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DILUTE PROCESS FOR THE PREPARATION OF ETHYLENE/ALPHA-OLEFIN COPOLYMER
USING METALLOCENE CATALYST SYSTEMS

5 ac ] the Invanti

This invention relates to a continuous process for the polymerization of
ethylene and a-olefins with a metaliocene catalyst system using dilute a-olefin faad.
Olefin polymerizations, particularly sthylene/a-clefin copolymerizations, :an be
10 broadly differentiated as occurring in sclution, suspension, or in the gas phase.
Within the continuous solution polymerization categary, operating conditions c&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 desired moleculs-
weight of the polymer, and the desired monomer/comonomer ratio within the i 1
15  polymer. '
When concentrated ethylene and a-olefins, e.g., propylene, feeds are .
copolymerized with conventional Ziegler-Natta catalysts, it is known, as descrit »d in
U.S. Patent Nos. 3,912,698 and 3,637,616, to conduct such polymerizations
continuously to obtain an ethylene copolymer, dissoived in the soivent, which
20 continucusly removed and isolated by known means, -Unreacted menomers le: ving
: the reactor are recovered and racyc!ed to the reactor along with fresh monoma: s to
replace those polymerized.
it is also known, as in EPA 270,339, 1o conduct contlnuous ethylene/a-> efin
copolymerization under highly dnpte conditions at atmospheric pressure using
25 conventional Ziegler-Natta catalysts. These processes suffer the drawback thz1t the
catalysts exhibit low productivities and produce polymer product exhibiting bre: d
molecular weight distributions, high ash content, and number average molecuk: r
weights too large to be useful as lubricant additives. Consequently, if low maolecular
weight polymers are dasired either hydrogen must be used to keep the molec. ar
30 weight of the product low, e.g. lass than about 15,000, or the catalyst concenirition
has to ba increased 10 extremely high levels to obtain low molecular weights. ~he
hydrogen treatment at least partially saturates the terminal double bonds in the
product, thereby significantly reducing or destroying the polymer's utility for ot
functionalization reactions, e.g., those used in the production of dispersants.
35  Saturated polymers have limited applicability for use in subsequent fuctionalt:2: tion
techniques (e.g., by "ene” reaction with maleic anhydride) which rely on a hig
terminal double bond content to achteve functionalization.
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In contrast, recent developments In the catalyst and ethylene/a-olefin (E AQ)
copolymer art disclose that metailocene catalyst systems yield low molecutar v eight
polymers with high terminal ethenylidine {vinylidene) content directly, without
hydrogenation, as well as other advantageous properties (see, EP Publication Nes.
128,388; 440,504; 440,505; 440,5086; 440,507; 440,508; 441,548; PCT Publicz tion
Nos. WO 91/11488; WO 80/01503; and U.S. Patent Nos. 5,017,298; §5,128,0:45;
5,151,204, 4,704,491, 4,668,834; 4,888,393; and 4,542,199).

More specifically, It is known in the art to employ high pressure/high _
temperature systems, as in U.S. Patent No. 5,084,534 and EP Publication 26, 999
which utitize 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 pro1ice

G

high moleculsr weight polymers at high catalyst productivities (i.e. grams of pc lymer '

produced per gram of catalyst used). These systems suffer a number of draw 1acks
when appiied to iow molecutar weight polymer production; most notably, expiansive
pure feeds and specialized equipment resulting in high fixed costs of production,
Also, such systems operate with a single phase to aliow efficient mixing of the
reactants and, therefore, homogeneity of the product.

A single phase systam is achieved by operating at temperatures and v assures
sufficlently high {0 compress the ethylene and make it dense enough to dissiive the
polymer product therein. This produces a homogeneous solution of polymer i
reactant. To achieve high temperature and reduce the size of the reaction z11e, the
process s run adiabatically (heat is not removed), making temperature contro
difficult. Since the molecular weight of the product is directly related to temperature,
failure to maintain constant temperature throughout the reaction process resi:ts in
increased polydispersity (or Molecular Weight Distribution, MWD). Temperul. sre
control becomes increasingly mors difficult at higher conversions in an adiat: tie
gystem. Consequently, conversions in the high temperatura/high pressure pr ycess
are kept to a minimum. For polymers having molecular weight of 100,000 or :nore,
variations of + 1,000 or 50 hava little effact on MWD. For polymers on the ¢rder of
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 conversion rate in & pure feed system is increased, the
concgntration of polymer in the reactor increases until it becomaes extremely :ifficult
or impossible 1o mix and pump the reactants efficiently. This problem is exsi erbated
at a low reaction temperatura where polymer viscosity increases further. Tt
limitations on conversion induced by pure feeds appiies to essentially all

polymerization procesges.
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keep. the nol ecul ar Typ:caﬂy. a low conversion system raquires the recycling of sthylene erd
comonomer out of the product stream and back into the reactor. Such arecy: s
system is disciosed in PCT Application No, EPS2/00377 (Publication No. WC
92/14766) wherein unreacted ethylene must be separated out of the product & ream
5 and then repressurized into the reactor vessel. However, since catalyst is pn::ent in
the recycle and ethyiene is extremely self-reactive, the problem of ethylenic
polymerization arises, thereby necessitating the use of a catalyst "killer” that ¢ an
suppress polymerization in the recycle stream. Such a "killer” is not needed ir the
present invention since the improved mass transfer associated with large quir tities of
10 diluent ensure that at least SO percent of the ethylene will be converted. Hercas, little
or no ethylene appears in the product output stream. The only process akin i a
"recycle” in the present invention is the use of a reflux condenser in the prefer ed
boiling reactor embodiment. This still poses no difficulty, as metaliocene cata yst
systems will not vaporize into the vapor space of a bolling reactor and therefy @ do
15 not appear in the reflux.

Others have attempted to prepare low molecular weight EAO at low
temperature and pressure, with metailocene catalyst as described in U.S. Pzt:ant No.
4,704,491 to Mitsui Petrochemical Industries and U.S..Patent No. 4,868,834 1
Uniroyal. The process described in Mitsul ‘481 operates with high catalyst

20 concentrations, @.g., 10°2 motesiiter, pure undiluted vaporized feeds, at atme spheric
pressure, extremely short reactant residence time (.g., about 0.5 seconds), vith no
recycle of unreacted reactants. The high catalyst concentrations are needext
because the mass transfer of the reactants into solution is poor and, consequantly,
low concentrations of reactants appear in solution. Low conversions are the (esult,

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

Methods employing ditute reaction mixtures and utilizing batch proce:s:«as are
known in the art. Typically, dilution of the reaction mibxture occurs as aresut of
employing a metallocene catalyst system in a diluent, usuaily toluene. Howz Jer, the

30 use of a dilute feed of x-olsfin is not found in this art. Moreover, rapid introd: iction of
reactants into solution is oftan accomplished by introducing the pure reactaiy s
directly into the vapor space of the reactor instead of the liquid phase, or by [xubbling
the reactants up throught the reaction mixture at pressures too low to provide affective
dissoliution therein. Such processes are 8iso conducted at very low monorrer

15 conversions.

KAMINSKY, et al., U.S. Patent No. 4,542,199, describes a batch proziss
wherein pure ethylene and an a-olefin are infroduced into a pressure vesse!
containing a metallocens dissolved in toluene.
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term nal doubl e bond content to achi eve*fTnctionalizati on. ’
LUKER. U.S. Patent No. §,023,388 refers to a batch process, wherein th:
metallocene is disscived in diesel oil in the presence of large quantities of a-olefin
and ethylene and hydrogen gas at 7 bar. The molecular weight distribution of It @
product is reported to be 2.8,
5 SLAUGH, st al., EP 368, 212 published May2, 1890, teaches continuous r
. batch processes, though the examples offered are all batch, The feeds used &r3 pure
and the reaction mixture is highly concentrated. The process produces polyma:
wharein 80 percent of the product has less than 20 carbon atems per molacule.
TSUTSUI, et al., EP 447,035 publishad September1B, 1991, refers to @ s aries
10 of batch processes, wherein ethylene is first polymerized or copolymertzec with
a-olefin in a first batch under concentrated or dilte conditions; the product is
isclated; and then the product Is introduced into a subsequent batch process viih
ethylens or an a-olefin. The process may be continued to a third round of bat:
processing. Reactants may be relatively concentrated in one batch, yet relathe ly
15 dilute in the next or vice-versa, _
Anather approach, as described by HIROSE, et al., JP 2.173,110 disclc ed
July 4, 1890, is to recycie massive amounts of ethylene and propylene gas thr: ugh a
solvent-containing reaction vessel. The feeds are pure and the quantity of reex lants
to solvent is very high. The ratio of ethylene to a-olefin is necessarily very lovr n
20  order to prevent polyethylene formation. Polymers formed by this process hatx

ethylene contents less than 10 percent by moie.
It is also known in the art ta coo! polymerization reactors by evaporation and

removal of unreacted monomers from the vapor space, such monomers being
optionally cooled and recycled to the reactor. Reactors cooled in this manner : re

25 referred to as evaporatively cooled reactors or boiling reactors. Polymer is re: ivered
from the reaction mixture by withdrawing polymer solution from the reactor ani
sepdrating unreacted monomers which are usually recycied to the reactor. Als> asa
general proposition, as the concentration of polymer in solution increases, ani or the
molecular weight of the polymer increases, the viscosity of the reaction mixture

30 increases. This in tumn reduces the mass transfer of ethylene from the gas inic the
liquid phase and reduces the heat transfer properties of the reaction mixture thsreby
making it more difficult to cool the reaction mixture. As indicated above, failure to

. maintain a stable reaction temperature leads to fluctuations in the molecular v sight of
the polymer and a broadening of the molecular weight distribution.

