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BACKGROUND OF THE | NVENTI ON Field of this invention relates to
ol efin production and olefin production catalyst system stabilization. '
O efins, primarily al pha-ol efins, have many uses. In addition to uses as
specific chem cals, al pha-olefins are used in polynerization processes
either as a nononer or a conononer to prepare polyolefins, or polyners.
“Unfortunately, during any catal yzed reaction, such as an olefin production
process or a polynerization process, catalyst system activity and
productivity can decrease. Furthernore, harsher reaction conditions, such
as increased tenperatures, can increase catalyst productivity and
selectivity, but, conversely, can result in shorter catalyst systemlife,
gui cker catal yst system deconposition, and/or catalyst system
destabilization. D sposal of spent catal yst system can
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OLEFIN PRODUCTION

BACKGROUND OF THE INVENTION

Field of this invention relates to olefin production and
olefin production catalyst system stabilization.

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 any catslyzed vceaction, such a&s an
olefin production process or a polymerization process, catalyst system
activity and productivity can decrease. Furthermore, harsher reaction
conditions, such a&s increased temperatures, can increase catalyst
productivity and selectivity, but, conversely, can result in shorter
catalyst system life, quicker c;talyst system decomposition, and/or
catalyst system destabilization. Disposal of spent catalyst system can
pose environmental problems and continual addition of new catalyst

system can be cost prohibitive.



pos&*envi ronnental problens and continual addition of new catal yst system
can be cost prohibitive. 2

SUMVARY OF THE | NVENTI ON Accordingly, it is an object of this
invention to inprove olefin production %atalyst system activity and
productivity. It is another object of this invention to provide

a process which will effectively stabilize and/or reactivate an olefin

production catalyst system }% s, a further object of this
i nvention to provide a process HgY -Fﬁgﬂﬁdﬁgggﬂlefin producti on using
an improved, or stabjlized,, olgfin produgtion, catal yal. SYSem cnorov.
It is yet another objecf of {his i'AventTon to providée a  process Po°v®
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I n accordance wt IS 1nventiron, "a process I's pr stabilize,

regenerate and/or repctivai@nah ieli N PRAdUCLLeR: AL 8L Velov 18y St M dusch
conprises contacting an ol efin production catalyst system either before

or after us@hidvh 13N A0kl 2@BPORIand/or reactivate an olefiPBEMAHLED on
DESCRI PTI ON OF THE | NVENTI ON
catalyst system.

It is a further object of this invention to provide a process
which will enhance olefin production using an improved, or stabilized,
clefin production catalyst system.

It is yet another object of this invention to provide a
process to increase the thermostabili;y of an olefin production catalyst
system.

In accordance with this invention, a process 1s provided to
stabilize, regenerate and/or reactivate an olefin production catalyst

system which comprises contacting an olefin production catalyst system,

either before or after use, with an aromatic compound.

DETAILED DESCRIPTION OF THE INVENTION

Catalyst Systenms

Catalyst systems useful in 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 hydrocarbon. Optionally, these catalyst systems can
be supported on an inorganic oxide support. These catalyst systems are
especially useful for the dimerization and trimerization of olefins,

such as, for example, ethylene to l-hexene.



Cat al yst Systens Cat al yst systens useful in accordance with this
i nvention conprise a chrom um source, a pyrrol e-containing conpound and a
nmetal alkyl, all of which have been contacted and/or reacted in the
presence of an unsaturated hydrocarbong Optionally, these catalyst systens
can be supported on an inorgani c oxide support. These catal yst systens are
especially useful for the dinerization and trimerization of olefins, such
as, for exanpl e, Thet hykenent @qlﬂrcbek(e&ﬂeae one or more organic or inorganic

3 The chrom um source can be one or nore organic or inorganic
conpounds, whepeindst hehohRionthemaxedain oridsitabe ssatfer om GFrbw &.to General ly,
the chrom um source will have a fornula of CrX[err], wherein X can be the

same or dif fereslland-heanhiraiahysogreramilél oravienar femiiea afadicfal wvhardonXis an
integer froml to 6. Exenplary organic radicals can have fromabout 1 to
about 20 carBBnPatdifs spB tadiléftrenantndaren el et feRP Bmarhdnerasapce
consisting of alkyl, al koxy, ester, ketone, and/or amdo radicals. The
or gani ¢ radiréﬁi%alcaﬁ“%é‘ 8 regy ghtesehafiP8dlofo Cor antieds = ypeBrRicoratiopdsi c,
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limted to Q@iééyaﬁ’f?&“ffﬁgegrou%ngéé%&stfyg % Salkyl, alkoxy, ester, ketone,
and/or amido radicals. The organic radicals can be straight-chained or
branched, 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 source is a chromium(II)- and/or
chromium(III)-containing compound which can yield & catalyst system with
improved polymerization activity. Most preferably, the chromium source
is a chromium(III) compound because of ease of use, availability, and
enhanced catalyst system activity. 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
[Cx(THMHD);], chromium(III) 2-ethylhexanoate [Cr(EH); or chromium(III)
tris(2-ethylhexanocate), ] chromium(III) naphthenate [Cr(Np);],
chromium(III) chloride, chromic bromide, chromic fluoride, chromium(III)
acetylacetonate, chromium(III) acetate, chromium(III) butyrate,

chromium{III) neopentanocate, chromium(III) laurate, chromium(III)

stearate, chromium (III) pyrrolides and/or chromium(III) oxalate.



