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20 copolymerized with conventional Ziegler-Natta catalysts, it is known as described

in U.S. Patent Nos. 3,912,698 and 3,637,616 to conduct such polymerizations

continuously to obtain an ethylene copolymer, dissolved in the solvent, which is

continuously removed and isolated by known means. Unreacted monomers

leaving the reactor are recovered and recycled to the reactor along with fresh
25 monomers to replace' those polymerized.

It is also known, as in EPA 270,339, to conduct continuous ethylene/a
-olefin copolymerization under highly dilute conditions at atmospheric pressure
using conventional Ziegler-Natta catalysts. These processes suffer the drawback
30 that the catalysts exhibit low productivities and produce polymer product

exhibiting large molecular weight distributions, high ash content, and number
average molecular weights too large to be useful as lubricant additives.
Consequently, if low molecular weight polymers are desired either hydrogen must
be used to keep the molecular weight of the product iow, e.g. less than about

35 15,000 or the catalyst concentration has to be increased to extremely high levels
to obtain low molecular weights. The hydrogen treatment at least partially
saturates the terminal double bonds in the product, thereby significantly reducing
or destroying the polymer's utility for most functionalization reactions, e.g., those
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Also, such systems-o.perate with a single' phase to allow efficient mixing of
25 the reactants and, therefore, homogeneity of the product.

A single phase system is achieved by operating at temperatures and
pressures sufficiently high to compress the ethylene and make it dense enough to
dissolve the polymer product therein. This producés a homogeneous phase of

30 polymer in reactant. To achieve high temperature and reduce the size of the
reaction zone the process is:run adiabatically (heat is not removed), making
terpperature controi difficult. - Since the molecular weight of the product is directly
related to temperature, failure to maintain constant temperature throughout the
reaction process results in increased polydispersity M,/M,, (or Molecular Weight

35 Distribution, MWD). Temperature control becomes increa'singly more difficult at
higher conversions in.an adiabatic system. Consequently. conversaons in the
high temperature/high pressure.process are kept to a minimum, about 10%. For
polymers having molecular weight of 100,000 or more, variations of + 1 ,000 or so
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appear in solution. Low conversions are the result. The Uniroyal '834 patent
operates at super atmospheric pressure with a compressor driven cooling system
and pure undiluted feeds. |
25 . .
Methods employing dilute reaction mixtures and utilizing batch processes
are known in the art. Typically, dilution of the reaction mixture occurs as a result
of emplo;}ing a metallocene catalyst system in a diluent, usually toluene.
However, the use of a dilute feed of a-olefin is not found in this art. Moreover,
30 rapid introduction of reactants into solution is often accomplished by introducing
the pure reactants directly into the vapor space of the reactor instead of the liquid
phase, or by bubbling the reactants up through the reaction mixture at pressures
too low to provide effective dissolution therein. Such processes are also
conducted at very low monomer conversions.
| " KAMINSKY, et al., U.S. Patent No. 4,542,198, describes a batch process
wherein pure ethylene and an a-olefin are introduced into a pressure vessel
containing a metallocene catalyst system dissolved in toluene.
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Another approach as descnbed by HlROSE et aI JP 2-1 73 110
disclosed July 4, 1990 is to recycle massive amounts of ethylene and propylene
gas through a solvent-contalnlng reactlon vessel The feeds are pure and the
quanitity of reactants to solvent is very hlgh The ratlo of ethylene to a-olefin is
necessarily very low in order to prevent polyethylene formation. Polymers formed
by this process have ethylene_cont_ents less _than'.10_percent_ by mole. N

It is aiso known in the artto cool polymerlzatlon reactors by evaporatlon
and removal of unreacted monomers from the vapor space these monomers,
being optionally cooled and recycled to the reactor Reactors cooled in this
manner are referred to as evaporatlvely cooled reactors or borlmg reactors.
Polymer is recovered from the reaction mixture by wnthdrawrng polymer solution
from the reactor and separating unreacted monomers which are usually recycled
to the reactor. Also, as a general proposmon as the concentratlon of the polymer
in solution increases, and/or the molecular weight of the polymer increases, the
viscosity of the reaction mixture increases. This in turn reduces the mass transfer
of monomer from the gas into the liquid phase and reduces the heat transfer
properties of the_re_actlon mixture thereby makmg it more diffi icult to cool the
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various a-olefins possess different reactivities, they co-polymerize at different
rates. Moreover, because more volatile a-olefin homopolymerizes much faster
25 than it copolymerizes with less volatile a-olefin, the copolymerization of more
volatile a-olefin with other a-olefins can resuit in polymers having large crystalline
polymer segments randomly interspersed with occasional other a-olefin moieties.

These phenomena not only make it difficult to control the composition in
30 the polymer, reduce the solubility of the polymer in the reaction mixture, and
consequently lead to reactor fouling, but also more importantly, they limit the
utility of the polymer in applications extremely sensitive to crystallinity such as to
make dlspersants for lubricating oil compositions.

35 The conventional solution to controlling polymer content, when using
Ziegler-Natta catalysts, has been to regulate the concentrations of a-olefins in the
reaction mixture. For example, to obtain a copolymer of propylene and higher a
-olefin having approximately 50 mole percent of each monomer in the copolymer,
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clogging up the system. Consequently, it has been conventional in the artto

attempt to introduce proce_s; steps for reducing the more volatile monomer

25  content in the recycled condensate, e.g., by removing more volatile monomer
from the condensate before introduction into the polymerization reactor. See
U.S. Patent Nos. 3,706,718 (col. 5, line 68 et seq.); 3,637,616; and 3,912,698.

Such steps are costly and inefficient.

30 Separate and distinct from the need to control monomer ratio in the recycle
stream are the mass transfer problems associated with employing pure feeds;
particularly mixed pure feeds, even when supplied to reaction zones employing a
solvent which dilutes the pure feed as it is introduced into the:reactor.. For
example, the introduction of pure feeds into liquid reaction mixtures necessarily

35 creates a higher concentration gradient of monomer at its point of introduction
relative to the remainder of the reactor.. Thus a finite amount of time will be
required to achievé_ uniform mixing of the monomer into the reaction mixture. As
long as this higher concentration gradient exists, there will be a propensity to
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The use of dilute feeds enables the process to operate at high conversion
rates of comonomer/a-olefin without the attendant buildup of mass transfer
resistance attributable to polymer formation in pure feed systems.

30 The process of the present invention may employ a boiling reactor and
dilute feed enables the employment of a system wherein a-olefins in the vapor
space and in the liquid reaction mixture are in, or close to, equilibrium. This is
achievable because the reaction mixture gives essentially no mass transfer
resistance at the liquid/vapor interface because uniform mixing is easily obtained;

35 because of high metallocene catalyst system conversion of more volatile a-olefin
the amount of unreacted more volatile a-olefin entering the vapor space is
minimized; minimization of vapor buildup of less volatile a-olefin facilitates

“recycle of more volatile a-olefin and does not hinder recycle of the a-olefin.
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unreacted nmore vph@cbhibifedlsé of dfidieTebBBrid Kighativersian fadiltates removal of
catalyst residue (deashing) and quenching of the p_o_lym_erlca_ta_lyst mixture since it
is easier to mix the polymer with querich media and optional deashing media.
25 ' _
Use of dilute a-olefin containing feeds and high conversion not only
permits adaptation of metallocene catalyst systems to evaporatively cooled
reactors but_alsg allows for a significant improvement in the overall economics of
the process because such dilute feeds can be readily obtained at very low cost as
30  by-product streams derived from other commercial sources.

The present invention permits the use of residence time as a controller of
conversion so as to permit formation of final product with the most minimal
~ quantities of catalyst. The effects of catalyst concentration and conversion upon
35 the molecular weight of the product may be offset by "fine tuning" the molecular
weight with the reaction temperature. |
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by- produc rom ot her conmer
disclosure. [n the dilute system of the present mventlon dulute monomer

concentration will tend to suppress molecular weight.

25 Catalyst Concentration and Residence Time control both molecular
weight and conversion. Higher catalyst concentrations and/or longer residence
times result in higher conversions and lower molecular weights. Catélyst
concentration and residence time may be used to control conversion and their
effect on molecular weight may be compensated by varying temperature. When it

30 is preferred to minimize catalyst use, catalyst concentration can be reduced and
residence time extended to provide desired conversion and molecular weight.

The first steps in the process of the present invention are to introduce a
dilute refinery stream into a reaction zone and to feed the desired, optionally a
35  minimal, amount of catalyst. Absent other factors, these dilute monomer and
catalyst concentrations would result in a suppression of conversion and a higher
molecular weight product. However, residence time may be lengthened to
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least one C3 or higher a-olefin and not derived from ethylene. That s, the

polymers of the process of this invention are non-ethylene-containing but rather

derived from C3 or higher a-olefin(s) to the substantial exclusion of ethylene.

Such monomers are characterized by the presence within their structure of at
O least one ethylenically unsaturated group of the structure >C=CH2. In addition, .
they are highly reactive at low catalyst concentrations. ‘Metallocene-catalyzed
polymerizations are particularly adaptable for use with a-olefin monomers which:
a) have at least one hydrogen on the 2-carbon (hence, isobutylene polymerizes
extremely poorly); b) have at least two hydrogens on the 3-carbon; or ¢) have at
least one hydrogen on the 4-carbon. :

(]

Accordingly, suitable a-olefin monomers include those represented by the
structural formula H2C=CHR1 wherein R1 is straight chain or branched chain
alkyl radical comprising- 1 to 18 or more-carbon atoms and wherein the polymer

D formed therefrom contains-a high degree of terminal ethenylidene unsaturation.
Preferably R1 in the above formula is alkyl of from 1 to 8 carbon atoms, and more
preferably is alkyl of from 1 to 2 carbon atoms. Therefore, useful monomers
include propyiene, butene-1, pentene-1, 4-methylpentene-1, hexene-1, octene-1,
decene-1, dodecene-1, tridecene-1, tetradecene-1, pentadecene-1, hexadecene-

O 1, heptadecene-1, octadecene-1, nonadecene-1 and mixtures thereof (e.g.,
mixtures of propylene and butene-1, and the like). Notice that isobutylene is not
a suitable monomer and is virtually unrea_ctive;in_ the presence of metallocene
catalyst. Isobutylene is useful, however, as a solvent.

|
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th hi ghl talys
concent r at ¥BQ @ '9@? gﬁ?"b@é’ﬁ‘@% Q? f;%,gclglgmé ains possess termmalaetﬁe}{lfdtldene-
O type unsaturation. Thus, one end of such polymers will be of the formula POLY-

C(T1)=CH2 wherein T1 is C1 to C18 alkyl, preferably C1 to C8 alkyl, and more
preferably C1 to C2 alkyl, (e.g., methyl or ethyl) and wherein POLY represents
the polymer chain. The chain length of the T1 alkyl group will vary depending on
the comonomer(s) selected for use in the polymerization. A minor amount of the
0O polymer chains can contain terminal vinyl unsaturation, i.e. POLY-CH=CH2, and
a portion of the polymers can contain internal monounsaturation, e.g.
POLY-C(T1)=CH(T2), wherein T1 and T2 are as defined for T1 above.

