OLEFI'N PROMET| ON BACKGROUND OF THE INVENTI ON
Field of this invention relates to olef in preparation and catal

recovery and recycl e. Oefins, primrily alpha-olefl % Wﬂj
many uses. In addition to uses as specific chemcals, alpha-oleflns are
used in polynerization prpcesses either as a _nononer or a conononer to
prepare polyol efins, or polyners. Unfortunately, during the production
of olefins, a significant reaction by-product can be a polyneric

mat erial . Pol ynmer .
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OLEFIN PRODUCTION

BACKGROUND OF THE INVENTION

Field of this invention relates to olefin preparation and
catalyst recovery and recycle.

Olefins, primarily alpha-olefins, have many uses. In addition
to uses as specific chemicals, alpha-olefins are used in polymerization
processes either as a monomer or a comonomer to prepare polyolefins, or
polymers. Unfortunately, during the production of olefins, a
significant reaction by-product can be a'polymeric material. Polymer
production during the course of olefin preparation is detrimental to the
process and reactor because polymer can build up on the interior walls
or other portions of the reactor and inhibit heat transfer.
Furthermore, any polymer produced needs to be sepafaée& from the olefin
products stream, and/or a low molecular weight polymer can be formed
causing a sticky, glue-like substance throughout the process and

reactor.
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producti on*during the course of olefin preparation is detrinental to the
process and reactor because polynmer can build up on the interior walls or
ot her portions of the reactor and inhibit heat transfer. Furthernore, any
pol ymet produced needs to be separated fromthe olefin products stream
and/or a | ow nol ecul ar wei ght polyner can be formed causing a sticky,

gl ue-1ike substance throughout the process and reactor.

2 . o SUMVARNMRy DEETEN\MRMEN £ AN . Accordingly,
it is an object of this invention to providée a process which wll '
effectively deacti vateordifgiy)i it BNGN06Ljdeitl bt s Qheddeiopr @lyebi e a

cat al yst. It is a further object of this invention to provide a
process Wwhypmicess | dhilchl ¢ildoley fertipe b Wehtbivata, atntdbét i napi/odutitilafl an
process. It is another object of this invention to provide a
process whlefigaprodustise eatadyef-i n producti on catal yst fromthe product
stream It is yet another object of this invention to recover
cat al yst It is a further object of this invention to provide a process

which will halt polymer production in an olefin production process.

It is another object of this invention to provide a process
which -can remove an olefin production catalyst from the product stream.

It is yet another object of this invention to recover catalyst
by-products for recycle, and/or recovery.

In accordance with this invention, a process is'provided which
can deactivate a catalyst useful for the production of olefins which
comprises the sequential steps of contacting a reactor effluent stream
with alcohol; removing and recovering any desired olefin product(s);
adding an aqueous base to the reactor stream effluent, i.e., the
non-olefin containing portién; removing a solid product, i.e.,
precipitate, from the reactor stream effluent; separating organic and
aqueous phases; and adding an acid to the aqueous phase and recovering a

precipitate.

DETAILED DESCRIPTION OF THE INVENTION

Catalyst Systems

Catalyst systems useful iIn accordance with this invention
comprise a chromium source, a pyrrole-containing compound and a ‘metal
alkyl, all of which have been contacted and/or reacted in the presence

of an unsaturated hydrocarboa. Optionally, these catalyst systems can



= by-products for recycle, and/or recovery. In accordance with
=>this invention, a process is provided which can deactivate a catal yst
useful for the production of olefins which conprises the sequential steps
of contacting a reactor effluent stream wth al cohol; renoving and
recovering any desired ol efin product(s); add{ng an aqueous base to the
reactor streameffluent, i.e., the non-olefin containing portion; renoving

a sotid produgl, ¢ ise8reed B SH Raé%ﬁﬁm (42 ABRE RAC o3l EEATSEIIURMS are

separating organi c and aqueous ases,; ding an aci aqueous

phase and recQy¥g&diRd1f uREEL! f¥irt BA& dimerization and trimerizPEldN oEDolefins
DESCRI PTI ON OF THE | NVENTI ON Cat al yst© Syst ens

Cat al yst syst edsh Wsef tr exXanple PredAfleneVtd N -hBksne.NVENtion conprise a
chrom um source, a pyrrole-containing conpound and a nmetal alkyl, all of
whi ch have been cdheaetsshiamdéaircs cent ek ionet B PéOS AJgRn idDfomNindbgaiidr at ed
hydr ocarbon. Optionally, these catal yst systens can
compounds, wherein the chromium oxidation state is from 0O to 6.
Generally, the chromium source will have a formula of Can, wherein 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 radical, and are
selected from the group consisting of alkyl, alkoxy, ester, ketone,

. and/or amido radicals. The organic radicals can be straight-chained or
branche&, cyclic or acyclic, aromatic or.aliphatic, can be made of mixed
aliphatic, aromatic, and/or cycloaliphatic groups. Exemplary inorganic
radicals include, but are not limited to halides, sulfates, and/or
oxides.

Preferably, the chromium scurce is a chromium(II)- and/or
chromium(1II)-containing compoﬁnd which can yield a catalyst system with
improved oligomerization and/or trimerization activity. Most
preferably, the chromium source is a chromium(II1) compound because of
ease of use, availability, and enhanced catalyst system activiﬁy.
Exemplary chromium(III) compounds include, but are not limited to,
chromium carboxylates, chromium naphthenates, chromium halides, chromium
pyrrolides, and/or chromium dionates. Specific exemplary chromium(III)
compounds include, but are not limited ¢to, chromium(III)
2,2,6,6,~tetramethylheptanedionate [Ce(TMHD), ], chromium(III)

2-ethylhexanoate ([Cr(EH); or chromfum(III) tris(2-ethylhexanoate),]

chromium(III) naphthenate {[Cr(Np);}, chromium(III) chloride, chromic



be supported on an inorgani c oxide support. These catal yst systens are
especially useful for the dinmerization and trimerization of olefins, such
as, for exanple, ethylene to 1-hexene. The chrom um source can be one
or nore organic or inorganic conpounds, whergin the chrom um oxidation
state is fromO to 6. GCenerally, the chrom umsource will have a fornula

of CrX[err], pMBRIA N cKroidN £ DR i@, SRIEn Qi ( 81 )f REEN1a80EbnGRR, RS r8RYunTIRNI C
or inorganic radical, and nis an integer from1l to 6. Exenplary organic

radi cal s camchaxees fr ehrodiau 1II)t 0baboite 20 dhabbim(at DS naepedt@dbseed, and
are selected fromthe group consisting of alkyl, al koxy, ester, ketone,
and/ or am do dhadnbad(3IINHeuoatpanctloromfich(dAL 3 staardie, Sthangin -(AAE) mootrotides
branched, cyclic or acyclic, aromatic or aliphatic, can be nmade of m xed"
al i phatic, arasdder chramtim§fIByekdktephatic groups. Exenplary inorganic

radi cal s include, but _are not limted to halides, sulfates, and/or oxides.
Preferably, the chronPRRRidereemPary eHrBAPRfFEP | JorrapRisoinclude, but are not
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Exenpl ary chrgiybidd | Lhr s BROUY dfedpRhitdiidGte Pthedd RnlPE) 1hiEdRd Lfromiun(II)
stearate, chromium(II) oxalate and/or chromium(II) pyrrolides.

The pyrrole-containing compound can be any pyrrole-containing
compound that will react with a chromium source to form a chromium
pyrrolide complex. As used in this disclosure, the term
"pyrrole-containing compound" refers to hydrogen pyrrolide, i.e.,
pyrrole (C,HgzN), derivatives of'-hydrogén pyrrolide, substituted
pyrrolides, as well as ﬁetal pyrrolide complexes. A "pyrrolide" is
defined as a compound comprising a S5-membered, nitrogen-containing
heterocycle, such as for example, pyrrole, derivatives of pyrrole, and
mixtures thereof. Broadly, the pyrrole-containing compound can be
pyrrole and/or any heteroleptic or homoleptic metal complex or salt,
contaiﬁing a pyrrolide radical, or ligand. The pyrrole-containing
compound can be either affirmatively added to the reaction, or generated
in-situ.

Generally, the pyrrole-containing compound will have from
about 4 to about 20 carbon atoms per molecule. Exemplary pyrrolides are
selected from the group consisting of hydrogen pyrrolide (pyrrole),

lithium pyrrolide, sodium pyrrolide, potassium pyrrolide, cesium

pyrrolide, and/or the salts of substituted pyrrolides, because of high



chrom um car boxyl at es, chrom um napht henates, chrom um halides, chrom um
pyrrolides, and/or chrom um dionates. Specific exenplary chromun(lIl)
conmpounds include, but are not Ilimted to, chromun(lll)
2,2,6,6,-tetranet hyl hept anedi onat e [Cr(TKHD)[err]], chromun(111)

2- et hyl hexanoate [Cr(EH)[err] or chromun(lll) tri s(2-et hyl hexanoat e) , |
chromunm(111) naphthenate [Cr(Np)[err], chromun({lll) chloride, chromc

4 Dbfom de, claeriwityl wedi detivaby owiwin{dhel Jotheet yéaeahenat epxadpnesi op( |1 1)
acetate, chromunm(lll) butyrate, -chromun(lIl) neopentanoate,

chrom un(l |1 pubatitatted cowrgniidet| | inclsdear due, afer onpumlifibited pyesol i des
and/or chromun(lIl1) oxal ate. Specific exenplary chromun(l1l)
conpounds i n®ygaele-Baeathosy kst acidmi @‘e?d'-ef-b pYERe bivo Ly cisp miZdearheKa lebude,
fluoride, chromous chloride, chromu n{ bi s(2- et hyl hexanoat e)

chromi un( 1 1) t&EE8BYIECLdal8pi (Fvf I'ﬂ“‘“tb RIFEPLes cRp bid iRt )"%‘b‘ﬁ‘ﬁéﬂﬂ&’ﬁé&t e,
chromun(l11) Iaurate h stearate, chromun(ll) oxalate and/or
chromi un(11) 3p8FFoI44 é“{”'ethyrﬂ’ s °leThe pyrrol e- cont ai ni ng conpound can be

any pyrrol e- C(Eﬁ#?'i“ Qime(i:%})-%‘i?gchto@éa%"o l)r_g_p rrolt.h a chrom um source to

forma chromni
proprionate, ethy1-3,S-dimethy1-2-pyrrolecarhoxylate, and mixtures

thereof. When the pyrrole-containing compound contains chromium, the
resultant chfomium compound can be called a chromium pyrrolide.

