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DILUTE PROCESS FOR" THE PREPARATION OF El'HYLENE/ALPHA-OLEFIN COPOLYMER 
USING METAUOCENE CATALYST Sl~ . 

5 Backqround Rf tbe lnveptlon: 

This invention relates to a continuous process for th9 polymerization of 
ethylene and a-olefins with a metallocene catalyst syatem u•fng dflute a-ofefln f aed. 

Olefin pclymerfzations, patticufarty ethylenalu-olefin copofymerizatfons, r: :an be 
10 broadly d"dferentfated al occumng Jn solution, suspension, or in the gas phase. 

Within the continuous solution pofymerfzatfon category, operating conditions ce 1 vary 
quite broadly depending on such variables as the concentration of the reactant~ in 
the total feed, the nature of the catalyst system employed, the ~esired mofecufe· 
weight of the polymer, and the ·desired monomer/ccmonomer ratio within the 1i, 11 

15 polymer. · 

When concentrated ethylene and a-oletlns, e.g., propylene, feeds are. 
COPotymerized with conventional Ziegter-Natta catalysts, It Is knOwn. as desa'f t:. !d In 
U.S. Patent Nos. 3,912,898 and 3,637,616, to conduCt such polymerizations 
continuously to obtain an ethylene copolymer, dissolved In the sofvent, which 1~ 

20 continuously removed and Isolated by_ known m.eans. ·Unreacted monomers le·;;; vtng 
the reactor are recover&Q and recycled to the reactor along with fresh monomo: s to 
replace those polymerized.. 

It Is also known, as in EPA 2!0,339, to conduct continuous ethylene/a; .. , efin 
copolymerizatfon under highly dll~e conditions at atmospheric pressure usi"' 

25 conventional Ziegter·Natta catalysts. These processes suffer the drawback tt' Et the 
catalysts exhibit low pradudivtties and produce polymer product exhibiting brcic: d 
moleeutar weight distributions, high ash content, and number average molecuk r 
weights too large to bet.tsefut as lubricant additives. Consequently, if low molE:QUlar 
weight polymers are desired either hydrOgen must be used to keep the mofecJ ar 

30 weight of the product.Jaw, e.g~ less than about 15,000, or the .catalyst concenfri3tlon 
has to be Increased to extremely high levels to cbtafn·lowmolecularweights. ~·he 
tfydrogen treatment at least partlaSly saturates the terminal double bonds In tt f. 
product. thereby significantly reducing or -destroying the polymer's utility for rr.c: $t . 
functionallzation reactions. e.g., those used In the production of dispersants . 

. J5 Saturated polymers have limited appllcabillty for use in suosequent fuetionalt:r:1tion 

terhniques (e.g., by 11ene11 reaetion.~th malelc anhydrid~) which rely on a hig!" 
terminal doubl• bond content to achieve functionallzatton. · 
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In contrast, recent developments In the catalyst and ethylene/a-olefin CE AO) 

copolymer art disclose that metallocene catalyst systems yfetd low molecular \II-Sight 

polymers with high terminal ethenyfldlne (vinyHdene) content diredly, without 

hydrogenation, as well as other advantageous properties (see, EP Publlcatlo' Nos. 
5 129,388; 440,504; 440,505; 440.506: 440,507; 440,508; 441,548; PCT Publlc:c: Uon 

Nos. WO 91/11488: WO 90/01503; and U.S. Patent Nos. 5,017,299; 5, 128,0:!-ii; 
5,151,204; 4,704,491; 4,668,834; 41888,393; and 4,~2,199). 

More specifically, Jt is known In tha art to employ high pressure/high . 
t~mperature systems, as in U.S. Patent No. 5,084,534 and EP Publication 26C,999:· 

10 which utmze pure or nearly pure feeds and metallocene catalyst at pressures . ~P to 

2,500 bar and temperatures up to 300•c. Such systems are designed to pro:I Jee 
high molecular weight polymers at high cataty_st produdlvftfes (i.e. grams of~< lymer 
produced per gram of catalyst used). These systems suffer a number cf draw Jacks 
when applled to low molecular weight polymer production; most notably, exp111 "1Sive 

15 pure feeds and specialJzed equipment resulting in high fixed costs of produdf: 1n. 
Also, such systems operate with a sfngJe phase to allcw efficient mixing Of the 
readants and. therefore, hOmcgenelty of the product. 

A single phase system is achieved by operating at temperature;t and r> · iassures 
sufficJentfy high to compress the ethylene and make It dense enough to dfssf>l 'l'e the 

20 polymer product therein. This produces a homogeneous solution of polymer i , 
readant To aehleve high temperature and reduce the size of the reaction z:r le, the 
process Is run adiabaticany (heat fs not removed), making temperature contrc1 
difficult Since the molecular weight of the prcduct Is directry related to terns: c rature, 
failure to maintain constant temperature ttiroughout the reaction process reau ;ts in 

2.s increased polydispersity (er Molecular Weight Distribution, MWC). Tempernl. n 
control becomes inereasirigty more difficult at higher conversions In an adlat>< die 
system. Consequently. conversiona In the high temperaturaJhtgh pressure iir )cess 
are kept to a minimum. For polymers havJng molecutar weight of 100,000 er i ncre, 
variations of± 1,000 or so have llttte effect on MWD. For polymers on the crder of 

3 o 10,000 molecular weight and below, however; such variations are extremely 
disadvantageous. 

Moreover. the use Of pure feeds is another limiting factor on the rate :: : 
conversion. As the converalan rate in a pure feed system is increased, the 
concentration of polymer In the reador increases until It beeames extremal) 1 iifficult 

3 5 or Impossible to mix and pump the reactants efficiently. This problem ts tmic erbated 
at 8 low reaction temperature where polymer 'ltSCOSity increa~es further. n11: · 
Hmitaticns on conversion induced by pure feeds appHes to essentially all 

polymerization processes. 

.. 
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·Typically, a low conversion system requires the recycfing of ethylene 1rr:1' 
comoncmer OtJt of the product stream and back into the reactor. Such a recy: a 
system Is disclosed in PCT Application No. EP92/003n (Publicatton No. WC 
92114766) wherein unreaded ethylene must be separated out of the product r ream 

s and then repressurized into the reactor vessel. However, since catalyst ls Pfl!:;em in 
the recycle and ethylene is extremely self-readive, the problem of ethylenic 
potymenzatlan arises, thereby riecessifatlng the use of a catalyst 11kUfer" that c m 
suppress polymerization in the recycle stream. Such a "killer' is not needed ir the 
present lnventfon since the improved mass transfer associated with large qunr 1tities of 

10 diluent ensure that at least 90 percent Of the ethylene wm be converted. Her.c e, IJttle 
or no ethylene appears in the product output stream. The only precess akin tc a 
"recycle" In th• present invention is the use of a reflux condenser in the pref~ir ·ect 
boiling read.er embodiment. This still poses no difficulty. as metallocene cat.ti yst 

systems will not vaporize Into the vapor space of a bolling reactor and theref.) ·e do 
15 not appear in the reflux. 

Others have attempted to prepare 1ow molecular weight EAO at low 
temperature and pressure, with metallocene catalyst as described In U.S. P&Mnt No. 
4,704,491 to Mitsui Petrochemical lndustnes and U.S .. Patent No. 4,eaa,834 t11 

Uniroyal. The process described In Mitsui '491 operates with high catalyst 
20 concentrations, e.g., 10-2 molesllltet, pure undUuted vaporized feeds, at atmc:spheric 

pressure. extremely shert reactant residence time (e.g., about 0.5 seconds), \• 1itn no 
recycle of unreacted reactants. The high catalyst concentrations are needed 
because the mass transfer cf the reactants Into sotutton is poor and, corisequ~ntly, 
tow concentrations of reactants appear Jn &Olutlon. Low conversions are the 1 asult. 

25 The Uniroyal '834 patent operates at super atmospheric pressure with a conPressor 
driven cooling system and pure undHuted feeds. 

Methods employing dilute reaction mixtures and utilizing batch proceisi:es are 
known in the art. Typically, dilution of the reaction mixture occurs as a resu t of 
employing a metallccene catalyst eystem in a dlfuent, usually toluene. Howe ser, lhe 

3 a use of a dilute feed or a..olefin is not found in this art. Moreover, rapid intrcd; Jction of 
reactants Into solution Is often accompHshed by Introducing the pure readSlt s 
directly into the vapor space of the reactor Instead of the liquid phase, or b) I :iubbHng 
the reactants up through the reaction mixture at pressures too low to provtd a effective 
dlssoMlcn tnerein. Such processes are also conducted at very low monorrer 

3 5 conversions. 
KAMINSKY. et al., U.S. Patent No. 4,542.199, describes a l)ateh pro:: iss 

wherein pure ethytene and an a-olefin are introduced into a pressure vesst,I 
containing a metallocene dissolved in toluene. 
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LUKER, U.S. Patent No. 5,023,388 refers to a batch process, Wherein th(· 
metallocen~ i• dissolved Jn diesel oil in the presence of large quantittes of cx-ofe nn 
and ethylene and hydrogen gas at 7 bar. The molecular weight distribution of tt .e 
product is rePQrted to be 2.8. 

SLAUGH, et al., EP 366, 212 pubtlshed May2, 1990, teaches contlnucu11 '' 
. batch processes, though the examples offered are all batch. The feeds used rir~ pure 

and the reaction mixture Is highly concentrated. The process produces polymo: 
wherein 80 percent of the product has less than 20 carbon atoms per moleculE1. 

TSUTSUt, et al., EP 447,035 published September1B, 1991, refers to a siaries 
of batch processes. Wherein ethylene Is first polymerized or copolymertuc with 
a-olefin in a first batch under concentrated or dilute conditions; the prcdUct ts 
isolated; and then the product Ii Introduced Into a subsequent batch precess vii :h 
ethylene or an a...olefin.- The process may be continued to a thfrd round of bait:!': 
precessing. Reactants may be relatively concentrated in one batch, yet relatl\'E ly 
dilute in the next or vice-versa. 