The polymer products of this inventive process comprise polymer chains
O which can be saturated by hydrogen but preferably contain polymer chains
wherein at least about 30, preferably at least about 50, more preferably at least
about 60, and most preferably at least about 75 percent (e.g. 75-98%), of which
exhibit terminal ethenylidene (vinylidene) unsaturation. The percentage of
polymer chains exhibiting terminal ethenylidene unsaturation may be determined
C by FTIR spectroscopic analysis, titration, (H)NMR, or C13NMR.
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METALLOCENE CATALYST SYSTEMS

The process of this invention can be utilized with catalyst in which the
catalyst is preferably a bulky ligand transition metal compound. The bulky ligand
may contain a multiplicity of bonded atoms, preferably carbon atoms, forming a
group which may be cyclic with one or more optional heteroatoms. The bulky
ligand may be a cyclopentadieny! derivative which can be mono- or polynuclear.
0 One or more bulky ligands may be bonded to the transition metal atom. The

transition metal atom may be a Group 1V, V or VI transition metal ("Group" refers
to an identified group of the Periodic Table of Elements, comprehensively
presented in "Advanced Inorganic Chemistry," F.A. Cotton, G. Wilkinson, Fifth
Edition, 1988, John Wiley & Sons). Other ligands may be bonded to the
O transition metal, preferably detachable by a cocatalyst such as a hydrocarbyl or
halogen leaving group. The catalySt is derivable from a compound of the formula
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(C5R'm)pR"s(C5R'm)MeQ3-p-x B and
R"s(C5R'm)2MeQ’

(]

wherein Me is a Group IV, V, or V! transition metal CSR'm is a substituted
cyclopentadienyl each R', which can be the same or different is hydrogen, alkenyl
aryl alkaryl or arylalkyl radical having from 1 to 20 carbon atoms or two carbon

0O atoms joined together to form a part of a C4 to C6 ring, R" is one or more of or a
combination of a carbon, a germanium, a silicon, a phosphorous or a nitrogen
atom containing radical substituting on and bridging two C5R'm rings or bridging
one C5R'm ring back to Me, when p = 0 and x = 1 otherwise x is always equal to
0, each Q which can be the same or different is an aryl alkyl, alkenyl, alkaryl, or

O arylalkyl radical having from 1 to 20 carbon atoms or halogen, Q' is an alkylidene
radical having from 1 to 20 carbon atoms, sis 0 or 1 and when s is 0, mis 5 and
pis0,1or2andwhensis1, mis4andpis 1.



and term nal olefins which | ack at | east one hydrogen atom on the second

carbonwg os5/6$7¢. . 1sobutylene), at |east two hydrogens o? hR %(pb;ﬁ car bon
(e.qg., |sopentene) or at |east one hydrogen on the four ﬁ carpbon (e.g

4, 4- di met hyl pent ene- 1) . Hence, as ddscribed hereinafter, many of the
components i n vaiddseroym%tdfqﬁg%atanyst sydfem 8f tHéfktdIRicene t

d i sobyt yl t ﬁafb :
ond becorntag BBlvpRatRncoe8ss bt RESinveRfine Exemptary of the dsvsiapmant iqyﬁsngg"d
not be sepetaticeend catalysie ir thelart @hihe malyraerization of elwlerssisiha- but adi ene
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can be utBwen.st ali and ER-ArQ 3291368 pikiished duly 26,1488, yand US.(Ratent Mbsy a

bul ky |i gpody vn aremd 5 QQOFBETaio %IB@NPQr Theséahbnrcétidamgach tné@gu&%i’é ain a
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| i gand ma/vémty of ymdthpds ferdprepatind @lumexane; one offwitigh i desdrited i US.

pol ynucl r re bulky ligands nmay be bonded to the transition
met al %teﬁgeg 2d['g)ansi tion netal atomnmay be a Goup IV, Vor VI

transEDtlon metal ("Goup" refers . to-an-identified group of the Periodic

Gt sery o S Frrhe (PSSO Tbdent sp@é’“@ﬁm%%%f{'ﬁ‘é‘ﬁ%@%%@%'éf‘?%ﬁﬁ”wl ey
& Sons) . a’eﬁmﬂow @fsrf&e%mersaaaeﬂa@uw arﬁedetfmﬁlstpt QRNYEPRPOUBATer abl v
det achablcemporrent avidintas activate aibumyh igandterisitiorometal coh?ddlmw Inesné ng ‘

01 0up. | TR SHieh Jod SeEbis B Ferki Botelit BRAMAH of Grbli 1 A H & the
PCT/ US95/Rerivrdic Table of Elements. In the preferred embodiment, the by transitiomerei n L
S the bighdgy bb@saﬁn?ér%%étaﬁo+@@egg@é&{v gilég%%twdtéd bg‘?nélkgi%ﬁfﬁir@ﬁn metal and

m and n are suc cor respon
transi ti GRMRAURdS, alumexanas,botblivear apd eyelit %é@%ﬂ?ﬂﬂﬁ'oﬂ@ aQgiyatgrsardi nat e

such t hatcohipbupesUchcas i (rebutyiidrmionium letra (FartatiyordphkAy!) boron,
which ionize the neutral metallocene compound. Such ionizing compounds may

O contain an active proton, or some other cation associated with but not
coordinated, or only loosely coordinated to the remaining ion of the ionizing ionic
compound. Such compounds are described in EP-A-0520 732, EP-A-0 277 003
and EP-A-0 277 004 published August 3, 1988, and U.S. Patent Nos. 5,153,157;
5,198,401 and 5,241,025. Specific teachings directed to bis(cyclopentadienyl)

O  ionic activated systems can be found in U.S. Patent No. 5,153,157. Further, the
metallocene catalyst component can be a monocyclopentadienyi heteroatom
containing compound. This heteroatom is activated by either an alumoxane or an
ionic activator to form an active polymerization catalyst system to produce
polymers.useful in this invention. These types of catalyst systems are described

O in, for example, PCT International Publication WO 92/00333 published January 9,
1992, U.S. Patent Nos. 5,057,475; 5,096,867, 5,055,438 and 5,227,440 and EP-
A-Q 420 436, WO 91/ 04257. 1in addition, the metallocene catalysts useful in this
invention can include non-cyclopentadienyl catalyst components, or ancillary
ligands such as boroles or carbollides in combination with a transition metal.

O Additionally, it is not beyond the scope of this invention that the catalysts and
catalyst systems may be those described in U.S. Patent No. 5,064,802 and PCT
publications WO 93/08221 and WO 93/08199 published April 29, 1993. The
catalyst system of the invention may be, optionally, prepolymerized or used in



The ligands L and X may be bridged to each other and if two ligands L
and/ or X W6 oBEERENT they may be bridged. The netal |l ocenes pggyisbgo7std | -
sandw ch corrpounds having two ligands L which are cycl opentadienyl groups
6r hal f - sandwi ch conpounds havi ng one ligans + only which is a

cycl opent adi ggy; L.]lncttxon %tﬂ#\g} acr!ﬁhtsve or scaveféiﬁg gBﬁ\p%H%ﬂPﬁﬁénﬁénéé‘é&a ent

speC|f|cat|0n t erm to contaln on Qr nore
cycl opent adi BHAuctivitysta s¢caversing ﬁrartnp@ﬁem sychas ARREPRNA LRIV Fralkyle

Peri odi c Tabhgnfihufd @@Rehe. | n one embodi ment the nmet al | ocene cat al yst
conmponent is represented by the general fornula (Cp) MVRNR p wherein Cp
IS a substituted or unsubstituted cycl opentadi enyl ring; Mis a Goup

|V, V or VI THEREBAGCTHONPROCESS'd R are independently sel ected
hal ogen, hydrocar byl group, or hydrocarboxyl groups having 1-20 carbon

atoms; m= 1-3, n_= O- = 0-3, and the sumof m+ n qgual s the
oxi dation state off he PFOWSQ of (ﬁ‘ﬁ(ﬂrﬁéﬁn@ﬁﬁﬁm'%ﬁCQ'H@“I‘PEF&?’F‘B@M?@ gilvte feed. | s

represent ed Bydti§eperated ¥ Bbhidve a hlgh conversion of a-olefin and hlgh catalyst

C5R R's -
Goup 1V V. SBciaficier andefingd hesdl VORI NEsS pa Eetars, fne-SIeH phiel by
cycl opentradi peydontratied ® havbiacM rcaindtegrebterdhar 15:000 Gising @metallaogaeogen,

al kenyl I r adi cal having from1l to 20 carbon
atons or tm%@rj)ﬁ%ég{%@gjdg?%%@é%ég er to forma part of a C4 to C6
ring, R" is one or nore of or a conmbi nation of a carbon, a germanium a
silicon, a phosphg prfbsed df'thrsqaeénnon " QSrAMBOS! MeBhS IhaarbABer feed and
substltutlng onﬁ\ brl){ﬁ%@p‘\% ngS mrlnsorcgpt% one C5R mring
back to Me, WRiAligcen re cpnpHeLsly durgdyced; &?%@5&?"@8”33 , each
Q whi ch @@an bpesultant peoduct codtinbeusipwithdrawnaryl al kyl, al kenyl,. al karyl, or
aryl al kyl radical having from1l to 20 carbon atoms or halogen, Q is an

al kyl i dene radi cal having from1l to 20 carbon atons, s is 0 or 1 and
when s is 0, mi s Thetajalyst congentration will prefetablydie tbeurslnlmum neededitel p is
1 E%eaction. A cert m ill be required because poisons
E ) Usos/ O 3;,‘%1%3%1 eaction. A certain minimum amount wi q p

Various forni #ie faed and aventhesmetal walls ¢fiR reasten W@c@?@t'yﬂ?ea ﬁﬁiﬁ“o%orﬂgad’f

0O the catalyst. The concentration of catalyst needed to overcome whatever
deactivators are present will be referred to herein as the “poison ievel." Typically,
catalyst concentrations (gmol/l) from about 1.0x1 0-6 to about 1.0x104 over and
above the poison level will be utilized, generally from about 2.0x1 0-6 to about
5.0x10-5 , preferably from about 3.0x10-6 to about 4.0x10-5.