The most. preferred pyrrole-containing compounds used in a
trimerization catalyst system are selected from.the group consisting of
hydrogen pyrrolide, i.e., pyrrole (C,HsN), 2,5-dimethylpyrrole and/or
chromium pyrrolides because of enhanced trimerization activity.
Optionally, for ease of use, a chromium pyrrolide can provide both the
chromium sodrce and the pyrrole-containing compound. As used in this
disclosure, when a chromium pyrrolide is used to form a catalyst system,
a chromium pyrrolide is considered to provide both the chromium source
and the pyrrole-containing compound. While-all pyrrole-containing
compounds c¢an produce catalyét systems with high activity and
prdductivity, use of pyrrole and/or 2,5-dimethylpyrrole can produce a
catalyst system with enhanced activity and selectivity to a desired
product.

The metal alkyl can be any heteroleptic or homoleptic metal
alkyl compound. One or more metal alkyls can be used. The alkyl
ligand(s) on the metal can be aliphatic and/or aromatic. Preferably,
the alkyl ligand(s) are any saturated or unsaturated aliphatiec radical.

The metal alkyl can have any number of carbon atoms. However, due to



pyrrolide - conpl ex. As used in this disclosure, the term

“pyrrol e-containing compound” refers to hydrogen pyrrolide, i.e., pyrrole
[err], derivatives of hydrogen pyrrolide, substituted pyrrolides, as
wel | as nmetal pyrrolide conpl exes. A "pyrrolide" is defined as a

conmpound conprising a 5-menmbered, nitrogen-gontaining heterocycle, such as
for exanple, pyrrole, derivatives of pyrrole, and mxtures thereof.

Broadly, the RYEL Q18 acoIaRk N H0 160 AHNSE GRR, Dhe RXEALlaBIANG/ AN @141 -
het erol epti c or honol eptic nmetal conplex or salt, containing a pyrrofide

radi cal, Orcdnb@8d¥l-1ess ThnPYBbGWY @0 CoHtbah Nitdgs SarTRatdl alkyl beletiheand
affirmatively added to the reaction, or generated in-situ.

Ceneral |y, pgrheEepatilyolies€ottiani abnig COnpotbiod akdes pavendleouwle.abdwempllaxrg about
20 carbon atonms per nolecule. Exenplary pyrrolides are selected fromthe
group consimdtiahga by lisy dncdgda, putr atd det (pinitet ¢p, alknlAlumingyr ¢asipoueds,

sodi um pyrrolide, potassiumpyrrolide, cesium pyrrolide, and/or the salts
of Substitm]éqylb?xrq:mqo@egqnd[geca@@émegnqﬁiglh compounds, alkylzinc compounds

5 reactivit and activity with the other, reactants, Ex
agé/or alkyl lithiXm compounds. Exemplary metal alkyls ié% dé?sbgz are

not limited to, n-butyl lithium, s-butyllithium, t-butyllithium,
diethylmagnesiunm, diethylzine, triethylaluminum, trimethylaluminum,
triisobutylalumium, and mixtures thereof.

Preferably, the metal alkyl is selected from the group
consisting of non-hydtolyzed.'i.e.i not pré-contactea with water,
alkylalumiﬁum compounds, derivatives of alkylaluminum co;pounds,
ﬁalogenated alkylaluminum compounds, and mixtures thereof for improved
product selectivity,-as well as improved caéalyst system reactivity,
éctivity, and/or productivity. The use of hydrolyzed metal alkyls can
result is decreased oiefin, i.e., liquids, production.and increased
polymer, i.e., solids, production.

Most preferably, the metal alkyl is a non-hydrolyzed
alkylaluminum compound, expressed by the general formulae AlR,, AIR,X,
AIRX,, A1R,OR, AIRXOR, and/or Al,R;X,, wherein R is an alkyl group and X
is a halogen atom. Exemblary compounds include, but are not limited to,
triethylaluminum, tripropﬁlaiuminum, tributylaluminum, diethylaluminum
chloride, diethylaluminum bromide.. diethylaluminum ethoxide,
diethylaluminum phenoxide, ethylaluminum dichloride, ethylaluminum
sesquichloride, and mixtures thereof for best catalyst system activity

and product selectivity. The most preferred alkylaluminum compound is



substituted pyrrolides include, but are not Ilimted to,

pyrrol e-2-carboxylic acid, 2-acetyl pyrrole, pyrrole-2-carboxal dehyde,

t etrahydroi ndol e, 2,5-dinmethylpyrrole, 2,4-dinethyl-3-ethylpyrrole,
3-acetyl - 2, 4-di net hyl pyrrol e, 7 '

et hyl -2, 4-di net hyl - S- (et hoxycar bonyl ) - 3-pyrrol e- proprionate,

et hyl -3, 5- di weitelthy LA upyrumg| €onr benty Iraselts aind caba sur egstdmercedfity \Mhdn t he
pyrrol e-cont ai ni ng conpound contains chromum the resultant chrom um
conpound carpisduch|deddctivdby oni um pyrrol i de. The nost preferred
pyrrol e-contai ning conpounds used in a  trinerization catalyst systemare
sel ected fromthe grdapriddmsrttianbing andirf FGaALINEr PI Fitfe Chiromium’ SopFes.e
[err], 2,5-dinethylpyrrole and/or ., chrom um pyrrolides because of enhanced
r e i oar o Rt IaRGA SR, FRaPR S eRel Tt dane o A B AR e
can provide PotRcANGe CNARD HIAQUAES 0M-50600YT LAl & DA a1l Rg, cogound.

As used in thi I scl osure, en a c mum pyrro Isused to forma
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activity and productivity, use of pyrrole and/or 2,5-dinethylpyrrole can
produce a cedmpoysd, Sindt setali alhkenhahe echsaturatiedy hpdubcaebactwililt petin a
desired product. The netal al kyl can be any heteroleptic or
honol eptic nbitquid state. The unsaturated hydrocarbon can have any number of carbon
atoms per molecule. Usually, the unsaturated hydrocarbon will comprise
less than about 70 carbon atoms per moleculé, and prgfe£ab1y, less than
about 20 carbon atoms per moleculel due to commercial availability and
ease of use. Exemplary unsaturated, aliphatic hydrocarbon compounds
include, but are not-limited to, ethylene, l-hexene, 1,3-butadiene, and
mixtures thereof. The most prefefred unsaturated aliphatic hydrocarbon
compound is 1-hexene, because of elimination of catalyst systém
preparation stepé and l-hexene can be a reaction product. Exemplary
unsaturated aromatic hydrocarbons include, but are not limited to,
toluene, benzene, xylene, mesitylene, hexamethylbenzene, and mixtures
thereof. Unsaturated, aromatic hydrocarbons are preferred in order to
improve catalysf system stability, as well as produce a highly active
and selective catalyst systemi, The most preferred unsaturated aromatic
hydrocarbon is toluene.
It should be recognized, however, that the reaction mixture

comprising a chromium source, pyrrole-containing compound, metal alkyl

and unsaturated hydrocarbon can contain additional components which do



al kyl conpound. One or nore netal alkyls can be used. The al kyl

| i gand(s) on the netal can be aliphatic and/or aromatic. Preferably, the
al kyl ligand(s) are any saturated or unsaturated aliphatic radical. The
nmetal “al kyl can have any nunber of carbon atons. However, due to

6 comercial availability and ease of use, fhe netal alkyl will usually
conpri.se |l ess than about 70 carbon atons per netal alkyl nolecule and

preferably h&ssdabbadh 1300tec? lna2E R0 BRI QIS e e dPeaRE! Gtaly gg@éeﬁ.f, YsudfEl 2l
al kyl's include, but are not limted to, alkylalum num conpounds,

al kyl bor on g&Eaudnéigampdb KikiRE3esi um conpounds, al kyl zi nc conpounds and/ or
al kyl 1ithium conpounds. Exenplary netal alkyls include, but are not
limted to, n-butyl lithium s-butyllithium t-butyllithium

di et hyl magnesi um di ethyl zinc, triethylal um num trinethylal um num
triisobutylalumum and m xtures thereof Reactants Preferably, the netal

al kyl is selected fromthe group consisting of non-hydrolyzed, i.e.; not

pre-contacted with Vi&tBerizagiqey| &3 mpduin Ehhpolinabosudes | isadpfinedoss the

2l kyl 2l um NUTLGOTROUNTS: any EITRILET (2! K31 LNILOUM SorRounds, and mxtures
olefin, i.e., carbon-carbon double bonds is reduced by two. Reactants
applicable for use in the trimerization process of this invention are
olefinic compounds which can a) self-reacf, i.e., trimerize, to give
useful products su;h as, for example, the self reaction of ethylene can
give 1l-hexene and the self-reaction of 1,3-butadiene can give
1,5-cyclooctadiene; and/or b) olefinic compounds which can react with
other olefinic compounds, i.e., co~trimerize, to givg useful products
such as, for example; co-trimerization of ethylene plus hexene can give
l-decene and/or I-te;radécene, co-trimerization of ethylene and 1-butens
can give l-octene, ;o-trimerization of l-decene and ethylene can give
l-tetradecene and/or l-docosene. For example, the number of olefin
borids in the combination of three ethylene units is reduced by two, to
one olefin bond, in 1-hexene. In another/;xample, the number of olefin
bonds in the combination of two 1,3-butadiene units, is reduced by two,
to two olefin bonds in 1,5-cyclooctadiene. As used herein, the term
"trimerization” is intended to include dimerization of diolefins, as
well as "co-trimerization”, both as defined above.