Another approach, as described by HIROSE, et al., JP 2·173, 11 O dlsclc~ ed 
July 4, 1990, Is to recycle massive amounts of ethylene and propylene gas thr: ;gh a 
solvent-containing reaction vessel. The feeds are pure and the quantity of re1ic: lants 
to solvent Is very high. The ratio of ethytene to a-olefin Is necessarily very low n 
order to prevent polyethylene formation. Polymers formed by this process ha\'lf. 

ethylene contents fess than 10 percent by mote. 
It ta also known in the art.to cool polymerization readers by evaporatioii and 

removal Of unreacted monomers from the vapor space, such monomers being 
optionally caoled and recycled to the reactor. Reactors cooled in this manner r- .re 
referred to as evaporatively c:Qoled reactors or boiling reactcrL Polymer is re :.1vered 
from the readiori mixture by withdrawing polymer solution from the reactor anJ 
separating unreaded monomers which ara usually recyded to the reactor. AJs >, as a 
general proposition, as the concentration of polymer in solution lnaeases, an:t or the 

molecular ~ight Of the polymer increases, the viscosity of the readion mixture 
increases. This In tum reduces the mass transfer of ethylene from the gas intc 1he 
liquid phase and reduces the heat transfer properties of the reaction mixture th 91"eby 
making it more difficult to coot the reaction mixture. As Indicated above, failurE to 

maintain a stable reaction temperature leads to fluctuations in the molecular ,v. 3ight of 
the polymer and a broadening of the molecularweight distribution. 

While evaporative cooling reactors itnprove heat transfer by removing tt 1e 
exothermic heat of reaction, and can maJntaJn stable reaction temperatures, t "I ~Y 
have the disadvantage that ethytene concentration in solution In the reador i:s usually 
less than its equilibrium value (i.e., ethylene is contlnually being quickly remc,·ed and 

. . ,. 

• 
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recycled). Thus, as a general proposition, in order to produce a copolymer CO"I aining 
a particular proportion cf ethylene in evaporatively coo1ed reactors , ;t is usual i~. 

necessary to recycle a larger amount of ethylene in the reactor off-gas (to obud ~ the 

cooling benefit) than would be the case. If a seated reactor wera employed 81'\i:! 'the 

5 concentration of ethylene in solution in the reactor achieved Its equflibrlum valu9. 
-- . 

Economically. this Increase in recycle volume means greater expense than wet. Id 
otherwise be tha case. See U.S. Patent Na. 3,706,719. MoreO\'er. ;r the reac-fon 
temperature Is Increased (e.g., above the critical temperature of ethylene at 9.: .. c 
(48.s•F)), the ethylene mass transfer problem becomes more acute since the 

10 solubility of ethylene will be more difficult, thereby reducing gasJlfqufd phase t!'I :idng. 

In addition to ethylene imbalance in the vapor space and mass transfer 

problems, evaporatively cooled reactors also lead to the associated probfem of 

reactor fouling and polyethylene segment formation. More specifically, becau1 1 

ethylene and a-olefins possess different. reactivities, they co-polymerize at di~ nent 

1s rates. Moreover, beeause ethylene reacts with Itself so much faster than with 
m..olefins, the copolymerization of ethytene with a-otefina can result in polymer-.: 
having large crystalline polyethylene segments randomly interspersed with 
cccasfonal cr...orefln moieties. 

These phenomena not only make it difflcult to controf the ethylene corn: nt in 

20 the polymer, reduce the solubllity of the potymer in the reactlen mixture, and 
consequently tead to reactor fouling, but aJso more Importantly, they limit the 1,, Jlity of 
the polymer In appllcatlons extremely sensitive to crystalllnity, such as makinn 

dispersants for lubricating on compositions. . 
The conventtonal solution to controlling polymer ethylene content, whE-r using 

2!5 Ziegler-Natt& catalyStS, has been to regulate the concentrations of ethylene e.r d 
ex-olefin in the reaction mixture. For example. to obtain a copolymer of ethylene and 
propylene having approximately 50 mote percent of each monomer Jn the cope: lymer, 
It has been considered that a large excess of propylene, e.g.1 greater than 1Ct ~mole 

ratio, ts necessary in the catalyst-containing solution in the reactor. In contrast, a 
3 o c;opolymerlzation conducted in a solution containing about equal amounts of ~ :.hyfene 

and propylene, produces a copotyfner so high In ethylene content, that under 11rdinary 
Zlegler-Natta polymerization eondltfons, e.g., about -20- to about ao•c .. it wt1L. Id not 
be soluble Jn the saturated hydrocarbon solvents used as the polym~zation r 1edium. 
However, when ethylene and propylene, for exampte. are polymerized in a rt1l ctor 

35 having both liquid and vapor phaies, the mole or weight ratio cf propylene tc· 
ethylene In the vapor phase is typically far fess than the corresponding prop~'' !fie to 
ethylene ratio Jn the liquid phase because of the greater volatility of ethylene. For 
example, if the propylene to ethylene mote ratio in the liquid phase is abOut ·1: ):1, the 
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propylene to ethylene mote ratio in the vapor phase above it may be only abou1 1: 1 to 

about 3:1. 
Uniformity Of ethylene monomer incorporation, known as "compositional 

dlstributlon"1 is also a Junction of the mass transfer of ethylene into the reactior1 zone, 
s i.e •• uniform mixing Of the co--monomers. However, as discussed above, in thc·s e 

reader designs which employ reeycle of the vapor phase, e.g., using a reflux 
condenser. the reflux condensate returning to the reactor will typically have 

sufficiently high ethylene concentrations that reactor agitation of fresh and ret)' :Jed 

ethylene alone will not suffice to prevent insoluble polymers having randomly "I gh 
lo ethylene co~ent from forming and cloggfng up the system. Consequently, It t'1t 11 

. been conventiol'\SI in the art to attempt tc introduce precess steps for reduci~f :he 

ethylene content In the reeymecl condensate. e.g., by removing ethylene from he 
condensate before Introduction into the pclymerizatfon reactor. ,Sn U. S~ Patn · ~t Nos. 
3.706,719 (c:ol. 5, nne 68 et seq.); 3,637,618: and 3,912.898. Such steps are c~ly 

15 and Inefficient 
Separate and dlstind from the need to control monomer ratio in the l'eC)·::le 

stream are the mass. transfer problems associated with employing pure feed&, 

particularly m1xed pure feeds, even when supplied to reaction zones employirit a 
solvent which dilutes the pure feed as it ls introduced Into the reactor. For ex; nple, 

2 o the introduction of pure feeds into liquid reactJon mixtures necessarily creates .. i 
higher ~ntratlon gradient of monomer at its point of fntroduction relative tc· the 
remainder of the reactor. Thus it finite amount of time will be required to achf e 'l'e 

unifonn mixing Of the monomer Into the reaction mixture. As long as this higl"e r 
concentration gradient exists. there will be a propensity to form hfgher motecul u 

2s weJght polymer species relative to the molecular weight of polymer species fc·r ned at 
monomer equilibrium concentrations, since molecular weight Is a function of m JnOmer 

cancentraticn. Broadened MWD and no.,..uniform composttlonal distribution a ·e a 

mutt. 
In view of the above, there has been a continuing need to develop mo·~· cast 

30 efficient processes for preparing EAO copolymers with metallocene catatyst n:: stems; 
the present Invention was developed in response to this neect. 

IUMMARV OF THE INVENTION 

35 A process for contlnuously producing copolymer comprising monomer .mita 
derived from ethylene and a-otefln In the presence of a metallocene catalyst :; ystem 
and in a reaction zone containing liquid phase which comprtses: 

... 
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(A) continuously providing a dilute lfquified a-olefin feed stream corrr Jrising 
at least one a-olefin reactant and diluent admixed therewith wherein the amo.: it of 

diluent in said feed stream is at feast 30% weight percent thereof; 
(B) providfng a feed stream comprising ethylene In liquid, vapor, or 

s liquid/vapor form; 
(C) admixing, the feed streams of steps (A) and {B) in amounts suffk ient to 

provide a reactant teed stream having an a-olefin/ethylene weight ratio effecj·te to 
yield a co-polymer containing between about 5 to about 70 weight percent m;, lamer 
units derived from ethylene; 

10 (0) contJnuousty introducing reactant feed stream derived Jn accord~;nce 
with step (C) and metallocene catalyst system Into the liquid phase of the raaic tion 
zone in a manner and under coridJtlons sufllclent to: 

(i) potymerlze the ethylene end a-olefin to pofymer product ha\I· ng a 
number average molecufar weight of not greater than about 15,000; 

15 · (ii) obtain an ex-olefin conversion of at least 30%; 
(iii) obtain an ethylene conversion of at ·least 700" 

(E) continuously Withdrawing copolymer product from the reseter. 

Several advantages resurt from the instant invention: 
2 o (1) the use of dltute monomer feeds results in a lower mncnr rtration 

gradient at the point of monomer rntroductfon into the reactor and, consequertly, less 
time Is required to achieve unfform monomer mixing and less time is avaflab e for 
higher molecular weight species formation at the input port; 

(2) the use cf dilute feeds enables the process to operate at nigh 
25 conversion rates of ethylene/cx-ofetin without the attendant buildup of mau tr:msfer 

resistance attributable to pofyme( fOrmation in pure feed systems; 
(3) In the preferred embodlment of the process of the prenr t 

Invention employfng a boiling reactor and dilute feed, ethylene In the vapor :11>ace and 

in the liquid reaction mixtUl'e are in equilibrium.- This ts achievable because t 19 

lo reaction mtxture gives essentially no mass transfer resistance at the liquidf'laper 
Interface because uniform mhtlng is easUy obtained; 

(4) as a consequence of high ethylene conversions obtalne.;)le with 

a metallocene catalyst system. the amount of unreacted ethylene entering ti"~ vapor 
space and in equilibrium with diisolved ethylene is minlmlzect. mtnimtzatJcn <•f 

l 5 ethylene vapor buildup facHltates recycle Of ethylene and does not hinder rtJ( .ycte of 

the a.-olefln; 
(5) stlll further improvements are made possible by emplo)·i1ig a feed 

diluent, such that the major constituents of the diluent boil at about the same 
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1emperature as the a-oJefln to be copolymerfzed with ethylene. Accorctingly, t thytene .. 
content In the vapor space Is further diluted by the a-olefin feed constituents, ~ major 

portion of which is diluent Thus, evaporative cooling doef not depend on rt!C yde of 

high amounts at ethylene In the vapor, ethylene buildup in the reflux is furthfrr 

minimized, and mass transfer resistance t~ ethylene mbclng is further reduced; " 

(6) fouling caused by ethYfene buftd-up at the reflux return p1: 1rt and 

attendant polyethylene formation is easily avoided since the more vofati~e et"l 1lene is 
also more reactfve than the a-olefin monomer, the proportion of olefin monort er to 
ethylene ts typically greater in the vapor space than In lhe feed (occasionall~, iiay be 

equal to er only slightly less than that In the feed): and the concentration of o 1 hyten• 
in the vapor space is typically lesa than that In the feed; 

(7) uniformity of polymer Is greatly enhanced· without the nEE d for 

manipulation of the Condensed vapor to alter its composltlonal distribution; 
(8) the combined use of dilute feed and high conversion fad itates 

removal of catalyst (deashing) residue and quenching of the pctymer/catafyut mixture 
since It ls easier to mix the potymer with deashlng and quench media; 

. (9) use of dilute u-olefin Containing feeds and high ccnversk . .n not · 
only permits adaptation of metanocene ch~fstrfes to evaporatively ccoled rt:actors, 
bUt It also allows for a sfgnlficant improve~ent in the overall economics of tt1E 
process because such dilute feeds can be readily obtained at very low coat e. i by­

produd waste streams derived from other ~mmercial sources. 