The catalyst concentration is typically held just above the poison level due
to cost of the catalyst. Preferably the feed is treated to remove most if not all
catalyst poisons. Minor poison contamination can be accommodated by
increasing the catalyst system concentration with the excess used to remove the

O poison by reaction therewith.

- Accordingly, while any effective catalyst concentration can be employed it
is contemplated that such effective amounts will be sufficient to achieve a weight
ratio of polymer product to metallocene catalyst of typically from about 10,000:1

O to 1,000,000:1, preferably 150.000-750,000:1;

The residence time for the liquid reaction is determined from the equation:



in the pol yrrerl zation process of this invention. Exenplary of the

devel qp met al | ocene catalysts in the art for éﬂ% ri zation
of et hyfﬁne I's the di scl osure of US Patent No. 4, g Bgﬁ%gmHoel .

U.S. Patent No. 4,937,299 to I?vvefn1 al . and EP-A-0 129 368 published
July 26, 1989, anngssntat-.- liquid | 20, 867 t O

Vel born, Jr. These publicati o?%alt‘é&é‘ﬂfn?mf |'§PMJ€K'U'B@TeaCtOF of the netallocene
catal ysts and i nclude al unoxane as the cocatal yst. There are a variety
of met hods for reparing al unoxane, one of which is described in US.

Pat ent 4, 665, 38 'dence times will vary rtymﬁ%“ybtipﬁb%%%ut& 1 hRuUEs tosakout 10.0
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transition net al ound are netall ocenes,;. which are act i vat ed by
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Eﬁ%ohﬂiif%ir%&ﬁ@cr 8 1Bast Sk AR MIVARL I ick BBGr roactiBRTAVRS |, 50°7
004 publqosiitipnaugueh that visgesity byildup s sm*as@mly melmlgeqmtm;extent thag, 198, 4
and &, 24ﬁef?ﬁ§ss {PERSfer Irstet@faaﬁy Jlﬂétnl@'rﬁ@ﬁé:ﬂér(% W% eﬁ@m@@béu% ) ionic

et al | odRESGRAYRY dishidRane velRiIe Bondipsils vg" the FRACtRB 2o

cont ai niatdeastrgmualdo, drd préfetablygtaater tham; the paastiohyaty. t Seitable, pliigesane or

o oduce PIErTTEE Bt inkflde °#ﬁﬂrf‘%b'2%fa$%n$ﬂéngﬁ{é§*ét@% R Tl
syst ens nAnseactive alkenesn It is sontsrapisted thatthe nperrﬁa@ﬁlmdmuemg |cpmnrison VO
92/ 08333 aal %h%hsieouaféfe.%b at lela%%o bhém cfakmeram

“008. ly & i ot
0 P ot tne robiobhPod stieam.and the Hiusiataan rangebpiaaly ??cnh\elg R
| nclhugg Qﬂ)pfefersdtxmmcmadbwmo trﬁsa,l arxd mtrpneferably from albout! emweo I : gands
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cat al ystmawy gdessre@bt al yst systems may be those described in U S. Patent
No. @§, 064,802 and PCT - publications WO 93/ 08221 and WD 93/08199

Bt onr by okl 2 o acartae of i blevent Yeniof indtThe srefatiad ™ ™ *°
diluents are naturally present in various reﬂnery streams contammg a~olefin
monomer reactants. Such streams to be useful must con;a;n at least one a-olefin
as the reactive constituent. However, these streams typically will contain non-
O reactive constituents which have a similar carbon humbef'io the a-olefin.

For an optional boiling reactor or one operated close to boiling, the
similarity in carbon number causes the non-reactive ebnstit_uehts to have similar
boiling points to the a-olefin. Co’nSedUently, the non-reactive constituents will

O vaporize at similar rates to the c-olefin and not only dilute the a-olefn in the
vapor space, but also a@ny other a-olefin comonomer.

For a boiling reactor system a preferred diluent will contain components
comprising typically at least 50, preferably at least 75, and most preferably at
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productivity; a scavengi ng conponent suehias-an organoal um num or al kyl
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product may cantral.led. to e a ler n eat er usi ng
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pur posesC of avefage boitingipwint'afthe inrolefia 'comstituentsat thedsede Répresentative of

ot al| 0Cene oA VERGH Sufuliha BHOIRIS WLk QOHERS pLidd- B dbSeHe 6Fes WiBIeRR

| tant t
| {:gf\g e_n? pat P&ﬁeimad w@}wgl:gggp aiping Istreams; arerrefrreerbtp berein as Raffinate-2 he
o N e ta Nar g . R bl .
the feed anfﬁal‘ﬁ*fﬁgbﬁ;%%ﬁ%”?i’%é’ggﬁ%‘&ﬁ"%ﬁﬁﬁgﬁgﬂgﬁ;@% o
portion of igwerestiRITslationiodhe seam fram whchinekam getived.e Raale A8 come
what everg - typlealiy derhved froay eitherdatane/butdncoeatalytieroracking réfinery streanishe
" poi | " ' L at i - bout
Poxi0rer 1] TBB-stsnSroatinatei el Sh 1R UGG Bf bEENene B! D11

be utilizedpredueadiby steans eragking plantk| O[err] to about 5.0x10[err],

preferably from about 3.0x10[err] to about 4.0x10[err]. The
catal yst cogcentratiaon is j.cally held just above the poisgn |evel due
to cost of e Gamapsiten obRAMaler2 catuanLidelys dePERMing YRPY MR SRLIRBe?-G: 1

not all ¢ (weightys). poisons. M nor poi son contam nati on can be _
accommodat ed by I ncreasing the catal yst system concentration with the
excess used to renove the p issn by reaction tg%%fewith. ' L
Accordingly, while any effe%ﬂ' @ catalyst concB#ffration can be enfR@fred it

i s cont enpl &ospenent such eButadiege j; s wi EromCrudef | 8Bnt t o EIoM BB a

wei ght rati o of polynmer product to netallocene catal yst of typically
from abqyt BUPAOIENE 43.5+20 0.1£05 0%5 0.3+15 0.4:0.2
' - ISOBUTYLENE 25.2+10 446120 05 12.616 0.210.1
BUTENE-1 15.518 27.4+15 49.5+25 13.646 15.4%7
CIS-BUTENE-2 201 3.5¢1.5 6.4+3 9.0+4 10.245
TRANS-BUTENE-2 6.213 10.945 19.6+10 13.846  15.6+7
O N-BUTANE 4642 8.1:4 14.7+7 10.5+5 12.0+6
ISOBUTANE 2.9+1.5 52425 9444 36.7£15 42.1+20
*OTHER 0.1£0.5(a) 0.2+.1 0.2+0.1(b) 3.5£1.5 412

*Other: (a) includes propane, propene, pentanes, pentenes, water, trace other
O hydrocarbons.
(b) Raffinate-2 derived from MTBE production (using BB-stream or
Raffinate-1) will include traces of MTBE, methanol, di-methyl ether,
and tert-butyl alcohol. '

0 Typical commercially available butene-1 concentrations in Raffinate-2
range from about 15 to about 55 weight %. The above butene-1 containing
refinery streams are preferred for making propylene/butene-1 copolymer which
has been found to be highly effective as a backbone for the production of
lubricants, oil dispersants, and viscosity modifiers. The instant invention may



to 1,000, 000:1, preferably 150, 000-750,000:1. | The residence
time fogyddi@shioquid reaction is determned fromthe equat)Qfusosinrzrz VO
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hydr ocar bbns, and nonreactive al kenes. It is coni enpl ated that the ‘
- ti dj ' VLTI eL: Vi I ; f : t

30, and mst phefERS LOSEeS Hat R lantortls et in e dofaigroltbah o2,

st r eafd an@ny a0lefin gepelymar anchgay theieiene Be psediniiaprosessing of otiver

pr ef er abl gijfte Pefimdy Etrediing, SutH, asditLteprbporie bAE Peinterid SffvaisWoniAoh th 60
wei ght % fet'h ﬁst['ye”] -olefin feed stream before adm xture with any

cononomner may. be desired. It is a particular
advant age of the present invention that the preferred di luents are

monomer 1 eact aae (KR OHheln® stiinks, riohf{Th EThALRN Hs R SranE

[ er r] Col e2ndhdilute refinery pentene streams, known as "C5 streams”, are also derived
from steam and catalytic cracking and generally can be represented to comprise
the following components (ranges, weight %): Fdf Cc3 ét_reams: Propylene = 55 +
20; Propane = 34 + 15; Ethylene = 2 £ 1; Ethane =8 + 4; and *Other =1 £5,
(Other includes methane, acetylenes, propadiene trace C4's and C5's, and trace