Suitable trimerizable olefin compounds are those compounds

having froﬁ about 2 to about 30 carbon atoms per molecule and having at

least one olefinic double bond. Exemplary mono-l-olefin compounds

include, but are not limited to acyclic and cyclic olefins such as, for



product selectivity, as well as inproved catal yst systemreactivity,
activity, and/or productivity. The use of hydrolyzed netal al kyls can
result is decreased olefin, i.e., liquids, production and increased

pol yreer, i.e.

sol ids, production. Most preferably, the neta

al kyl is a non-hydrolyzed al kyl al um num conpound, expressed by the general
formulae AR err], [err], [err], [err], ALRXOR and/or [err], wherein Ris
an alkyl group and X is a halogen atom Exenplary conpounds include, but
are not |imtedatme, tetibglénd,al propgliene,t rifFuepys al arbdtads:, t risbod gy 1ahsni num
di et hyl al um num chloride, diethylalumnum bromde. diethylalum num

et hoxi de, di drpsat@an FopentehenoXd-beteneet Brhakend, nuinhdikedd ,or il ekeaptene,

et hyl al um num sequ|chIor|de and m xtures thereof for best catalyst

system acti vi
conmpound is
triethylalum
selectivity.
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ile not wishing to be bound by theory, it is believed that steric

ndrance could hinder the trimerization process. Therefore, the

branched -and/or cyclic portion(s) of the olefin preferably should be

distant from the carbon-carbon double bond.

pr

Sp

Catalyst systems produced in accordance with this invention

eferably are employed as trimerization catalyst systems.

Reaction Conditions

The reaction produqts, i.e., olefin trimers'as defined in this

ecification, can be prepared from the catalyst systems of this

invention by solution reaction, slurry -reaction, and/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 method

is

to suspend the catalyst system in an organic medium and to agitate

the mixture to maintain the catalyst system'in solution throughout the

tr

imerization process. Other known contacting methods can also be

employed.

Reaction temperatures and pressures can be any temperature and

pressure which can trimerize the olefin reactants. Generally, reaction

temperatures are within a range of about 0° to about 250°C. Preferably,



al i phatic hydrocarbon, in a gas, liquid or solid state. Preferably, to

af fect thorough contacting of the chrom um source, pyrrole-containing
conpound, and netal al kyl, the unsaturated hydrocarbon will be in a |liquid
state: The unsaturated hydrocarbon can have any nunber of carbon atons per
nol ecul e. Usual ly, the unsaturated hydrocar?pn will conprise |ess than
about .| 70 carbon atons per nolecule, and preferably, |ess than about 20

carbon at onBeReL oA apbllfu By &y R iF ONMRLg: e QYA ¥BP| £d Yardd 20P8eapd Use.
Exenpl ary unsaturated, aliphatic hydrocarbon conpounds include, but are

not |imtednds® pRlelbytadg, #ittkenRe, rahgs- HE1t 30H efie, 1580d  aBe X ki Byeld her eof .
The nost preferred unsaturated aliphatic hydrocarbon conpound is 1-hexene,
because of ®érerahbt, esacfios girakystessysd afthr apeangki of abbep s tapsbtieclexmne
can be a reaction product. Exenplary unsaturated aromatic hydrocarbons

i ncl ude, busbante2¥ it pbigri t Brefegablyt.okeratdon [pressyres withdnea g#ege tofl ebeut
hexamet hyl benzene, and m xtures thereof. Unsaturated, aronmmtic

hydr ocar bontmasghegicr &p raheutn 10 ef ig @ndj PRftoPE feEe Al Xs tvish i} @nrarsmiof ty,
as well as produce a highly active and selective catal yst system The npst
preferred uﬁgéfﬂrﬁ%ﬁ&ségdﬁét?¥h°ﬁﬁhrocarbon i s tol uene. | t

shoul d be recogni zecuohoyeves o (ks 1e J:6aEH R0, MLt Y8auS0TBLS Sl o

chrom um source, pyrrol é-con ni ng conp nme unsat ur at ed

hydr ocar bonu&?e@i?%‘f[eaiigscﬁqgu iﬁ@a{mtﬁoggeﬁ]%t,s fé!\PichQmﬁiﬁa, polymer, and too

high of a temperature can cause decomposition of the catalyst system and
reaction products. Too low of a reaction pressure can result in low
catalyst system activity. |

Optionally, hydrogen can-be added to the reactor to accelerate
the reaction and/or increase catalyst system activity.

Catalyst systems of this invention are particularly suitable
for use in trimerization processes. The slurry. process is generally
carried out in an inert diluent (medium), such as a paraffin,
cycloparaffin, or aromatic hydrocarbon. Exemplary reactor diluents
include, but are not limited to, isobutane and cyclohexane. Isobutane
can be used for enhanced compatibility with known olefin polymerization
processes. However, a homogenous trimerization catalyst system is more
soluble in cyclohexane. Therefore, a preferred diluent for a
homogeneous catalyzed trimerization process is cyclohexane. When the
reactant is predominately ethylene, a temperature in the range of about
0° to about 300°C generally can be used. Preferably, when the reactant
is predominately ethylene, a teﬁperatﬁre in the range of about 60°? to

about 110°C is employed.



not adversely affect and can enhance the resultant catal yst system such

as, for exanple, halides. React ant s
Trimerization, as used in this disclosure, is defined as the cpnblnatlon
of any two, three, or nore olefins, wherein thginunber of olefin, i.e.,

car bon-carbon doubl e bonds is reduced by two. Reactants applicable for use
in the trinerization process of this inventiprdaees ol efinic conpounds
which can a) self-react, i.e., trimerize, to give useful products such as,
for exanple, the self rdbetomfinic arhyhatse ofahiyi et hexdmgeandt4tiidshed
self-reactfon of 1,3-butadiene can give 1,5-cyclooctadiene; and/or b)

ol efi ni ¢ conmpouHdditihi ¥h ac#ide daeiety of arnlieatianss sch esnpfumdsampleg. as
co-trimerize, to give useful products such as, for exanple;

co-trinerizati diP"GFeEy hg?ilre_‘ﬁee T‘Lfg‘eh%’ifé’ﬁéa%’é’ﬁ gf \homorlyaeEhe cqpeligers, and/or
1-tetradecene, -tejmerization of ethylene and 1-butene can give

1- oct ene, co-tr%%@%?'%%fén of 1-decene and et hylene can give 1-tetradecene

d/ -d . F . of ql ' . | .
and/ or 1-docosene or ?g‘/?nﬂlr%hext Q%d@&@ﬁ& n%ea(gbglt% \'}B:?Q?rg\:dsmlvgnéit&% and its

conbi nation of three ethylene units Is redu
advantages will be provided by reference to the following examples.

Reaction Conditions

After the aforementioned catalyst system has been used to
prepare one or more olefin product(s), and the olefin production,i.e.,
trimerization, process is deeme& to be complete, the reactor effluent
stream comprising olefin product(s), catalyst system, and some polymer
and/or oligomer, is contacted with an alcohol. ’Any alcohol which is
soluble in the.reactor effluent stream can be used. Preferably, an
alcohol is selected that has a boiling point, or molecular weight, such
that the alcohol will not azeotrope with the olefin monomer product. In
an exemplary process, wherein the catalyst system is used to trimerize
ethylene to l-hexene, an alcohol with six or more carbon atoms per
molecule is preferred. Most preferably, an alcohol having six to twelve
carbon atoms per molecule is used for best catalyst system deactivation.
Such alcohols are easily removable from the l-hexene olefin product.
Exemplary alcohols include, but, are not limited, l-hexanol, 2-hexanol,
3-hexanol, 2-ethyl-l-hexanol, 3-octanol, 1l-heptanol, 2-heptanol,
3-heptanol, 4-heptanol, 2-methyl-3-heptanol, 1l1-octanol, 2-octanol,