Preferably, the chrom um source is a chromun(l1l)- and/or

chrom unm(111)-containing conpound which can yield a catal yst systemwth

i nproved pol ynerization activity. Mst preferably, the chrom um source is
a chromum(111) conmpound because of ease qf use, availability, and
enhanced catal yst systemactivity. Exenmplary chrom un(l11) conpounds

i nclude, but are not limted to, chrom um carboxyl ates, chrom um

napht henat es, chrom um hal i des, chrom um pyrrolides, and/or chrom um

di onat es. Specific exépglidiy exhrpifirgunghreriuddipoands idaciamdede bt aree npot
limted to, chromun(Ill) 2,2,6,6,-tetramethyl heptanedi onate ‘ »

[ Cr (TVHD) [ er rifritedr v GHEPTIS DrtiHg| hetwaneat ef Ve {deH) FBFGTPUSr chloride,
chromunm(111) ., tris(2-ethyl hexanoate), chrom um() I1) napht henate  _
[Cr (Np)[err] ﬁhmem"&ﬁ%ﬁa S|<F)e%‘ﬁf*efﬁaa%'l,teehramnib%fﬁ?défet@ﬁ?on? P HSHT de,
chromun(111) c | acet Qn chrom u 1) aceta hrom un( | I ,
but yrat e, ch?%ﬁf%%%l ?%om(r%gﬁlgat%eﬁgﬁ? 'éa,noc er’or?‘ihﬁ?ﬂlluf"fﬁ)l gﬁ”rraattg,‘ q:(hromgum\II)

chrom un(l 11 )seo3E£&, Ak Rrond BF ) URaGhid JanBYSS Qhi &SN/ By LRGOM un(111)
oxal at e. 4 Specific
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brom de, chronous fluoride, chronmous chloride, chromun(ll)

bi s(2- et hyl hecbapoaide) or Glyt-odm id8| | dhht acidllat @ctCith Whrbhjum boiydeat®, form a

chromum(11) neopentanoate, chromun(ll) laurate, chromun(ll)
chromium pyrrolide complex. As used in this disclosure, the term
"pyrrole-containing compound” refers to hydrogen pyrrolide, i.e.,
pyrrole (C,HgN), derivatives of hydrogen pyrrolide, substituted
pyrrolides, as well as metal pyrrolide complexes. A "pyrrolide" is
defined as a compound comprising a S-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,
containing 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
pyrralide, and/or the salts of substituted pyrrolides, because of high
reactivity and activity with the other reactants. Examples of
substituted pyrrolides include, but are not limited to,

pyrrole-2-carboxylic acid, 2-acetylpyrrole, pyrrole-2-carboxaldehyde,

tetrahydroindole, 2,5-dimethylpyrrole, 2,4-dimethyl-3-ethylpyrrole,



stearate, chromun(ll) oxalate and/or chromun(ll) pyrrolides.

The pyrrol e-containing conpound can be any pyrrol e-contai ning conpound, or
pyrrolide, that will react with a chrom um source to forma chrom um
pyrrolide conmplex. As used in this disclosure, the term

"pyrrol e-containing conmpound” refers to hydrogen pyrrolide, i.e., pyrrole
(JerrJHerr]N), derivatives of hydrogen pyrrolide, substituted
.pyrrolides, as well as netal pyrrolide conpl exes. A "pyrrolide" is

defined as a gqgg@ypq%gogg&kﬁgﬁg & 13- menbered, nitrogen-containing
as

het erocycl e, such or exa pyrrol e, derlvatlves of pyrrole, and

m xtures therggfy- Br@fadlnyuhyﬁf@(QW@L@:&QM?Janbpgmqenpound can be pyrrole
and/ or any heterol eptic or honoleptic netal conplex or salt, containing a

pyrrolide radpeirionde,! i GARL-3 ;5 dT hﬁtWI-VZObﬁrr%q)Q&@dekﬁHteQQWB@!JQQxG@fEsbe
either affirmatively added to the reaction, or generated in-situ.
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20 carbon atonms per nolecule. Exenplary pyrrolides are selected fromthe
group consi stiemylodnthylirogen ppewid den (pyrsldied)s chiothimupyqypk idl.i de,

sodi um pyrrolide, potassiumpyrrolide, cesium pyrrolide, and/or the salts
of substituted pyrrol |Taesm°sﬁe@aa%eére¢ Wrgﬁle'r@aéﬂfw’syCO"a’ﬁdnCifctqsviityn &ith
the other reactants. npl es substituted pyrrolides include, but
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chromium pyrrolides because of enhanced trimerization activity.
Optionally, for ease of use, a chromium pyrrolide can provide both the
chromium source and the pyrrole-containing compound. As used in this
disclosure, when a chromium pyrrolide i{s used to form a catalyst systenm,
a chromium pyrrolide 1s considered to provide both the chromium source
and the pyrrole-containing compound. While all pyrrole-containing
compounds can ‘produce catalyst systems with high acﬁivity and
productivity, 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 aliphatic radical.
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 molecule and
preferably less than about 20 carbon atoms per molecule. Exemplary

metal alkyls include, but are not limited to, glkylaluminum compounds,



5 3-acetyl -2, 4-di net hyl pyrrol e,

et hyl - 2, 4-di net hyl - 5- (et hoxycar bonyl ) - 3-pyrrol e- proprionate,

et hyl - 3, 5-di net hyl - 2- pyrrol ecarboxyl ate, and m xtures thereof. Wen the
pyrrol e-contai ni ng conpound contai ns chgomi um the resultant chrom um
conpound can be called a chrom um pyrrotide. The nost preferred
pyrrol e-contai ning conpounds used in a trinerization catalyst systemare
sel ected fromthe group consisting of hydrogen pyrrolide, i.e., pyrrole
([ err] H ere]dylboons admpeindy b py Heydireswasd 'or comstorddi um [§yE T BI5 desPPdause of
enhanced trinerization activity. Optionally, for ease of use, a chrom um
pyrrolide c&rf/grotikge bohhur kerruifdni reepifrdemshd 11 tpyirorde cBht &8 ng
conmpound. As used in this disclosyre, when a.chrom umpyrrolide is used
to forma C%R%Jg@?‘%?sf%N1”*ﬁt¥ﬁrgh% pyffgfwagi? “%0n§F%€?ghl$B”Brovide