O  polar compounds such as water, carbonyl sulfide, mé‘thyl mercaptan, and |

hydrogen sulfide). For C5 streams composition is more complex than that of C3

and C4 streams:



as the reactive constituent. However, these streans typically wi'll contain
non- reacwoss/a3onstituents which have a simlar carbon nunbPCT/USSS0TET3
fFerr]-olefin. For an optional,goiling reactor or one operated
close to boiling, the simlarity in carbon nunber causes the
non-reactiv%%guents to have sim Igdnge (wé?@'tl%?g points to the
[err]-olefiT C uently, the non-redctive cons uents wll vaporize at
simlar rates to the [err]-olefin and not only dilute the [err]-olefin in
t he vap+sMETHYL-BDMENE<0 any ot her 9.@#r4 - ol ef i n “conobnoner. -

For a baili o] a preferre Llgyent will contain conponents
conpri si"hg ﬁiﬂﬁgﬂly‘é&’?ﬁﬁt 50, pref eﬁé%?yfjat | east 75, and nost
preferably BENTENEYWD 95/ 33779 5.1+£2 '

PCT/ US95/ 078 METHYL-BUTENE-2 14.9 -17- I east 95

+7
wei ght % a | 'y from about 50 t baut 100, preferably from
about 75 toB%@b%ﬁ‘Ag nost preferably fr@n?a:%ut 95 to 100 wei ght %t her eof,

having a bolSORBBNENt at the reacti on @ndi0.Bons of typically w thin about
+20, pr ' Lt hin about +15, t preferably wi thin about +100
C of the aﬁ:‘ﬁfig@m. ng point of the 1€ rq‘]%-sol efin constituents of the

f eed. Repr eBePENTANE of such refineyS$t2 eans are those which contain

butene-1, ppyil @GP [err]-olefin. gg+dseferred butene-1 containing
streans are_[g e(rsrggﬂ?})ﬁ%erei n as Raffi naé%-qzyé Streans. Such streans
y -feant

typically hW@kﬁBENJ(ﬁNEyI ene content sk |y  owered in
relati on t oPIPERYLENEN from which they e+de4i ved. Raffinate-2 is

typical Iy derd rQm ei t her but ane/ bute alytic cracking refinery |
ﬁ/ E?B‘éﬁgﬁ'gg Raf f i nat e-l\Aﬁﬁ'(ﬁ?&'

streans ns). or C in turn, is derived from

but adi ene cCBARLKYLSpr oduced by steam cra8kih§ pl ants. The conposition
of Raffi nat y wi dely, dependi n the source, e.g., (weight %
Crude €78 ARD C88 Raf f - 2 Z04PP Raf f - 2 Conponent

But adi ene FATHERS From crude BB 1.&#0m BB BUTADI ENE 43.520
0. 1.05 0 +5 0.3.15 0.40.2 | SOBUTYLENE 25.210 44. 620

05

0 *Oftietd include $3hzene and polar compounds.

Pentene-1 and cyclopentene are the most reactive components of a C5
stream in the presence of a metallocene catalyst system. The two are easily
separated from each other by distillation and are easily concentrated.

Whether a constituent, e.g. of the refinery stream qualifies as a diluent
under reaction conditions depends on whether it is non-reactive which in turn
depends on the type of pretreatment to which the feed is subjected. "Non-
reactive” when used in conjunction with diluent means that less than 5, preferably

0O less than 3, and most preferably less than 1 wt.% of constituent present in the
feed is incorporated into the polymer product and the constituent does not totally
deactivate the metallocene catalyst system. Typically any saturated hydrocarbon
constituent will qual_ify as diluent as well as highly unreactive (in the presence of
a metallocene catalyst system) unsaturated constituents such as butene-2 and

O isobutylene. Dienes such as butadiene are prone to deactivate certain catalysts.
Hence, it is preferred that dienes be removed or at least partially saturated by
hydrogenation. Once saturated, butadiene becomes part of the diluent as
butane, butene-2, or reactive butene-1.



BUTENE- 1 15. 58 27.415 49.525 13. 66 15. 47
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Raffinate-2 and running it through the process of the instant invention or

flh rst acquiri n@yessriveilirign ; fe‘sudato‘etim?goetttagﬁthe ab&e Weff'gﬂgbfg%tmﬁ%r ough .
|
tstrGeg:hogﬁag'ggqﬁgl\*%ﬁnﬁfmggégﬁmgpeﬁﬁﬂ R el caqaéys,trstgethlz catalysfde but adi ene

streans déeffisiancies thatchacactenizaithis invention\arelattaimed.e but adi ene during
hydrogenation. It is not necessary that refinery streans be used and, in
fact, it is conterrpl ated that dilute [err]-olefin-containing streans can be

prepared by Mangmegreanversienisanibeydeterminedby thefallowingnequatiomr e pur e

diluents, e.g. pure | sobut ane, such as those typically found in the
above ef i nery % Conversion = wi/hr of moname incorporatekintepalytrex tx 480 S

invention is useful in the productiwhoef monomer iryfeed

or by the equation

O % Conversion = (Wt/hr monomer in feed wtlhr monomer not reacted) x 100

wt/hr monomer in feed

The particular a-olefln converslon employed depends in part on the

monomer content sought to be imparted to the polymer and hence on the

0 monomer concentration in the mixed feed. The monomer concentration in the
reaction mixture is kept low through the use of _the_ d_lluent in the feed. At low
monomer content the a-olefin conversion typically will be lower than for high
monomer content feeds. | | |

= " Inthe optional case of the boiling reaotor p'refer'ab'l'y;':'the monomer
conversion is controlled in a manner such that the ratlo of the weight % of more
volatile monomer in the vapor phase to the welght % of more ‘volatile monomer in
the reactant feed stream is typically not greater than about 1.2: 1, preferably less
than 1:1 and most preferably from about 0.1:1 to Q 7: 1_ (e. g 0.1:110 0.5.1).



“any a-olefin copolynmer and may therefore be used in the processing of other

dilute r\ﬁ(f).bﬁf:{% streanms, such as dilute propene and pent epergisbf@3% conmon
<IN the |ngustry. Dilute refinery propene streans, known in
the industry as "C3 streans", and dilntélr&finery pentene streams, known as
"C5 streans”, ReadiohQefararee is usdd toifiviectanet thib maleduan weightiokiheg and

L ' e |

(ranges,  REPGI BAEeE, THs Critngliy Bivge, . dSedbreStllgnclEIRTE °
15; Et hyl eostrolied 1o liguifinthe difuent;angharotafimer . weyeg the reagtianiempenatusieés
met hane, %@%ﬁgﬁ&\%&&{ fboaé’bglb%vy fl icef tempardtdre oF thaoletindeed ahalor

conpounds er, carbon su %ide, net hyl nerca r|1

- i i tan, and.
hydr ogén sliluentiefccargingly, while apy efartiva lampreratire W%Em iye ‘{l'ﬂ!fn o
(P:BCT / Usgglnggg%rﬁblhmfﬁ'iat such effectibé dehigératures for a feed containing butene-1 will

Range (weilgn@e sypically frgm, about 3051 RO, preferably from aboB@gOA 20° c.CaRgonent
3- METHYL- BrdsEiFefsrably from about 60-610°1C. For Hrniilwie-refinery streams of

5.12 | &a#@%ﬁ@ﬂ%@ane as the major diifieflt, tHe criticﬁﬁ%@?atare of

15.4 7 0.7 A

36.2 § propylepeBRgpropane are 92.42° C. (198.36° F.)gnd Qé’.?g C. %&E%ANE
0.6 0.3 regs &Yﬂe%@grtﬁ@'i ical range of reaction temperktdresTor polyprogdtieRYLENE
0.9 0.4 %GPO_EFI o e P g o dl.% agl7f? 5@@%

35 1.5 omoROIyK|Brigation would be 30-96° C., and preferably,from a = .

1.6 1 For processes of the invention using an optional a-olefin comonomer, the critical

temperature for the feed mixture will vary depending on the amount and volatility
of the comonomer.

(W

As indicated above, the optional boiling reactor represents a method for
temperature control. Variations on the boiling reactor configuration include
internal reflux, e.g. using cooling coils inserted into the vapor space or an

O external system wherein vapor is removed from the vapor space and introduced
to.an external reflux apparatus, the vapor condensed and the condensate
returned to the reactor and/or feed. Alternative non-reflux temperature control
means include pumparound cooling where [i-1id is removed from the reactor,
cooled, and then returned to the reactor. P..niparound cooling offers the added
advantage of being able to return cooled liquid to the reactor using high pressure
pumps to also provide mixing of reactor contents with high speed jets.

(3

Reactor pressures are typically controlled to maintain the diluent and o

-olefin in liquid form at the selected temperature. Thus, pressures are generally

O used to maintain the reaction mixture in one phase, above the liquefying pressure

' point. Increasing pressure above the liquefying point has little effect on the

process or product. In boiling reactors the pressure is selected to obtain boiling
of the diluent/a-olefin reactor constituents at the reaction temperature.
Accordingly while any effective pressure can be employed it is contemplated that

O - such effective pressures for butene-1 feeds will range typically from about 2.4 to
about 39 ATM, preferably from about 4.4 to about 28 ATM, and most preferably
from about 5.6 to about 24 ATM. |



o] *Q hers include benzene and pol ar conpounds. Pent ene-1 and

cycl operw@nR&337¢ t he nost reactive conponents of a C5 POIYUSAS0T3N3 t he
presence of a netallocene catal yst syst %? _The two are easily separ at ed
fromeach other_by distillation and are“€asily concentrated. 03

Whet her a constiReieaaction myixtye is peefiesabin vigoreus!y mixgd diyi dnyesuitable midnsent
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turn de ds on the t etreat nenf tq whi the feed is

sub] cct ed.SeRBrRe0E PIRGSIER, of RRLIRPLESRN PR SseRlp YRt @ BirtharrAciiata eniingeans
that less than 5, preferably o less than 3, and nost preferably |ess than
1 W . %0f consty ' f oS inco ted ipt e
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net al | ocem@I\RERIS\Broadened Ry vafiatioas of tefrpersiung; manomericencentration, and

const it uersataWst cotieehtratioas diluent as well as highly unreactive (in the

presence of a netall ocene catal yst system unsaturated constituents
such as butene-2 and o i sobutyl ene. Di enes such as but adi-ene are prone to
deacti vat THEINTEGRATED/BROCESS Hence, it is preferred that dienes be
rermve[? or at least partially saturated by hydr ogenati on. Once
saturated, butadi ene becones part of the diluent as - butane, butene-2,

or reactive butReferring now to Figyge H3heryisxdepicted a schematic diagram of the