35 While evaporative cooling reactors improve heat transfer by removing the
exothermic heat of reaction, and can maintain stable reaction temperatures, t43y
have the disadvantage that ethylene concentration in solution in the reactor its usually
less than its equilibrium value (i.e., ethylene is continually being quickly remecvad and
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recycled). Thus, as a general proposition, in order to produce a copolymer ¢o1 aining
a particular proportion of ethylene in evaporatively cooled reactors , it is usualiy
necessary {6 recycle a larger amount of ethylene in the reactor off-gas (o obtui« the
cooling benefit) than would be the case if a sealed reactor were employed and the
concentration of ethylene in solution in the reactor achleved its equilibrium valus.
Economically, this increase in recycle volume means greater expense than we id
otherwise be tha case. See U.S. Patent No. 3,706,719, Moreover, if the reacion
femperature iIs increased (e.g., above the critical temperature of ethylene at 8.2°C
(48.5°F)), the ethylene mass transfer problem becomes more acute since the
solubility of ethylene wili be more difficult, thereby reducing gas/iquid phase r xing.

In addition to ethylene imbalancs in the vapor space and mass transfer
problems, evaporatively cooled reactors also lead to the associated problem of
reactor fouling and polyethylene ssgment formation. More specifically, becaus 2
ethylene and o-olefins possess different reactivities, they co-polymerize at di7 zrent
rates. Moreover, because ethylene reacts with itself so much faster than with
a-olefins, the copolymerization cf ethylene with a-olefins can result in polymer:
having large crystalline polyethylene segments randomly interspersed with
occasional a-olefin moieties.

These phenocmena not only make it difficult to control the ethylene coment in
the polymer, raduce the solubllity of the polymer in the reaction mixture, and
consequently lead to reactor fouling, but also more importantly, they limit the . ity of
the polymer in applications extremely sensitive to crystailinity, such as making
dispersants for lubricating oll compositions.

The conventional solution 10 controlling polymer ethyiene content, wher using
Zieglor-Natta catalysts, has been to regulate the concentrations of ethylene er d
a~-olefin in the reaction mixture. For example, to obtain a copolymer of ethyler:2 and
propylens having approximately 50 mole percent of each monomer in the copx lymer,
it has been considered that a large excess of propylene, e.g., greater than 1(: ; mole
ratio, is necessary in tha catelyst-containing solution in the reactor. in confrest, a
copolymerization conducted in a solution containing about equal amounts of e:hylene
and propylene, produces a copolymer so high in ethylene content, that undex :rdinary
Zlegler-Natta polymerization conditions, e.g., about -20* 1o about 80°C., it wer. Id not
be soluble in the saturated hydrocarbon soivents used as the polymerization r iedium.
However, when ethylene and propylene, for example, are polymerized in a rei: ctor
having both liquid and vapor phases, the mole or weight ratio of propylene te
ethylene in the vapor phase is typically far fess than the corresponding propy :ne to
ethylene ratio in the liquid phase because of the greater volatility of ethylene. For
example, If the propylene to ethylene mole ratio in the liquid phase is about '{:1:1, the

recent developrments in the catalyst and ethylene/a-olefin
(EAO) copol ymer art disclose that nmetal |l ocene catal yst systems yield 1 ow
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spgcifically, it is known in the art to enploy high pressure/high
t ehperature systems, as in U S. Patent No. 5,084,534 and EP Publication

260, 999, which utilize pure nearty pure feeds and netal | ocene catal yst
at pressures up to 2,500 bar and Lenperatures up to 300[err] C. Such systens
are designed to produiisSpetes ar wei ght polynmers at high catalyst {&
productivities (i.e. g ‘ r produced per gram of catal yst used).
These syWQAMININ fer a wbacks when appl i ed soTaisesyizied ecul ar
wei ght pol yner production; nost notablysg expensive pure feeds and

speci al i zed equi prent resulting in high fixed costs of producti on.

propylene to ethyiene mole ratio in the vapor phase above it may be only about 1:1 to
about 3:1.
Uniformity of ethylene monomer incorporation, known as "compositional
distribution”, is also a function of the mass transfer of ethyiene into the reactior: zone,
5 i.e., uniform mixing of the co-monomers. However, as discussed above, in these
reactor designs which employ recycle of the vapor phase, .., using a reflux
condenser, the reflux condensate returning to the reactor will typically have
sufficiently high ethylene concentrations that reactor agitation of fresh and recy :led
ethylene alone will not suffice to prevent inscluble polymers having randomly 4 gh
10  ethylene content from forming and clogging up the system. Consequently, it s
. been conventional in the art to attempt to introduce process steps for reducing he
ethylene content in the recyeied condensate, e.g., by removing ethylene from 11
condensate before introduction into the polymerization reactor. Ses U.S. Pato :t Nos.
3,708,718 (col. 5, line 68 et s8q.); 3,637,618; and 3,912,698. Such steps are castly
15  and inefficlent. ' '

Separate and distinct from the need to control monomsr ratio in the recy le
stream are the mass.transfer problems associated with empioying pure feeds,
particularly mixed pure feeds, aven when supplied to reaction zones employirg a
solvent which dilutes the pure feed as it is introduced into the reactor. For exs nple,

20 the introduction of pure feeds into liquid reaction mixtures necessarily creates. .1
higher concentration gradient of monomer at its point of introduction relative it the
remainder of the reactor. Thus a finite amourtt of time will be required to achieve
uniform mixing of the monomer into the reaction mixture. As long as this higher
concentration gradient exists, there will be a propensity to form higher molecul ar

25 welght polymer species relative to the molecular weight of polymer species fcr ned at
monomer equilibrium concentrations, since molecular weight is a function of tnanomer
concentration. Broadened MWD and non-uniform compositional distribution s e a
resuit.

In view of the above, there has been a continving need to develop mo cost

30 efficient processes for preparing EAQ copolymers with metallocene catalyst u; stems;
the present invention was developed in response ta this need.

A ' ON .

35 A process for continuously producing copolymer comprising monomer .nits . .,
derived from ethylene and a-olefin In the presence of a metallocene catalyst < ystem
and in a reaction zone contalning liquid phase which comprises:



Al so, such systens operate with a single phase to allow efficient m xing of
the reactants and, therefore, honogeneity of the product. A single phase
syStemis achieved by operating at tenperatures and pressures sufficiently
high to conpress the ethylene and make it dense enough to dissolve the
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reactant. To achi eve hij¢i and reduce the size of the reaction\
zone, the*v@r’g@ﬁﬁi isr i y (heat is not renoved), meking N

t enperatu ol- diffrcult. Since the nol ecul ar wei ghPCHUSEIB1Mr oduct i s’
directly related to tenperature, failure? o nmaintain constant tenperature

t hroughout the reaction process results in
(A)  continuously providing a dilute liquified a-olefin feed stream corn >rising

at least one o-clefin reactant and diluent admixed therewith wherein the amo. 1t of
diiuent in said feed stream is at least 30% weight percent thereof;

(B) providing a feed stroam comprising sthylene in liquid, vapor, or

5 ligquid/ivapor form; , _

(C) admixing, the feed streams of steps (A) and (B) in amounts suffi: ient to
provide a reactant feed stream having an a-olefin/ethylene weight ratio effecire to
yield a co-polymer containing between about 5 to about 70 weight percent m1 1omer
units derived from sthylene; _

10 (D) continuously introducing reactant feed stream derived in accord:nce
* with step (C) and metallocene catalyst system into the liquid phase of the res« tion
Zone in 2 manner and under conditions sufficient to;
(i) polymerize the ethylene and c-olefin to polymer product havnga
number average molecular weight of not greater than about 15,000:
15 . (i)  obtain an ¢-olefin conversion of at least 30%;
(iii) obtain an ethylena conversion of at least 70%
(E) continuously withdrawing copolymer product from tha reactor.