3-octanol, 4-octanol, 7-methyl-2-decanol, 1-decanol, 2-decanol,



one ol efin bond, in 1-hexene. In another exanple, the nunber of olefin
bonds in the conbination of two 1, 3-butadiene units, is reduced by two, to
two ol efin bonds in 1,5-cycl ooctadi ene. As used herein, the term
"trimerization” is intended to include dinerization of diolefins, as well
as "co-trinerization", both as defined above Sui t abl e
trinmerizable ol efin conpounds are those conpounds having fromabout 2 to
about 30 casb@dtaab0|'sspeicai®l eCsHdRcamsl ,haaHally Bil-déemsl , 0Oaad olmdktudes doubl e

bond. Exenpl ary nono-1-ol efin conpounds include, but are not |limted to
acyclic andtbByedafc ol efins such as, for
9 exanple, ethylene, propylene, 1-butene, 2-butene, isobutylene,

1- pentene, 2-pent erfthe anouptx ofiealcohoheberhe, addnd) dpe ke ‘-’"P-Cﬁ‘éf)t duent
2-heptene, 3-heptene, the four normal octengs, the four Qorel  ponenes
and m xt ur e§EB1AM Y EMFNoRTINGE ST EEAF LR, EedRanF LAFedi e]kllh ﬁB‘bLﬁ}G?“

e, bt S oL LA 19vd P ALENG, ot B S OiG e

whil e not wi,SBing .o, h8100UNd_ DY, LRRIRE. | odedePelieCHRtdslfks bEE | duount
alcohol is used, metals in the catalyst system, such as for example,
chromium and/or aluminum, can precipitate and can have a negative effect
on future effluent processing. Generally, the amount of alcohol added
can be up to about 5 mélar equivalents of alcohol per total moles of
metal in the effluent stream. Preferably, the amount of alcohol added
is about 1 to about 4 molar equivalents, and most preferably the amount
of alcohol added is 2 to 3 molar eqﬁivalents of alcohol per total moles
of metal in the reactor effluent streﬁm.

After the catalyst ﬁas been deactivated, or "killed", olefin
product(s), such as, for example, l-hexene, can be removed. Any removal
process can be used, although distillation is preferred for ease of use.

The waste product steam, which has had the desired olefin
monomer product(s) .removed, then can be contacted with-an-aéueous base.
Organic bases are not preferred because organic baseé can be too weak to
precipitate desired metals, such as, for example, chromium and/or
aluminum. Preferred aqueous inorganic bases are selected from the group
consisting of sodium hydroxide and potassium hydroxide, due to ease of
use, availability, as well as beneficial effects on future processing.
The amount of aqueous inorganic base added can any amount sufficient to
precipitate substantially all of the chromium and a minimal amount of

aluminum. The most important aspect of this step is to remove chromium.



hi ndrance could hinder the trimerization process. Therefore, the

branched and/or cyclic portion(s) of the olefin p Z

di stant fromthe carbon-carbon doubl e bond. L B%E)’\E ens
produced in accordance with this invention preferlably R | oyedj as
trimerization catal yst systens. 13 React i on
Condi ti ons The reaction products, i.e., olefin trinmers as

defined in Addisiospdctdd @ath anuemanidergph épdned danomediseo tud ahy@tiugyisdakns
of this invention by solutioen reaction, slurry reaction, and/or gas phase
reacti on tebthe §abstigsi rithidemrerinsoffdc ienfuiagppesis ofndqensattdnsgniprigsesses.
Contacting of the nonomer or nononmers with a catalyst system can be

ef f ect ed bycanptnprardpliatevribisfantially tallopk thgnehioméme- nEerrrtlly s gbgut
suspend the catal yst systemin an_organic nmediumand to itate the
mxture to Wit ég?lutt %em%%?traﬂl‘é‘t"“é‘i&ﬁseﬁfi ?F‘?Bﬁlt’i“&ﬁg?'}?ﬁogg‘ffo@f"rt‘ﬁble of

Lrimerizatign RrOgess o QLNSr nowncontactjng oet fhods, can al 59,08, 4
enpl oyed. Readt6h tsenperéf%"r €s ah pregs}ures can be a‘ny

tegrrper ature and oPraSEL e 2 GBok@R hb1d Bkl fral B L) QI‘# rho%@ﬁxtgttegﬁl‘& an

nerally, reaction tenperatures are wthin a range of abo errf to

about 250[ efhdufrt FLRfi8' £Qa¥ge of 1 to 2 molar equivalents of aqueous inorganic
base per mole of chromium and aluminum is sufficient.

The chromium-containing solid precipitate then can be removed
and disposed of properly. |

Following removal of the chromium containing solid
precipitate; the aqueous and orgénic léyers, or portions, are separated.
The orxrganic layer can be disposed of properly.

A mineral acid than can be added to the aqueous phase, or
layer. Exemplary mineral acids include, but are not limited to,
sulfuric acid, hydrochloric acid, nitric acid, phosphoric acid, and
mixtures of two or more thereof. Sulfuric acid is most preferred
because sulfuric acid is the least corrosive mineral acid and, when used
in the presence of potassium hydroxide and contacted with aluminum, can
crystallize as KA1(SO,),, or KA1(SO4);°12H,0 commonly known as alum.
Alum is frequently used  in bulk quantitiés at water treatment
facilities. Any amount of a mineral acid can be added to the aqueocus
layer to remove substantially all of the remaining aluminum ions. Too

~ much mineral acid can increase the pH and therefore, the corrosivity of
the aqueous solution. An insufficient amount of mineral acid will not
precipitate substantially all of the aluminum. Generally, up to about 5

molar equivalents of sulfuric acid per mole of aluminum are sufficient.
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10 reaction tenperatures within a range of about ,
nost preferably, wthin a range of 80[err] to 150]
General ly, reaction pressures are within a range @
about 2500 psig. Preferably, reaction pressures w
at nospheric to about 1000 psig and nost preferably, within a range of 300
to 700 psig Brefegabloyebout 1 to about 4Tognd epsbfpraferahdyi orboutnpdroatborwt dan
produce too nuch undesirable insoluble product, such as, for exanple,

pol ymer, and™@kiE et b lentsa of s LiAe it aperc anke afeabimisam #5m vsed Hor
catal yst systemand reacti.o roducts. Too |low of a reaction pressure can

result in | ofr® FEERIVsFoalPd AVEetivity. Optional Iy, hydrogen

can be added to the reactor.,to0 accel.etat he reaction and/or increase
catal yst system acti \ﬂpt%fnalﬁ’ &_% gﬁl_%t%'fagl ?/Esptp §§'/'§?’eerr§e“('ﬁvatlh?s AVETE B &ar e
particul arl YP§¥Hoﬁ§I%d%taiﬁﬁhguéﬁhpbﬂné'%k&#rdh%a&iJ%Bu§”éN§§§ﬁé?ior t %hélé%§&¥ion
process is generally carried out in an inert diluent (nedium, such as a
paraffin, cyelOpanatdl Acidr THOMFHelsEndty Q0L P yIRB1e- cobKSIMhE YorpBafd Wan
diluents include, but are not limted to, isobutane and cycl ohexane.
| sobut ane  casudee dises ok aricanbanteda bonmFabh ki lvhtive Wd B kapiMtyobef édlors.
pol yneri zati on

Any method useful for removing organic compounds can be used. Exemplary

pyrrole-containing compound removal methods include, but are not limited
to, contacting the aqueous layer and/or alum with activated carbon
and/or the use of hydrogen peroxide.

Any reaction.éonditions ;hich can affect the above-mentioned
steps are useful. However, for ease of use, ambient temperatures and
ambient pressures. Most preferably, an ingrt5atmosphere can be used so
that the organic phase, which can contain some pyrrole-containing

compound, does not discolor.

EXAMPLES

Example 1

~ An exémplary catalyst sfstem was prepared under an inert
atmosphere (nitrogen) using chromium(III) 2-ethylhexanoate (21.3 mmol
Cr), 2,5-dimethylpyrrole (63.8 mmol), ethylaluminum dichloride (85.1
mmol) and triethylaluminum (319 mmol) as follows: Chromium (IID)
2-ethylhexanocate was dissolved in 100 mL anhydrous toluene and
2,5-dimethylpyrrole added to the resulting-dark green solution. 1In a

separate container, ethylaluminum dichloride and triethylaluminum were
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processes. However, a honobgenous trimerization catalyst systemis nore
sol ubl e in cycl ohexane. Therefore, a preferred diluent "for a
honpgeneous catal yzed trimerization process is cyclohexane. Wen the
reactant is predom nately ethylene, a tenperatsire in the range of about
Oferr] to about 300[err]C generally can be used. Preferably, when the
reactant is pissioropatinlcy erind,enke «ubhempeadkyl eoilnt tdnewvanmpured alvouy
60[err] to about 110[err]C is enployed. '
Product s into theTkbrolishi pircops ctlot torof The srdsmkeing darkaxad low-brown
established wutility in a wde variety of applications, such as, for
exanpl e, as mohoikenswasrstissed (forné BHEIEAF a8t Fher HEhSEAY e rgmoved in
copol yners, and/or terpolyner Ff furt herla(znq‘grst andi ggﬂe@;

tﬂe ]Prleisen_t i NOeR o?ih%lrFGm‘F%“singéWéIn%"élj‘ég ‘WSIT e W LAl Moy PR &R e T

Af '? er C)t hgwa? g.ragﬁ)irggﬂ%%‘édmc sehl e i e Hidets “B%%"ﬁeﬂSe&c? e?__ %E"I' E)Hrlzé“ gg{rjgu%%g%

more ol efin p%%gégﬁé;§)’Tﬁ%“go{J¥309|éﬁ;k“wJ¥'99&%@}L9r&4 rEmove a black precipitate
from the filtrate, which contained the catalyst system, and was diluted
to a volume of 250 mL using cyclohexane.