PCT/ US95/ @{8rall process scheme. A dilute propylene, butene, or pentene reti i
The process o P e, nventiog iS. CO Ft)rglyl ed" 0 achi 275 h?%%%ne%ered IS

th
conver si orﬁ"%ﬁCI to adiene remeydgysigmwd: Jhmayhe desifakleto remene or saturata al yst
fpncent ra’ra'rgrdienwﬂﬁtshwlCﬁnﬁmﬁnbmbj’:feedﬁirﬁﬁdiéhels@emi {oobitiesh poisees| dtence ‘
ime e , ; ove paraneters
are contr gﬁé}gﬁi’ &ehe E%%Wfi ﬁ?’é@ﬁ%&%ﬁﬂn&cp&rlu‘&ﬁgé&tﬂgs%?r éé}gl j'g‘l"‘f’?"%t {n'%ast
about 30%step isf thegirogess is an optioasincebdilite sefigenyratreams vanyekidehbiny at | east
about  70%canhdsiibrl 4RdhkFétBre, may ﬁQQ%%rﬁ%rllg%%iem%nfarﬁﬁégeﬁo@gg fact,

[err]-olefin’is present, conversions contro
typi cal | y"@e® &k about 30% preferably at Ieast about 50% and nost
preferably at |east about 60% and can range typically from about 30%to

5 RS _ o -t L one
Cort et o ooy e A8 n 8BSk RN sheSR. B i
hi gher t hgancemtration systeay 5twihiese imorecalatiendlights”) and less volatile

("heavies") components as well as catalyst-poisoning- polar compounds, such as

water, sulfides, alcohols, and nitrogen, sulfur, and oxygen derivatives in general

may be removed so as to bring the weight percent of the olefin monomer in

O relation to the nonreactive diluents to within the range desired. In cases where it

is desired to recycle unreacted olefin monomer and/or to further dilute a refinery
feed having excess concernitration of olefin monomer, a recycle stream 52 may be
combined with the input stream 53. The source of this recycle stream will be
discussed below in connection with the diluent removal system 65.

0 _ :

After optionally removingpdlar poisons and adjusting the concentration it
is preferable to pass the feed through a scavenger bed system 54 that removes
any remaining catalyst poisons and filters out any particulates. The pre-treated
dilute refinery feed emanating therefrom is piped to the preferred boiling reactor

O system 55. '

Depicted in detail iri Figure 2 is the optional bdiling 'reactor for optionally
co-polymerizing with a comonomer. There is provided a reactor vessel 1 having
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By controlling residence tine to attain the above conversion targets while

usi ng t#ed¥)spyseml contoll able concentration of catalyst, pdgusvseisrsatal yst
efficiencies that characterize this i nvent ion are attained.

Monomer conversion can be deternined by23he fol |l owi ng equation: %
Conver si oan®extérhal refiuxoomdenser D Goflpt cdramshunidatiopntherawvitikvidQias space 6,

oo EBRAES, Al F&Ransate 1Bl echhEn A0 ki HEBRY BRbARors e
wt / hr noncergentrationsdf unreacted gasephs rpactantafiewing fsire the ges rspece iton
enpl oyed éSHGéWEer'ﬂriPéuéh ﬁﬁetBhEWlthln R @R or/e3sEM, tﬁ@#&ﬁt% art ed

to th I h tration int eed
e e o ablaion S Pon G aroedblades Sa A Srvan we s agnqga@f‘%‘mmugh
the use ofo thhngtdr KueduringtHeheoritirrbusAeation, thereWillaxist & gas epacé FQ"?'?' eL in
conversio ) . . | [ . C _ feeds.
" he oplabiTesRtl phse 3R IR 0aR: [etsel 17 the gpfEOE bidiTks Els
conver si odepicteshbby aovawtline: Bafflesntd asprovided ta increase; turtaslenhmiximg ghd % of
Ol 2 i1 o SRtiidte SoRRRAGRY! the gy KA bp RSN i Bhy el THY ©

vol atile nonomer in react mis ca hot great er
t han afboufne_talio@nepﬁaﬁlé!ﬁhﬂs}emé§§ed intoitha feacter freught f’e élcam‘%nom%m

about 0.1 42
PCT/ U895/ |0riLl| dovapd- 6e||@‘“dﬁ‘a:b°i: fél@'\ ﬁ‘@ Eé fed througm"% @f@llqwﬁed dilute

React i on Féﬁsﬁ? i fackthyugh line 15 “The,elefip feeds At miest el 2/HieA9 priot g,
pol ymer pinjeticn infhthecradctoratessel thirouginiine 16: Shenpunposedeirg tivdissolve, | s

cont 101+ Sihd BombfineY ddfirfl &ﬁ@pﬁugfﬂgorforqg%t;bcht daaNE catdipS: c?gs% o ure

temperature I's
of thé [ ePrevestine ﬁomQQG”@ﬁ undulyfepgting withdtsgifdathgryh am¢ e-elafin

ef f ecti veFbp IiEsaMEr8aseHs, REpRIBOSIEL thdtishown) may be employed at this pomt to
aid in dissolving gaseous comonomers in the diluent. Note that pre-dissolving
may be further enhanced by running the reflux line 10 to the juncture 29 via an
extension 11 rather than injecting the reflux directly into the reactor vessel. As
O stated above, a unique aspect of the process of this invention is that the reflux is
usually more dilute, and higher in olefin monomer concentration relative to
volatile comonomer concentration, than in the feed.

For start-up, a heat exchanger 17 may be employed to bring the reaction
O mixture up to operating temperature by injecting a heated dilute/a-olefin feed -
through line 16a. When the reactor fills and comes to the desired operating
temperature the catalyst and admixed feeds are injected. Also provided is an
emergency quench vessel 27, filled via a quench feed 26 and pressurized by an
inert gas line 28, which may rapidly inject its contents into the reactor in the event
O of a runaway reaction. Any polar compound such as alcohols are suitable for
emergency quench. The products dissolved in diluent, as well as unreacted
reactants and initiator, exit through line 18 past an isolation valve 19 and are
quenched by a quench feed 20 of any suitable polar compound driven by a pump
21. Since the pressure in line 30 is generally lower than in the reactor, a cooling
C heat-exchanger 22 is employed to recondense any diluent that may have flashed.
Gases in the reactor output would reduce the efficiency of the centrifugal pump
23 that drives the product stream line 24. For especially viscous products, such



contenpl ated that such effective tenperatures for a feed containing

but ene- ky¥lokhss79 range typically from about 30-150[err] Gecruyosbsnably
from about 50-120[err] C., and nost preferably from about 60-110 C. For

the dilute refinery streans of pr op¢lenie havi ng propane as the ngjor
di l uent, tlsahoesé Wittahighgropylehe contdntnaiiyd large andequiamaeights, ¢t May 42| err |

C, (195 SO Gl 0GB & Lofon( 200 8616l ool sredispect vl . 50

t he typlc _ ( dares 10r p
honopol yneri zati on woul d be 30-96[err] C., and. preferably from about

60-92[err] C Retuﬁ% P, ﬁ?ﬁﬁ?@ueé 1t BRd é\’ﬂéﬂhg@ﬁer@édiar éVSthWSS’%bId be
[err]-olefin combnome |t|c£1 for efeefimxture

will vary fe%mallwflﬁwcﬁtﬁblséﬁﬁ}ﬁm‘é{ i#hy 8t SRR CLD TR SreceRRpIas
As i ndi caippémiierl wvould Bednixedon sitein a egtalgstahixing systern B sAfiemet hod f or

el ude. - dtefRRisin e Alibheed B3Iy Rer SAf AR ls ibseBifildlion Hopthing svSthm
vapor spa&8 whemnmetallic campopentsromeheispent patalyst andmessibly therauaach apor
space and Solidiebmoved ONBfe thst ff@@up;s&{édléa@%%?é@m istUdday apo"

condensed "an e con ens [ eact or ﬁfimd/or eed.

Al terr@ati \ﬁél&ﬁ’@hlﬂgaﬂim@lﬂeﬁéfﬂ'ﬁ&%?ﬂﬁ gog@%pg(ggplace YR catalyst d8Me¥Abar ound
cool i ng wheastivdtion, énu&eegm\sgdtem OTThemaixture/sotution of dileolts;dinreactedhen

ot "5 SabiAr, S S0met B o Bl BhcRRPoleBs e R hayar! a0e
punps to Preferablythrae sirgamg result dhe fiost, neatly pure pplymeipgadugial) thet s.
React o  plugaSHHCandEdd Bl rhesn@ﬂaf agsbﬁ;édt iA diftet 62 prherasly miehé a2 |

-olefin |n erature. ssures are

gener alll y thaethe eefinanifeed entRringRe GRRGERITALGR SYFIEM, @?wases- tUAYRDE t he
I quefyi ngyidraXhldilute reﬂ?ﬂér?‘feed Bffering the doncentratiornbysten isaalteaglyahyreng

Phe. pr eos SBCPalalad iy oafi grofimer BB eaipd enb o4 cnBfiboq BF HaTEr ('
react or caosidensables sachidsdracenanieactad:vplatie corsonomer, metbaoengityogani | e any
eff ecl | Ve dHFHRUfIG. OTfle BBcGR SPUEM 63 ma EONLENT alae éﬂaags.suggv jsédat i ve

pressur es é/ rom ahou

about 39 MAlYMEF seltian resultipg:feass the s react % s@t 5@as ﬂ?ﬁﬁ"

pr ef er abl wyhere tHis f§aPRetedsaby, thistétratim Iay Bédiverted as ¥Punbéactéd dlefin

PCT/ US95/ 07373 &%
monomer recycle 52 or otherwise disposed of, 63. In cases whére olefin
monomer conversion is so high that recycling is unnecessary, the unreacted
olefin monomers may be diverted for other uses, such as to a refinery for

O processing.