both the chi o UMSALaG, ANdcANE RYY ! oL & GoMl AliL0g COIRRUL. 1.0 Wikl all

pyrrol e-contal nr ng ® conpdunds can produce ¢ ysSt systens gﬁ’

activity an@rt@FQﬂ#ﬁE&MﬁEX;aﬂﬁemﬂﬁm9¥§ﬁ§£?aﬁﬂd/°r 2, 5-di met hyl pyrrol e can
ys

produce a cata systemw th enhanced activity and selectivity to a

desired product. preferably, Wi WRtal AWMl isan.be--2RYy ched eral gpbig or
honol eptic netal al kyl conpound. ©One or nore netal al kyls can be used.

The al kyl té@aBe{ss) ¥ dohenyiRbayzeaan ibe. alridqghagireccandéeid ai@RBbfer,

Preferably, the alkyl ligand(s) are any saturated or unsaturated aliphatic

radi cal . alkylaluminum compounds, derivatives of alkylaluminum compounds,
halogenated alkylaluminum compounds, and mixtures thereof for improved
product selectivity, as well as Iimproved catalyst system reactivity,
activity; and/or productivity. The use of hydrolyzed metal alkyls can
result is decreased olefin, 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,;, AlR.X,
Al1RX,, Al1R,0R, A1RXOR, and/or Al,R;X;, wherein R is an alkyl group and X
is a halogen atom. Exemplary compounds include, but are not limited to,
triethylaluminum, tripropylaluminum, tributylaluminum, diethylaluminum
chleoride, 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
triethylaluminum, for best results in catalyst system activity and
product selectivity.
Usually, contacting and/or reacting of the chromium source,

pyrrole-containing compound and a metal alkyl is done in an unsaturated

hydrocarbon. The unsaturated hydrocarbon can be any aromatic or



The metal al kyl can have any nunber of carbon atons. However, due to

comercial availability and ease of use, the netal alkyl will usually
conprise |l ess than about 70 carbon atons per netal al kyl nol ecul e and
preferably | ess than about 20 carbon atogs per nol ecul e. Exenpl ary netal
al kyl's include, but are not limted to, alkylalum num conpounds, :
6 al kyl boron conpounds; al kyl magnes [err] m conpounds, al kyl zi nc
.conmpounds and/or al kyl 1ithium conpounds. Exenplary netal alkyls include,

but are not atkipHattiechydk6carbBn PUlnyh gdsi,t hiqimd oSsbulylskhtdi URTeferably, to
t-butyllithium diethyl mgnesium diethylzinc, triethylalum num

tri met hyl al usif iery  thbrdugs oberttyk alngmofintheanrd rom dinuks esrdehepeofle-containing
Preferably, the nmetal alkyl is selected fromthe group consisting of
non- hydr ol yzedmpgungd, , ansotmeps b-eddnt acthedvidath roedehyd ragakydmlwidi negnin a
conmpounds, derivatives of al kyl al um num conpounds, hal ogenat ed

al kyl al um nuhi@bifpetiticts, HEredundatrat'ed brisosarbdnoeas mgrevi@d nyRbed rEt carbon
selectivity, as well as inproved catal¥st systemreactivity, activity,
and/ or produlfPiA P¢r mopRetifse BFUadylr Sy 2P aRREaledatidrrsa BigA v ildsaetpriige

d d olefin, .i.e., liqguid roduction and .i ncreased r, i.e.,
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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 preferred unsaturated aliphatic hydrocarbon
compound is l-hexene, because of elimination of catalyst system
preparation steps and l-hexene can be a reaction product. FExemplary
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 catalysé_system stability, as well as produce a highly active
and selective catalyst system. 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
not adversely affect and can enhance the resultant catalyst system, such

&s, for example, halides.

Catalyst System Stabilizatlon

Even though the catalyst system preferably can be produced in

the presence of an unsaturated hydrocarbon, in accordance with this



AlRX[err], AIRerr]OR, AIRXOR, and/or Al[err]Rerr]X err] wherein Ris an

al kyl group and X is a halogen atom Exenplary conpounds include, but are
not limted to, triethylalumnum tripropylalumnum tributylalum num

di et hyl al um num chloride, diethylalumnum brom de, di et hyl al um num

et hoxi de, di et hyl al um num phenoxi de, et8hyl al um num di chl ori de,

et hyl al um num sesqui chloride, and m xtures thereof for best catalyst
systemactivity and product selectivity. The nost preferred al kyl al um num
conpound i gnventilenhyddallitinadm bedref ibi@dt cetedubt ssyishetattabystzasyat eraktivity

and product selectivity Usual | y, contacting and/or reacting of
t he chromi @Al &itceedy CBW%I%& At Hi AL RRF ébﬁ"pﬁﬁ'u?’]b‘haﬁﬂ HORBE CaTWI”“r s done
in an unsaturated drocarb pe unsat urat ed hydrocar bon can any
aromatic or e contact ng of the catalyst system -&And aromaaf%lﬁggPound
hydrocarbon, in S Prefenabl v, ect

t hor ough cGAPa® c|urr1g‘g?‘tofélm(%1e c rigoﬁ‘l E%Cé)gﬁrctgng Oyer o1 G- Contar n?mng‘j'l[kééjrrrlﬁo%fnd

and netal lhtggideaﬁftgﬁsung @l e nydrgear Qqnowfhk Phcel Bedy1ehl Auhd siate.