Several advantages rasult from the instant invention:

20 (1)  the use of dilute monomer feeds results in a lower conceriration
gradient at the point of monomer introduction into the reactor and, consequerily, less
time is required to achieve uniform monomer mixing and less time is availab & for
higher molecular weight species formation at the input port;

{2) the use of dilute feeds enables the process to operate at nigh

25 conversion rates of ethylene/x-olefin without the attendant buildup of mass irinsfer
resistance attributable to polymer formation in pure feed systems;

(3) inthe preferred embodiment of the process of the preser
invention employing a boiling reactor and dilute fead, sthylene in the vapor ::ace and
in the liquid reaction mixture are in equilibrium.. This is achievabie because t '

30 reaction mixture gives essentially no mass transfer resistance at the liquidvaoor
interface because uniform mixing is easlly obtained;

{4) as aconsequence of high ethylene conversions obtaine Jle with
a metsliocens catalyst system, the amount of unreacted sthylene entering ti»2 vapor
space and in equilibrium with dissolved ethylene is minimized; minimization «f

15 ethylene vapor buildup facilitates racycle of ethylene and does not hinder rex ycle of
the a-olefin;

(5) stili further improvements are made passible by employing a feed
dliuent, such that the major constituents of the diluent bail at about the same



I ncreased pol ydi spersity (or Ml ecular Wight D stribution, MAD).
Tenperature control becones increasingly nore difficult at higher
cénversions in an adi abatic system Consequently, conversions in the high
tenperature/ high pressure process are kept to a m ninum For polyners
havi ng nol ecul ar weight of 100, 000—e+ nore, variations of + 1,000 or so

have little effect on M\D. y 0 eg&l IBf s on the order of 10, 000 nol ecul ar

wei ght and bel ow, howe{ cct Ny Ak at i ons are extrenely di sadvant ageous.
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temperature as the a-olefin to be copolymerized with athylene, Accordingly, « thylene
content in the vapor space Is further diluted by the a-clefin feed constituents, 3 major
portion of which is dilvent. Thus, evaperative cooling does not depend on re<ycle of
high amounts of ethylene in the vapor, ethylene buildup in the reflux is further

5 minimized, and mass transfer resistance to ethylene mixing is further reduced;

(6) fouling caused by ethylene build-up at the reflux retum prirt and
sttendant polyethylene formation is easily avoided since the more volatile et” Jlene is
alsoc more reactive than the a~olefin monomer, the proportion of olefin monoiT ar to
sthylene is lypically greater in the vapor space than in the feed (cccasionaily nay be

10 equal to or only slightly less than that in the feed); and the concentration of alhylens
in the vapor space is typically iess than that in the feed;

(7)  uniformity of polymer is greatly enhanced without the need for
manipulation of the condensed vapor 10 alter its compositional distribution;

(8) the combined use of diiute feed and high conversion faci itates

15  removai of catalyst (deashing) residue and quenching of the polymer/cataty:i mixture
since it Is easier to mix the polymer with deashing and quench media;
~ (9)  use of dilute a-olefin containing feeds and high conversi.n not
only parmits adaptation of metallocene chemistries to evaporatively cooled reactors,
but it also allows for a significant improvement in the overall economics of the
20 process because such dilute feeds can be readily obtained at very low cost e3 by-
product waste streams derived from other commereial sources.

RIEF D N G

25 Figure 1 is a flow diagram of the dilute feed polymer process, Figure lisa
schematic view of the reflux boiling reacter system. Figure 3 is a schematic iew of a
preferred dilute feed polymer production p}ocess. Figure 4 is a graphic |
representation of the mass flows of the procass of Figure 3. Figure 5is a g*: phic
representation of the mass flows of a variation on the process of Figure 3.

30 .
ILED DESCRIPTIO NVENTION

Polymers produced in accordance with thé process of the present inv::ntion
are polymers comprising monomer units derived from ethylene, and at leas! nne a-

35 olefin, Such monomers are characterized by the presence within their struct sre of at -
Jeast one ethylenically unsaturated group:of the structure >C=CH>. In addit 3n, they
are highly reactive at low catalyst concentrations. Metallocene catalyzed
polymerizations-are particularly adaptable for use with a-olefin monomers which: a)
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concentration of polyner in the reactor increases until it becones
extremely difficult or inpossible to mx and punp the reactants
efficiently. This problemis exacerbated at a | ow reaction tenperature
wher e pol ymer vi seostty—+nereases—further. The limtations on conversion

I nduced by pure feegﬁsglgghgsegee gégent ially all polynerization processes.
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have at least one hydrogen on the 2-carbon (hence, isobutylene polymerizes
extremely poorly); b) have at [east two hydrogens on the 3-carbon; c) have at |:2ast
one hydrogen on the 4-carbon.

Accordingly, suitable a-clefin monomers include those represented by tve

5 structural formula HoC=CHR! wherein R1 is straight chain or branched chain ::lkyl
radical comprising 1 to 18 carbon atoms and wherein the polymer formed thet= from
contains a high degree of terminal ethenylidene unsaturation. Preferably R1 i the
above formula is alky! of from 1 to 8 carbon atoms, and more preferably is alky of
from 1 to 2 carbon atoms. Therefore, useful comonomers with ethylene incluiz

10 propylene, butena-1, pentene-1, 4-methylpentene-1, hexene-1, octene-1, decsne-1,
dodecene-1, tridecene-1, tetradecene-1, pentadecene-1, hexadecene-1,
heptadecene.1, octadecene-1, nonadecene-1 and mixtures thereof (e.g., mixL 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 S and 70 wt. % (e.g., 1110 70 vi. %),
and more preferably between 15 and 50 wt. % (e.g., 15to 45 wt. %).

The process of the present invention is controlied to make polymer hasing a
number average molecular weight of not greater than 15,000 and typically frcr 300 to
15,000 (e.g., from 300 to 10,000}, preferably from $00 to 8,000, more preferat: y from

20 1,000 to 5,000 (e.g., from 1,000 to 3,000). The number average molecular we ght for
such polymers can be determined by several known techniques. A convenien
method for such determination is by size exclusion chromatography (also kner/n as
gel permeation chromatography, GPC) which additionally provides molecular - veight
distribution information (see W.W. Yau, J.J. Kirkland and D.D. Bly, "Modern i} ze

25  Exclusion Liquid Chromatography”, John Wiley and Sons, New York, 1879).

The polymers produced in the process of this invention preferably exhit.it a
degres of crystallinity such that they are essentially amorphous.

The polymers produced in this invention are further characterized in th: ¢ up to
about 95% or more of the polymer chains possess terminal ethenylidene-typ::

30 unsaturation. Thus, one end of such polymers will be of the formula POLY-
C(T1)=CHgq wherein T1 Is C4 to C4g alkyl, preferably C¢ to Cg alkyl, and mer»
preferably C4 to C2 alkyl, (e.g., methyl or sthyl} and wherein POLY represent:: the

polymer chain. The chain length of the T1 alkyl group will vary depending o the
comonomer(s) selected for use in the polymerization. A minor amount of the |olymer

35 chains can contain terminal vinyl unsaturation, i.e. POLY-CH=CHs, and a pcr lon of
the polymers can contain internal monounsaturation, e.g. POLY-C(T1)=CH( ™),
wherein T1 and T2 are as defined for T1 above. The polymer products of this
inventive process comprise chains which ¢an be saturated by hydrogen, but

PCTAUSS3/12102 . €>
- 9 -



Typically, a | ow conversion systemrequires the recycling of ethylene and
conmononer out of the product stream and back into the reactor Such a
récycle systemis disclosed in PCT Application No. EP92/00377 (Publication
No. WD 92/14766) wherein unreacted ethyl ene nust be separated out of the
product stream and then repressurized into the reactor vessel. However,

e catalyst is iihle@t?ﬁtﬂaﬁﬂﬁeltmla?fécycl e and ethylene is extrenely

si nc ;
self-reactive, the gt I enr c pol ymerr zation arises, thereb
necessi t\!(@r’ﬁ@lnhe u

t krIIer that can SpORUSRA102
pol ynmeri zation in the recycle stream. a "killer" is not needed in the
presont invention since the inproved mass transfer associated with | arge

quantities grefarably contain polymer chains wherein at least 30, preferably at least 50, ny:re
preferably at least 60, and most preferably at least 75 percant (e.g. 75-88%), cf which
exhibit terminal ethenylidene (vinylidene) unsaturation. The percentage of poly ner
chains exhibiting terminal ethenylidene unsaturation may be detsrmined by Fourier
5 Transform Infrared (FTIR) spectroscopic analysis, titration, proton (H)NMR, or
o CI3NMR.

The molecular weight distribution (Mw/Vin) of the copolymers will be typi:ally
less than 5, preferably less than 4, and most preferably less than 3, e.g. between 1.5
and 2.5.

10 The preferred a-olefin monomers are derived from dilute a-olefin containing
refinery streams, such as Raffinate-2, and are butena-1 and propylena. Most
preferred is the copolymerization of butene-1 with ethylene for the production =
athylene/butene-1 polymers (hereinafter referred to as EB or EB-1 Polymers) s seful
in the manufacture of dispersants. The advantages of such copolymers may k« found

15 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 Adcii ives®
filed on an even date herewith, {(Docket No.: PT-844).