The third gaseous stream 64 containing "llghts“ may be used as fuel gas or
sent to a flare, absent some other use.

O The nearly pure polymer product at this point will nevertheless contain
traces of diluent and unreacted olefin dissolved within it as well as small amounts
of extremely low molecular weight "light" polymers. Also, trace quantities of water
will be present where the quench was in aqueous solution. Hence, the product
stream is sent to a stripping process 66 via Line 60 which eliminates the last of

0 the water, reactants, and solvents. Preferably, the "light" polymers are sent via
line 67 to the refinery pipestills to be reintroduced into the cracker and the now
nearly pure polymer product emerges from line €8 to be piped to a holding
vessel.



“The reaction nmixture is preferably vigorously mxed by any suitable neans

such as wipeddsH5e | €t punmp, or vigorous boiling or conbi napcRRedasLOf -
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nmononer andbntalmmgf:iA maleculat sieves to esmave fraces of swistuee and the polas
concentd at 'c8 e?i'lﬁrb@gfﬂé[}ﬂ%?feacﬁ‘oﬁ ﬁﬁ%/tﬁk ?hégn?@ r?%ct’?rY nl%ure Wﬁ&%’&’\ ned

with the put strea

di scussed %DW‘PWW&@@'&@‘% battem eraatammraturer@mme 3 §ff@ﬁ’\ B8-liter
After opti gpfbliyeaerd?YiREadS! @sidepiceditte Wad sulibyhbHeed heteC RefbF at i on it

is preferable to pass the fe %lag;t a scavenger bed system 54 that
removes  PrégRH E‘fp%tgo 28AY98nd filters out any
partlculates The pre- treated dilute refinery feed emanating therefrom

5 Do P o A6 SR B BT BlaSUERE LBlatast was separaRpAAd ¢
co- pol yrer ic@nwguwslm fed t@tﬁmmor Trtalyst §Op¢mtr%ttsm i8 thedeedior wessst by
havi ng manipulation of the catalyst solution feed rate in conjunction with the pre-reaction
mixture feed rate. The catalyst-cocatalyst solution had been earlier prepared
under nitrogen by adding racemic 1,1-dimethylsilanyl-bridged bis(4,5,6,7-
O tetrahydroindenyl) zirconium dichloride catalyst dissolved in toluene to a 10 wt.%
solution of methylaluminoxane (MAO; molecular weight = 1000; aluminum content
= 5.83 mole %) in toluene, followed by addition of further toluene to obtain the

final solution. All toluene employed was molecular sieve-dried.

O The product stream was continuously removed from the top of the reactor,
quenched with a dilute aqueous solution of caustic, scrubbed with waterto
remove the caustic, passed through a heat exchanger to heat the stream, and
flashed by venting to atmospheric pressure to remove unreacted monomer and n-
butane from the polymer product.

Table 1 sutnmarizes and further descr'ibes the polymerization conditions
employed and the composition and properties of the resulting polymer product.
Mass balance closure for all of the runs was about 89-100%. Conversions were
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external reflux condenser 2 in fluid comrunication therewith via gas space
6, conduit 8, and condensate retufn?@onduit 10. Anal yzer neans 9

noni tor s taieulated uemrgefeeuaandnmreafctemwacgmmanutom;msttmﬁss Mostvaing from
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via a rotatlng shaft 3b afflxed to a notor 4. During the conti-nuous
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The net al ER%Sﬂser%?tfrfléﬁmonsyStem Is fed into the reactor through line 12. A

cononormner vapor, or liquid/vapor formmay be fed through
line 14 and liquified dilute - [err]-olefin is fed through line 15. The
olefin fegga ' AV-1BLRINg © - injection into the
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enpl oyed ﬁ’fcetph trgaq&[pﬁyle?l was “ggsaﬁ.@ﬁ%e&mﬂﬁ 5% s in the

di | uent. pmymerrlmopermes@resshowmrgr Table 1may be further enhanced by runni ng
the reflux line 10 to the juncture 29 via an =~ extension.l1ll rather than
I nj ecting the reflux directly into the _reactor vessel . As stated above, a
uni quél asBAA E 23 apacation, of enPrapylene;Gopalymer he reflux is

usual ly nore dil ute and higher in oI ef i n nonomer concentration reI ative to
vol atile com)n.gge ncent ra

Coart . up, o heTRE onRanERs Btz s B EThST B dascringd fLEXABHER: xt ur e
up to opetdS, egceptrthat sobutyleye andermixigrenofnezist and thanst2-bltengs- ol ef i n feed

through | (d&ﬁté'r?ﬁ@ptré(g?snof &‘tﬁﬁe e Qferfa fed Yo Wsﬁr‘?&%ﬁ?&ﬁgttgﬁk ‘?ﬁ;’ﬁb&ﬁg{r {8 A

operating and adm
provi Ged PopPxiene, 1-butengeand rh@'éﬁ%ﬁ ysingqressurized amm.&efqe@qm f eed 26

and pr essigedafdams Wére fed tbrtﬁéttaﬂaih tHesrop8rtioy ﬁébégew fPfofiya i nject its

conpound RIEeNIene coBiig sipulelt Refifate i srer83ERH sixiye hling o Fe ™

conmpound r

product s mlswmg/eunposmlohubased an the totahweightefthe chixture lrmmdragt&luentt

I nitiator 6@% Vi

quenched %‘?aéi quencﬂB?gég %oﬂr%t bhgntpk@'weé?%gr ”%ﬁ%o?fg’ gﬁh ven % a

punp O %;-n-butane, 18.97 wt.%, 1-bu ene, 34.50 wt.%; isobutylene, 2.05 wt.%; cis-2-
butene, 11.28 wt.%; trans-2-butene, 18.31 wt.%; 1,3-butadiene, 0.04 wt.%; and
unknown impurities, balance. The Al:Zr mole ratio was abcut_1'000:1 for |
Examples 1-23. The process conditions and product properties are shown in
Table 2.

EXAMPLE 24 - Preparation of 1-Butene-Propylene Copolymer

The continuous polymerization was performed on a propylene-containing
simulated Raffinate Il pre-reaction mixture in the same manner as in Example 23
O . except the polymerization was conducted in a smaller, 1.2-liter reactor having
operational capability at higher pressures and using racemic dimethylsilanyl-
bridged bis (indenyl) ZrClp. The pre-reaction mixture had the following
composition, based on the total weight of the mixture including diluents, as

¥
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of the centrifugal punp 23 that drive£ht e product. stream|ine 24. For.
especi al | y \detganimeRr st SmoGHeof each cofbribnt 3&d tdthe stlrred mixing tank:

PCT/ US95/ 07373 as those

wi th high perBW'@ﬁ‘g &sheb it ISoRItEPe, 5,79‘@* Horauirag. %931% § HUtﬁﬁ § be

desirabl e t BhAwts| isebutyléne,at.Sovt/énand e andl trms—%qbemnjtﬂﬁ 8swtr¥éarhhe
Returni ng a%ﬁ@e&?cgﬁl&ﬂéﬁs %ndgéémEPhFdﬂéf}ﬂ%% tEF‘eS %ﬁ&%‘ﬁ g{ TayRiem 55 woul d be

the nmetallo cata syst I 'pped to thé process plant
pren xed™ woul d be m xed on site in a cat aI st m Xing system 56. After
guenchi ng, th& AL Bod {eparationsel] 1 ioute) 281 Copplyinne a deashi ng
system 59 where netallic conmponents fromthe spent catal yst and

possi bly the que solution are renmoved te that S ort

catal yst system Pih%u§98t'n‘ﬂ% polymeniza OQH@%%{%{ %ﬁ@m\ﬁim %SD E &ﬂdaced
with a cat alfps Examipiy | except the polymaetization wasicommée irs @smeallerTh2-liter

Carried Bo deacRudinvig HEdatopl EaREiEG syniond Broailras ofsDBIERBws vasg,

result: the as thﬁdllu&mmgtepdmnpwtﬁner Theopreeneastion midure hadébemllowmg
unreacted ol 6‘5rh§o§ﬁgﬁ selil &% e Rflal weg;hk BEfHe rﬁaaurenﬁaaaﬁ@audmﬁe gilute o

t han the reflne entrati

ed enteri n system
si tuations ied Qm@%ﬁmepgt&@fqaﬁ}@me%ﬁ%Fﬁ‘b@ stireed mi@@gtt?%\'f frem
systemis al theeﬁbpraprete resefee Fﬁrbpyl%dlel 4.60WeY (rt oY% propyletes bégdd and

Vol at 1| eCordRBRb Eiaopled 8 mapomiDlt Y88 iadlieh ¢ . 6 Wede. Shd 3 biene, o

62 may be us34iStwt.%i | Theeprocess conditionsi arcbpelymer praperties are shownsn Mabley2.

fromthe reactor system 55 as descri bed above. Where this is not
necessary, this s}rean1na be dlverted as an_unreacted olefin . nonomer
recycle 52 AL 45 : : ' 8 where olefin nonomnmer
conversion is so high that recycling is unnecessary t he unreacted

ol efin mpnoner's be diverted for. other uses, as to ner for
rocessi B "Tie Sonfiyrais RPEGiZRGN waR ardvciRg 26 ReSEIbeR i EXGRDIS ey

be used as foreh simalated Raffinateril ptesreadtioarmixture whith som@irdgdao plncpylene
and had the following composition, based on the total weight of the mixture
including diluents, as determined by the amounts of each component fed to the
stirred mixing tank: isobutane, 8 wt.%; n-butane, 21 wt.%; 1-butene, 41 wt.%;

O isobutylene, 2 wt.%; and cis- and trans-2-butene, 28 wt.%. The catalyst of
Example 1 was used for Examples 26 and 28 but the catalyst of Example 24 was
used for Example 27. Table 2 provides the process conditions data obtained on
the resulting polymer. The Al:Zr ratio was about 1150:1 in Examples 24-28.