IRJEF DE§CRJPTION OF Df~ DRAWINC:iS 

2s Figure 1 is a flow diagram of the dilute feed polymer process. Figure ; : is a 

30 

schematic view of the reflux belling reactor system. Figure 3 Is a sdie~c ·, iew of a 
preferred dilute feed polymer production pteeess. Figure 4 ia a graphic . 
repre.sentation 9f the mass flows of the ~ss of Figure 3. Figure 5 ls a g ·.: phic 
representation of the mass flows of a variation on the process of Figure 3. 

g[TAILED DE§CRIPTION gf TH! INVENTION 

Polymers produced in accordance with the pr=ess of the present ili'fl'.intion 
are polymers comprising monomer units derived from ethylene, and at leasf , >na a.• 

JS olefin. Such monomers are characterized by the presenm within their stn.K~ n of at " 

least one ethylenically unsaturated group ~of the structure >C•CH2. In addtt" :>n, they 
are highly reactive at low cata&yst concentrations. Metallocene catalyzed 
potymerfzations·are particularly adaptabl~ for use with cx-olefln monomers 'f•l1tch: a) 
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have at least one hydrogen on the 2-carbon (hence, isobutylene polymerizes 

extremely poorly): b) have at least two hydrogens on the 3-carbon; c) have at k1ast 
one hydrogen an the 4-carbon. 

Accordingly, suitable a-olefin monomers include those represented by t: 1e 
5 structural formula H2C=CHR1 wherein R1 Is straight chain or branched chain .:tlkyl 

radrcal comprising 1 to 18 carbon atoms and wherein the pcfymer formed there from 
contains a high degree of terminal ethenylfdene unsab.lratton. Preferably R 1 ir the 
above formufa is alkyl Of from 1 to 8 carbon atcms, and more preferably Is alk)' of 
from 1 to 2 carbon atoms. Therefore, useful comonomers with ethylene inclucfo 

10 propylene, buten•1, pentene--1, 4-methyfpenten•1. hexent-1; oaene-1, decf:ne-1, 
dodecene-1, trldecene-1, tetradecene-1, pentadecene-1, hixadecene-1, 
heptadaeane .. 1, octadecene-1, nonadecene-1 and mixtures thereof (e.g., mlx:t. res of 
propylene and butene-1, and the like). · 

The ethylene content of the polymers prepared in accordance with this . 
15 Invention Is preferably in the range of between 5 and 70 wt.% (e.g., 11 to 70 \•t. %), 

and mere preferaf)ly between 15 and 50 wt.% (e.g., 15 to 45 wt.%). 

The process of the present Invention is controlled to make p0lymer h«1ing a 
number average molecular weight of not ~reater than 15,000 and typically frcm 300 to 
15,000 (e.g., from 300 to 10,000). preferably from 900 to 8,000; more pref era ti y from 

20 1,000 to 5,000 (e.g., from 1,000 to 3,000). The number average molecular wt ght for 
such polymers can be determined by several knO\WI technfquM. A ccnvenie, 
method for such detennlnation is by size exclusion chromatography (also kncr., m as 
gel permeation ehromatography, GPC) which addltlonally provides molecular ·, .,refght 
distribution infOrmatlon (see W.W. Yau. J.J. Kirkland and O.D. Bly, "Modem :) ze 

2!5 Exctuston llquld Chromatography", Jahn Wiley and Sons. New Yori(. 1979). 
The polymerS produced In the process of this Invention preferably exhit.it a 

degree or crysta111ntty such that they are essentially arnorJ)tious. 
The polymers produced in this invention are further characterized in thr. 1t up to 

about 95% or more of the polymer chains possess terminal ethenyUdene-typt 
3 o unsaturatlon. Thus, one end of such polymers wm be of the formula POLY-

C(T1 )=CH2 wherein T1 Is C1 to C1 e alkyl, preferably C1 to Ca alk~. and mcr1 :i 

preferably C1 to C2 alkyl, (e.g., methyl or ethyl) and wherein POLY represe,,t:: the 
polymer chain The chain length of the T1 alkyl group will vary depending on the 
camonomer(s) selected for use in the polymerization. A minor amount Cf the 1 :iotymer 

3S chaln1 can contain terminal vinyl, unsaturatlon, i.e. POL Y-CH=CH2. and a pc1r Ion of 
the polymers can contain internal moncunsatutation, e.g. POLY..C(11)•CHf"::~). 
wherein T1 and T2 are as defined fer T1 above. The polymer products or thi~ 
inventive process comprise chains whid'I can be saturated by hydrogen, but 
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preferably contain polymer chains wherein at taast 30, preferably at least 50, n•: )re 

preferably at least eo, and most preferably at least 75 percent (e.g. 75-98%), cf ·Nhich 
exhibit terminal ethenyllden& (vinylldene) unsaturatJon. The percentage Of pot~ ner 
chains exhibiting terminal ethenyttdene unsaturatlon may be determined by Fcru rier 

5 Transform Infrared {FT1R) spectroscopic analysis, titration, proton (H)NMR. or 
c13NMR. 

The molecular Weight distribution (Mw/Mn) of the copolymers wlll be ~~::ally 

less than 5, preferably less than 4, and most preferably less than 31 e.g. betwf:e n 1.5 
and2.5. 

lo The preferred a-olefin monomers are derived from dllute e1..olefln ccntairi ing 
refinery streams, such as Raffinate--2, and are butene-1 and propytene. Most 
preferred is the copclymertzation of butene-1 with ethylene far the production : · 
ethyteneJbutene-1 polymers (hereinafter retemid to as EB or EB-1 Polymers) •J ;eful 
in lha manufacture of dfspers.ants. The advantages Of such copolymers may h: found 

· is In commonly assigned U.S. Serial Number 992, 192, ·entitled "Polymers Derived from 
Ethylene and Butene-1 for Use In the Preparation of Lubricant Dispersant Adcli' ives• 
filed on an even date herewrth, (Docket No.: PT-944). 

The ethylene content of the most preferred EB polymers is typically in tt1:. 
range offrom·15 to 50 (e.g. 17 to 50). more p~eferablyfrom 15 to 48 (e.g. 30tc1 45), 

20 and or more preferably from 17 to 45 (e.g. 17 to 30) weight percent The balan:e of 
the polymer content is substantially based upon units derived from butene-1. 1 hus, 
the butene-1 content is typically from 95 to 50 (e.g., 90 to 50), more preferab~1 from 
95 to 55 (95 to 65), and most preferably from 90 to 65 (e.g. 90 to 70) weight pe :-cent 
based on the total polymer wefght. However, the EB polymers of this fnventicr may 

2 5 optionally ~in minor or trace amounts (e.g. up to 5 wt. %) of olefins other tt ;an 
ethylene and butene-1 since the reactant S1rearns which may be us~ to prepe~e the 
EB pofymers may contain such olefins as iiObutyfene, lsopentene, bufene-2. Iii 1d · 
butadiene. Similar considerations apply for other than EB copolymerizatlon i.s welt. 

The process Of the present invention Utilizes a metallocene catalyst sys .em. 
lo Such metalloeenes afe extremely unreactive with non-tenninal ofefins, and ten ninat 

olefrns which Jack at least one hydrogen atom on the second carbon (e.g., 
isobutylene). at least two hydrogens on the third carbon (e.g •• isopentene), r.r Jt least 
one hydrogen on the fourth carbon (e.g., !14.4-dimethyfpentene-1). Hence, as 
described hereinafter, many of the components In i'eflnery streams, such as 

35 Raffinata-2 (e.g. 2-butenas, and isobutylene) are essentiaffy non.readfve Jn ;i 

metallacene system and become suitable dlluents for use in the present pnxi: ss 
which need not be separated from the feed. Other constituents such as butSc iene 
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are made non-readlve or non-poisonous by pre-saturating the double bonda \\if, 
hydrogen. 

MM@ltcpne Catalyst System • Generat pesqtotion 
5 · MetaHcgme Catalyst §.vst•m! 

The proeess of this invention can be utlllzed with catalyst In whJch the ca :alyst 
fs preferably a buff<y ligand transition metal compound. The bulky ligand may :. >ntain 
a multlpli~ of bonded atoms, preferably carbon atcms, forming a group which may 

10 be cyclic with one or more optional hateroatorns. The bulky llgand may be a 
cydopentadienyf derivatlve which can be mono- or polynudear. One er more b Jfky 
ligands may be bonded to the transition ~etal ~tom. The transition metal atcn1 "nay 
be a Group IV. V or VI transition metal ("Group• refers to an identified group o~ he 
Periodic Table of Elsm~nts1 comprehensively presented in ff Advanced lnorgar1i1~ 

15 Chemlstl)'," F.A Cotton. G. Wilkinson, Fifth Edition. 1988. John Wiley & Sons) 
Other Hg ands may be bonded to the transition metal, preferably detachable b) · .1 

cocatalyst such as a hydrocarbyl or halogen leaving group. The catalyst is der ·11ab1• 

from a ~mpound of the formula 
(L]m M lXln 

2 o wherein l Js the bulky ligand, X is the leaving group, M Is the transition metal s id m 
and n are such that the total ligand valency corresponds to the transition meti11 
valency. Preferably the catalyst is four cootdfnate such that the compound Is 
ionlzable to a 1 + valency state. 