The catalyst system solution was placed in a 1l-liter flask
equipped with a nitrogen 1n1e£ and a stir bar, under an inert nitrogen
atmosphere. The flask then was cooled with an water/ice bath. The
catalyst system was deactivated by slow addition of n-butyl alcohol
(1090 mmol) from a syringe against a nitrogen purge. The deactivation
is an exothermic reaction; gasses formed during the deactivation were
vented with the nitrogen purge.

A solution of potassium hydroxide (540 mmol)} in 200 mL water
then was added to the deactivated_catalyst system and the resulting
mixture stirred for 15 minutes to facilitate the reaction. The solution
was filtered to remove a green, chromium containing precipitate. The
organic phase of the filtrate was separated from the aqueous phase and
analyzed.

The aqueous phase was acidified using 770 mmol sulfuric acid
in 150 mL of water. Acidification of the aqueous phase liberated a
small amount of organic material that was separated and saved for
analysis. The aqueous phase was heated with 2-3 ml 30% hydrogen

peroxide to remove trace organics, concentrated to about 200 mL and

filtered while hot. The filtrate was_cooled in ice water and the alum



trimerization, process is deened to be conplete, the reactor effluent
stream conprising olefin product(s), catalyst system and sone pol yner
and/or oligoner, is contacted with an al cohol. Any al cohol which is

soluble in the reactor effluent stream can beissed. Preferably, an

al cohol is selected that has a boiling point, or nolecular weight, such

t hat the al coboystailsl thmt farest wepe atilfihctdie apd edtirdaonBoerther pdupdses| nf an
exenpl ary process, wherein the catal yst systemis used to trinerize

ethyl ene to 12neldsis, e srevmwsrant €hos|theop lym cayeaildna biognvapeavaporated
nol ecule is preffrred. Most preferably, an al cohol having six to twelve
carbon atons pBroWSPERUle is used for best catalyst system deactivation.

Such al cohol s are easi renovable fromt 1- hexene ol efin ducy .
Exenpl ary al cohol s inc %’%?tsbu fomartéeng]{ea Inkleir‘ﬁ"’{:g(’d', “ie-rﬁexaélﬁé?'z,éo‘é???'ex%'nr@ly,

3-hexanol ,  2- th'&’éfola{wg&@'o: 3AP%Lﬁr}@.' ’Tﬂzf *}%gﬁf\!}%re 21'1'329& A9by in Table 1

3-hept anol , 4-heptanol’,” 2-net Ryl - 3-hept anol ,” 1-oct anol’, 2-oct anol’, ?

3-octanol, 4-qgt@fiohe17- net hyl - 2-decanol, 1-decanol, 2-decanol

12 3-decanol, 4-decano, 5-decanol, 2-ethyl-1-decanol, and m xtures

t her eof . The same procedure was used in Run 102, as was used in Run
101, except that the amount of reagents used were different. In Rumn 102,
the catalyst system was prepared using chromium(IIJ) 2-ethylhexanoate
(3.85 mmol Cr), 2,5-dimethylpyrrole (3.85 mmol), ethylaluminum
dichloride (7.7 mmol) and triethylaluminum (30.7 mmol). Catalyst system
was diluted to 50 nmL. .

Deactivation was carried but using 130 mmblfz-ethyl-l-hexanol.
Precipitation of the- chromium required 71 mmoi potassium hydroxidé.
Acidification required 145 ﬁmél sulfuric acid. Results of metals
analyses (plasma and/or X-ray) are given below in Table 1.

The same procedure was used in Run 103 as was used in Run 102
except that the catalyst system was used in a reactor, i.e., to produce
a product before deactivation.

The reaction of the catalyét system with ethylene was carried
out in a 1l-liter autoclave ;eactor at 110°C. The catalyst system was
diluted to about 450 mL in cyclohexane. Ethylene was fed to the reactor
at a rate of 850 g/hr for 30 miputes. fhe pressure in the reactor was
475 psig at the end of 30 minutes. The reactor then was cooled to 55°C
and the used catalyst system collected under nitrogen in a l-liter

flask. Catalyst system deactivation was carried out as in Run 102.

Results are given below in Table 1.



The amount of al cohol to be added to the reactor effluent streamis in an
anmount sufficient to deactivate, or "kill", the olefin production catalyst
systemand to inhibit, or halt, production of wundesirable solids, i.e.,

pol yner. However, if an insufficient amount al,cohol is used, netals in the
catal yst system such as for exanple, chronium and/or alunm num can
precipitate and can hatge &aRegfHok¥dur@f i8¢ tuse® e Uk Go&fdd UQQtusanﬁp§§hnﬂ)l
General ly, the anount of al cohol added can be up to about 5 nolar

equi val ents ofesdepohttlatpeiie koéult 8D|@ageits GRIBAetd diibfeint| UG RSA 1O2M the
Preferably, the amount of al cohol added is about 1 to about 4 nolar

equi val ents, osatadpst sysedmewadlpreplcedameing chodmianCOHOI 2a6itgdhémndatod 9.2
nol ar equi valents of al cohol per total noles of netal in the reactor

eff| uent stredtel Cr), 2,5-diggthgipyrirelcalM.gsrnpbls lssbnlalanitim atigtlomide
"killed", olef]j product(s), such_ as, for exanple, 1-hexene, can be
renoved. Any rge%%al“mldr Sedskriethybatupdaem PtnBRh -di Setplvmti Gosten was

preferred for f_u The waste product steam which has
had the desi re‘gﬂggg‘? e gfpo%rrer pr oduct(s) removed, then can be contacted

W th an aqueous base. Pg&%!lgmp‘a £5 cg 1 ad%Ly us{u%” Sué}ﬁagseechygglag%%%ql

bases can be too weak r ecli e T 8t
chrom um and/ Wrec%f@t@&’ﬂnofprtﬁge dn%'?ga‘rmo(\i 3edss i ﬁeh}stﬁjogﬁ ed

¢ :%Q
fromthe group consisting of soc}{ ﬁ“gtiﬁg e and pot a§5| um ydI‘OXI

to ease of usmidaFaidtabilidqpiras sl lmmélﬁ haseticiliael f REd 3 tONoEURLEA s
processi ng.

analyses (plasma and/or X-ray) are given below in Table 1.



The amount of aqueous inorgani c base added can any anount sufficient to
precipitate substantially all of the chrom umand a m ni mal anount of

al um num The nost inportant aspect of this step is to renove chrom um

- 13-- Addition of too nuch aqueous inorgani c base can redi ssol ve chrom um
back into solution, while an insufficient anpant of aqueous i norganic base
cannot precipitate substantially all of the chromum Generally, about wup
to about 4 nolar equival ents of aqueous indiagdail base per nole of
chromum and alum numis sufficient. Preferably, an amobunt within in a
range of about 0.2 to about 3 nol are ls L t preferably an

anmount within a range of 1 to 2 nolar equival ents of agueous inarganic
base per nole Qﬁ‘—é—‘hﬁom’ um and alq#ﬁﬁgh'rﬁ i s GufPPEi ohf, Wtk Al wtk Th K, weX

chrom um cont %irréie:rxl soliqagg eci pi Late thent%ggo be reymved grlld7 di spos%g7of

properly. TR 16w ng removal of chrom um cont ai'hi ng sol i

precipitate, tAdamaqueous and orgamide? | ayers, *or portilons, ar&.%eparat ddo

The organic |q%$Er&ﬁﬂnpe di sposed 4gfq proper| y. 0 2.6 " 3.8
Organic Residue 2.9 ' * 0 0.7 67.9
Run 102 Weight,g2 Cr, ppm Cr, wt% Al, wtZ K, wt%
Green precipitate 1.4 60000 90.8 17 11.7
Aqueous phase 16.3 . 36.3 0.6 NA 13.3
Organic Residue 0.31+ 3422 8.5 NA <.1
Run 103 Weight,z Cr, ppm Cr, wt% Al, wtX K, wt%
Green precipitate X 3.48 3000 84.8 19.9 2.9
Aqueous phase 12.4 400 13.5 NA 18.2
Organic Residue 0.41+ 1675 1.6 NA <.1
Run 104 Weight;g2. Cr, ppm Cr, wt?Z Al, wtX K, wtZ
Green precipitate 14.8 31000 98.9 14.9 15.8
Alum 37.5 _ <18 0.2 NA 8.0
Supernatant 16.3 117 0.4 NA 3.7

Organic Residue 8.7+ 316 0.6 NA NA

* Level below detection limit of 500 mg/Kg
NA Not Analyzed
+ Combined Organic Residue



A mneral acid than can be added to the aqueous phase, or |ayer.

Exenpl ary m neral - acids include, but are not [imted to, sulfuric acid,
phosphoric acid, and mxtures of two or nore thereof. Sulfuric acid is
nmost preferred because sulfuric acid is the l,gast corrosive mneral acid
and, when used in the presence of potassi um hydroxi de and contacted with
alum num can crystallize as [err], or Egdddiecprmonly known as alum Al um
is frequently used in bulk quantities at water treatnment facilities. Any
anount of a mneral acTkk Gake latatitedpteparheiqpeotsiuce ayaar £oblawedDite Runs
substantially all of the remaining alum numions. Too mnuch mneral acid
can increase t294-p¥8 @sdin HFampby d, e¥reptothatsithptymoght ¢haeagprdguysed was
solution. An insufficient_ anount of mineral acid will not precipitate
subst anti al | y diffesmmte he I8 BrnutAl-E8hereatiayystupsnssenbbin BrePAftcarvsing

equi val ents of  sul furic¢c_acid nol e of, _al um n re sufficienpt.