The ethylene content of the most preferred EB polymers is typically in tha
range of from-15 to 50 (e.g. 17 to 50), more preferably from 15 to 48 (e.g. 30t 45),

20 and or more preferably from 17 to 45 (e.g. 17 t0 30) weight percent. The balanze of
the polymer content is substantially based upon units derived from butene-1. Thus,
the butene-1 content is typicaily from 95 to 50 (e.g., S0 to 50), more preferabt; from
95 to 55 (95 to 85), and most preferably from 90 to 65 (e.g. 90 to 70) weight pe-cent
based on the total polymer weight. However, the EB polymers of this inventicr may

25 optionally tontain minor or frace amounts (e.g. up o 5 wt. %) of olefins other tf.an
ethylena and butene-1 since the reactant streams which may be used to prepee the
EB polymers may contain such olefins as isobutylene, isopentene, butene-2, 61d
butadiene. Similar considerations apply for other than EB copolymerization &5 wall.

The process of the present invention utilizes a metallocene catalyst sys 2m.

30  Such metallocanes are extramely unreactive with non-terminal olefins, and ter nina!
olefins which lack at least one hydrogen atom on the secand carbon (e.g.,
isobutylene), at least two hydrogens on the third carbon (e.g., isopentense), o~ 1t least
ene hydrogen on the fourth carbon (e.g., 4,4-dimethylpentene-1). Hence, as .
described hereinafter, many of the components in refinery streams, such as

35 Raffinate-2 (e.g. 2-butenas, and isobutylene) ara essentially non-reactive in i
metallocene system and become suitable diluents for use in the present proce ss
which need not be separated from the feed. Other constituents such as butsciene
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di luent ensure that at |east 90 percent of the ethylene will be converted.

Hence, little or no et hyl ene appears in the product output stream The only
process akin to a "recycle" in the present invention is the use of a refl ux
condenser in the preferred boiling reactor enbodinent. This still poses no
difficulty, as netallocene catal yst systens will not vaporize into the
vapor space of a boiling reactor and therefore do not appear in the refl

Q hers hay W@ attenpted to prepare | ow nol ecul ar wei ght EAO at | ow <§$
t enperatu ressure with netall ocene catal yst as destarmsssadioen U, S.
Patent No. 4,704,491 to Mtsui Petrochermt cal Industries and U S. Patent No.

4,668,834 to

10

1s

25

30

35

are made non-reactive or non-poisonoﬁs by pre-saturating the double bonds wiln
hydrogen.

k a tem - General De i

" Metallocene Catalyst Svstems

The process of this invention can be utilized with catalyst in which the cz:alyst
is preferably a bulky ligand transition metal compound. The bulky figand may - ntain
a muitiplicity of bonded atoms, preferably carbon atoms, forming a group whiclh may
be cyclic with one or more optional heteroatoms, The bulky ligand msy be a
cyclopentadieny! derivative which can be mono- or polynuclear. Ons or more b lky
ligands may be bonded to the transition metat atomn. The transition metal atom nay
be a Group IV, V or VI transition metal ("Group" refers to an identifled group o’ he
Periedic Table of Elements, comprehensively presented in "Advanced Inargari::
Chemistry,” F.A. Cotton, G. Wilkinson, Fifth Edition, 1888, John Wiley & Scns)

Other ligands may be bonded to the transition metal, preferably detachable by 1
cocatalyst such as a hydrocarbyl or halogen leaving group. The catalyst is der vable
from a compound of the formula

{LIm M [X)n
wherein L is the bulky ligand, X is the leaving group, M is the transition metal s 5d m
and n are such that the fotal ligand valency comasponds to the transition mets
valency. Preferably the catalyst is four coordinate such that the compound is
ionizable to a 1* valency state.

The ligands L and X may be bridged to edch other and if two ligands L. = nd/or
X are present, they may be bridged. The metatlocenes may be full-sandwich
compounds having two ligands L which are cyciopentadienyi groups or half-s.a 1dwich
compounds having one figand L only which is a cyclopentadienyt group.

For the purposes of this patent specification the term "metallocena” is 1ifined

to contain one or more cyclopentadienyl moiety in combination with a transitior: metal
of the Periodic Table of Elements. in one embadiment the metaliocene catatr: ¢
component is represented by the general formula (Cp)mMRnR'p wherein Cp is 8
substituted 6r unsubstituted cyciopantadieny! ring; M Is a Group IV, V or VI tra ssition
metal; R and R' are indspandently selacted halogen, hydrocarby! group, or
hydrocarboxyl groups having 1-20 carbon atoms; m = 1-3, n = 0-3, p = 0-3, a1 the
sum of m + n + p equals the oxidation state of M. In another embodiment the
metallocene catalyst is represented by the formulas: m———
(CsR'm)pR"s(CsR' m)MBQ X and This Sheet HasB
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Uni royal . The process described in Mtsui '491 operates with high catalyst
concentrations, e.g., 10[err] noles/liter, pure undiluted vaporized feeds.
aty at nospheric pressure, extrenely short reactant residence tine (e.g.,
about 0.5 hours ), _with no recycle-of unreacted reactants. The high

catal yst concentrations reI_,_n ged d l:c)e%cause t he mass transfer of the
reactants into sol utigfjSheet e_n F consequently, [ow concentrations of
react ants appear in sojigs I) nversions are the result. The Uniroy

' 834 pat epto sasnat es ajlfl ' heric pressure with @crmsgres®or dri
cooling system and pure undiluted feeds.;aVet hods enpl oying dilute reaction
m xtures and utilizing batch processes are

whaerein Me is a Group IV, V, or VI transition metal CsR'r, Is 2 substituted .
cyciopentadieny! each R’, which can be the same or different is hydrogen, alk.r. i aryl
alkaryl or arylaliy! radical having from 1 to 20 carbon atoms or two carbon aten:s
joined togethar to form @ part of a C4 1o Cg ring, R" is one or more of or a

5 combifation of a carbon, a germanium, a silicon, a phosphorous or a nitrogen :itom
containing radical substituting on and bridging two CsR'm rings or bridging ore
CsR'm ring back to Me, when p = 0 and x = 1 otherwise x is always equal to 0, 3ach
Q which can be the same or diffarent Is an aryl alkyl, alkenyl, alkaryl, or arylalk /
radical having from 1 to 20 carbon atoms or halogen, Q' is an aikylidene radica!

10 having from 1 to 20 carbon atoms, sisOor 1 andwhensis0, misSandpisl 1or2
andwhensisi, misdandpis .

Various forms of the catalyst system of the metafiocene type may be use d in
the polymerization process of this invention. Exemplary of the development cf
metallocens catalysts in the art for the polymerization of ethylene is the disclcs.ure of

15  US. Patent No. 4,871,705 to Hoel, U.S. Patent No. 4,937,299 to Ewen, et ai. «rd EP-
A-0 128 388 published July 28, 1989, and U.S. Patent Nos. 5,017,714 and §5,1;20,867
to Welbomn, Jr. These publications teach the structure of the metallocens catz ysts
and include alumoxane as the cocatalyst. 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 this patent specification, the terms “cocatalysts or
activators” are used interchangeably and are defined to be any compound or
component which can activate a bulky ligand transition metal compound. in¢wa
embodiment the activators generally contain a metal of Group It and Il of the i'eriadic
Table of Elements. In the praferred embodiment, the bulky transition metal

25  compound are metsliocenes, which are activated by trialkylaluminum compour ds,
alumoxanes both linear and cyclic, or jonizing lonic activators or compounds & ich as

" tri {(n-buty!) ammonium tetra (pentafluorophenyl) boron, which fonize the neutr:l
metallocene compound. Such ionizing compounds may contain an active proton, of
some other cation associated with but not coordinated, or only loosely coordinated to

30 the remaining ion of the ionizing ionic compound. Such compounds are destr bed in
EP-A-0520 732, EP-A-0 277 003 and EP-A-0 277 004 published August 3, 13118, and
U.S. Patent Nos. 5,153,157; 5,188,401 and 5,241,025, Specific teachings dir:cted o
bis(cyclopentadienyl) lonic activated systems can be found in U.S. Patent Nc.
5,153,157. Further, the metallocene catalyst companent can be a

35  monocyclopentadienyl heteroatom containing compound. This heteroatom it
activated by either an alumoxane or an ionic activatar to form an active
palymerization catalyst system to produce polymers useful in this invention. These
types of catalyst systems are described in, for exampie, PCT Intemational P Jlication




known in the art. Typically, dilution of the reaction m xture occurs as a
result of enploying a netall ocone catalyst systemin a diluent, usually

t ol uene. However, the use of a dilute feed of a-olefin is not found in this
art. Moreover, rapld I ntroduction of reactants into solution is often
acconpl i shed by | ntroduci-hg-t-he-pure-reactants directly into the vapor
space of the reactor. '”@téﬁ%é%&éepﬁreh' qui d phase, or by bubbling the
reactants up through 1E