The ligands Land X may be bridged to e8c:h other and ff two Hgands L e ndlor 
25 X are present, they may be bridged. The metaHocenes may be full-sandwich 

compoLIKll having two ligands L which are cyefopentadfenyl groups or half-s.a 1dwfch 
compounds haVing one ligand L only which ts a cycJopentadienyl group. 

For the purposes of this patent specification the term "metallocena" Js :f 3fined · 
to contain one or mere cyclopentadlenyt moiety in combination with a transitksr 1 metal 

30 of the Periodic Table of Elements. In one embodiment the metallocene cata~r.:-t 
component Is represented by the general formula (Cp)mM'RnR' p wherein Cp ~ a 
substituted 6r unsubatituted cyelopentadienyt nng; M Is a Group rJ, V or VI tra "1Sltion 
metal; Rand R' are 1ndependently $elected halogen, h)'drocarbyt group, or 
hydrocarboxyl groups navtng 1-20 carbon atoms; m = 1-3. n = o-3, p • o-3, a., i the 

35 sum of rn + n + p equals the cxidation state of M. In another embodiment the 

metanocene catalyst Is represented by the formulas: ---------

(C5R'm)pR"s(CsR'm)Me03-p-x and This Sheet Has Been Re laced 

R*s{Csff m)2Mea //II/Ill Wll// JH/ WI/ 
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wherein Me Is a Group IV, v, or VI transition metal C5R'm ts a sut>stltuted 

cyctopentadienyl each R', which can 'be th• same or different is hydrogen, alk-t, 1yt ary1 

alkaryl or arytalkyt radical having from 1 to 20 carbon atoms or two carbon atcn ~s 

joined together to form a part Of a C4 to Cs ring, R11 Is orie or more of or a 

s combination of a carbon, a germanium, a silicon, a phosphorous or a nitrogen .: 1tom 

containing radical substituting on and bridging two C5R' m rings or bridging ere 

C5R' m ring back to Me, when p = O and x • 1 otherwise x is always equal too, ::tach 

Q which can be the same or d~fferant Is an aryt alkyl, aJkenyl, alkaryt, or arylalk If 

radlcal having from 1 to 20 carbon atoms or halogen, Q' la an alkyHdene racraear 

10 having ~om 1 to 20 carbon atoms. s Js O or 1 and when s Is 0, m is 5 and p is c1 1 or 2 

and whens Is 1. m Is 4 and pis 1. 

Various forms of the catalyst system Of the metaffoc:ene type may be LUiE d In 

the polymeri:zatlon process of thi$ invention. Exemplary of the development er 
metaltooene catalysts in the art for the po1yrhertzatfcn· of ethylene is the dlsdcJS:n ct 

is US. Patent No. 4,871,705 to Hoel. U.S. Patent Na. 4,937,299 to Ewen, et al. und EP­

A-0129 388 published July 28, 1969, and U.S. Patent Noa. 5,017,714 and 6,·t~0.867 

to WelbOm, Jr. These publications teach the structure of the metallocena cate ysts 

and include arumoxane as the eocatalyst. There are a variety of methods for 

preparing alumoxane, one of which is described In US. Patent 4,665,208. 

20 For the purposes of thi$ patent specification, the terms .. cocatalysts or 

activators" are used interchangeably and are defined to be any compound er 

component which can activate a bulky lfgand transition metal compound. In cir e 

~mbodiment the activators generally contain a metar of Group II and Ill ct the J •erfodic 

Table of Elements. In the preferred embodiment, the bulky transition metal 

25 compound are metallocenes, Which are activated by trialkylalumlnum compaur ds, 

atumoxanes both nnear and cyclic, or Ionizing Ionic activators or compcunds s Jch as 

trt (n-butyl) ammonium tetra (pentafluorophenyt) bOrOn, which ionize the neutral 

metallocene compound. Sueh ionizing compounds may contain an active pn>t :in, or 

some other cation associated with but not coordinated, or only loosely coordinated to 

30 the remaining Ion of the ioni%ing ionic compound. SUch compounds are descr bed in 

EP-A-0520 732, EP-Ml 277 003 and EP-A~ 2n 004 published August 3, 1 !il38, and 

U.S. Patent Nos. S.153t157; 5, 198,401 and 5,241,025. Specific teachings dimcted to 

bis(cyclopentadleoy1) Ionic activated systems can be found in U.S. Patent Nc1. 

5, 153. 1 ST. Further. the metallocene catalyst component can be a 

3 s rnonocyclopentadienyl heteroatom containing compound. This heteroatom in 

activated by either an alumo>eane or an ionic activator to form an active 

potymetizatton catalyst system to produce polymers useful in this invention. 1 hese 

types cf catalyst systems are described in, for example. PCT lntematfonal P.i Jllcatlon 

.. 
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WO 92/00333 published January 9, 1992, U.S. Patent Nos. 5,057,475; S,096,ISt::i7; 

5,055,438 and 5,227,440 and EP-A-0 420 436, WO 91/ 04257. In addition, ttn 
metallocene catalysts useful in this Invention can indude non-cydopentadlel1) I 

catalyst components, or ancillary ligands such as boroles er carbollides In 

s combfn~tion with a transition metal. AdditionaHy, ft is not beyond the scope of 1. ils 

invention that the catalysts and catalyst S)f$tems may be those desaibed in U. ~ . 
Patent No. 5.064,802 and PCT publications WO 93/08221 and WO 93/08199 

published April 29, 1993. The cataJyst system of the invention may be, option a. fy, 

prepolymerized or used in conjunction with an additive or scavenging cor'np(:>ne it to· 

10 enhance catalytic productivity; a scavenging component such as an organoahr iinum 

or alkyl aluminum reagenl 

Tut Beagtfon Process 

1s The process of the present invention is continuous. employs a dilute fee j, and 

Is operated to achieve a high conversion of a-olefin and ethylene as defined t1i:~re1n. 

Within these parameters, the ethylene/rx-olefin product is controlled to have a 11umber 

average molecular weight of not greater than 15,000 using a metallocene c::at11 yst 

system as described abOve. Fer purposes of this Invention "contlnuous" mean:s that 

2 o monomer feed Is contJnuousty Introduced into the reactton zone and resultant 1 :iroduct 

continuously withdrawn. 
The advantages of employing a dilute monomer feed are described ab'o 1e. : 

The diluent can be any non-reactive (under the conditions employed) materi&t which 

preferably is: (i) capable of being Hquified under reacttcn conditions; (ii) capnble of 
.. . 

2s dlssofvlng at least the «-olefin monomer employed: and (Hi) capable of dissol,• ng or 

at least suspending the polymer product under reaction conditions such that · i sccslty 

buildup 1a sufficient1y minimized to the extent that the mass transfer rate of !he: . 
ethylene neeCled to homogeneously distribute ethylene throughout the ream:i:1 zone · 

is at least equal to and preferably is greater than. 1he reldlon rate at which ft1 iy1ene 

JO is canaimed In the polymerization reaction. Suitable DUt less preferred diluerts 

Include such solvents as alkanes, aromatic l')ydrocarboiis. and nonreactive al• .enes. 
tt is contemplated that the norwiactlve diluents comprise typically at least 30, 

preferably at least 40, and most preferably at least 50 weight % of the ci-olef r feed 

stream anc:t the cSDuent can range typically from 30 to 90 preferably from 40 J>E rcent to 

35 SO, and most preferably from 50 to 60 weight% of the a-oleftn feed stream terore 
admixture with ethytene. 

H Is a particular advantage of the present invention that the preferred c iluents 

ara naturally present In various refinery streams containing a-olefin monomnr 
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readants; to be useful su4fi streams must contain at least one a-olefin u th• r· 3active 

constituent. However, these streams typically will contain non-reactive r.onstt :i. ents 

which have a similar carbon number to the a-olefin. The sfmif arlty in carbon r1t mber 

causes the non-reactiVe constitUents to have similar bol.llng points to the a-alt1Jin. 

s Consequ~tly, the non-readlve constituents will vaporiZe together with the u·:i efJn 

and not only dilute the cx-o1efin in the vapor space. but atso the ethyf ene. Thf!l 

dilution effect decreases the mass transfer resistance of the react1ve monomer ~ in the 

vapor space, particularly ethylene. 
Accordingly. a prefeired diluent wfll contain cCmponents comprising ty(Ji:.alfy at 

io least so. preferably at teast 75, and most preferably at least 95 weight %, anc 

typfcaJly from 50 to 100, preferably from 75 to 100, and most preferably from n~; to 

1 oo weight % thereof, having a bolling point at the reaction conditions of typi<:i: lfy 

within 120•c, preferably within ±15°C, and most preferably within ±1 o•c of the 

average boiling point of the a-olefin COl'lStituents of the feed. Representative cf such 

15 refinery streams are those which contain butene-1, propylene or C5 cz-olefTn. 

Preferred butene-1 containing streams n referred to herein as Raffinate-2 str !!lams. 

Such streams typically have lsobutylene content significantly lowered in relatic:n to 

th• stream from which they are derived. Raffinate-2 is typically derived from !I lher 

t:iutanelbutene catalytic cracking refinery streams {BB-streams) or Rafftnate-~ Nhich, 

2 o in tum, is derived from butadlena crude produced by steam cracking plants. Tie 

composition of Raftlnate-2 can vary widely, depending upon the source, e.g., ( Nelght 

%); 
Crude Raff-2 Raff-2 

~2!JJRQD!!lt awmsii1ce Erszm Crudg .u Emm ea B!!:l 
25 

BUTADIENE 43.Sj:20 0-5 0.3!.15 0.4!0.2 I) 1!.05 

ISOBUTYt:ENE 25.2.±10 0-5 12.6.±6 0.2,:t0.1 4~ 6_z20 

BUTENE-1 15.5±8 49.5.:!:,25 13.8!6 15.4.:t7 2'7 4.:!:,15 

CIS-BUTENE-2 2.0!1 6.4!3 9.0±4 10.2:!:,5 3 5±1.5 

30 TRANS·BUTENE-2 6.2.:!:,3 19.6.:!:10 13.8.:!:,6 15.6±7 1J 9±5 

N-BUTANE 4.6,:!:2 14.7±7 10.5±5 12.0~ 1:11+4 .. -
1SOBUTANE 2.9±1.5 9.4±4 36.7,:t15 42.1!20 E' 2.:!;2.5 

*OTHER 0.1±0.s(a) 0.2±(l.1(b) 3.5:t1.5 4.1.:!:,2 02t.1 

35 -Other: (a) includes prcpane, propene, pentanes, pentenes, water, trace ottlf. r 

hydrocarbons. 