S Y Bt or rpmlnes £ 2 SR heiront e kaot dpupt a3t o htiacing hwerate 137
nmol ar equi val ent s, of | furic acid per.nole o m are ed, for the
reasonsqstat eor"“8§2></e.es‘HYI altn hin JJ’@E)‘%?%"&II&A%EE a@g‘i' io"'r'n"é’ltll?Steaﬁdcan be

removal of any.igpmyiah Bk (Has- GaNbAMYINY BB SLLOM LA AGEAUE, PARSC
prior to the additi'on of a mneral acid. The presence of a
pyrrol e-cont aigli R@eK QR HHa kA End treated as in Example 1.

Runs 201-208 were carried out in a continuous stirred ;ank
reactor system which included feed systems for.catalyst, reagent(s) and
solvent(s); a l-gallon magnetically stirred Autoclave reactor; a polymer
filter; a gas chromatograph; and-a product receiver. .The poiymer filter
was a l-liter autoclave cooled with ambient water via an internal coil.
The filter volume was filled with stainless steel mesh filter material.
For each Run, catalyst system solution was fed to the reactor at a rate
of 30 ml/hr; ethylene was fed at.a rate of about 1790 g/hr; solvent
{cyclohexane) was fed at a rate of about 0.75 gal/hr; reactor
temperature was 115°C; and reactor pressure was 715 psia. Hydrogen was
fed to the reactor at different rates for each Run. Catalyst
deactivating/kill agent (l-butanol) was fed at varying points downstream-
of the reactor at a rate of 15 ml/hr. A slip stream of reactor effluent
was sampled évery hour for 6 hours to determine reactant conversion and
product selectivity. Each Run achieved steady state conditions.

In addition to conversion and selectivity, the amount of
polymer generated in each Run was monitored. Polymer was differentiated

as that which passed into the filter and that which remained in the

reactor. The weight of each polymer fraction collected was normalized



cause discoloration of the alumfroma white to a variety of colors. Any
met hod useful for renoving organic conpounds can be used. Exenpl ary

pyrrol e-cont ai ni ng conpound renoval nethods include, but are not limted
to, contacting the aqueous |layer and/or alumw th activated carbon and/ or
t he use of hydrogen peroxide. Any reaction conditions which
can effect the above-nentioned steps are usef . However, for ease of use,
anbi ent tenperatures and anbi ent pressures are preferred. Mst preferably,
an inert atnogphthe amunbe fudchexene tiratiucdde lor thati eaphisydar viiincAnd gl given
contain sone pyrrol e-containing cquound, does not discol or.

EXAMPLES ds grams polymer produced per gram l@@(ﬁﬂfeepioduced. Data ace pp

exenpl ary catal yst syste S ed under an inert atnosphere (nitrogen)
usi ng chroniuﬁf%???t -é?ﬂ%*ﬁ%f%hgg?% (21.3 mol Cr), 2,5-dinethylpyrrole

(63.8 mol ), ethylalum numdichloride (85.1 nmol) and triethylal um num (319
nmmol) as follows: Chromum (lI11) 2-ethyl hexanoate was di ssolved in 100 nL
anhydrous tol uene and 2,5- dinethyl pyrrole added to the resulting dark
green solution. In a separate container, ethylal um num dichloride and
triethylalum num were 15

m xed together. Then, the al um num al kyl solution was poured slowy into
the chromi um pyrrole solution. The resulting dark yell owbrown solution
was stirred for 5 mnutes and then the solvent renoved in vacuo. The
remaining oily liquid was diluted to 150 nL with cycl ohexane and all owed
to set overnight, under nitrogen, at roomtenperature and



pressure. The solution then was filtered to renove a black precipitate
fromthe filtrate, which contained the catalyst system and was diluted to
a volume of 250 nlL using cycl ohexane. The catal yst system

sol ut4i on was placed in a 1-liter flask equippediwith a nitrogen inlet and
a stir bar, under an inert nitrogen atnosphere. The flask then was cool ed
with an water/ice bath. The catalyst system was deactivated by sl ow '
addi tion of n-butyl alcohol (1090 mml) from a syringe against a nitrogen
purge. The deactivation is.an exotherm c reaction; gasses formed during

t he deactivation were vented with the nitrogen purge. A

sol ution of potassium hydrgXi de (540 nmmol) in 200 nL ter then was added
to the deactivated catal ystijsystemand the resulting jm xture stirred for
15 mnutes to facilitatet reaction. The sol ution s filtered to renove

a green, chrom um cont aigdpi ﬁreéipu&atg. “The™ oEgami phase of the
filtrate was separated fijomsit Re &4ueous™phdse And™ ang] yzed. The
aqueous phase was aC|dr$(u€LB|ng 770 mmol sulfuric acpd in 150 nL of
water. Acidification okt aqueous phase |i berated smal | anmount of
organi c material that separated and saved for anpl ysis. - The aqueous
phase was heated with 224 30% hydr ogen peroxi de tlo renove trace
organi cs, concentrated tg out 200 nlL and filtered while hot. The
filtrate was cooled in ige ter and the alum
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.16 crystals that forned were coll ected and dri ed. For the purposes of
anal ysis, the supernatant fromthe alumcrystallization was evaporated to

dryness. Products fromthe deactivation were analyzed by X-ray
spectroscopy for Cr, Al and K. The results are listed belowin Table 1, as
Run 101. The sane procedure was used in Run 102, as was used in

Run 101, except that the anount of reagents,used were dlfferent In Run
102, " the catal yst system was prepared using chrom um(l'11) 2-ethyl hexanoat e
(3.85 mol Or), 2, 5- di petiay kP i@k ht(3n OB THALY , d@idiybal U auBaidisbl end de
(7.7 mmol) and triethyl al um num (30.7 mml ). Catal yst system was diluted
to 50 ni. purpose oBeaClusYedtiion, WaS i€afoti €d Bditcodst AGRdla3d Nimiked thereby
2-ethyl -1-hexanol. Precipitation of the chromumrequired 71 mol

pot assi um hydromgi ée.intdwiedi fa4 catenll ehangesd atd morhibleagibtumiiCh feittle spicit
Results of netals analyses (plasma and/or X-ray) are given below in Table
1. andesaeptetiateetdure was used in Run 103 as was used in Run 102
except that the catalyst systemwas used in a reactor i.e., to produce



a product before deactivation. The reaction of the catal yst
systemwi th ethylene was carried out in a 1l-liter autoclave reactor at
110[err] C. Thefﬁyﬁ—systemwas diluted to about 450 m. in cycl ohexane.

Et hyl-ene was fed at a rate of 850 ,... rg ties. The
pressure in the Im I“@Eﬂ HI psig at the end @BES el reactor
t hen was cool ed t he used Gate al ys1 syst%&% under

nitrogen in a 1-liter flask. Catalyst sysfem deactTvation was carried out
as in Run 102. Results are given below in Table 1.

17 procedure was used for Run_104 as was used in Run
101 except tha?hl“!‘fé %@ﬁﬂ%@%nts used wer &e8reder &bt 1993 Run 104,
the catalyst systemwas prepared using chrom un@Bl £§7-ERet hy? Q¢ MK ezt e
(19.2 mol C), 2,5-dinethylpyrrole (34.6 mol ), ethylal um num dichloride
(48.1 mmol ) and tri et hyl al um num (154 mmol ). Cat al yst systemwas diluted
to 250 nL. Deactivation was carried out using 665 nmol

2-ethyl -1-hexanol. Precipitation of ghe ghgaoyg ym required 370 nmol

pot assi um hydr oxi de.

1. A process to inhibit trimerization catalyst system activity comprising
the sequential steps of:

a) contacﬁng a reactor effluent stream with alcohol;

b) removing and recovering amy desired olefin products;

c) adding an aqueous base to the nom-olefin containing portion
of (b);

d) removing a precipitate from the product of (c);

e). sepaza.ting_' aqueous and organic phases of (d);

f) - adding an acid to the aqueous phase of (d)..

2. The procsss of claim 1, wherein said reactor elfﬂuent stream com-
prises a catalyst system which cbmprises a chromium compound, a
pyrrole-containing compound, and a metal alkyl; an organmic diluent,
one or more mono-olefins, and polymer preferably additionally
olefin product(s)

9)

The process of claim 1 or 2, wherein said alcohol has a boiling
point different from the olefin product in the reactor influent

Stream.