The unsatura rocar bon can have any’ nunber of carbon atons per
mol ecul e. guahl yinttrta@u&%atyf afed hydiracaEbogswi dysteRIDr Tt erd€SThENAN

about 70 carbon atons per nolecule, and preferably, |ess than about 20

carbon at ongofedicNBbmoUhE andUthd Qa CANBEIGisdbn RrafdabilY iday BdGrecontacted
outside of the reactor, or contacted in-situ in the reactor. Conteacting
of the aromatic compound and catalyst system can occur under any
conditions sufficlent to stabilize the catalyst system in the presence
of heat. Generally, contacting temperatures can be within a range of
about -50° to about 70°C, preferably within a range of about 10 to
about 70°C. Most preferably, for ease of use and safety, contacting can
occur at a temperature within a range of 20° to 30°C. Generally,
contacting times will be less than about 1 hour, and preferably for a
time within a f;nge of 0.01 seconds go about 10 minutes. Most
preferably, the contacting time can be within a range of 0.1 seconds to
30 seconds. Additional contact times do not improve catalyst stability,
and shorter contact times can be insufficient to allow complete
contacting of the aromatic compound and catalyst system and, therefor,
insufficient stabilization of the catalyst system. Any pressure which
allows thordugh contacting of the aromatic compound and catalyst system
can be used. Most preferably, any pressure which can maintain the
aromatic compound and catalyst system in liquid form, in order to ensure
a thorough contacting, can be used. Most preferably, the contacting is
done under a dry, inert atmosphere, so as to not alter the catalyst

system.



ease of use. Exenplary unsaturated, aliphatic hydrocarbon conpounds

i nclude, but-are not limted to, ethylene, 1-hexene, 1, 3-butadiene, and

m xtures thereof. The nost preferred unsaturated aliphatic hydrocarbon
conpound is 1-hexene, because of elimnation of catal yst system
‘preparation steps and 1-hexene can be a reaction product. Exempl ary
unsaturated aromati ¢ hydrocarbons include, but are not limted to,

‘tol uene, benzene, xylA@hearamesie ydompencheRANkS Wlpﬁeh&’éﬁe“a’anﬁaﬁiik{zt?r ége

t hereof . Unsaturated, aromatic hydrocarbons are preferred in order to

i mprove cat aFilfsatly%E/siYéﬁFEtHblq*ietW“‘a"é‘c\ﬁePF B8 tpr ofEewred thi ghily 2a214%€  and

sel ective catal S e he nost preferred unsaturat d a
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the reacti one i Kbl SindCQIRNL,SE A SALOMAIAOYL 6fen BYLS Uhs: gontalnL

conpound, neta and unsatur ated rocarbon can contai i nal
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catal yst system such as, for exanple, halides.
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preferably can be produced in the presence of an unsaturated hydrocarbon,

i n accor danceheMatbmdtlicScompound with the catlayst system. The aromatic compdhnd
can act as 1ts own solvent or can be soluble in another solvent or
carrier. Aromatic compounds with 6 to 50 carbon atoms per molecule are
generally more soluble in the reactor medium at reaction conditions and
therefor are easily maintained as a liquid.

Generally, the amount of aromatic compound added to the
reactor can be up to about 15 weight percent, based on the amount of
solvent in the reactor, and preferably within a range of about 0.1 to
about 10 weight percent. Most preferably, the amount of aromatic
compound contacted with the catalyst system is within a range of 0.5 vo
5 weight percent, based on the volume of solvent in the reactor. Too
much aromatic compound can inhibit catalyst system activity and
insufficient aromatic compound cannot act as 8 stabilizer to the
catalyst system. Expressed in different terms, the moles of aromatic
compound per mole of active chromium compound in the catalyst system can
be up to about 6,000, preferably within a range of about 550 to about
3,000 moles of aromatic compound per mole of active chromium in the

catalyst system. MHost preferably, an amount within a range of 400 to

1,000 can be used for the reasons given above.



invention, additional, beneficial catalyst system stabilization can be
achi eved, by contacting the catal yst systemw th an aromati c conpound.

The contacting of the catal yst system and aromati c conmpound can occur at
anytime prior to contacting the catalyst;systemw th one of the reactants,
~such as, for exanple, an olefin |ike ethylene, and prior to the

i ntroduction of heat to the catal yst system Therefor, the aromatic
-conmpound and the catal yst system preferably can be precontacted outside of
the reactor, or contacted in-situ in the gaaeagts. Contacting of the
aromati ¢ conmpound and catal yst system can occur under any conditions
sufficient to stabil Tzimerhmstdat alasstissly sihenhin dihel opnesericede ohethiest .che
General ly, contacting tenperatures can be within a range of about -50[err]
to about 70[®mb}@Gtipneteraabl twoni thiae.acr arrge ofefdboutwhefein ghe aboger of
70[err]C. Most preferably, for ease of use and safety, contacting can

occur at a tEpératlufer HEERPITCArPAUNngRURIe Dordsy iF FesiuSed & Feo-  RepwEraf |y,
contacti ng tings wi.ll _be | ess than about 1 hour, and pre erablg for a tine
within a raff8 ot2001°%&E8Nnts T8 SHEGE 24 dOM PRIEEES ©F fbst PPruriarably,

t he contacti ' n wi,t.hin ran f 0.1 seconds . to , 30 seconds.
Addi ti onal égﬁggé f?ﬁ%?gg% ﬂgfhiﬁ%}gseggg éfgé ’§f§b1ﬁ¥%y?nuﬁhd SHorter
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aromati c conpound "and catalyst System a erefor, insufficien
stabilizatiqnyef 1theendt ahYSknsY Sb B oAW1 RN &FSUN 8- YiaGhen Al Aag\gsgmor ough

contacting of the aromatic conpound and catal yst 'system can used.
Most prefer ablsyey ABYc HaQESUN @nMdCH)Cale MTRL Bt Aot ] WRIAMREL Cr&RAPRUAD and

catal yst systemin liquid form in order to ensure a thorough contacting,

can be used.otMestol¥reh £t alhyourkdBe C£@NG aEditi@méSize, to give useful products
such as, for example, co-trimerizetion of ethylene plus hexene can give
1~-decene and/or l-tetradecene, co~trimerization of ethylene and l-butene
can give l-octene, co-trimerization of l-decene and ethylene can give
l1-tetradecene and/or l-docosene. For example, the number of olefin
bonds in the combination of three ethylene units is reduced by two, to
one olefin bond; in l-hexene. In another example, the number of olefin
bonds in the combination of two 1,3-butadiene units, is reduced by two,
te 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.