0O EXAMPLES 29-31 - Preparation of 1-Butene-1-Hexene Copolymer

The polymerization was performed as described for Example 1, except that
() the 1-butene containing feed was 1-butene and butane diluent; (i) no
propylene was fed to the mixing tank; and (i) 1-hexene was fed directly to the
O reactor. The process conditions and polymer properties are shown in Table 3.
The catalyst of Example 1 was used in all of Examples 28-34. The percentages
of ethenylidene (i.e., vinylidene), trisubstituted, vinylene, and vinyl terminating the
polymer chains were determined by proton NMR. The polymers had about 43-



The nearly pure polyner product at this point will neverthel ess contain
traces wio@diswent and unreacted ol efin dissolved wthin igcpsssspbirzas snal |
anount s of extrenely |ow nol ecul ar_weight "light" polyners. Also,
trace quantities of water  will be 2p@e‘sent where the quench was in

aqueous SDT U teominatieimdidenbeinsadation, 13-38% trmsiimtéﬁbtefhmr@sa%ﬁdﬁ@ﬁi ng
process : I S €, L : wat er, reactants,
and sol Vgﬁ:{fg%ﬂ;&ﬂﬁ@%gp%ﬁé}gﬂ la:?? Rféceep'o#?" 'bg's"gnsgtg@'?nvi a line 67 to

the refinery pipestills to be reintroduced into the cracker and the now

near | y pUERARMPYES'3 NS0 Whbo@iaRipRS 1LBGEME- MHEBNECHSoipBR 10 @ hol ding
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i ln?/ent i otn_ i's dEherdohﬁ]glu?ms polyeetiziatioh was corgiucied !gsbdr g@amgfe 24, except f

illustra i 0 ‘ . - - _Preparati on, o

'~ Bt eno- BP By ARV RSy 16 RE YR mixi{ kA deenetat (S SeN v,

1 - but eneto(the reactarnsughiinat the reactor contained 1 dexeascanddinihgsintélated mum

G 11 ou reaneliy N gaplisn hfikuAS_TheereeHbi midurd ETHRIERIAC | P 3

or e r Bt FAHAMassIMUateRRaTngleUL Fauingdhg samaRsition desaired fordxample

but ang di 26leThe proeess aowed iii@lds"andféamh é@sm&mmwamh s3.t frRg puh fé{lapusl y
asse usi i ze Qn. or iumihro a serie . two

Preat ment EXeTEISe 28,3 2 BRH L GBI Glsteitor AR BUBHIE LRV BN & 2o

four treawt¥nsolbtide of the polymerpraduaAn 815N manersl oil éormexd adrazedrée aces of

noi sture ghdiibe pol ar components fromthe. pre-reaction m xture. The ‘

pre-reaction mxture was then continuously.fed into the bottomof a

t enperFat ure-control l ed, baffled, 1.5-liter '~ stirred reactor. Reactor

resi dencegXAMPNE 345 Preburitith s EButérié-1-OerRMeCopolymef essur e was

mai nt ai ned a a gauge. € same t1ne, a solution of catalyst and
cocatal yst was separately and continuously fed to the reactor. Catal yst

concentrati on Theipolymerization was pegforrhed as inExample 29, excepit that1 <xtene st
sol ution [ gefed AirBeliy'td (Hdl réaeldristéhb brlRekdrfs. " FRE bF&¥ess conditions
0O employed are in Table 3. The Al:Zr mole ratio was about 1000:1 in Examples 29-
31 and about 1150:1 in Examples 32-33. '

The isotacticity was measured for the polymers prepared in Examples 3,
15, 22, 24, 26-28, 32, and 33. In all cases the isotacticindex was at least 80%.
o The polymers prepared in the other Examples would be expected to have similar
isotacticities, because they were prepared under.the same or substantially similar
experimental conditions. A -

The isotactic poly-1-butenes prepared with F/l'n's below about 1,500 have

O oil solubility. For example, the poly-1-butene of Example 27 (M n = 1,542; 87%
isotactic) is oil soluble, but the poly-1-butenes of Example 22 (Mn = 1,936; 87%
isotactic) and Example 28 (M n = 3,840; 93% isotactic) are not. .In contrast, the
isotactic 1-butene-propylene copolymers exhibit oil solubility at molecular weights
significantly above 1,500; e.g., Example 3 (M n = 2,919; >80% isotactic),

O Example 15 (Mn = 3,739; 94% isotactic), and Example 24 (M n = 3,100; 94%
isotactic) are all oil soluble. The isotactic 1-butene-1-hexene copolymers exhibit
oil solubility at relatively high molecular weights; e.g., the oil soluble copolymer
prepared in Example 32 has M n = 4,490 and an isotactic index of 90%.



m xture feed rate. The catal yst-cocatal yst solution had been earlier
prepar ed y, 95?£g ni trogen by adding racemc 1,1 -di methylpgrheybrsesi dged
bis(4,5,6, 9 t rahydroi ndenyl ) zirconiumdichloride catal yst dissolved in
toluene to a 10 wt. % sol ution oflnnr@ﬂafunlnoxane (MAG nol ecul ar

wei ght = 1000; al um num cont ent 5. 93 nDIe % i.n toluene, followed by
addition of further t to o0 |n t h solution. All toluene
el oyed vas ol CoaRay-Siafengs Bl heve Bopes aels SvEdnTelAa A -RuRer,
renoved fr qproplyeneogomdlymiees wﬁhcabmux the samearchenh sutistaratially| higreradpgrees

sol ution of u ﬁgﬁb ed
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PCT/ US95/ 07,
cal cul at ed %é%r%'cf'gdﬁxand unreacted vent gas rates and corrp05| tions. Most

of the pol ynmer products were tested and found to be oil sol uble.

The Exanpl es showed that | onger residence tinme, higher tenperature, and
hi gher catal yst concentration resulted i-n increased conversion and | ower
nol ecul ar weights. Variation of catalyst A :Zr ratio did not show

significant effect on conversion or [err] EXAMPLES 20-22 -
Preparation of Poly-1 -Butene The pol yneri zati on was performnmed
as descri bed above for Exanples 1-19, except that propyl ene was not
part of the feed. The process conditions and pol ymer properties are

shown in Table 1. EXAMPLE 23 - Preparation of 1-Butene-Propylene Copol yner



The cont

1-19, ewoepB3t7hat

necessar

pre-reaction m xture having the:

I nuous pol ynerization was perfornmed as descri bed for Exanples

d to the stirred m xing tank i
bdt ane,

8

y to forma propyl ene-c gifng sinulated Raffinate Il

AR

| sobutyl ene and a m xture of cis- and tpcASS9R0RIE enes
(containing traces of butadiene) were f
addition to propylene, 1 -butene, and A
The five liquid

n

usi ng pressurized argon.
feedstreans were fed to the tank in the proportions

OW ng- conposi tion, based on the

t ot al Laght of the mxture including diluyepts, . as. .determ ned by gas
chr omat ddixajpliguteng  Propllane pResiBer@el| Ruactibg | | Swiiyst ahol-Budng 3 Bropyiéne 1f - bt BMWD |18. 97
W . % 1-|Dotjeirefeed3y iBGeaut | oTimes op (emb.e nEoncentgs | Ganversiornj Gongersion | (Dut edl,
11.28 wif. % | tWeths] 2% epdmingd, BHeC) 9y om- blit attlene, %04 Wt . % | and
unknown |i mpur iPi es, Bl ahce. Thep Al : zf @M rati'o was| about 1000: [ for
Exanpl e§ 1-23. Thg proceps cond|tions L‘ia‘ﬁ' z;ﬁfsétiuct propertiesfare ghowt in
Tabl e 2. AR ——Progirot Bt Re--Copolyner
The cont#-baku‘ym ol i 26308 e A D2 hi2dd
si mul at deRat$kdhat o118 ok o 300ack; 243
Exanpl e |23 Jexidoe [+ 145 o0l . 400, . 22215 t er
react or hoiiAn0 S5 rat-aagt 340 g
racem c peH—+ tfﬁ;;’is | S.L jCﬁbr 2844t on
mi xt ur e P+ HE £ b1 Zdi a3l o HHE3df the
i xt ur e Ji-beiiihgl difdents3lds 167
PCT/ USOH-DAz7s:2 6.6 476 . 1.71
determr ¥ 2ol anfifntb—aPSeabn-Lonbondid— =+ %: =, Zétﬂﬁ tank‘
43. 0% LB(L(\ A8 1o \ 034l .9

propyl enfes—4- Y—-septighet———w—3—f—b : e,
39.2 w. 1 T ci'ﬁ, - fﬁv —4 stnu 341“‘ B 4561 4.7841 oy
The et e}ndgfiu .352. £ umh N ber e bildS o
EXAMPLE ‘%E -BeF 3536“ efﬁ's o AN N L8 Mhe
cont i nudtis “?fz';i..;‘*izi +—Gf— 2 o - LHGEELH‘ SHPrrt -+ 193 ) o)
Exanpl e [iotexdZdse :i?-pe Pzt D s .mutﬁg;f e p-29641; ¢ er
react or Jlj’s :i 0. 1.8V ] V589 T 6D, T2, % E?ﬁk‘ 544" 12180 | 2.0 'e Was
eod 1ﬁ Y .1J_Pu| OLLBUH T %ﬁpa A 1. o1 et ] 1 %!'-sunu ﬁvd‘f‘ﬁl

18 56.1 10.3 30.8 . 80 0.37 324 44.8 3.548 | 2.29

19 56.1 10.3 45.0 100 0.40 46.9 59.8 1,730 | 2.29

20 43.0 - 45.0 80 2.86 71.8 - 1.069 | 1.67

21 | 43.0 - 30.0 80 2.83 67.9 - 1,285 | 1.74

22 43.0 - 31.0 80 0.37 36.9 - 1.936 | 2.02

O (1) Weight percents are based on the total weight of 1-butene, propylene, and n-butane diluent in the feed.

(2) The catalyst concentration in the reactor was calculated for a temperature of 25°C. and is based on
total volumetric flow rate of initiator solution and pre-reaction mixture entering the reactor.

3 M n and MWD were determined by gel permeation chromatdgraphy using.a PIB standard.
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i nstead of n-butane.

