary or secondary amines, can be used to kill a

30 catalyst, either alone or in combination with one or more alcohols. Generally, an
aliphatic primary amine, an aliphatic secondary amine, or a combination of those
materials is contemplated for use as a catalyst kill agent. More specifically, the




- 1$~ A process according to claim17, wherein said stabilizing material is
selected froman aliphatic amne, an aromatic amne, a netal salt of an

am de, a nmetal salt of a butoxide, a netal salt of a carboxylic acid, or a
conbi nation of those materials. 19. A process according to claim17)

wherein said stabilizing material conprises an acyclic aliphatic am ne. 20.

- A process according to claim17, wherein;gaid stabilizing materi al '
conprises a cyclic aliphatic amne. 21.. A process according to 22 hinm2004
uher el n Sai gyl lthdy B By Hiphitic ARSI Aol aRpIHIRldntinddIWithin e sobpe
process according to claim17; wherein said stabilizing material conprises
a prinmary aaof the. in28ntiok. pr ocess according to claim 17, wherein said

tabili zi terial ' d i ne.. 24 . '
Co ol al m 19, whel e n 4o Hith dGe ppBel Bt eRding i AR TR ARG N2
25. A procegs afbanl ffRgiveQo Gt #Mall dubstatfigne qherfehi e Th@bist,i sithegalant of i al

conprises an al kanol am ne. 26. A process according to claim17, wherein
sai d st dbi | whemgombiredi with aorgohebser phepquenshing #gent.27. A process accordi ng

to claim1l7, wherein idstahilizin terial | §€S | am ne.
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claim17, wherein said stabilizing material conprises_ _cycl ohexyl am ne. 30.
A process acatalysti systerand & mduge onkbimenate she proguctinm oZungsinghle splis.

conprises dibutylamne. 31. A prqce cor.dj £ i 7 retn said
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claim iy wWagmeidusdl Gne hakild (7 iRy ardydlent @FH hSeirofitilil @naananime. 33.

A process according to claim17) wherein said al cohol has at |east six
car bon at oneampptecipitatcandeintegfere xithr iturs £fAveny PEeGe§sing Eeraralie 2P QfePRY n

sai d al cohoL_and.said.stabil|zi.n terl ﬂ]ﬂ%. - hingher
ol e5n by di b%ﬁf}ﬁl?ro .“‘Yfge“q%"lﬁ‘r’%‘% E@%ﬁ%ﬂf%{]ﬁ? %8@%?% w]ég er%{lﬂld;g]igd

al cohol is grmbhyithaxar PRiferaBl, th RhogasHE ety dillggem added i frdn abioar ei n
said alcohol is added in a nolar ratio of from0.01 &10 100) ig rel ati.ﬁti to
the metal coms tnaboyt fewr molaneaniyslents, and prast prefergblydhaiampunt of Fafplystkil

wher ei aid stabilijzi terjial. i ' : ' lto
100, 1 15 o1 SaePh A4 FifEMm PR oo Byt b Bl o Ratilysl KAAGend
accor di ng tgerchaleraflfetaliarge Reftirteflatmotraine dT eahmich siatadyss kdiregantpan ses
chloride or bromde. 39. A process for preventing corrosion in an

ol i goner i zatdusn cpireser of UavbiRgeiosi ng t he steps of (a) providing at |east one

catal yst system cont ai‘A .C?q?%?z{t%g%tg{ﬂste% hhggéﬁtno@ﬁc%%d H‘_Eﬁw o sapdzat

| east one process nedi Um ng sal nin the presence of

sai d cat al yaiy BalfdesMht @lEfPptidiact, rchoase forséxaamie, clohgrens) cap ze temyived. ol ef i n
product and a catal yst system residue_ disper s,iad,i n. sai &g\pro ess m%di um and
(c) treékindnyapmopdiduaedss sar bawsed aithquah distiflation isprefesiead fOL fase Rt o

temperat ur eyl Uik flo didfaiS [ SREEOf dethRS Ront he!relBGSH bRldube i fr ovi ded

I n an anoun I've sald catalyst a reduce the generation of
hydr ogen haldxd86 and the medium are distilled away from the reaction dispersion while the

catalyst components are concentrated and recovered together with the by-product
polyethylene. Typica! distillation temperatures in the distillation kettles are about
25 190°C to about 210°C. These distillation temperatures are believed to be sufficient
to promote the decomposition of aluminum halides present in the spent catalyst to
produce hydrogen halides, unless steps are taken as described in this disclosure to
prevent hydrogen halide generation.
The concentrated dispersion containing by-product polymer and
30 catalyst components may be discarded, or can be further treated as described below.
The product stream produced by the ethylene trimerization process