Suitaﬁle trimerizable clefin compounds are those compounds
having from 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
example, ethylene, propylene, 1l-butene, 2-butene, isobutylene,
l-pentene, 2-pentene, 1l-hexene, 2-hexene, 3-hexene, 1l-heptene,

2-heptene, 3-heptene, the four normal octenes, the four normal nonenes,



done under a dry, inert atnosphere, so as to not alter the catal yst

system 9 Any aromatic
conpound can be used which can stabilize the catalyst systemin the
presence of heat. Generally, the aronpjic conpound wll have greater

‘than or equal to about 6 carbon atons per  nol ecul e and can have any
substitutents attached to the organic ring conpound. Preferably, the
.aromati c conpound will have fromsix to 50 carbon atons per nolecule in
order to enable a thor ougrg["c‘ont acting of the aromatic conpound with the
catlayst sysE¥mmi¥heresr 8hdy ct4ORPORTE tReAFO8ct FXE™PATY o €51y &3PrPRndSan
be soluble in anqther solvent qr carrier, Aromatic conpounds with 6 to 50
car bon atornsi’?)%“gﬁblté“ctul‘“éea'foet qd@hté’galti’y Wr'%“&?ﬂiﬁﬂfe P PR AP ea Y o redi um
at reaction ditions and_ .theref.or e easily i.ntained as_a |iquid.
General |y, tﬁgg_qg'rerﬁﬁnﬁen%f gffobrfaa f%edcgrﬁ%ﬁna?%l&ﬁe%l{&é"? he® Yeac Sorreééﬁar%é’up
to about 15 M\ﬁil@hkoqui%ﬁPJg’ tQaﬁe?dquHdtélﬁ t‘%ggl";n,t iqf is S@Jl\{gpéd 'trﬂaE h&erzﬁg(:t or,

and preferably within a range of about 0.1 to about 10 wel ght percent.

Most pref er afidbranthecaM@URindeof LR OfhEE12a620P 0P S ONt aEt A s¥Ed D chhe
catal yst systemis within a range of 0.5 to 5 weight percent, based on the

vol ume of sobm@rted Nerddner rgatiorport Joads) B thar @t inC peorgravnd stafld el bi t
catal yst systemactivity and
distant from the carbon-carbon double bond.
Catalyst systems produced In accordance with this invention

preferably are employed as trimerization catalyst systems.

Reaction Conditions

The reaction products, i.e., olefin trimers as defined in this
specification, 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
trimerization 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,
reaction temperatures within a range of about 60°% to about 200°C and
most prefersbly, within a range of 80° to 150°C are employed.

Generally, reaction pressures are within a range of about atmospheric to



insufficient aromati c conmpound cannot act as a stabilizer to the catalyst
system Expressed in different terns, the noles of aromatic conpound per
nol e of active chrom um conpound in the catal yst systemcan be up to about
6, 000, preferably within a range of abouf_ 550 to about 3,000 nol es of
‘aromati c conpound per nole of active chromumin the catalyst system Mst
preferably, an anount within a range of 400 to 1,000 can be used for the

reasons given above. 10

React ant s Trimerization, as used in this disclosure, is defined
as the conbination of any two, three, or nore ol efins, wherein the nunber
of olefin, i.e., carbon-carbon double bonds is reduced by two. Reactants

applicable for use in the trinmerization process of this invention are

ol efinic compoundsSomysil. Cateddradbe) f -de@a€ion bréxsurdd WABKiZ @, rdfgegbl &bout
useful products such as, for exanple, the self reaction of ethylene can
gi ve 1- hexenenasuherhe telabeuteactd anigf ark Fobutmdifersh lganw finie a range of

1, 5-cycl ooct adi ene; and/or b) ol efinic conmpounds which can react with

ot her ol ef i P08 EvAPOATdE, ane emplogedirinerize, to give useful products such
as, for exanple, co-trine.rization of ethylene plus hexene can give

1- decene and/or 1-tetade¥ené, acoeaqtilnr FERETBHIST 8P hyFrediecanee 174kt ene

can give l-octene,  co-tri ri zation of 1-decene and ethyl ene can give
9 un esirabfe inso?ﬁ%le product, such as, for ex&mpley polymer, agd too

high of 8 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.

Cataiyst 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, isocbutane and cyclohexane. Isobutane
can be used to improve process compatibility with other known olefin
production 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 1s predominately ethylene, a temperature in the range of about

60° to about 110°C is employed.