B Xture at pressures too low to provi d%’"
ef fecti vewgiggg@is'!t | ON “ ! %{l L{orglcesslerSar ga?la?\? ﬁ@%}%&% t ver
’ 13-

| ow nonomer conversi o ,
descri bes a batch process

WO §2/00333 published January 8, 1992, U.S. Patent Nos. 5,057 475; 5,098,137,
5,055,438 and 5,227,440 and EP-A-0 420 438, WO 91/ 04257. in addition, the
metallocene catalysts useful in this invention can include non-cyclopentadieny |

: catalyst components, or ancillary ligands such as boroles or carbolfides in

5 combination with a transition metal. Additionally, it is not beyond the scope of 11is

invention that tha catalysts and catalyst systems may be those described in U <.
Patent No. 5,064,802 and PCT publications WO 93/08221 and WO $3/08188
published April 29, 1993. The catalyst system of the invention may be, optiona ly,
prepolymarized or used in conjunction with an additive or scavenging componette

10 enhance catalytic productivity; a scavenging compenent such as an organoalur inum
or alky! aluminum reagent. '

The Reaetion Procees

15 The process of the present invention is continuous, employs & dilute feed, and
is operated to achieve a high conversion of a-clefin and ethylene as defined h:rein.
Within these parameters, the ethylene/a-olefin product is controlied to have 8 'umber
average molecular welght of not greater than 15,000 using a metaliocene catnilyst
systemn as described above. For purposes of this invention “continucus® means that

20 monomer feed is continucusly introduced into the reaction zone and resultant |roduct
continuously withdrawn.

The advantages of empioying a dilute monomer feed are described abzve.
The diluent can be any non-reactive (under the conditions employed) matetie! which
preferably Is: (i) capable of being liquified under reaction conditions; (if) capatiie of

25 dissolving at least the a-olefin monomer employed; and (lii) capable of dissolv ng or
at least suspending the polymer product undsr reaction conditions such that ‘v scasity
buildup Is sufficiently minimized to the extent that the mass transfer rate of the -
ethylene needed to homogensously distribute ethylene throughout the reactir:1 zone -
is at least equal to and preferably is greater than, the reaction rate at which ¢! wylene

30 is consumed in the polymerization reaction, Suitable but less preferred diluerts
include such scivents as alkanes, aromatic hydrocarbons, and nonreactive el enes.
it is contemplated that the non-raactive diluents comprise typically at least 30,
preferably at least 40, and most preferably at least SO weight % of the a-olefr feed
stream and the diluent can range typically from 30 to 80 preferably from 40 g« rcent to

35 80, and most prefarably from 50 to 80 weight % of the a-olefin feed stream tefore
admixture with ethylene.

1t is a particular advantage of the present invention that the preferred c iluents
are naturally present in various refinery streams containing a-olefin monomex



L . . . .
wherein pure ethylene and an a-olefin are introduced into a pressure vessel

containing a netall ocene di ssolved in tol uene. -4- LUKER, U.S. Patent

No. 5,023,388 refers to a batch process wherein the netall ocene is

di ssolved in diesel oil in the presence of |large quantities of a-olefin and

et hyl ene and hydrqggn_gasmak—7—bar“ The nol ecul ar wei ght distribution of

t he ect Has Been Replaued \l '6
— | —

reactants; to be useful sugh streams must contain at least one a-olefin as the ractive
constituent. However, these streams typicaily will contain non-reactive constiy ents
which have a similar carbon number to the a-olefin. The similarity in carbon ri mber
causes the non-reactive constituents to have similar bolling points to the a-gle'n.

5 Consequently, the non-reactive constituents will vaporize together with the a-1 efin
and nict only dilute the ¢-oclefin in the vapor space, but also the ethylene. This
dilution effect decreases the mass transfer resistance of the reactive monomer s in the
vapor space, particularly ethylene. '

Accordingly, a prefered diluent will contain components comprising typizally at
10 least 50, preferably at feast 75, and most preferably at least 85 weight %, anc
typically from 50 to 100, preferably from 75 to 100, and mast preferably from 45 to
100 weight % thereof, having a bolling point at the reaction conditions of typicz lly
within $20°C, preferably within +15°C, and most preferably within +10°C of the
average boiling point of the c-olefin constituents of the feed. Representative cf such
15 refinery streams are those which contain butane-1, propylene or Cg a-olefin.
Preferred butene-1 containing streams are referred to herein as Raffinate.2 shraams.
Such streams typically have isobutylene content significantly lowered in relaticn to
the stream from which they are derived. Raffinate-2 is typically derived from & lher
butane/butane catalytic cracking refinery streams (BB-streams) or Raffinate-* wvhich,
20 intumn, is derived from butadiens crude produced by steam cracking ptants. T1e
composition of Raffinate-2 can vary widely, depending upon the source, e.g., | veight

%):
Crude Raff-2 - Raff-2

Component Butadiene FromCrude BB EromBB Raf
25 ,

BUTADIENE 43,5+20 0-5 0.3+15  0.4+02  131+.05

ISOBUTYLENE  25.2+10 0-5 12.6+8 02401  445+20

BUTENE-1 15548  49.5+25 13846  15.4+7 27 4x15

CIS-BUTENE-2 2.0+1 6.413 9.044  10.2¢5 35+1.5
30 TRANS-BUTENE-2 6.2+3 19.6+10 13846 15647 11835

N-BUTANE 4,842 14,747 10.5:5  12.0:8 B 144

1SOBUTANE 29415 04+4  36.7#15 421320  £2+25

*OTHER 0.140.5(3) 02+01(0) 35+1.5 412 0 24.1 .

35 *Other: (a) includes propane, propens, pentanes, pentenes, water, trace other -
hydrecarbons.



Broduct Is reported to be 2.8. Elastic substantially linear olefin polyners
are described in WD 93/08221 which have processability simlar to highly
branched | ow density pol yethyl ene, but the strength and toughness of |inear
| ow density pol yethyl ene. The application of such polyners is for the
conventional fabrication of films, fibres and noul ded articles. SLAUCH, et
al., EP 366,212 published May 2, 1990, teaches continuous or batch
processes, though the exanples offered are all ‘batch. The feeds used aﬁ%

pure anWOMA3NEaction mixture is highly concentrated. PREUSI¥RURs produces

' (b) Raffinate-2 derived from MTBE preduction (using BB-stream or
Raffinate-1) will include traces of MTBE, methanol, di-methyl ether, and

teri-buty! alcohol.

5 Typical commercially available butene-1 concentrations in Raffinate-2 ra~ge
from about 15 to about 55 weight %. The above butene-1 containing refinery 1:reams
are preferred for making ethylene/butene-1 copolymer (EB-1) which has been f und
to be highly effective as a backbone for the production of lubricants, oil dispers ints,
and viscosity modifiers. The instant invention may also make use of BB strear s and

10 Raffinate-1 directly, since isobutylene is aimost entirely unreactive with metail= :ene
catalyst systems. Hence, depending upon shipping costs, convenience, or wh: tever
other factors may affect the decision-making process, the practitioner has the cotion
of either acquiring Raffinate-2 and running it through the process of the instart
invention or first acquiring either Raffinate-1 or a BB stream, running it throug 1 the

15 process, and then shipping the resultant iscbutylene-enriched stream on to an iTBE
plant or other end use. The use of Raffinate-2 is the more preferred. The use f
crude butadiene streams directly is not desired since it would waste butadlen: during
hydrogenation. it is not necessary that refinery streams be used and, in fact, fLis
coritemplated that dilute a-olefin containing streams can be prepared by sepér itely

20 combining pure a-olefin and one or mere pure diluents, e.g. pure isobutane, . ch as
those typically found in the above refinery streams. -

It will also be seen that this invention is useful in the production of virtui ity any
ethylene/a-olefin copolymer and may therefore be used in the processing of ainer
dilute refinery stroams, such as dilute propene and pentens streams commor 11 the

25  Industry. Dilute refinery propene streams, known in the industry as "C3 strean s", and
dilute refinery pentene streams, known as "C5 streams”, are also derived frorr steam
and catalytic cracking and generally can be- represented to comprise the follcving
components (ranges, welght %): For C3 streams: Propylene = 55 + 20; Propa e = 34
+ 15; Ethylene = 2 + 1; Ethane = 8 + 4; and *Other =1 +.§

30  (Other includes methane, acetylenes, propadiens trace C4's and C5's, and traze
polar compounds such as water, carbonyl sulfide, methyl mercaptan, and hydt ogen .
sulfide). For C5 streams composition is more complex than that of C3 and C¢

streams:

ced
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pol ymer wherein 80 percent of the product has | ess than 20 carbon atons per
nmol ecul e. TSUTSUI, et al., EP 447,035 published Septenber 18, 1991, refers
to a series of batch processes, wherein ethylene is first polynerized or
copolynmerized with a- olefinin a first batch under concentrated or dilute
conditions; the product is isolated; and then the product is introduced

I nto a subsequent batch process with ethylene or and a-ol efin. The process
may be continued to a third round of batch processing. Reactants may be

rel ativel\g/l %gﬁntrated i n one batch, yet relatively dilute in the next Zar

vi ce-vers PCT/US93/1210
- 15 -
 2-METHYL-BUTENE-1 80+ 4
5 3-METHYL-BUTENE-1 162 1 :
PENTENE-1 51+ 2
2-METHYL-BUTENE-2 149 + 7 ;
PENTENE-2 154 + 7 '
ISOPRENE 672 3
10 ISOPENTANE 382+ 15
n-PENTANE .. B85% 2
* CYCLOPENTANE 06+ .3
CYCLOPENTENE 1.5 +.75
PIPERYLENE . 093 4
15 C6 OLEFINS 1.5 +.75
C6 ALKYLS 35 +1.5
C7s AND C8s 20+ 1
*OTHERS ' 16+ 1

20 *Others include benzene and polar eémpounds.