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




~ 40. A process according to claim39, wherein said material is present at

24 22 June 2004 between one to four nolar equivalents per nole of netals in
sai d product stream 41. A process according to claim 39, wherein said
material is present at between two to three nolar equival ents per nole of
nmetals in said product stream
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30  of an ethylene reaction, polyethylene or paraffin wax residue can be formed and

build up on the internal surfaces of the reactor. This polymer residue detracts from

the heat transfer efficiency of the internal surfaces of the reactor.
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conditions, to remove the polymer residue that is not removed under the usual
process conditions. For example, the washing step can be a "hot wash", carried out
by circulating the usual process medium at a higher temperature than the process
temperature to melt, more quickly dissolve, or otherwise dislodge the polymer
residue.

In a continuous ethylene trimerization process, the hot wash can be
carried out as follows. The reaction can be halted by stopping the feed of catalyst
and reactants while continuing to inject and drain the reactor medium, which can be,
but is not limited to, cyclohexane and/or methylcyclohexane and increasing the
medium temperature by about 60°C to 70°C. The hot wash is continued for several
hours, or as long as necessary to remove all or substantially all of the polymer
residue. This hot wash has been found to remove the buildup of the polymer
residue.

A second residue, which also detracts substantially from the heat
transfer efficiency of the reactor, is referred to here as catalyst residue. The exact
chemical constitution of this catalyst residue is not known. It may be a precipitate
or deposit of the entire catalyst or one or more of the catalyst ingredients, the
product of a reaction between the catalyst ingredients, the cafalyst and the reactor
wall, spent catalyst constituents, a combination of these residues, or something else.
The residue is believed to be associated with the catalyst, though the present
invention is not limited by the accuracy of that theory.

A further understanding of how to make and use the present

invention and its advantages will be provided by reference to the following

examples.
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Cr/mL) was added. Water (2 mL) was added and the system was heated to reflux.

Nine samples were taken over 5 hours. Acidity was assessed by water extraction of
the samples taken from the Dean Stark tube and testing the water with pH paper.

10 The first sample was mildly acidic and all of the other samples were very acidic.
Water was observed to be present in the last sample.

Example 2
Example 1 was repeated but in addition to the 2 mL of water, 4 mL
of tri-n-butylamine also was added. None of the subsequent nine samples from the

15  Dean-Stark tube were acidic demonstrating the effectiveness of adding an amine to
the process. Water was observed in the ninth sample, as was observed in Example
1. The presence of the amine removed all indications of acidity.'

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

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

25  astirrer and a heating mantle. A nitrogen stream constantly swept material through

the apparatus and a bubbler containing water.

General Procedure for Examples 3 and 4
In a typical experiment, 200 g dodecane was added to the flask and

the system purged with nitrogen. Diethylaluminum chloride (DEAC) (1.9M) in

30  dodecane then was charged to the flask from a metal cylinder. The desired amount
of 2-ethyl-1-hexanol was then added slowly and aliowed to react. The temperature
would rise to approximately 50-70°C and gas evolution was observed. The contents
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10gg! G 347#20V/g @& dry -dodéc3ad #ABNYEI( bf @ 1.9M solution of DEAC in dodecane and 96
mL of 2-ethyl-1-hexanol was slowly added. This mixture was heated to a kettle
temperature of 170°C to 209°C over 2.75 hours. The following observations were

10 made. Immediately after the addition of the alcohol, there was no change in color
of the pH paper in the top of the Dean- Stark tube and the pH of the water bubbler
was neutral. Upon heating, the pH paper in the Dean-Stark tube tumed reddish-
purple (strongly acidic). Samples from the bottom of the Dean-Stark tube tumed
moist pH paper to indicate acidity and the test for chloride with silver acetate was

15  positive. It was clear that the acidic hydrochlonc acid was present.

Example 4
The following materials were added to the apparafus described above:
200 g of dry dodecane, 81 mL of a 1.9M solution of DEAC in dodecane and 96 mL
of 2-ethyl-1-hexanol was slowly added. Tri-n-butylamine (40.25 g) was added.