'• 
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(b) Rafflnata-2 derived from MTBE prcdudian (using BB-stream or 

Raffinate-1) wtll Include traces of MTBE, methanol,· di-methyl ether, :and 

tart-butyl alcohol. 

Typical commercially available butene-1 concentrations ln Raffinate-2 nnge 

trom about 15 to about 55 weJght %. The above butena-1 containing refinery I! reams 

are preferred for making ethylenelbutene-1 copolymer (EB-1) which has been f ]Und 

to be highly effective as a backbone for the production of lubricants, oil dispers mts, 

and viscosity modifiers. The 1nstanl invention may also make use of BB sirm.ir s and 

Raftinate-1 directly, since i.ot>utytene Is almost entirely unreacttve with metalt:·::ene 

catalyst systems. Hence, depending upon shipping costs, convenience, or wtu: tever 

otherfactora may affect the decision-making process. the practitioner has the cptlon 

of either acquiring Raffinate-2 and runnlng it through the process of the lnstar.t 

invention or first acquiring either Rafflnate-1 or a 'SB stream, running It throug, the 

J't'OC8SS, and then shipping the resultant isobutytene-enrfched stream en to an "1TBE 

plant or other end use. The use of Rafflnate-2 is the more preferred. The uso ::if 

crude butadlene streams directly Is not desired since it would waste butadlen1! during 

hydrogenation. It is not necessary that refinery streams be used and, In fad. lt is 

contemplated that dflute a-olefin containing streams can be prepared by sepa r :1.tely 

combining pure '1-0lefln and one er more pure diluents, e.g. pure isobutane, u. ch as 

those typically found In the above refinery streams. . 

It wilt also be seen that this Invention ls useful in the production of virtue lly any 

ethyfene/~-olefin'copolymer and may therefore be used In the processing of utier 

dilute refinery streams, such as dilute propene and pentene streams comrnor · n the 

Industry. DiJute refrnery propane streams, known in the industry as "C3 sttearr , .. , and 

dilute refinery pentene streams, known as 1ac5 streams", are also derived frar steam 

ancs catalytic cracking and generally can be·represented to comprise the forlc\11 ·ing 

components (ranges, weight %): For C3 streams: Propylene = 55 t 20; Props. ie = 34 

:t 1 S; Ethylene • 2 .:!: 1; Ethane • 8 .:!: 4: and -other • 1 ;t.S 
(Other includes methane, acetylenes, propadiene trace C4's and C5's, and trtJ :::e 

polar compounds such as water, carbonyl sulfide, methyl mercaptan, and hytt ogen 

sulfide). Fer cs streams composition is more coryipfex than that of C3 and C&'I 

streams: 

-· 
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~pgnem ~OQI <weight °ifil 
; 

' 
2-METHYL-SUTENE·1 9.o + 

: - 4 
5 3-METHYL .. BUTENE-1 ~ .6 .:t 1 

:· 

PENTENE·1 5.1 ... 2 -
2-METHYL·BUTENE-2 
PENTENE-2 

1~.9 + 7 
1·~.4 ± 7 

1SOPRENE p.7 .t .3 
lO ISOPENTANE 36.2 .t 15 

n-PENTANE ~.5 :!; 2 
'CYCLOPENTANE p.e .:t .3 

CYCLOPENTENE 11.5 :t .15 
PIPERYLENE .·0.9 ± .4 

15 ce OLEFINS :1.s .: .1s 
C6 ALKV\..S '3.5 .t 1.5 
C7sAND CSs ;2.0 .t 1 

*OTHERS 1.6 .:t 1 

20 -Others Include benzene and potar compounds. 
' 

Pentene-1 and cyclopentene ~re the most reactive components of a •: ;s stream 
in the presence Df a metallocene ~lyst system and are easify ae~rated f -om each 
other by d1stlllatton and ate easily concentrated. 

,! 

2s Whether a constituent, e.g. of .the refinery stream, qualifies as a dlh.·c nt "'1der 
reaction conditions depends on whe~er it is nan-reactive which tn tum d91>: !nds on . 
the type of pretreatment to whfch the :feed is -.bjected. "Non-reactive" wha l used in · 
conjunction with dituent is meant that less tnan 5 wt.%, preferabry less than 3 wt.%, 
and most preferably less Chan 1 wt '6; Of the constituent present In the feed 1 s 

30 Incorporated Into the polymer product and the constituent does not totally·~ 3aetivate 

the metallocene catalyst system. Typically any saturated hydrocarbon cor~ Utuent wfll 
quaHfy as diluent as well as highly u~reactive (in the presence of a metallc1e ane 
catalyst system) unsaturated constrt~ents such as butene-2 and lsobUtyferm. 
Materials such as ·butadiene tend to ~eadivate the catalyst Hence, it Is pr~ ,ferred 

3 5 that they be removed or at least partially saturated by !'!Ydrogenatlon. Onr:E • 

saturated, the butadlene becomes ~rt of the diluent as butane, butene-2, •: ir readfve 
butene-1. ----·----

.... 
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The process of the invention is controlled to achieve high ethylene and :x..alefm . . 
conversion. Conversion is directly proportional to monomer concentratlOI\ catt. yst 

concentration and residence time. Accordingly, the above parameters are ccnt1~lled 

to aehleve an ethylene conversion of typically at feast 70%. preferably at least e 0%, 

s and mast preferably at least 90% and can range typically from 70,.. to 100%, 
preferably from 80% to 100% and molt preferably from 90% to 100% (e.g., 90.~·!5%). 

The ci-olefin conversion ia controlled to be typfcafJy at least 30%, e.g., at least (f 0%, 
pteferably at least 50%, anCJ most preferably at least 60% and can range typiea ly 

from 30% to 95%, preferably from 40% to 90% and mast preferably from 50% l<"· 90%. , 
10 Monomer conversiOn (%)can b8 delermlried by either of the following equatlo, J: 

= 9 of monomer IRfe~rated Into oolymer >e 1 oo or 
of monomer in ee . • 

1., = ~r monomer jn fi~-wtlbt monomm: oot reacted x 100 
r monomer tn ee 

The particular a-olefin conversion employed depends In part on tt 1e 
ethylene content sought to.be imparted to the polymer and hence an the ethyte ie 

2.0 concentratlon In the mlxed feed. For example, at low ethylene content the cx-c1J.:tfin 

conversion typically wilt be lower than for high ethylene content feeds. \Nhi1a I' igh 

conversion can be achieved by any combination of process conditions affectlrl{ 

conversion, it Is preferred to maintain a low catalyst concentration and low mer omer 
concentration and attain high conversion with a long restdenca·time. Preferab / the 

25 ethylene conversion ts controrted In a manner such that the ratio of the weight '' of 
ethylene in the vapor phase to the weight % of ethyfene in the reactant feed st· •am is 
typfcally not greater than 1.2; 1, preferably less than 1: 1 and most preferably h m 
0.1:1 to 0.7:t fe.g. 0.1:1to0.5:1). The monomer in the reaction mixture is ke·:r low 
through the use of the diluent in the feed and operating at high .conversions. 

3 o The catalyst concentration is typically held just above the poison level Cl Je to 

coat of the catalyst. Preferably the feed Is treated to remove most if not all cetalyst 

poisons. Minor poison contamination can be accommodated by increasing tt-e 

catalyst system concentratlon with the excess used ta remove the poison by t"E action 
therewith. Accordingly, whlle any effective catalyst concentration can be ernJ•I :)yed it 

3 s is contemplated that such effective amounts will be sufficient to achieve a we~ ht ratio 

of metallocene catalyst system to polymer produd of typically from 1 x 1 o-4:1 1 o 7 x 

1~1. 
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lhe residence time is determfned from the equation: 

tota~ true volume of liquiud in reader 
Residence time -------------------------------total volume/time of llqufd exiting reactor 

wherein gas bubbre volume in the liquid is subtracted from apparent vofume or liquid 
In reactor to obtain true volume. Accordingly, typical residence times can var)' 
typically from 0.1 fo 5 hrs., preferably from 0.5 to 4 hrs •• aiid more preterab,Y f:' om 1 to 

10 3hrs. 

Reaction temperature and pressure are preferably controlled to ·11quJfY t 1e 
diluent and a.-olefin. However, the reactioet temperature Is typlcatly sel8cted t(: be 
above the aitlcal temperature Of ethylene but b&fow the crltical temperature of the 
a-olefin feed and/or diluent. According,Y, white any ·etr~ve temperature can be 

15 employed it Is contemplated that such effective temperatures for a feed conu1L ling 
butene-1 will range typically from 30to1so•c, preferably from 50to12o•c, au· d most 

preferably from 60 to 110°C. For the dilute refinery streams of propylene havi tg 

propane as the major diluent.: th& critical temperature of propylene and propar a are 
92.42•c (198.36.F) and 96.7•c (206.0B•F) respectively, so the typical range (f 

2 o readlon temperatures would ·be 30 to 96, and preferably from eo to s2•c. 111~ ! critical · 
temperature of the feed components In the reactor ~races an upper limit on 
temperature when using a boiling reactor since the reflux mechanism becom.a ; 
useless if nearly all er all of the feed flashes Into the reactor vessel and thero -ernalns 
~ liquid phase to reflux. In less preferred embodiments the operation abovo !he 

2 5 crttlcal temperature of the major reactor constituents must be compensated f :i · by 
assisting or eliminating the reflux mechanism altogether and relying on alteni• ~tiva 
cooling mean9, such as jacket coolJng or Internal cooling cons. Neither of th! ~e 

solutions is as effective nor as efficient as reflux cooling In maintaining horh<K. enelty 
of temperature throughout lhe reaction solution. As indicated above, the boif ig 

3 o reactor represents the preferred method for temperature control. Variations c n the 
boiling reactor ccnflguratlon include Internal reflux. e.g. using cooling coils ini :erted 
into the vapor space or an external system wherein vapor is removec:l ft'Cm th~ 1 vapor 
space and introduced to an external reflux apparatus, the vapor condensed e. id the 
condensate retumed to the reactor and/or feed. AJtemative non-reflux temp ;i -ature 

3 s control means include pumparound cooling where Hqui~ is removed from thft "eactOr, 
cooled, and then returnees to the reactor. Pumparound cooling offers the ad: :!cl 
advantage Of being able to retum cooled liquid to the reactor using high pre$ ~ure 
pumps to also provide mixing of reactor contents with high speed jets. 
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Reactor pressures are typically controlled to maintain tne dlJuent and a· >ltfJn 
in liquid form at the select~ temperature. ln bolling reactors the pressure is :mtected 
to obtain boiling of the difuent/cx-olefm reactor constituents at the reaction 
temperature. Accordingly while any effective pressure can be employed it ls 

5 contemplated that such effective pn.assures. for butene-1 feeds will range typict: rry 
from about 2.4 to about 39 Atm, preferably from about 4.4 to about 28 Atm, am: most 
preferably from about 5.8 to about 23.5 Atm. . 