Pentene-1 and cyclopentene are the most reactive components of a 35 stream
in the presence of a metallocene catalyst system and are easily separated f vm each
other by distillation and ate easlly concentrated.

25 Whether a constituent, e.g. of the refinery stream, qualifies as a dilve nt under

' reaction conditions depends on whether it is non-reactive which in turn dejx:nds on .
the type of pratreatment to which the feed is subjected. "Non-reactive” whz1 used in -
conjunction with diluent is meant that less than § wt.%, preferably fess than 3 wt.%,
and most preferably less than 1 wt.% of the constituent present in the feed i3

30 Incorporated into the palymer product and the constituent does not totally 3 2activate
the metallocene catalyst system. Typically any saturated hydrocarbon coris lituent will
quality as dilusnt as well as highly unreactive (in the presence of a metalick ene
catalyst system) unsaturated constitusnts such as butene-2 and Iscbutylen::.
Materials such as butadiena tend to deactivate the catalyst. Hence, it Is praferred

35 that they be removed or at least partlally saturated by hydrogenation. Onex:
saturated, the butadiene becomes part of the diluent as butane, butene-2, . reactive

butene-1.

This Sheet Has Been Re placed
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AnGt her approach, as described by H ROSE, et al., JP 2-173,110 di scl osed

July 4, 1 990,

t hrough a sol vent-containing reaction vessel. The feeds are pure and the

quantity of

reactants to solvent is very high. The ratio of ethylene to

a-olefin is necessarily very lowin order to prevent polyethylene

f ormati on.

Pol ymers forned by this process have ethyl ene contents | ess than

10 percent by nole. It is also known in the art to cool polynerization
react ors W@ %AImorati on and renoval of unreacted nononer pcfisartin vapo?fk
space, such nononers being optionally . cggled and reeycled to the reactor.
Reactors cooled in this manner are

10

13

20

25

3a

35

The process of the invention is controlied to achieve high ethylene and x-olefin
conversion. Conversion is directly proportional to monomer concentration, cate yst
concentration and residence time. Accordingly, the above parameters are contislied
to achieve an ethylene conversion of typically at least 70%, preferably at least £ D%,
and most preferably at least 90% and can range typically from 70% to 100%,
preferably from 80% o 100% and most preferably from $0% to 100% (s.g., S0£5%).
The a-olefin conversion is controlled to be typically at least 30%, e.g., at least < 0%,
preferably at least 50%, and most preferably at least 80% and can range typica ly
from 30% to 95%, preferably from 40% to 0% and most preferably from 50% - 90%.
Monomar conversion (%) can be determined by either of the following equatio 5:

r of nomer rate (2] X 100. or
of monomer in fee . _

= %ﬁm&m{ﬂ%mmﬂm x 100
r monomer in fee

The particular «-olefin conversion employed depends in part on te

ethylene content sought to be imparted to the polymer and hence on the ethyle e
concentration in the mixed feed. For example, at low ethylene content the a-¢l ifin
conversion typically will be lower than for high ethylene content feeds. While tigh
conversion can be achieved by any combination of process conditions affectiry
conversion, it s preferred to maintain a low catalyst concsniration and low mcr omer

concentration and attain high conversion with a long residence time. Preferab: s the
ethylene conversion is controlled in a manner such that the ratio of the weight ‘4 of
sthylens in the vapor phase to the weight % of ethylene in the reactant feed st-aam is
typicaily not greater than 1.2:1, preferably less than 1.1 and most preferably f«m
0.1:1 6 0.7:1 {e.g. 0.1:1 10 0.5:1). The monomer in the reaction mixture is ke> low
through the use of the diluent in the feed and operating at high conversions.

The catalyst concentration is typically held just above the poison level die to
cost of the catalyst. Preferably the feed is treated to remove most if not all catiatyst
poisons. Minor poison contamination can be accommodated by increasing tre
catalyst system concentration with the excess used to remove the poison by re action
therewith. Accordingly, while any effective catalyst concentration can be empl dyed it
is contemplated that such effective amounts will be sufficient to achieve a weic ht ratic
of metallocene catalyst system to polymer product of typically from 1 x 104:1 107 x

10-4:1.

This Sheet Has Been Replaced
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referred to as evaporatively cooled reactors or boiling reactors. Pol yner
I's recovered fromthe reaction m xture by w thdrawi ng pol yner solution from
t ke reactor and separating unreacted nononers which are usually recycled to
the reactor. Also,_as a general proposition, as the concentration of
polymer in sol ution increases, and/or the nolecul ar wei ght of the pol yner
i ncreases, the vi scobist eoﬁasusbmmﬂa&edlon m xture increases. This in turn
reduces the mass tranﬁl ’lmﬂmmne fromthe gas into the liquid pha’szg./
and reduces_ the heat - rties of the reaction m xture thereby
making it WOMB®Sficult to e reaction mixture. APCTASOHIEY above,
failure to maintain a stable reaction té#erature leads to

- 'The residence time is determined from the equation:

total true volume of liquiud in reactor -

Residence time
5 total volumedtime of liquid exiting reactor

wherein gas bubble volume in the liquid is subtracted from apparent volume o llquid -
in reactor to cbtain true volume. Accordingly, typical residence times can vary
typically from 0.1 to 5 hrs., preferably from 0.5 to 4 hrs., and more preferably Fom 1o

10 3hrs.

' Reaction temperatura and pressure are preferably controlled to liquify t e

diluent and c-olefin, However, the reaction temperature is typically selected !:: be
above the critical temperature of ethylene but below the crilical temperature of the
a-clefin feed and/or diluent. Accordingly, while any effective temperature can e

15 employed it is contemplated that such effective temperatures for a feed contai ving
butene-1 will range typically from 30 to 150°C, preferably from 50 to 120°C, v d most
preferably from €0 to 110°C. For the dilute refinery streams of propylene havi 1g
propane as the major diluent, the critical temperature of propylene and proper 2 are
92.42°C (198.36°F) and 86.7°C (208.08°F) respectively, so the typical range «f

20 reaction temperatures would be 30 to 96, and preferably from 80 to 92°C. Th: critical -
temperature of the feed components in the reactor places an upper limiton
temperaturs when using a boiling reactor since the reflux mechanism becoms
useless if nearly all or all of the feed flashes into the reactor vessel and there *smains
no liquid phase to refiux. In less preferred embodiments the operation above :ha

25 critical temperature of the major reactor constituents must be compensated f> - by
assisting or sliminating the refiux mechanism aitogether and relying on aftem:tive
cooling means, such as jacket cooling or internal cooling colls. Neither of thz se
solutions is as affective nor as efficient as refiux cooling in maintaining horixy eneity
of temperature throughout the reaction solution. As indicated above, the beil 1g

30 reactor represents the preferred method for temperature control. Variations cn the
boiling reactor configuration include internat reflux, e.g. using cooling coils ity:erted
into the vapor space or an external system wherein vapor is removed from th:: vapor
space and introduced to an extarmal reflux apparatus, the vaper condensed & 1d the
condensate retumed to the reactor and/or feed. Altemative non-reflux temp: ature

35 control means include pumparound cooling whers liquic_i is removed from the -pactor,
cooled, and then returned to the reactor. Pumparound cooling offers the ads 2d
advantage of being able to return cooled liquid to the reactor using high presure
pumps to also provide mixing of reactor contents with high speed jets.