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

- Dean Stark tube were neutral or slightly basic as indicated by moist pH paper. It

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

While this invention has been described in detail for the purpose of

illustration, it is not to be construed as limited thereby but is intended to cover all

changes and modifications within the spirit and scope thereof.
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amine af a temperaturc w1thm a range of from 60° to 200°C said material being provided

in an amount effective to at least partially kill said catalyst system and reduce the

generation of hydrogen halides.

2. A process according to claim 1, wherein said catalyst system comprises a
halide. - o

3. " A process according to claim 2, wherein said halide is chloride or bromide.
4. A process according to claim 1, wherei.n said amine is selected from the

group consisting of primary amines, secondary amines, tertiary amines, acyclic amines,

cyclic amines, alkanolamines, and combinations thereof.

5. A process according to claim 1, wherein said amine is an aliphatic amine.
6. A process according to claim 1, wherein said amine is an acyclic aliphatic
-amine. _

7. A process according to claim 1, wherein said amine is a cyclic aliphatic
amine, .7

8. A process according to claim 1, wherein said amine is cyclohexylamine.
9. A proéess according to claim 1, wherein said amine is dibutylamine.

10. A process according to claim 1, wherein said amine is tributylamine.

11, A process according to claim 1, wherein said amine is isopropylamine.
12. A process according to claim 1, wherein said amine is monoethanolamine.
13. . A process according to claim 1, wherein said amine is diethanolamine.
14. - A pt;ocess according to claim 1, wherein said material is separable from

~ said higher olefin by distillation.
15. A process according to claim 1, wherein said material further comprises an
alcohol.

16, A process according to claim 1, wherein said material is added in a molar
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treating said product stream with an alcohol in an amount effective
to at least partlally kill said catalyst system; and
d) treating said product stream with a stabilizing material at a
temperature within a range of from 60°C to 200°C, said stabilizing material being
provided in an amount effective to reduce the geheratibn of hydrogen halides.
18. A process according to claim 17, wherein said stabilizing material is
selected from an aliphatic aﬁine, an aromatic amine, a metal salt of an amide, a metal salt
of a butoxide, a metal salt of a carboxylic acid, or 2 combination of those materials.
19. A process according to claim 17, wherein said stabilizing material
comprises an acyclic aliphatic amine. '
20, A process according to claim 17, wherein said stabilizing material
comprises a cyclic aliphatic amine.
21. A process according to claim 17, wherein said stabilizing material
comprises an aromatic amine.
22, A process according to claim 17, wherein said stabilizing material
comprises a primary amine.
23, A process according to claim 17, wﬁeféin said stabilizing material
comprises a secondary amine.
24, A process according to claim 17, wherein said stabilizing material
comprises a tertiary amine. _
25. A process according to claim 17, wherein said stabilizing material
comprises an alkanolamine.
26. A process according to claim 17, wherein said stabilizing material
comprises isopropylamine.
27. A process according to claim 17, wherein said stabilizing material

comprises monoethanolamine.
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comprises cyclohexylamine.
30. A process according to claim 17, wherein said stabilizing material

comprises dibutylamine.

31, A process according to claim 17, wherein said stabilizing material
comprises tributylamine.

32. A process according to claim 17, wherein said stabilizing material

comprises ethylenediamine.

33. A process according to claim 17, wherein said alcohol has at least six
carbon atoms per molecule, a

34, A process according to claim 17, wherein said alcohol and said stabilizing
material are separable from said higher olefin by distillation.

35. A process according to claim 17, wherein said alcohol is 2-ethylhexarol.
36. A process according to claim 17, wherein said alcohol is added in a molar

ratio of from 0.01 to 100, in relation to the metal content of said catalyst.
37. A process according to claim 17, wherein said stabilizing. material is added
in a molar ratio of from 0.01 to 100, in relation to the metal content of said
catalyst.
38. A process according to claim 17, wherein said halogenated catalyst system
eomprises chloride or bromide.
39. A process for preventing corrosion in an oligomerization process,
comprising the steps of:

(a} providing at least one catalyst system containing chromium, at least
one lower olefin, and at least one process medium;

(b)  reacting said lower olefin in the presence of said catalyst system to
produce a product strecam comprising a highef‘oléﬁn pm&uct and a catalyst system residue

dispersed in said process medium; and

(c) treating said product stream with a material comprising an amine at
a temperature within a range from 60°C to 200°C, said material being provided in an

amount effective to kill said catalyst and reduce the generation of hydrogen halides.

40. | A process according to claim 39, wherein said material is present at
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