The reaction mbdure Is preferably vigorously mixed by any suitable mee is 

such as Impeller, jet pump. or vigorous bolling or ccmbinatlons thereof. Bafflo!; and 
10 strategic pfacement of feed input can be employed to further facilitate mixing. 

More specifically, the molecular weight distribution (Mw/Mn) or the pol3•r *' Is 
broadened by variations of: temperature, monomer.ccncentratJon, ·and catal)Ei ~ 
concentration. 

15 !he lntegn.rtecl Prgmss 

Referring nON to Figure 1, there is depicted a schematic diagram of ttu overall 
process scneme. A dilute propylene, butene, or pentene reflnery feed Is pi-pEc to a 
dfene removal system 50. It is desirable to remove or saturate any dienes th11 may 

2 o contaminate the feed sfnce dienes tend to either poison metallocene catalyst 
systems, crosslink polymer chains, or both. Alkynes ate atso poisonous and n 1ust be 
removed or saturated. However. this step Jn the process is an option sfnce dit Jte 
refinery streams vary widely in composition and, therefore, may have virtuall)• 10 

diene ccntamination or, In fact. none at atL 
2 5 The next step tn the process is to cany the refinery stream to a concerr.-atfon 

system 51 where more volatile ("lfghls") and less votatHe ("heavies; compone· its as 
well as catalyst-potsoning polar compounds. such as water~ sulfides, alcohot.s. and 
nitrogen. sulfur, and oxygen derivatives in general may be removed so as to ti·ing the 
weight percent of the olefin monomer In relation to the nonreactive dlluents t c within 

Jo the range desired. In cases where It is desired to recycle unreacted olefin mo1omer 
and/er to further dilute a refinery feed having excess concentration of olefin rn lnOmer, 
a recycte stream 52 may be combined ~jh the input stream 53. The source cf this 
recyde stream wnt be discussed below in eonnection with the diluent removd system 
85. 

35 After adjusting the concentration and removing polar poiscnst it i$ pref~ ~rabfe to 

pass the feed through a scavenger bed system 54 that removes any remalnli ~ 
catalyst poisons and filters out any particulates. The resulting pre-treated dih.1te 
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refinery feed is piped to the preferred bOiling reactor system 55 depicted in mc1nt 
detail in Figure 2 and co-polymerized with ethylene. 

"tif\.. 

More specfflcally, referring to Figure 2, there is provided a reactor vesse 1 

having an external reflux condenser 2 in fluid communication therewith via gan ~ace 
s e, conduit 8, and condensate retum conduit 1 O. Analyzer means 9 monitors ttlti ~ 

ccncentratlons of unreacted gaseous reactants flowing frcm the gas space to 
condenser 2 through tine 8. Within the reactor vessel 1, there Is provided an a Jitatcr 
3 having one or mere blades 3a and driven via a rotating shaft 3b affixed ta a n rotor 
4. During the continuous reaction~ there wHI exist a gas space 6 over a Hqufd r• ~action · 

io phase 5 within the reactor vessel 1. The gas/fiquid Interface 7 Js depleted by a lllaY'/ 
fine. Baffles 13 are provided to Increase turbulent mixing and eliminate vortc:l 1g of 
the liqufd phase by creating mdal mixing pattems. The matallocene catalyst s~· item Is 
feel into the reador through line 12. Ethylene Jn liquid, vapor, or llqufd/vsporfc:rm Is 

fed through line 14 and liquifiad dilute cx..orefin Is fad through fine 15. The ofe fi l feeds 
15 are mbced at a Juncture 29 prfor to injection Into the reactor vessel through linH 18, the 

purpose being to dissolve the pure ethylene feed fnto the diluent prior to cont• :t with 
the catalyst, so as to prevent the ethylene from unduly reacting with itself ~er than 
the a..clefin. For the same reasons, a pre-cooler (not shown) may be employt!11 at 

this point to aid in dissolving gaseous ethylene in the diluent Note that pre-
20 dissolving may be further enhanced by running the reflux line 10 to the junctum 29 via 

an extension 11 rather than Injecting the reflux directly into the reactor veS&el. As 

stated above, a unique aspect of the process of this Invention is that the retlu.: is 
usually more dilute and higher in olefin monomer concentration relatwa to ett.; lane 
concentration. than in the feed. 

2 !5 For start-up, a heat exchanger 17 may be employed to bring the Rlactf ::•, 
mixture up to ~rating temperature by fnJectlng a heated, dilute, a-olefin fee~ 
through Hne 16a. \\'hen the reactor fills and comes to the desired operating 
temperature the catalyst and admixed feeds are injected. Also provided Is ar1 
emergency quench vessel 27, ·filled via a quench feed 26 and pressurized by ; in Inert 

30 gas line 28, whi9h may rapidly inject Its contents Into the reactor in the event cf a 
runaway reaction. The products dissolved In dllUent. as well as unreacted reactants 
and initiator, exit through fine 18 paSt Isolation valve 19 and are quenched~, a 
quench feed 20 driven by a pump 21. Slnce the pressure in line 30 is genena: y lower 
than In the reactor, a coollng he~-Gxehanger 22 is employed to recondense & iy 

3 !5 diluent that may have flashed. Gales In the reactor output would reduce the 

efficiency of the centrifugal pump 23 that drives the product stream fine 24. .~. so, 
lowering the temperature of the product stream to produce a slngle llqutd pl'n i9 is 
deslrable when mixing with a quench solution. For especially viscous produ~:s. such 
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as those with high ethylene content and/or high molecular weights, it may be 
desirable to add solvent via a solvent feed 25 to the product stream. 

Returning to Figure 1. also entering the reactor system 55 would be tho 
metallocene catalyst camprex.whieh, ff not shipped to the process plant premi(·3d, 

5 would be mixed on site in a catalyst mixing system 56. After quenching, the 
quenched polymer solution is passed through a deashing system 59 where me ::alllc 
components from tl'\e spent catalyst and posslbfy the quench solution are remtt 'led. 

Note that If a supported catalyst system is used, the quenching and deashlng e teps 
would be replaced with a catalylt removal, reactivation, and recycle system. T,. 

io mixture/solution of dtluent1, polymer product. and ""'eacted reactants Is carrie-:1 to a 
diluent removal process 65 where priaferably three streams result the first, nu: :'ly 
pure pofymer product 60; the second,. unreacted olefin monomer dlssotved in d ;luent 
62. preferably more dilute than the reflnery feed entering the concentratfan l)S :.;m 53 
for the situations where the dllute refinery feed entering the concentration syst~~m Is 

. is already more concentrated In olefin ~nomer than desired; and a third 64 corr '°sed 
of "superHghts .. such as trace unreacted ethylene, methane. nitrogen, and the ke. 
The second stream 62 may be used to diJute excessively viscous Polymer sol J ion . 

resulting from the reactor system 55 as described above. 'it\lhere this is not 
necessary, thfs stream may be diverted as an unreacted olefin monomer recy:: :a 52 or 

20 otherwise disposed.of, 63. In cases where olefin monomer conversion is so tl1Jh that 

recycling ts unnecessary! the unreacted olefin monormirs may be diverted for c 1her 
uses, such as to a refinery for processing. Since virtually au of the ethytene i:s 
reacted, the third gaseous stream 64 containing only trace amounts of this m11t !rial 
and other "lights" may ba used aa fuel gas or sent to a flare, absent soma oth e · use. 

2 s The nearly pure polymer product at this point will nevertheless contain t -aces 
of diluent and unreacted olefin dissolved Within It as well as small amounts of 
extremely low molecular weight "llght" polymers. Also, trace quantities cf wat a · will 
be present where the quench was In aqueous solution. Hence, the product sir• 3am is 
sent to a stripping process 66 via Line ea which eliminates the last of the wat1t1 •. 

3 o reactants, and solvents. Preferably, the '1tghf' polymers are sent via Line 67 tr· the 
reflneiy pipestills to be reintroduced into the cracker and the now near1y pure ~ Qlymer 
produd emerges from line 88 tc be prped to a holding vessel. 

35 

-The Preferred Embodiment 

Referring now to Figure 3. there Is seen a preferred embodiment of the 

process of Figure 1, here shown for the specific case of a Raffinate-2 feed. Tl" a 
overall industrial process may be broken down into eight subsystems -a Feec: 
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Hydrogenation System. a Feed Concentration System, a Feed Treater, a Reai:i::>r 
System, a Catalyst Preparation System, a Deashing System, a Oebutanlzer, ari::f a 
Stripper System. 

nie dilute a-olefin stream, referred to herein as Raffinate-2, enters the f eed 
Hydrogenation System 101 thn:sugh input line 102 and Is immediately passed 
through one or more coalescJng units which cause emulsified water to ccaleS<~ into 
targe water droplets. The stream ii then heated to about 55•c and pr&S$Uri%fK with 
hydrogen at about 17 atmospheres from a hydrogen feed in the presence of a . 
catalyst inside one or more hydrogenation vessels. The result is that the 1,3 
butadienas In tha raw feed are reduced to n-butane and butene-2. Of course . ~• 
of the valuable butene-1 is also lost, but since the dienes on,Y make up less t·"I ~n 1 
percent of the rn feed and are so muct:i mori read~• than butene-1, only a r:actlon 
of 1 percent of the buten•~ is lost. Should the hydrogenation pl'OVe excessi\ 'E • a 
carbon monoxide Input may be provlded to tower the activity of the catalyst int "'re 

15 vessels. Analyzers measure the Input and output concentrations of butadieno and 
regulate the H2/CO mixture. The treated rtrN feed is passed through a partic; ate 
filter and exits the Feed Hydrogenation System via Line 103. 