&
fluctuations in the nol ecul ar weight of the polyner and a broadening of the
nol ecul ar wei ght distribution. Wile evaporative cooling reactors inprove
heat transfer by renoving the exotherm c heat of reaction, and can maintain
stabl e reaction tenperatures, they have the di sadvantage that ethylene
concentration in sotut+on—n-the reactor is usually less than its
equi l i brium val ue (i ﬁlssm%&%%ene S contl nual | y bei ng qui ckly renoved and
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Reactor pressures are typically controlied to maintain the diluent and o- sl8fin
in fiquid form at the selected temperature. In boiling reactors the pressure is ;3::lected
to obtain boiling of the diluent/a-olefin reactor constiluents at the reaction
temperature. Accordingly while any effective pressure can ba employed it is
contemplated that such effective pressures for butene-1 feeds will range typicz lly
from about 2.4 to about 38 Atrn, preferably from about 4.4 to about 28 Atm, arc most
preferably from about 5.6 to about 23.5 Atm.

The reaction mixture is preferably vigorously mixed by any suitable mes s
such as impeller, jet pump, or vigorous boiling or combinations thereof. Baffle:: and
strategic placement of feed input can be employed to further facilitate mixing.

More specifically, the molecular weight distribution (Mw/Mn) of the polyrier is
broadensd by variations of: temperature, monomer concentration, and catalys:

. concentration.

a jnt P

Referring now to Figure 1, there is depicted a schematic diagram of th: overall
process scheme. A dilute propylene, butene, or pentene refinery feed is pipec to a
diene removal system 50. it is desirable to remove or saturate any dienes thi' may
contaminate the feed since dienes tend to either poison metaliocene catalyst
systems, crosslink polymer chains, or both. Alkynes are also peisonous and niust be
removed or saturated. However, this step in the process is an option since dil ite
refinery streams vary widely in composition and, therefore, may have virtually w0
diene contamination or, in fact, none at ait.

The next step in the process is to carry the refinery stream to a concerr:-ation
system 51 where more volatile {"lights") and less volatile ("heavies™) componse its as
well as catalyst-poisoning polar compounds, such as water, sulfides, alcchols. and
nitrogen, sulfur, and oxygen derivatives in general may be removed $o as to b-ing the
weight percent of the olefin monomer in refation to the nonreactive difuents (¢ within
the range desired. in cases where it is desired to recycle unreacted olefin mciomer
and/or to further dilute a refinery feed having sxcess concentration of olefin rnanomer,
a racycle stream 52 may ba combined with the input stream 53. The source cf this
recycle stream will be discussed below in connection with the diluent removai system
8s.

After adjusting the concentration and removing polar poisons, it is prefi:rable to
pass the feed through a scavenger bed system 54 that removes any remainin 3
catalyst poisons and fliters out any particulates. The resulting pre-treated dil.ite



-5- recycled). Thus, as a general proposition, in order to produce a

copol yner containing a particular proportion of ethylene in evaporatively
cooled reactors, it is usually necessary to recycle a | arger anmount of
ethylene in the reae%eﬁ—e##~gas_epgmobtain t he cooling benefit) than would

be the case if a seallhggh m\;ﬁ/e enpl oyed and the concentration of .

ethylene in solution achi eved its equilibriumval ue.
Econom cally, this in cl e volune nmeans greater expense than

woul d ot HE@®RWEW1ISHe th S. Patent No. 3,706, 7éCprmddasever, if
t he reaction - 20 -

refinery feed Is piped to the prefarrad boiling reactor system 55 depicted in maxa
detail in Figure 2 and co-polymerized with ethylene.
More specifically, referring to Figure 2, there is provided a reactor vesse 1
. having an extemnal reflux condenser 2 in fluid communication therewith via gas space
5 8, conduit 8, and condensate return conduit 10. Analyzer means 9 monitors th::
s concentrations of unreacted gaseous reactants flowing from the gas space to

condenser 2 through line 8. Within the reactor vessel 1, there Is provided an 3 jitator
3 having one or more blades 3a and driven via a rotating shaft 3b affixed to a riotor
4. During the continucus reaction, there will exist a gas space 6 over a liquid rsaction

10 phase 5 within the reactor vessel 1. The gas/liquid interface 7 is depicted by 3 wavy
fine. Baffles 13 are provided to increase turbulent mixing and eliminate vortes:i1g of
the liquid phase by creating axial mixing patterns. The metaliocene catalyst system is
fed into the reactor through line 12. Ethylens in liquid, vapor, or liquid/vapor fcrm is
fed through line 14 and liquified dilute a-olefin is fad through line 15. The olefi 1 feeds

15 are mixed at a juncture 29 prior to injection into the reactor vesse! through lins 16, the
purpose being to dissolve the pure ethylene feed into the diluent prior to cont s :t with
the catalyst, so as to prevent the athylene from unduly reacting with itself rather than
the a-olefin. For the same reasons, a pre-cooler (not shown) may be employ:1 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 junctur» 29 via
an extension 11 rather than injecting the reflux directly into the reactor vessel. As
stated above, a unique aspect of the process of this invention is that the reflux is
usuaily more dilute and higher in olefin monomer concentration relative to etty lene
concentration, than in the feed.

28 For start-up, a heat exchanger 17 may be empleyed to bring the reactiz 1
mixture up to operating temperature by injecting a heated, dilute, a-olefin fee?
through line 16a. When the reactor fills and comes to the desired cperating
temperature the catalyst and admixed feeds are injected. Also provided is an
emergency quench vessel 27, filled via a quench faed 26 and pressurized by :in inert

30 gas line 28, which may rapiily inject its contents into tha reactor in the eventc{ a
runaway reaction. The products dissolved in diluent, as well as unreacted res ctants
and initiator, exit through line 18 past isolation valve 19 and are quenched by 2
quench feed 20 driven by a pump 21. Since the pressure in fine 30 is ganem: y lower
than in the reactor, a cooling heat-8xchanger 22 is employed to recondense &y

35 diluent that may have flashed. Gases in the reactor output would reducs the
sfficiency of the centrifugal pump 23 that drives the product stream fine 24. . 30,
lowering the temperatura of the product stream to produce a single liquid phi:;e is
desirable when mixing with a quench solution. For especially viscous produ='s, such



tenperature is increased (e.g., above the critical tenperature of ethylene
at 9.2C (48.5F)), the ethylene nass transfer problem becones nore acute
since the solubility of ethylene will be more difficult, thereby reducing
gas/liquid phase mixing. In addition to ethylene inbalance in the vapor
space and mass transfer prmevaporatlvely cool ed reactors al so | ead
to the associ ated pr%‘ @m@ﬁlaéeeagi;]agg fouyling and pol yet hyl ene segnent ,.L;.s/
formati on. More spemﬂ' '

Lor _spe mﬂ se ethyl ene and a-ol efi ns possess
because of by one reacts ﬂﬂﬂﬁfw wich faster t han T eSsmdRE oS
copol yneri zati on of ethyl ene with a-ol ns can result in polymers
as those with high ethylerie content and/or high melecular weights, it may be
desirable to add soivent via a solvent feed 25 to the product stream.
Retuming to Figure 1, also entering the reactor system 55 would be the
metaliocene catalyst complex which, if not shipped to the process piant premir:ad,

s  would be mixed on site in a catalyst mixing system §6. After quenching, the
quenched polymer solution is passed through a deashing system 59 where me :aliic
components from the spent mt'lyst and possibly the quench solution are removed.
Note that if a supported catalyst system is used, the quenching and deashing s teps
would be replaced with a catalyst removal, reactivation, and recycie system. T1e

10  mixture/solution of diluents, polymer product, and unreacted reactants is carrie fo a
diluent removal process 65 where préferably three streams result: the first, nezrly
pure polymer product 60; the second, unreacted olefin monomer dissolved in d:luent
62, preferably more dilute than the refinery feed sntering the concentration sys.em 53
for the situations where the dilute refinery feed entering the concentration syst::m is

15  already more concentrated in olefin monomer than desired; and a third 64 corr sosed
of "superlights” such as trace unreacted ethylene, methane, nitrogen, and ths ke.
The second stream 62 may be used to dilute excassively viscous polymer solsion .
resulting from the reactor system 56 as described above. Where this is not
necessary, this stream may be divarted as an unreacted olefin monomer recy: ¢ 52 or

20 otherwise disposed of, 63. In cases where olefin monomer conversion is so Flith that
recycling Is unnecessary, the unreacted olefin monofmers may be diverted for c ther
uses, such as to a refinery for processing. Since virtually all of the ethylene is )
reacted, the third gaseous stream 84 contsining enly trace amaunts of this mat 2rial
and other "lights" may be used as fuel gas or sent to a flare, absent some othe * use.

25 The nearly pure poiymer product at this point will nevertheless contain t aces
of diluent and unreacted oiefin dissolved within it as well as small amounts of
extremely low molecular weight "Tight” polymers. Also, trace quantities of watz * will
be present where the quench was in aqueous solution. Hence, the product siri:am is

- gont to a stripping process 68 via Line 60 which gliminates the last of the wata ,_
‘30 reactants, and solvents. Preferably, the "ight” polymers are sent via Line 67 t:: the
refinery pipestills to be reintroduced into the cracker and the now nearly pure | olymer
product emerges from line 88 to be piped to & holding vessel.