4. The process of any of claims 1 to 3, wherein said alcohol has 6 or
more carbon atoms per molecule, particularty from 6 to 12 carbon

atoms per molecule.
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Acidification required 410 mmol sulfuric acid. Results of netals

anal yses (wway) are given below in _Table 1
Table 1 |THiS SHEET HAS BEEN

Resul'ts of ﬁ‘s&Run 101 ' \iéi gapLACED C . {ppm
Cr W % Am \“\mm“&w Geen preipitate 255 98000
; 65. 7 - *

: 7. O Supernat ant 40.0 *

2 6 5 3 BheaOpyaesss qiiegnjduzf the preceding? chims, whereih said aqueous
0.7 wt %
4w K < GRS, o B PORRes dnorgpeic base setfe] 6dm sofiygn ffionidh, o
17 oResaH Shydhadee, and mixtures Jtﬁel%of pa.méﬁ@a.:(l?y wherein Qalﬁ
13.3 Organl c esi due 0. 81+
<.1 Run 1(Eueous inorganic baspemgmtagsmm bydrow@m Cr Wt% AI W %
Wt % Green precipitate 3.48 9000 84. 8 19. 9
9 Aqueous phase 12. 4 400 13.5 NA

i8 2 Organée Relé Precess of any of Ghé lpreceding Cl&ims, wheredn @aid acid NAa
mineral acid selected from sulfuric acid, hydrochlonc acid, nitric
acid, phosphoric acid, and mixtures of two or more thereof, particu-
larly wherein said mineral acid is sulfuric acid.

7. The process of any of  the preceding claims, ‘under conditions of

ambient temperature and pressure.’

8. The process of any of the prec.eding claims, wherein said alcohol is
added in an amount of up to 5 molar equivalents of alcohol per

mole of chromium and aluminum.

9. The process of any of the preceding claims, wherein said aqueous .
base is added in an amount of up to 5 molar equivalents of base

per mole of chromium and aluminum.

10. The process of. any of the preéed.ing claims, wherein said mineral
acid is added in an amount of up to 5 molar equivalents of acid

per mole of aluminum.

This Sheet Has Been Rei
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Run 104 Wi ght, g ppm_ C, % A, wt% K, wt %

Green precipitate 14.8 ’31(300 98 9 14.9 15.8
Al um 37.5 <18 — A 8.0
Super nat ant 16.3 117 QH&B SHEET HAR BEEN 3 7
Organi ¢ Resi due 8. 7+ cr. |0- 6 REPLACKR NA
* Level bel ow detection limt of 500%%% EGA Net—Amatyzed + Conbi ned
Or gani ¢ ‘Resi due _ 19

Exanpl e 2 The sane cat al preparati on procedure was foll owed
in Runs 201-208 as in Exanple 1, %%E&Etl’]&gw(fﬂ@l\émunt of reagents used

was different. In Runs 20 prepared using
chromunm(111) 2-ethyl hexanoa%e%%gampﬁgﬁwm hyl pyrrole (11.7
mmol), ethyl alumnum dichloride (EADC) (14.6 mol), and
triethylalum num (TEA) (44.0 mmol ). Catal yst systemwas diluted to 250 ni
with cycl ohexane and treated as in Exanple 1. Runs 201-208 were
carried out in a continuous stirred tank reactor system which included
feed systens for catalyst, reagent(s) and solvent(s); a 1-gallon
magnetically stirred Autoclave reactor; a pol yner

A process is provided to inhibit trimerization catalyst system
activity which comprises the seq'uent_i.al steps of contacting a reactor
effluent stream with alcohol; .rémoving any desired olefin products;
adding an aqueous base to the non-olefih portion; re;noving a
precipitate; separating the aqueous and organic phases; and adding an

acid to the aqueous phase.

i
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filter; a gas chromatograph; and a product receiver. The polyner filter
was a 1-liter autoclave cooled with anbient water via an internal coil.

The filter vol - ) 1:I‘_§3gﬁgﬁ stainless steel nesh filter material.
Far each Run, 'ai Soljbtion was fed to the reactor_at a rate of
erge
a

30 m/hr; ethy , a rlate of about Si®Stitutershess-2Aduly 1998
(cycl ohexane) Pegara rars” abpgt-0.75 gal/hr; reactor tenperature
was 115[err]C, and reactor pressure was 715 psia. Hydrogen was fed to the
reactor atadifefighedd toalmizhl &fue8asNinBganic badallcknt redieasive/ ahiaiiiuki bdck
agent. (1-butanol) was fed at varying points downstream of the reactor at a
rate of 15iimtd wolutdan,i phile aamindufifeaisner amdunituefit aquemss s impigadie gy hour
for 6 hours to, determ ne reactant conversion and product selectivity. Each
Run ‘aéhi eveannate pugcinibate subsifantdably all of the chnomiwli t Genexallypmbensi on
and selectivity, the anmount of polyner generated in each Run was

noni t or ed. UPGYS APPUtfs MAleF qasdvakenss ofRaupells RPESAT S BRRe iRetomeYee offi | t er

et on CohFanden md S mhrn, Bo EBEe Gne. THEe BNy, %t RRIPUMEES 1a
20 to the aipille Slovk BOX UCBIRIYCE ok edd10h 1B, G HosB P Hdal Y gLV oD

amount within a range of 1 to 2 molar equivalents of aqueous inorganic

basg per mole of cﬁromidm and aluminum is sufficient.

The chromium—containing solid precipitate.fhen can be removed
and disposed of properly.

Following removal of the chromium containing solid
precipitate, the aqueocus and organic layers, or porfions, are separated.
The orgénic layer can be disposed of properly.

A mineral acid than ;an be added to the aqueous phase, or
layer. Exemplary mineral acids include, but are. not limited to,
sulfuric acid, '7Ph;359horic acid, and '
mixtures of two or more thereof. Sulfuric acid is most preferréd
because sulfuric acid is the least corrosive mineral acid and, when used
in the presence of'pot3ss1um hydroxide and contacted with aluminum, can
crystallize as KA1(SO.)., or KAI(SO.j,-lZH,O commonly known &s alum.
Alum is frequently _use.d_ in bulk quantities at water treatment
facilities. Any amount of a mineral acid can be added to the aqueous
layer to_remove substantially all of the remaining aluminum ions. Too
much mineral acid can increase the pH and therefore, the corrosivity of
the aqueous solution. An insufficient amount of mineral acid will not
precipitate substantially all of the aluminum. Generally, up to about 5

wolar equivalents of sulfuric acid per mole of aluminum are sufficient.



as grams pol ymer produced per gram 1-hexene produced. Data are presented
bel ow i n Tabl e 2 e R R
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Preferably, about 1 to about 4, and most preferably, about 1 to 3 molar
equivalents of sulfuric acid per mole of aluminum are used, for the
reasons stated above.

Optionally, an additional step can be removal of any remaining
pyrrole-containing compound from the aqueous phase prior to the addition
of a mineral acid. The presence of a pyrrole-containing compound can
cause discoloration of the alum from a white to a variety of colors.

Any method useful for removing organic compounds can be used. Exemplary
pyrrole-containing compound removal methods include, but are not limited

to, contacting the aqueous layer and/or alum with activated carbon

and/or the use of hydrogen peroxide.

Any reaction conditions which can effect the above-mentioned
steps are useful. However, for ease of use, ambient temperatures and
ambient pressures are preferred. Most preferably, an inert atmosphere can
be used so that the organic phase, which can contain some pyrrole-containing

compound, does not discolor.
EXAMPLES

Example 1
An exemplary catalyst system was prepared under an inert
atmosphere (nitrogen) using chromium(III) 2-ethylhexanoate (21.3 mmol
Cr), 2,5-dimethylpyrrole (63.8 mmol), ethylaluminum dichloride (85.1
mmol) and triethylaluminum (319 mmol) as follows: Chromium (III)
2-ethylhexanoate was dissolved in 100 mL anhydrous toluene and 2,5-
dimethylpyrrole added to the resulting dark green solution. In a

separate container, ethylaluminum dichloride and triethylaluminum were



[err] Wil e this invention has ' | N
detail for the purpose of illustration, it is not tHimnHﬂmﬂnummu
limted thereby _but is-interdedilto cover all changes=and modi*fi €attons
wi thin the spijidepangrapsitiHereof . - -

CLAIMS 1. guRcl88 tql i nhibit an ol Stibstitute shest addulyal 89§ st
system activit ner i za_ti':pn products and trinerization
catal yst syste i'sing the sequential steps of:

a) formng a product stream by contacpip apg@l efin trinerization reactor
ef fl uent stream which conprises olefin product(s), catalyst system

pol yrrer (s) &nd/ or ol i dopracess)tovinhibitan odé¢fomtrishenation icatalyst sjistemn activdtyyand to

o) f . ' i d | . .
Corpt 1 ses. arSave-Riheiealon plodlb Shi SRRk AIER e EF i cRimbB e foriprising
al kyl al um ntie sequantiab&teps of:

a) forming a product stream by contacting an olefin trimerization reactor

effluent stream which comprises olefin product(s), catalyst system, polymer(s) and/or
oligomer(s) with an alcohol that is soluble in any portion of the reactot effluent stream;
wherein said catalyst system comprises a chromium source, a pyrrole-containing
compound and an alkylaluminum compound;

b) separating the product stream of (a) by removing and recovering at
least one olefin trimerization product to form a product portion and a waste portion;

¢) adding an aqueous, inorganic base to the waste portion of (b), to
form an aqueous phase which comprises the inorganic base; an organic phase which
comprises olefin product(s), polymer(s) and/or oligomer(s); and a precipitate which
comprises chromium,; . .

d) removing the precipitate from the aqueous phase and organic phase;

¢) separating the aqueous phase and organic phase; and

f) adding a mineral acid selected from the group consisting of sulfuric
acid, phosphoric acid and mixtures thereof to the aqueous phase to remove substantially
all of the aluminum. .
2. A process according to claim 1, wherein said reactor effluent stream
comprises olefin product(s); an olefin trimerization catalyst system; an organic diluent;
one or more mono-olefins; and polymer.
3. A process according to claim 2, wherein said alcohol has a boiling point
different from the olefin product in the reactor influent stream.
4, A process according to claim 3, wherein said alcohol has 6 or more
carbon atoms per molecule. -
5. A process according to claim 1, wherein said aqueous base is in an
aqueous inorganic base selected from the group consisting of sodium hydroxide,

potassium hydroxide, and mixtures thereof.