1-tetradecene and/or 1-docosene. For exanple, the nunber of olefin bonds
in the conbination of three ethylene units is reduced by two, to one

ol efin bond, in 1-hexene. In another exanple, the nunber of olefin bonds
in the conbination of two 1, 3-butadieng-units, is reduced by two, to two
ol efin bonds in 1,5-cyclooctadi ene. As used herein, the term
"trinmerization" is intended to include dinerization of diolefins, as well
as "co-trinerization", both as defined above. Sui t abl e
trimerizable olefin conpounds are those538ﬁ§§ﬁnds having from about 2 to
about 30 carbon at ofe, RS, M0} GUL g, 200 Baying . Jigast one. Qlefifig doubl e
bond. Exenpl ary nnnof1-ofe i 1 ¢onpounds 1 ncludle; But®at e*ndt 15" ted to

acyclic and,.gygld g,okefifs age Sk I t hyl , o 21 ORY! ene,
1- but ene, Zfbuté%e? is%%ﬁ};?gﬁgy i-ﬁ%é%%ﬁé?ngiggﬁﬁe%%,%%?hé§£%2¥’fghexene,

3-hexene, Iohe@Neor vdehePtitBBEredn NRRLLNEE hbhbofl il sNOE SRRy RCEENESs/ ok he

four nornmal nonenes, and m xtures of any two or nore thereof.
Exenpl ary diedp&lymarconpounds include, but are not limted to,
1, 3-but adi ene, 1, 4-pentadi ene, and 1,5-hexadiene. |f branched and/or

cyclic ol efins are TUseduashareacdantsndinghef echropreveshi hgvdnaide dnduneds by
theory, it is believed that steric hindrance could hinder the
trimerizatisgrepageesdl]l beTpopeided by refrrence to the following examples.

EXAMPLES
Example 1
An exemplary catalyst system was prepared under an iInert
atmosphere (nitrogen) using chromium(III) 2-ethylhexanocate (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 tcluene and
2,5-dimethylpyrrole added to the resulting dark green solution. 1In a
separate container, ethylaluminum dichloride and triethylaluminum were
mixed together. Then, the aluminum alkyl solution was poured slowly
into the chromium/pyrrole solution. The resulting dark yellow-brown
solution was stirred for 5 minutes and then the solvent removed in
vacuo. The remaiging oily liquid was diluted to 150 mL with cyclohexane
and allowed to set overnight, under nitrogen, at room temperature and
pressure. The solution then was filtered to 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 and solvent (dodecane) were

placed in a 1-liter flask equipped with & nitrogen inlet and a stir bar,



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

di stant fromthe carbon-carbon doubl e bond. Cat al yst systens
produced in accordance with this invention preferably are enployed as
trimerization catal yst systens. a React i on
Condi ti ons The reaction prO(]:lucts, i.e., olefin triners as

defined in this specification, can be prepared fromthe catal yst systens
of this invention by solution reaction, slurry reaction, and/or gas phase
reaction tec?e ueiﬂustl ngtconventtl onal eqw nt an rconta tiung ro esses.
Cont act i ng "0F ¢t &' ABRDEF M8 ol SIREPRe i tﬁ“ %1ta"‘|§7 Pr St dkUe %m
effected by, any.ymanner _kpown in the art. One convenient nethod is to

pera
suspend the cata yst s?em in an organic nediumand to agitate the

m xture to maintai nEN}QeS@@sY%EdéﬂYﬁh@ﬂ'{h SQLpLiQn ptrQJsQHQhQé’JchteEemo
trimerization process. O her known contacting methods can al so

enpl oyed. psig; and théfeaGhjRel SAPELAL S AenaW rBF 65 P S: LARINE RANYod .
tenperature and pressure which can trinerize the olefin reactants.

General | y, Bte@bdneoflow @apeathahst@eppat @anti tHei Rextbange ofcwalhpoudntQdtnrabguit
250[err]C. Preferably, reaction tenperatures within a range of about

60[ err] to salbowted200¢mrer] @idnd Condstseal dfieuialls| ¥y thiet he il and arsgetef w80et 0
150[err] C are enpl oyed. Cenerally, reaction pressures are within a range
of about ataeddeftedi end @nalyzed. A slight nitrogen purge was used to aid in

removal of volatile product(s) once the reactor pressure had dropped to
one atmosphere.

The reactor was then resealed and ethylene was added again
until the pressure reached 700 psig; ethylene was fed on demand. The
reactor was vented again, as described earlier. Reactor resealing,
ethylene pressurization, reactor venting, and sample collection were
repeated two or three more times.

Run 101 had 10 mg chromium (Cr) charged and Runs 102-104 had 5
mg Cr charged as part of the catalyst systenm.

The results of four Runs wherein no additional aromatic
compounds were added to stabilize the catalyst system are given below in
Table 1. The data in Tables 1 and 2 are a summation, or running total,
for all sample fractions collected. The column headers in the Tables,
such as C,~ and C¢*, stand for all of one type of olefin collected, such
as all butenes and all hexenes, unless otherwise indicated. The balance
of products collected, to total 100 weight percent, were olefins with

more than 10 carbon atoms per molecule.



12 about 2500 psig. Preferably, reaction pressures within a range
of about atnospheric to about 1000 psig and nost preferably, within a
range of 300 to 700 psig are enpl oyed. Too | ow of a reaction
tenperature can produce too nuch undesid abl e insol uble product, such as,
for exanple, polyner, and too high of 'a tenperature can cause
deconposition of the catalyst systemand reaction products. Too | ow of a
reaction pressure can result in low catalyst systemactivity.

Optional ly, hydroegen can be _added tq,thg rgactor to acc%Ler@te the
reaction and/ or ngrqgse cagglxﬁt system acfi vty o . Qathysg
systens of this @mention are particularly suitabtfe for use in
trimerization processes. The slurry process is generally carried out in
an inert diluent (mediun), such as a paraffin, cycloparaffin, or aromatic
hydr ocar bon. Exaﬁpiaﬁy rBactior Ui | udht s i Aicl utle,“but are nBt M nmited™to,
i sobut ane and cy&kphexanB. sobut ane® c8n Fe RBed to i mpt ov8 pfoceds ~
conpatibility with other known ol efin production processes. However, a
honbgenous tri nmertzation catalx§t systemis nore_sol ubl e in cycl ohexane.
Therefore, a pqgfl\red dlluentchfor a honnggneous catalyzedmtrlnerrzaflon
process is cycl ghexare. $ner the reactant°1s<mréaon1navelymet | @ne, Sa
tenperature in the range of
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about O[err] to about 300[err]C generally can be used. Preferably, when
the reactant is predomnately ethylene, a tenperature in the range of
about 60 to about 110[err]C is enpl oyed.