The pre-reaction m xture had the

fol | oW NOwq os4394900si tion, based on the total weight of thepstasksdi®srs

Lt ncl udi ng J’?uents as determ ned by the anounts of each conponent fed
fo the stirred mxing tank from the~appropriate reservoirs: propylene,
4.6 Wwt.% (= 15 nol e% propyl ene, based OrTABLE 2 otal noles of nmononer in the
feed); i sobutane, 60 9 w.% and 1 -butene, 34.5 wt.% The process
conditions RCki ~VARNL T oTo V-V A=Y V=W 1 PV VSR = o=t

- Preoarati ¢ e CuaHt | Uﬁw‘g‘gé’x z%%‘i
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det erm ned | nts pf eachjc nt fed|to the

tank: isobu &t ' LJ2.§7V[. 653 QULEIIE, (35759 168 nd*

i sobutyl ene > "0 BT 75D | 300 | Bas Tl i vt Of
Exanmple 1 WISs DEg gt T2 A% 3k0 .65 angy €24
was used 26 \;Luqs 56 1( PLOCq %333, )[llgbl FOLS { ata
obt ai ned on m-,-|29 THE AL 5T TaLT O [Was; FPEE J.TSO‘ lin
Exanpl es 24-%.‘ PrgRAT at TR Of] + Buuglsgo 16 fENE
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Exanpl e 1, Q¥CARL. bon emu()h} J.&@acém W SRac 93* aﬁﬁ%ide@@és éa,ta%mﬁ
and but aghje & Mmlum eofthe e T Hﬂmxﬁﬁ

(1) 1 -hexeRgea@s f é I rectl to the reactor. The process condltlons and

pol yner proraz;rme%pﬁéxﬂo&wmme poiViaétviis determined bylR@bdnaizalvest of Exanple 1 vvas
used in all =ofd otdadngined?9- 34. The percent ages
trisubstituted,

vi nyl i dene),

vi nyl ene,

and vi nyl

of ethenylidene (i.e.,
termnating the
pol ymer chains were determ ned by proton NVR. The polyners had about 43-
TABLE 3

W0 95/ 33179
PCT/ _U895/ 0_7373_ _ - 28 - 7%
term nal . 11 3bht o dencéﬁea?’o o % MWD | Comono-
unsat ur N&ﬁ’infeed ~pmier § < 3 !J# fa- L f V'(W' mer
unsat urag i orf. wiss | feddA 3@“ $§ dek/ SPar@hn! 0 Hexerr%omem
Copol vnef (¢} wt.% | gauge) (g-mole/ (%) sion {mole%)
@ liter x 10°3) (%) 5
3)
29 | 36.3 922 1,800 30 80 2.95 62 100.0 § 1,477 | 1.72 | 1-Hexene
. - 21.2
30 | 363 92 | 1,800 30 60 284 | 57 69.9 | 3.365 | 2.32 |1-Hexene
17.2
31 | 342 14.5 1,800 30 60 2.87 50 52.6 | 3.969 | 2.25 |1-Hexene
- : 229
32| 410 21.3 1,700 45 80 3.10 57 47.0 | 4,490 | 3.26 | 1-Hexene
13.0
33 41.0 21.3 2,200 45 105 2.80 33 38.0 | 2.282 | 3.62 |1-Hexene
17.0
34 | 351 124 1,800 30 60 2.87 50 57.7 | 3,723 | 2.25 | 1-Octene
16.9
(1) Weight percents are based on the total wexght of 1-butene, diluent, and comonomer entenng the
. reactor in the 1-butene-containing feed and the comonomer feed.
D  (2) The weight per cent comonomer is based upon the total weight of 1-butene, other C4 olefins, if any,
comonomer, and diluent entering the reactor in the 1-butene-containing feed and in the comonomer
feed.
(3) The catalyst concentration in the reactor was calculated for a temperature of 25 degrees C and is
based upon total volumetric flow rate of the initiator solution, the l-butene-comalmng feed, and the
O  comonomer feed entering the reactor.

4) Mnq and MWD were determined by gel permeation chromatography using a PIB standard.
(5) The comonomer content of the polymer was determined by carbon-13 NMR.
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sol ubi | i or  exa ene’of. Exanple 27 (M = 1,542; 87%
|sotact|c) S 0|I sol ubl e, but the poly-1-butenes of Exanple 22 ([err] =
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not. In ntraait‘f sotactic 1 -bute 8%%)9 ymers exhibit
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i sotactic), and Exanple 24 ([err] = 3,100; 94% i sotactic) are all oil
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i ndex of 90%

S. The process of claim 3 wherein said residence time is at least about
30 minutes.

6. The process of claim 1 wher_ein said m'etallo'cene'catélyst system
comprises a metallocene catalyst and is carried out to achieve a catalyst efficiency
of at least about 10,000:1 weight ratio polymer to metallocene catalyst. -

7. The process of claim 1 compnsmg carrymg out the process ata
temperature to produce polymer of 300-10,000 Mn.

8. The process of claim 1 or 2 wh_erein at least 50 weight % of the
constituents of said diluent possess a boiling point under reaction conditions within
about +20°C. of the average boiling point of the a-olefin constituents of the feed
stream.

9.  The process of claim 1 wherein the contents of the reaction zone are
maintained at a temperature below the critical temperature of _the a-olefin reactants.
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TABLE 1 . 1-_hutene Propyl ene Resi dence. ti,on st

1-Butene  Pr opﬁée WOCWE)OPXIa'm ﬁa wa?rﬁ"? g@@etqgﬁstfmg%qgﬁﬁ/%buten%}m_
Concent r a- apdrsetd diloenfommpnsemmhet 84 hydr8¢arbons. W . % w . %
(mns.) (deg. Q tion (A (4) (1) (1)
(g-nol e/ liter x 10.5) '
(2) , 13.  The process of glaim 1$1wberem saigd @ least onegg-alefin is progylene
0. 36 . I/ i i bons2  61.4 17.5

30. 0 apdsafd dilugnt ebinprises'ofief Cahybocarbons? | 24 . 3

61. 4 17.5 30.0 90 0. 36 _ 51.4 52.7 2.919
223'72% 5 4 441. 0 The protés$ of glgiri&%ﬁegegn ;he 6n of the pélyi@r is controlled tb
" 87. . . . & 30.0 90

036 ° bejorgacouteogrogoog 204, 7 6 41.0 7.2

31.1 80 2. 96 68. 2 87.9 1. 467 1.83 7

41.0 7.2 ; ;

Toas 100 18 6 ﬁi‘e é&gcgss o?QIalrngwh@re?ﬁ the %eactloﬂae@(gerature %%&énbolled
74. 4 by gvaporativesgeoling. 71

16. The process of claim 1 wherein the evaporative cooling is achieved by
internal or external reflux.

' 17.  The process of claim 1 wherein the liquid phase is continuously and
vigorously mixed by impeller or jet pump.

\\ Tl
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a PIB stan e co t'he pol ymer was
det er mi ned by carbon-13 NMVR WO 95/ 338738 - PCT/ US95/ 07373
CLAl M5 140, A ﬂﬁmrbeeﬁl&f RaRE ASwhédin i@ dilgéntds derived fnpeaaefinery

pol ynmer conpri si erive om at |east one [err]-olefinin
t he presence sﬁpaégﬁe@fém‘%ﬁ ta%ﬁsgl%“‘ﬁ} €¥&m and in a reaction zone

containing |iquid phase, conprising: continuously introducing into the

[Tquid phase of a feactig 0 4 diofty N hbASAASIA SRS aXSEARIEN (1)

a dilute liquified eam conprisin east one -
[err]-ol ef i n progyléneubwenatic pentenent, Mnﬁ ofr EFtPUEr& is at |east 30
wei ght percent of said feed stream and cont| nuously w t hdrawi ng pol yner

product fromthe rgactaq. 2, ' :
conpri sing i ntrodut 'ngqﬁ?ﬁ grosassiof ¢l2imiidn gsfﬂﬁéﬁcfaﬂgggOc?}l‘éé%]!%l%ﬁﬁgnsﬁtene-‘l
conononer.  and said diluent ddmeprisescather €4 h}’dl’nnaﬂbdnsrt her conprising carrying

out the reaction with a catal yst concentration and resi dence time to obt ain
at | east about 30% conversion of said at |east one, a-ol ef

The process of clal3n 3 Thepricass af alaimtd VQ?@B@@%F‘(‘&?%‘PP? g.—oofgﬁpé%gfopylene

about 1.0 g- @J'daéé:utcﬁrueﬁté&nénses other C3 Rydrocaftsoriy, ocess of claim 3 wherein
said residence tine is at |east about 30 m nutes. 6. The process

of claim1 wherein said netall ocene catal yst systemconprises a netall ocene
catialyst and is cat4. edTlipracessoficizira awhereintbe Mafdf the:pelymer !atcont;aﬂed to

about 10, 000: t?e\’@h‘ggﬁ Gtajdoqopg)bddrer to nmetall ocene catal yst.
The process o 9 conprising carrying out the process at a
158. The process of claim 1 wherein the reaction temperature is controlled
by evaporative cooling. '

16. The process of claim 1 whereln the evaporatlve cooling is achieved by
- internal or external reflux.

17. The procéss of claim 1 wherein the liquid phase is continuously and
vigorously mixed by impeller or jet pump.

18. _The process of claim 1 wherein said dilute liguefied a-olefin feed

[ stream is derived from a catalytic cracking refinery stream or a steam cracking

plant stream.
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- spid dil uent corrprl ses ot her C4 hydrogar bons 13. The process of

c @‘Pf"r{?g re| n lg&"éﬁ’%ﬁ }j one [Ugrll’]‘ hmr;er ;‘;9 %I Lene and said
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8| GO @ pplicant: EXXO, gf gof%fUSGJShl m 1 véreredns t he reaction tenperature
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An lmproved process for the homopolymenzatxon and copolymerization of a-olefins utilizing highly dilute a-olefin feedstreams to
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" 17. The process of claiml1l wherein the liquid phase is continuously and
vigorously m xed by inpeller or jet punp. 18. The process of claim
1 wherein said dilute liquefied a-olefin feed streamis deri ved froma
catal ytic cracking refinery streamor a steam cracking plant stream
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