The hydrogenated feed from the Hydrogenation System Is fed rnto the F eed 
Concentration System 104 through Line 103 and introduced into a first fractic,,.. al 

zo dlstiUatlcn tower wherein the fractionation proc&ss removes the "tight'' materiitls (i.e., 
the materials more vofatlle than the C4's). During this process, a water trap or "boot" 
on a distillate drwn removes any water from the hydrogenated feed. Gasecut. Hghts 
such as methane. ethylene, ethane, propylene, propane. and Insignificant an'': 1unts of 
hydrogen, carbon monoxide, tsobutane, 1sobUty1ene and butene-1 are vented 1ia Line 

2:; 1 OS. Some water vapor will als0 exit this route. liquid lsobutane having mef I" ane, 
C2's, and C3's dissolved therein along With smau amounts of the C4's and me .hanof, 
di-methyl ether, and trace water Is recovered via Line 106. 

The effluent from the bOttom of the flm distlllation tower will have v1ttt.ra: fly no 
detectable amounts of organic materials having less than 4 carbon atoms. lt' is 

JO stream is intnxJuced Into a second dlstlllation tower which removes the 11hea1~·" 
compcnents. e.g. primarllY cis and trans butene-2, sman amounts of the ath11r Ct's, 
and virtuaHy all Of the pentanes; pentenes, MTBE, and tert-butyl alcohol whJa:i 1 are 
removed vfa Line 108. 

The parameters of the concentration system are adjusted to the ~csftion of 
3 5 ·the hydrogenated feed; hence, analyzers are preferred on the input and reflu:: lines cf 

the fractional dfstlllers to monitor the C4 compositions. The output ot the 
Concentration System is preferably nearly 100 percent C4's, 30 percent tO er. percent 
comprising butene-1, and is fed vfa Line 109 through one or more treatment•, esaels 
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in the· Feed Treater 110 and exits via Une 111 to the Reactor System 112. Thu 

purpose of the feed treater is to guard against the possibf1ity af unexpected or 

unknOWn contaminants in the material stream that COUid eoncefvably make It lhn: :-ugh 

the Feed Concentration System. · 
s . The Reactor System 112 Is as described with regard to Figure 2. ·"he 

metaHocene catalyst system is supplred to the Reactor System 112 from Catal) 1: t 

System 113. In the catalyst systernt metallocene catalyst component is fed intu :l 
mbdng vessel. Cocatalyst (activator) stored in one or more cocatalyst vessels :s fed 
into the same mixJng YeS$el by the force of a pressurtzed nitrogen line. The N:? ~ Js 

10 first passed tJ:rough a drying vessel sJnce-watetvapor will biadlvate ·the prefer"E~d 
catalyst mixture of metallocene and MAO as wetl as many other catalysts. The 
nitrogen also pressurizes the· mixture arid provides an Inert gas· iayer abcwe tho flUld 
level therein. The catalyst and cocataly$t mixture are mixed in the mflCing vesse and 
the resulting catalyst mixture continuously fed into the Reactor Sy$tem 112 by p .Jmp 

1!5 vie line 114. 
After copolymer leaves Reaction System 112, it enters the Deashlng Sys em 

115 via line 116. Line 116 receives a quench feed Into Line 116, the quench 

comprising (for matallccene/MAO. cataJyst mixtures) aqueous base, such as Na: }H. 
Base destroys the catalyst and cocatalyst and renders the metals (ash) water-uolubla . 

. 20 Upon entering the Deashlng System 115, th• quenched polymer mix flows thrct gh a 
first baffled orifice mixer. This creates tu~lence in the fluid flow and causes ·t e ash 
to dissolve In the water. This mix then enters a first setUlng vessel, wherein the 
aqueous component seWes to the bottom and the polymer and solvents float lhurecn. 

The aqueous portion flows down to a disengaging dtum, but about 95 percent cif this 

25 flow Is diverted for recirculation to the settli'ng vessel. The hydrophObic phase f ows 
out the top of the first settling vessel, is mixed with pure water, e.g., steam 
condensate, and passes through a second set of orifice mixers on Its way to·a sacond 

settling vessel. Again, abeut 95 percent of tha aqueous p~se emanating fror.1 the 
bottom of this vessel fs diverted fOr recirculation to the.2nd settling vesset, whilE ~ the 

3 o remainder joins the flow for recirculation to. the first settling vessel. Residual e.e h­

contafnfng aqueous effluent from the d1sengaging drum is treated in a wastew.a· sr 

treatment facility. 
The deashed polymer solvent mixture then exits the second vessel and i: ~nters 

\he Oebutanlzer 117 vta Line 118. The polymer/solvent stream entering 1he 

:JS Dabutani%er Is heated tc about 1 so•c by a heat exehanger and then Injected lr :o a 

debutanlzatJon tower. Here, unreacted butenes and C4 solvents vaporize up\t. u'd (as 
well as trace amounts of very light low MW polymers) while the polymer prcdu: 1 flows , 
out the bottom. The polymer still has substantial amounts of'C4's mixed with t about 
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3 to 5 percent by weighl Therefore, the bottom product flow is passed thrcugt1 na 

or more heat exchangers to ;ncrease the t~mperature to about 230-C and flash: d into 

a flash drum. The hot C4's and light polymer are returned to the debutanizer erd the 

nearty purifled polymer product flows to the Stripper System 120 via line 119. r ne 

5 C4's vaporizing out 1he top of the debutanlzer are fed to a condenser. Unconce nsed 

gases are vented. The condensate flows Into a reflux drum having a water trap· to 

eateh residual H20 from the deashing precess. The condensate can ba fed bn: :k Into 

the dabutanlzer, or diverted to the Feed Concentration System far reeycla and'i:: r to 

the reador outlet via line 125 for fUrther dilution or viscous product such as hi£1r MW 

io polymer with high ethylene content 

The nearly pure product enters a stripper tower 120 via Line 119. The !~st of 

the C4's and catalyst solvents are vaporized and recondensed in a ccndenser 

system. Gases-are vented, while liquid hydrocarbons are returned to the reflnei y. 

The polymer is drawn out tha bottom of the stripper by a pump, passed througi a final 

15 particulate filter, and tranferred to a storage vessel or to an additional prccesslr 1g 

system. 
Referring to Figure 4, It can be seen how the relative masses Of raactar1: :s and 

diluents would compare for the production of EB-1 polymer having an ethyleno 

content cf 20 percent by weight. The first column, labe1ed R-2, shows the 

20 composition of a hypothetical Ramnate-2 comprising about 17 percent byweln"it of 

bCJtena.1, 79 percent unreadlve lsobutane, n.butane', and 2-butenes, and 4 p11 cent 

of other components including dlenes.·C3's and C6's. After passing through t-i i 

hydrogenator, the ~am would appear as in column H2 - ~ssentlaUy unchan(lf.1d 

since the dienes In the raw Raffinate-2 comprise a small and usually fractional 

2 5 percentage of the wnole. The feed entering the concentration system when c::: nbined 

with recycle from the debutanizer would appes as in column CF. For a buterJE .. 1. 

conversion of 50 percent, recycling is economical. The reeyde In this example shows 

the butene-1 ccntent to Increase from 17 wt % to 20 wt % In the CF stage. n..: 
Increase only seems small because the graph depicts relative, rather than ab ii 1lute, 

30 amounts. In fact, at a ccinversion of 50%. the amount of butene-1 at the CF st:rge Is 

doubled by the recycle. The effluent tom the feed concentrator is shown in cc 1umn 

CO wherein the butane-1 fraction ts within the desired range at 40 wt percent. After 

mixing with et~ylene, the combined feed before entering the reactor Is shown t 1 

column FD. Here, the feed Is about 5 percent ethylene by weight and 38 per<)!~nt 

35 butene-1. The composition of the vapor space, and hence the reflux, is shov.r In . 

column FX. M can loe seen, very little ethylene appears in the reflux. ColulT r RX 

dep1cts effluent from the reactor assuming a 50 percent butene-1 conversion. About 

45 wt percent of the mass is polymer product. Since the product Is low In eth)' ene 
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content, tt is anticipated that the product will not be further diluted. Hence, after ; t 
quendi of aqueous bale, as shown in column Q, the relative masses are virtuallj 
unchanged with water comprising about one tenth of one percent Of the total mEr! s. 
At such low water concentration, the emuent from the deashlng proc;ess Is vlrtun y 

s identlcaJ to that after the quench rn terms or· relative Yietghts as shown In column OA. 
However. It can be seen in column OS that, after the product stream flows ttvoog :i the 
debutanlzer, the product comprises about 98 percent of the flow with the bulk ot= · he 
remainder consisting of tight po~ers of less than about 500 molecular weight. tne 
eft'ect of the stripping tower is seen fn ccfumn ST, wherein the final product Js pJ ·e. 

10 Frgure e shows the ralatfv1 masses ot the production flow for the case w, n 
the product Js 45 percent ethylene by weight and the butene-1 conversion Is elf:i 3ded 

to be BO percent Thfs process differs from that in Figure 5 in that recycling ls r;e; l 
employed so column H2 and CF are identical. Also, because of the high ethylerr 9 

content of the pradud and attendant higher viscosity, solvents from the debutan: tar 

15 wlll be recycled baek to the reactor effluent to dilute the flow, as shown ;n colunll' 1 Q. 

Examcles 

In a 200 gallon reflux reactor several runs were conducted, invoMng 
20 copofymerlzation of bute~e-1 and ethylene In accordance with the procedures 

described In connection with Figure 2. Dilute a-olefin feeds were prepared by 1rcxing 
butene-1 with isobutane. The weight% of butene-1 In this mixture for each rur is 

reported at Column 20 of Table~. Ethylene gas was then pumped into this mb:t Jre. 
The weight 'Kt ~ethylene based on the weight of butene.1 and ethylene in the Ir ~ed is 

25 reported at Column 19. The dissolved reactants were passed through a preca<llsr 

and injeeted Into an evaporatively cooled reaction vessel equipped with extem.11 
reflux. l&Obutane was also injected as an agitator flush through the tower bear r g of 
th• agitator shafl The 200 gallon vassal was equipped with a three-turbine a;tt ator 
having two upper 12 Inch diameter axial turbines having blades that forced the 

lo reaction solution downward and a bottoni-mcst 12 Inch diameter radlal turbine t avlng 
blades that forced the solution outward and upward. 