13 y oduct s The ol efinic
products of this invention have established wutility in a wide variety of
applications, such as, for exanple, as nononers for use in the preparation

of honopol ynmers, copol yners, and/or terpolymers. The further
under st andi ng of the present ‘invention and its advantages will be provided
by reference to the follomnng exanpl es.

EXAMPLES m o o o o anple 1 An exenpl ary

catal yst system was pp hared dnder ah |her at nrosphere (nitrogen) using
chromun(I11) 2-ethylAeXanoate (21.3 mol Cr), 2,5-dinmethyl pyrrole (63.8
mmol ), ethylalum numdichloride (85.1 mo]) and triethylal um num (319

mol ) as foll ows: Chromym (I1l) &2-ethy] hexanoate was dissolved in 100
nL anhydrous tol uene 'qn#] 2, 5zdi get hyl pyrrjpl e added to the resulting dark
green solution. In a®$eparate container, kthylalum num dichloride and
triethylalum numwere
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m xed together. Then, the alum num al kyl solution was poured slowy into
the chrom unf 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 15QnL with cycl ohexane and allowed
‘'to set overnight, under nitrogen, at roomtenperature and pressure. The
solution then was filtered to renove a black precipitate fromthe
filtrate, which contained the catal yst system and was diluted to a vol une
of 250 mL usi ng cycl ohexane.’ The catal yst system sol uti on and

sol vent (dodecane) were placed in a 1-liter flask equipped with a nitrogen
inlet and a stir bar, 14 under
an inert nitrogen atmmespier eén dadid he sheactlart wasrbrcuvghtedmerehiee desired

t enper at ur e. Et hyl ene was added until the reactor pressure
reached 700 inpsieged addet hénoetdh{T eme LS, f extadys tdepatrdh fofivatypeciédsesti ne
period. Ethylene flow was then stopped and the reactor was slowy vented
through a Eboldade Emdpeie doiellso Ghrderwddcttadus dsyishen Heténily dpereceatt or
were collected and analyzed. A slight nitrogen purge was used to aid in
renoval of 9BFattiire a5 eRAFEEs Fephid FArditéeNstor pressure had dropped to
one at nosphere.

Example 2

Runs 201-204 used identical catalyst systems, as described in
Runs 101-104, and olefin production reaction conditions similar to those
in Table 1. However, an aromatic compound added to the reactor with the
catalyst system in Runs 201-204. Reactor temperature in Runs 201-204
was 140°C and 5 mg of Cr as part of the catalyst system were charged.
In Runs 201 and 202, 15 mL of toluene were added to the reactor along
with the olefin production catalyst system and in Runs 203 and 204, 15
mL of freshly distilled n-butylbenzene were added to the reactor along
with the catalyst-system. The results of Runs 201-204 are given below

in Table 2.



The reactor was then reseal ed and et hyl ene was added again wuntil the
pressure reached 700 psig; ethylene was fed on denmand. The reactor was

vent ed again, as described earlier. React or resealing, ethylene
pressurization, reactor venting, and sapple collection were repeated two
or three nore tines. Run 101 had 10 mg chrom um (Cr) charged and

Runs 102-104 had 5 ng C charged as part of the catal yst system

The results of four Runs wherein no additional aromatic conpounds were
added to stabilize the catalyst systemare given belowin Table 1. The
data in Tables 1 and 2 are a summation, or running total, for all sanple
fractions collected. The columm headers in the Tables, such as (err]= and
Cerr], stand for gll of one, type of glefjncollected, such, as,al) bytenes
and all hexenesy ugl ess Qf herwise indicated.s The hal ance- ofs prpdugct sg;
collected, to“x&tal 100 wei ght Percent, were olefifis with nore than 0

carbon atons per nol ecul e. 15
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[err]

catal yst systemactivity
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343 uo paseq ST (duaxay-1) _%)-1 jo 1usdrad 31g8rap

that catal yst systemactivity

reactor%%onditions.

[err]

The data in Table 1 show that as reactor tenperature is
in Table 1 also sho

from90[err]C to 140[err]C,

The date
over tinme at constant

. e.,

[err]

i ncr eased,
decr eases.
decr eases
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Exanpl e 2 Runs 201-204 used identical catalyst systens, as
described in Runs 101-104, and ol efin production reaction conditions
simlar to those in Table 1. However, an aronatic conmpound added to the
reactor with the catalyst systemin 201-204. Reactor tenperature in
Runs 201-204 was 140[err]C and 5 ng of C as part of the catal yst system
were charged. In Runs 201 and 202, 15 nlL of toluene were added to the
reactor along wth the olefin production catalyst systemand in Runs 203

and 204, 15 nlL of qug@l dfs%iL&%dtQQQg%%IRpQ%gp%§w§¥ﬁhﬁgggg%%?gggghre

. % Ses
reactor along wth thé cata yst system e resu ns
given bel ngro"ngt:ﬂc_:abc!o%pg'und to the cataly%% system sign[@ircraktly increases
catalyst system activity and total grams of olefins collected, without
sacrificing selectivity to l-hexene.
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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As can be seen fromthe data in Table 2, the addition of an aromatic
conmpound to the catal yst systemsignificantly increases catalyst system

activity and t“i" efins col|lected, without sacrificing
"selectivity t ! Lummml ”I , Wife this invention has been described
in detail for the® purpose of illustration, it is not to be construed as
limted thereby but is intended to cover all changes and nodifications

within the spirit and scope thereof.