b) separating the product streamof (a) by renovin | mlrnmgt | east
one olefin tri el ZariOfn, ) lto form a productﬂm Lmimﬁ te
portion; R“&"%‘c’c?%’\p’; g%‘kﬁ% n aqueous, inorgantc ase #o the* waste
portion of (b) 6638 f 2r3nJiip 898eo0 phase whi ch conprises the inorganic
base; an organ{|c"Phase  wHI¢H ¢oig) i ses ol ef i n psabskiute shepok PR dGly) 1998/ or
oligoner(s); and a precipitate which corrgi‘{)ses chrom un . d)

renoving the precipitate fromthe aqueods“phase and, organic phase;

i ng & m Reral - aci o ABreserciroriie Bicap) &, RAGR ol aueous inorgepic baselt,

phosphori c %@iadsimq;y&mﬁaé,es thereof to the agueous phase to renove

subst anti al all of the alum num 2. L . A progess accordipg to
clai m™, whéfein sai d 4 PO acsprdingsigrclaimy bayhersinpiaid punegplac ‘Sp?'%ﬂ‘ﬁ‘et(s);
an olefin trjherization catalyst system an organic diluent; one or nore

mono-ol efins; and pol yner. 3. A process according to claim 2,
wher ei n sai @.al cohol haprecesnadcomiingoi claindi f ¢azriedh butf unsler comditidbrst ¢fhampbiontuct
in the reactor influenf stream 4. A process according to claim

3, wherein J{HPPETAMIGAR PIFSEY® or nore carbon atons per nol ecule. 5.

A process agcordi ng t oA Gredel docoddfy B dlain | Owh&reROId BREEOI i§ allfledbih alUEOUS
i norgani ¢ base selected fromthe a(‘iroup consi sting of sodium hg/drox[ de,
pot assi um hynasrt ¢Eup 4@ mplar equivaletis pfalcohol per the sum of moles of chromium and

- 24 - 6. Ty W Im5, wherein said aqueous
I norgani c bérsl%le? (s)f%lo assauo%qﬁi roxi de. %oin%oﬁh& A process according to
claim1, wherein sai d Aipiedess actoiding o clhiini V) Wherein shid 8queous, inorganic bhse is

process according to claim]l, carried outf under_conditions of _anpient
t enper at ur e aAed H 83 dmoant of up to 5 molar equiy Qfbase per g S P%mg’reéi% 1,
wherei n sai RGP hnd dﬁ%h%rﬁin' o uitbhue? r equi val ents of
al cohol perq:thﬂée sumht(l)# ﬁlr?g%es 0 C"alir%om ulr-'in a nol es 8(?,, um num of the .
al kyl al um nulh. conpoundA pt@cess according to ¢laimt ¢ wherei said diinerat acid limadded,in an

wherein said a ous, .i nor ic,base is added.jn an a t of 0 5 nol ar
equi vial entls 3€?°q’5§§guﬁé%’ ﬂBﬂ@agh’r%fqu' gtsdg at‘f#r%?ﬁ’ﬁ%egﬁgﬁmn&glu& | umi num
of the al kylAkyiAiufiirk QERLESY.

12, A process to inhibit an olefin trimerization catalyst system activity and to

recover trimerization products and trimerization catalyst system components comprising
the sequential steps of:

a) forming a product stream by contacting an olefin trimerization reactor
effluent stream which comprises olefin product(s), catalyst system, polymer(s) and/or
oligomer(s) with an alcohol that is soluble in any portion of the reactor effluent stream
and has from six to twelve carbon atoms per molecule;
wherein said catalyst system comprises a chromium source, a pyrrole-containing
compound and an alkylaluminum compound;

b) separating the product stream of (a) by removing and recovering at
least one olefin trimerization product to form a product portion and a waste portion;

¢) adding an aqueous inorganic- base selected from the group consisting
of sodium hydroxide, potassium hydroxide, and mixtures thereof to the waste portion of
(b), to form an aqueous phase which comprises the inorganic base; an organic phase
which comprises olefin product(s), polymer(s) and/or oligomer(s); and a precipitate
which comprises chromium;

d) rembving the precipitate from the aqueous phase and organic phase;



11. A process according to claiml1, \/\herel Ci d IS
added in an anount of up to about_ 5 nolar equivalen ﬂl[lﬂ E ME ﬂ“lal e of
al um num of the qgl Heyat-ume I’TQTTKT%H@B' nd. 12. nhi bi t
arf ol efin trinerij BEFBRCESEYSS sytemact|V|ty and to recover
trimerization prdducts @Gdjtjtﬂ i zAti on cat al yStibstitatesheenp@2einily 1998
conpri sing the sqpbéiti-al-steps ol a) form ng a product

stream by contactrmg an olefin trineri zat?on react or effluent stream which

conprises ol efin prodgst éh%g [ or oligoner(s)
wi th an al cohol that |Z %g Bﬁ% a@%y ort%?\d)g# ea?tﬂgr ef fl uent
stream and has from sifx addmgvaatnmrdaacid)selmmtﬁomahe rgndlgaccdnm;stmg]efaulﬁzrﬂai d

gﬁéa%sgl E;i‘slé uﬁ%ﬁﬁ#%%ﬁ%%&ﬁ@hr%es ggg{:go the aﬂ;} rroI e- cont ai ni ngl?co und

stream of (ajl ofthe eRBMmas, and recovering at | east one oI ef| n tr| ner i zatlon
product to forma product portion and a waste portion, c)
addi ng an addeous i nofyprcessmgserding teclaim 12,0ombartin sgndomct@n)@um sixgamof

sodi um hydr dr.ox and.m.xt ur eof ta t he st.e
portion of gﬁgﬁsesp&%ﬁﬁ%&g&gﬁmﬁu&s}gﬁhggg ’\}ﬁ“é?ﬂ c%%%ﬁ){rl SEDH R rﬁﬁ%?é%ﬁ
base; an or gaeoc npire swonovdiefids; andrpolyars. ol ef i n product (s), poI yner (s)
and/or olig r(s); d a reC| itate vymch corrprlses chronj um

r enovi ng?gﬁe pr eC| ‘?ﬁd{”rgem Wheass saidpayegineragRigchase is
e) separ atlggtaggmw&.phase and organic phase and f)
adding a mneral acid selected fromthe group consisting of sulfuric acid,
phosphoric &8id and niApracess achendingf totalaitrh 2, amherein saidrmireral acideissubfuric
substantia{l\llﬂgi all of the alum num 13. A process according to
claim 12 flei n said reactor effluent stream conprises olefin product(s):
an ol efin tngnerizati pfRbdl atsérdigStoRInA 12, Wabiidd Sut LnletednditRMS of 'andHre
nono-ol efins; and pol yner. 14. A process according to claim12,
wher ei n sai FTRRFTRBIRS drﬂ'ﬁ@é#ﬂ c base is potassium hydroxide. 15. A

process accggding to Ciids.s r.ic_acid.
16. 1. A process accor%‘(?l ngﬁ{goﬂ0 ‘i‘aﬁr?b“’ﬁe?%‘ﬁ gaélg‘m()%ffn%e‘{‘géﬁﬁai tions
of anbi ent tmopstof up & Smblar @fivalents of alcohol per the sum of moles of chromium and

moles of aluminum of the alkylaluminum compound.

18. A process according to claim 12, wherein said aqueous, inorganic base is
added in an amount of up to 5 molar equivalents of base per the sum of moles of
chromium and moles of aluminum of the alkylaluminum compound.

19. A process according to claim 12, wherein said mineral acid is added in
an amount of up to about 5 molar equivalents of acid per mole of aluminum of the
alkylaluminum compound.

20. A proct;.ss according to claim 1, wherein said alkylaluminum compound
is a trialkylaluminum compound.

21. A process according to claim 12, wherein said alkylaluminum compound

is a trialkylaluminum compound.



17. A process according to claim 12, wherein said alcohol is
added in an anbunt—ef-up.-to-5 polar_eéquival ents of al cohol per the sum of
mol es of chrom uny aag: ABkeEN@fsiadgHminum of the al kyl al um num conpound. 18.

A process accordifhg to ?éuojn 1M«5rei n sai d aqueous, inorganic base is
added in an anount mafe :u lﬂ- r {lequi val ent Sulfstitatecsipaet < 22 Ly &8

mol es of chromu numpgf. the al kyl al um num conpound. 19.
A process according to claim 12, wherein said mneral acid is added in an
amount of up to about PROOCESS mmms GEEHN PROBUCTION of al umi num of
the atkyl al um num conmpound_ _20. process according to claiml,
wherein said al kyl al um nunddsf _'L' MUREIRITION, ym conpound. 21.
A process according to claim12, V‘heAES*f’Ri@’ld al kyI al um num conpound is a
trial kyl al um num conpound. -

A process is provided to inhibit trimerization catalyst system activity

which comprises the sequential steps of contacting a reactor effluent stream with
alcohol; removing any desired olefin products; adding an aqueous base to the non-
olefin portion; removing a precipitate; separating the aqueous and organic phases;

and adding an acid to the aqueous phase.