The catalyst system employed a metallocene component of dlmethYf sifr11 lyf bis 
(tetrahydroindenyt) zirconium dichloride and an activator of methyl aluminoxane 
characterized as having a molecular weight of 1,000 and an aluminum content i: tf 5.93 

3 5 mole %. For all the examples, the methylalumlnoxane (MAO) is prcvtded as a 1 O wt 

% solution Jn toluene to which is added the meta11ocene component to give 1 fr al 
mixture containing 89.87 wt ~toluene, 0.15 wt % metallacene component, and 9.98 
wt "6 MAO. When fed to the reaction mixtl.lre it provides a mole ratio of 
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Aluminum:Zlrconfum of abcut 500: 1. The catalyst mixture was fUrther diluted wit··. 
isabutane arid entered the reactor vessel through an input separate from that ot 1 he 
reactants. The results of each run and the physlcal process and product parameters 
are reported in Table 1, the left most column indicating the Run number. Since ti1e 

s isobutane and butene-1 were pressurized lnto the reactor wrth N2, noncondenH :>le 
nitrogen gas appeared In the recycle. This was recycled Into the reactor since 
reactants were dlssofved in the N2 gas. ln actual industrial use, the N2 would ui her 
be disengaged from the feed or pumps would be used rather than gas compress. on. 

10 The data·reported in Table 1 for each Column Number Is as follows: 

Co!ymnNo. Exalanat!on 

1 A descriptive term for each run. •Low C2- EB" for runs c:cnductecl Nith 

15 butene-1 exceeding ethylene in the feed by a factor of about 8 by \l .refght 
(4 by mole). ''Mid. C2!11 EB" for a ratio cf 3 by weight (1.5 by mole), ~ind 
"Hi C2= EB" for a ratio of 1ess than 2.byweight (less than 1 by me~·!, so 
ethylene motecutes outnumber butene-1 molecules). 

2 Number average molecular weight of the polymer product deterrn rad by 
20 get permeation Chromotography (GPC). 

3 Molecular weight distribution Of the polymer product by GPC. 
4 Weight percent ethylene content of the product by Fourier transfcir n 

Infrared spectroacgpy (FTfR) (examplea listed fn order~ increasiri ~ 
percent ethytene content by weight). 

25 5·8 Pereant by number of vmytidene, trisubstituted. disubstltuted, and 1inyl 
terminal unsaturated polymer cha1ns respectively as determined ·~·' 
HNMR spectroscopy. 

9 Feed rate of tt.ie metallocene catalyst system (cc/min.) prfor to fwil let' 

mixing with the amount of isobutane in column 14. 

30 10-12 Feed rates (lb.lhr.) of ethytene, butene-1, and lsobutane, raspecn~ eJy. 

13 Amount of lsot>utana divened from the amount In column·12 (lb.1111 .) 

Injected Into the reactor through the agitato.r shaft bearing as a ~ J ;h to 
prevent patymer produCt from collecting In and fouling the bearlnc;; 

14 Amount of lsobutane diverted from ttie amount In column 12 (lb./.°' . ) 
3!5 added. to the catalyst system feed (shown in.column 9) to facHitat£ 

mtxing of the catalyst system Into the reaction mixture. -
-----:---

15 Assumed rate of ethylene conversion. 

· iililii1~mnr 
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Rate at which polymer predUd Is formed calculated from an anurri ld 

ethylene conversion of 100'percent, the ethylene feed rate, and th.;: 
I 

percent weight of ethylene ~hewn in column 4. 

Conversion of butene-1 (%j calculated from the poJymer rate af cnl umn 

16, and the butene-1 feed i:Ste of eolumn 11. 

Catalyst yield (thousands ~ po~nds ct Polymer per p0und of cat&I:! ·st) 

calculated from the polvmer rate of column 16 and the catalyst sys. :em 

feed rate of cotumn 9. 

Ethylene feed (wt.%) bas~ upon the tOtaf now of ethylene and biJ1ene.. 

1. lscbutane is not indudep in this calcutatfon. 

Butene-1 component (wt.'At) In the mixed butene-1/isobutane feed 

_ stream. Ethylene Is not lnc;Juded in this catculation. 

Temperature of the reaction mlxtUre, •f'-and •c, __ respectively. 

Calculated reactor effluents (wt.%) fer ethylene, lsobutane, buter.e -1, 

polymer produd, and catalyst system, respectively, .. 

Calculated concentration (~pm) of metallocene catalyst in the ren: !or 

effluent 
Fraction of the reaction volUme that is gas bubbles. known as th~ "gas 

hold-up11
• 

Residence time in U,e reactor, taking into account bubble farmatio i and 

effluent volume. 
Catalyst system eoncentraJlcn (moteslllter x 1 o-5) In_ the effluent ti iSed 

on the volumetric flow of the amuenl 
Observed readlon mfxturei density. 

Total reaction volume, (ga~.) Including bubbles. 

Agitator motor power (amRI). 

Rotation rate (rpm) of the ~gitator. 

Agitator energy (horsepoyjer per thousand gallons of reaction m ): ture). 

Pressure (psi) in the vapor space. 

Temperature (•F) at the bottom of the reactor. 

Temperature c•F) at the midpoint of the reactor (near, but stilt beluw, the 

top of the readlon mixture). 

Temperature (8 F) of the v~ space. 

Concentration {mol%) of ~ltrogen, ethylene, buterie-1 and lsobutHie gas 

in the vapor space. respectively. 

Liquid reflux (lb./hr. ). 
1 

Noncondensed gas recycle (lb.lhr.). 

! 
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47 • 50 Noncondensad gas recycle (wt.%) of nitrogen, ethylene. butene-· , and 

isobutane, respectivety. 
51 Amo~ of ncnccndensable gas (lb/hr.) vented from:the reflux sys· em. 
52 Ratio of ethylene to isobutane fn the vapor space as measured b:1 gas 

s chromatography. 

53 Ratio of butene-1 lo isobutane In the vapor space as measured t~· gas 
chromatography. 

54 - 57 Waight fraction in the vapor space of nitrogen, ethylene, butene-I and 
lsobutane, respectfvely. 

io 58 Volume of gas (tt31hr.) passing through the vapor space, based er a 
compressibility factor of Z = 0.83. 

59 • 60 Estimated kinematic viscosity (cSt) and th• absolute viscosity in i:c p) of 

the reaction liquid, respectively. · 
e1 -63 Mole fractions of lsobutane, butene-1, and polymer respectively iri the 

15 reader effluent 
64 Weight ratio of butene-1 to ethylene in the feed. 
65 Weight ratio of bulene-1 to ethylene In the vapor space. 

66 Ratio of the weight % of ethylene In the var)or space to that tn thc1 teed. 
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CLAJMS: 

1. A process for continuously producing copolymer comprfsinr, 1 

monomer units derived from ethylene and ex-olefin In the presence of a metalfcc ene 
catalyst system and In a readJon zone containing liquid phase whreh comprfSE·JE· 

(A) centlnuously provfdfng a dilute Hquified ex.olefin feed stree n l 
comprlsfng at least one a.-olefin reactant and diluent admixed therewith whereir the 
amount of diluent in said feed stream fs at least 30% weight percent thereof; · 

{B) providing a feed stream compnsing ethylene In Hquid, va~ti, er 
11quld/vapor form; 

(C) admixing the.feed streanit of steps (A) and (8) to provide E 

reactant feed stream having an a-oleflni&thyiene-W.l;ht.rattc effective to yJelc! 11 co­
polymer containing from 5 to 70 weight percent monomer units derived from ett .ytene; 

(O} continuously inttOdudng raadant feid stream derived in 
accordance with step (C) and metallocene catalyst System into the liquid phafiE of the 
readlon zone in a manner and under concfrtiW!• sufficient to: 

(i) polymerize the ethylene and a..c)Jefin to polymer prod .1 :t 
hav1ng a number average molecular weight of not greater than 15,000; 

(If) obtain an ~-Olefin ~ton at at least 30%; 
(iii) obtain an ethylene conversion '?f at least 70% 

(E) continuously with~-=~lymer ~uct from the reac~or. 

2. The process 9f. cfafm ·1 Wfi'ete1n 8t'fea~ so weight % of ttiE 

constituents of saf d diluent possess a boiling' paint under readlon conditions ~~ ithin 
±20•c of the average boiling point of-the a.-ol~t.n-constituents of the feed stn:a: m. 

3. The process of claim 1 or claim 2 wherein the contents of :he 
reaction zone are maintained at a te~liMJihe critical temperature ::If 
ethylene and belOW the critical temperature of the a-olefin reactants. 

4. The process of any of claims 1 to 3 whereJn the a.-olafln mactant. 
comprises at least one butene-1, propylene, and pentene-1· and the diluent ccmprlses 
C3 or C4 hydrocarbOns other than the a-ofefln raactanL 

5. The process cf any Of claims 1 to 4 wherein the reaction 
temperature f s controlled by evaporative cooling means. 

11111111 111111111111111"1;11'1111 
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6. The process of clatm 5 wherein said evaporative cooHng means 
is Internal reflux, external reflux, a combination of Internal and extemaf reflux. 
extemal cooling, lntemal cooling, or a combination of external and internal coo i1 ig. 

7. The precess of claim 6 wherein in step (0) continuously th a 
vapor above the liquid phase is at least partially condensed and the condensate Is 
returned to said liquid phase. 

8. The process of any of clarms 1 to 7 wherein·tn step (D) thtr ·atio 
of the weight % of ethylene in th8 vapor phase to the weight % of ethylene in Iii,,, 
reactant feed stream is no more than 1.2. 

9. The process of any of tfie preceding c;talms wherein said .. ilute 
liquifled a.-otefin feed stream is derived fr0m a refiMry sbijm cemprtsing at lee:st one 
a-otefin from which polar compounds, dienes or both are removed prior to 
Introduction into said reactor. 

'l'Jii . 
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