CLAIMS

1. A process to stabilize an olefin production catalyst system comprising
contacting a catalyst system comprising a chromium source, a
pyrrole-containing compound and a metal alkyl with an aromatic
compound under conditions sufficient to improve the catalyst system

thermal stability or activity.

2. The process of claim 1, wherein said chromium source is selected
from a chromium(II)-containing compound, a chromium(Id)-contain-
ing compound, and mixtures thereof, preferably wherein said chromi-
um source is a chromium(II)-containing compound selected from
chromium carboxylates, chromium naphthenates, chromium halides,
chromium pyrrolides, chromium dionates and mixtures of two or
more thereof, most preferably wherein said chromium source is
selected from chromium(IlI) 2,2,6,6,-tetramethylheptanedionate
{Cr(TMHD);], chromium(Ill) 2-ethylhexanoate [Cr(EH); or chromi-
um(lI) tris(2-ethylhexanoate),] chromium(Ill) naphthenate [Cr(Np)],
chromium(IIT) chloride, chromic bromide, chromic fluoride, chromi-
um(III) acetylacetonate, chromium(IIl) acetate, chromium(IIl) butyr-
ate, chromium(II) neopentanoate, chromium(IIl) laurate, chromi-
um(II) stearate, chromium(III) pyrrolides, chromium(III) oxalate, and

mixtures of two or more thereof.

3. The process of claim 1 or 2, wherein said metal alkyl is a non-
hydrolyzed metal alkyl and is selected from alkyl aluminum com-

pounds, alkyl boron compounds, alkyl magnesium compounds, alkyl



CLAI MS A process to stabilize an ol efin production catal yst

system corrpri si ng contacting a catal yst system conprising a chrom um
sour ce, pyrrol e-cont ai ni ng conpound and a netal alkyl with an
arorratic itions Efflment to inprove the catal yst
system theolrmmﬁ tﬂ ﬂﬂ \3 activitg 2. The process of claim 1,
wherein said ch mwsouwrce 15 sel ected froma chromun(l1)-containing
conmpound, a chromun(I11)-contai n- i ng conmpound, and m xtures thereof,
preferably wherein said chrom - um source is a
chromun(111)-containing conpound sel ected from chrom um car boxyl at es,

chrom um naphtﬂﬂmaloaq)oumlds,omlmnhthalm dm;pounds,clancbrrmuﬁumroblmdesr
chrom um di onat es_and m ref erably

f
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2- et hyl hexanoate | (EH)[err] or chrom -

tris(2-et hyI hexanoat e),] chromun(lll) napht henat e [Cr(Np) [err]],
chromun(ll | ori de, cromcbom e é q{gcflu ride chrom-
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un(111) stearate, chrom um( 1) pfyrrol irdes, chrom un(l oxal ate and
m xtures of twonetal myrr@htihsarmlﬂs of alkali mael myordides, oandzlnamranresuhmeQ
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magnesi um conpQiyadgnixtakdsy thereof.

5. The process of amy of the preceding claims, wherein said catalyst

system further comprises a halide source.

6. The process of any of the preceding claims, wherein said aromatic

hydrocarbon has less than 70 carbon atoms per molecule.

7. A process to produce olefins comprising contacting one or more
olefins with a catalyst system obtained by the process of any of the

preceding claims.

8. The process of claim 7, wherein said olefin has from 2 to 30 car-

bon atoms per molecule, preferably wherein said olefin is ethylene.

9. A process to trimerize ethylene to 1l-hexene comprising contacting
ethylene with a catalyst system obtained by the process of any of

claims 1 to 6.

10. The process of any of claims 7 to 9, wherein said contacting is
carried out at a temperature within a range of 0 to 250 °C and a

pressure within a range of atmospheric to 17.6 MPa.



zi nc conmpounds, al kyl 1ithium conpounds, and m xtures of two or nor e

thereof, preferably wherein said non-hydrolyzed netal alkyl is an al kyl
al um num conpound, nost preferably triethyl alum num 4. The process of
any of clainms | to 3, wherein said pyrrol e-containing conmpound i s
selected frompyrrole, derivatives of RABSTRACTal kal i metal pyrrolides,
salts of alkali netal pyrrolides, and m xtures there- of, particularly
. sel ected from hydrogen pyrrolide, 2,5-dinmethylpyrrole, and m xtures
t her eof . 5. The process "of any BEE%ﬂQ (ﬂsge&ﬂchlains, wherein said
cat al yst system further conprises a halide source. 6. The process of
any of the preceding clains, wherein said aromatic hydr ocar bon has | ess
than 70 carbon atons per nol ecul e. 7. A process to produce ol efins
conprising contacting one or nore olefins with a catal yst system
obt ai ned by the process of any of the precedi ng cl ai ns. 8. The

process of claim?7, \wherein said qle in ha%'fron12 o 30 car - bon atons
per nol ecul e, pref ef'abid *WhereP P 'eaFY 81 27904 11%° &rfATeperctivate ap °16|r}6‘éess
to trineriz hy =N CONREI S t i .Ng - thylene with a
cat al yst syglt:?r% O%‘t@giecr?tégh_ﬂ)sf tesﬁg@%? o‘grg‘gé g:fo_g n%ggf %%éarlgf‘%ﬁ_ rr?s‘$_1°¥eo£8. 10.
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out at a tenperature within a range of 0 to 250 [err]C an pressure

wi thin a rasgeoehd.at nospheric to 17.6 MPa.