-The Preferred Embodiment
35 .
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. Tka
overall industrial process may be broken down into eight subsystems — a Feec



having | arge crystalline polyethyl ene segnments randomy interspersed with
occasional a-olefin noieties. These phenonena not only nake it difficult to
control the ethylene content in the polymer, reduce the solubility of the
polymer in the reaction m xture, and consequently lead to reactor fouling,

but also nore inportantly, they limt the utility of the polyner in
applications extremely senS|t|ve to rystal linity, such as making

di spersants for Iubril‘maﬁhe SI tions. The conventional sol ution,go
controllin 'g gﬁ VITer et , when using Ziegler-Natta catal yst%,
has been t i) it e t ons of ethylene and PCT/US3/121%:

- 22 -

Hydrogenation System, a Fead Concentration System, a Feed Treater, a Reaisior
System, a Catalyst Preparation System, a Deashing System. a Debutantzer, ernda
Stripper System,
. The dilute a-olefin stream, referred to herein as Raffinate-2, enters the F ed
5 Hydrogenation System 101 through input Line 102 and is immediately passed
through one or more coalescing units which cause emulsified water to coalascx into
large water droplets. The stream is then heated to about 55°C and pressurizex with
hydrogen at about 17 atmospheres from a hydrogen feed in the presence of 3
catalyst inside one or more hydrogenation vegsals. The result is that the 1,3
10 butadienes in the raw feed are reduced to n-butane and butene-2. Of course .some
of the valuable butene-1 is also lost, but since the disnas only make up fess tvin 1
percent of the raw feed and are so much mors reactive than butene-1, only a I: action
of 1 percent of the butene-1 is lost. Should the hydrogenahon prove excessive,
carbon menoxide input may be provided to lowar the activity of the catalyst in 11
15 vessels. Analyzers measure the input and output concentrations of butadiens and
reguiate the H2/CO mixture. The treated raw feed is passed through a part:c.u ate
filter and exits the Feed Hydrogenation Systém via Line 103.
The hydrogenated feed from the Hydrogenation System Is fed into the F eed
Concentration System 104 through Line 103 and introduced into a first fracticr al
20 distillation tower wherein the fractionation process removes the "ight" materials (i.e.,
the materials more volatile than the C4's). During this process, a water trap or "boot”
on a distiliate drum removes any water from the hydrogenated feed. Gaseous lights
such as methane, ethylene, ethans, propylene, propane, and insignificant am: wnts of
hydrogen, carbon monoxide, iscbutane, iscbutylene and butene-1 are vented sia Line
25 105. Some water vapor will also exit this route. Liquid isobutane having mettane,
C2's, and C3's dissolved therein along with small amounts of the C4's and me hanol,
di-methyl ether, and traca water is recovered via Line 108.
The effluent from the béttom of the first distillation tower will have virtuz I!y no
detectable amounts of erganic materials having less than 4 carben atoms. This
30 stream is introduced into a sacond distillation tower which removes the “hea
components, e.g, primarlly cis and trans butene-2, small amounts of the other C4's,
and virtually all of the pentanes, pentenes, MTBE, and tert-buty! alcohol whizi) are
removed via Line 108.
The parameters of the conicentration system are adjusted to the comgc sition of
35 the hydrogenated feed; hence, analyzers are preferred on the input and reflu:: lines of
the fractional distillers to monitor the C4 compositions. The output of the
Concentration System is preferably nearly 100 percent C4's, 30 percent o £C percent
comprising butene-1, and is fed via Line 109 through one or more treatment - essels



a-olefin in the reaction m xture. For exanple, to obtain a copolynmer of

et hyl ene and propyl ene havi ng approxi mately 50 nol e percent of each nononer
in the copolynmer, it has been considered that a | arge excess of propylene,
e.g., greater than 10:1 nole ratio, is necessary in the catal yst-containing
solution in the reactor. In contrast, a copolynerization conducted in a

sol ution cont ai ni ng—abeut—equal anounts of ethylene and propyl ene, produces
a copol yner so high I ne content, that under ordinary Ziegler-

pol ymeri zati on condlaﬁimw °“n Replger t -20[err] to about 80[err]C., Il\lazt/‘ba

woul d not weessastisbl e ed hydrocarbon sol ventm t he
pol yneri zati on medi um#® n gthylgne and propyl ene, for exanpl e,
are polynerized in a reactor

in tha Feed Treater 110 and exits via Line 111 to the Reacter System 112. The
purpose of the feed treater is to guard against the passibility of unexpected or
unknawn contaminants in the material stream that could oonoeivably make it thr:ugh
the Feed Concentration System. -

5 The Reactor System 112 Is as described with regard to F:gura 2. “"he
metaliocene catafyst system is supplied to the Reactor System 112 from Catalyxt
System 113. In the catalyst system, metaliocene catalyst component is fed into 3
mixing vessel, Cocatalyst (activator) stored in one or more cocatalyst vessels s fed
into the same mixing vessel by the force of 8 pressurized nitrogen line. The N»» yasis

10 first passed through a drying vessel since water vapor will inactivate the prefer:d
catalyst mixture of metallocene and MAQ as well as many other catalysts. The
nitrogen also pressurizes the mixture and provides an inert gas layer above the fuid
level therein. The catalyst and cocatalyst mixture are mixed in the mixing vesse and
the resulting catalyst mixture continuously fed into the Reactor System 112 by p.mp

15 vialine 114,

After copolymer leaves Reaction System 1 12 it enters the Deashing Sys em
115 via Line 116. Line 116 receives a quench faed into Line 11€, the quench
comprising (for metallocene/MAQ catalyst mixtures aqueous base, such as Nu:H.
Base destroys the catalyst and cocatalyst and renders the metals (ash) water-s:iuble.

20 Upon entering the Deashing Systam 115, the quenched polymer mix flows thrci gh a
first baffled orifice mixer. This croates turbulence in the fiuld flow and causes 't e ash
to dissolva in the water. This mix then enters a first settling vessel, wherein the
aqueous component settles to the bottom and the polymer and solvents float t:reon.
The squecus portion flows down 10 a disengaging drum, but about 95 percent cf this

25 flowis diverted for recirculation to the settiing vessel. The hydrophobic phase f ows
out the top of the first settling vessel, is mixad with pure water, e.g., steam
condensate, and passes through a second set of orifice mixers on its way to-a sacond
settiing vessel. Again, about 95 parcent of the aquecus phase emanating fror the
bottom of this vessel is diverted for recirculation to the 2nd settling vessel, whil:: the

10 remainder joins the flow for recirculation to.the first settfing vessel. Residual ¢sh-
containing aqusous effluent from the disengaging drum is treated in a wastew er
freatment facility.

The deashed polymer soivent mixture then exits the second vessef and «:nters
the Debutanizer 117 via Line 118. The polymer/soivent stream entering the

35 Daebutanizer is heated to about 150°C by a heat exchanger and then injected ir:0 a
debutanization tower. Here, unreacted butenes and C4 soivents vaporize upw:ird (as
well as trace amounts of very light low MW polymers) while the polymer product flows
out the bottom. The polymer still has substantial amounts of C4's mixed with { about



havi ng both |iquid and vapor phases, the nole or weight ratio of propyl ene
to ethylene in the vapor phase is typically far |less than the correspondi ng
propyl ene to ethylene ratio in the liquid phase because of the greater
volatility of ethylene. For exanple, if the propylene to ethylene nole
ratio in the |iquid phase is abeut—10:1, the -6- propylene to ethyl ene
nole ratio in the vapormgﬁwimml ﬁxﬁalt may be only about 1:1

|

3to5 percent by weight. Therefors, the bottom product flow is passed througt ne
or more heat exchangers {0 increase the temperature to about 230°C and flashe d into
a flash drum. The hot C4's and light polymer are returned to the debutanizer srd the
nearly purified polymer product flows to the Stripper System 120 via line 118. Tne

5  C4's vaporizing out the top of the debutanizer are fed to & condenser. Unconcensed
gases are vented. The condensate flows into a reflux drum having a water tra;: to
catch residual HoO from the deashing process. The condensate can be fed ba:k into
the dabutanizer, or divertad to the Feed Concentration System for recycla and r to
the reactor outlat via line 125 for further dilution of viscous product such as higt MW

10 polymer with high ethylene content.

' The nearly pure product enters a stripper tower 120 via Line 119. The last of
the C4's and catalyst solvents are vaporized and recondensed in a condenser
system. Gases-are vented, while liquid hydrocarbons are retumed to the refine .
The polymer is drawn out tha bottom of the strippar by a pump, passed throug~ a final

15 particulate fiiter, and tranferred to a storage vessel or to an aciditional processirig
system.

Referring to Figure 4, it can be seen how the relative masses of reactars and
diluents would compare for the production of EB-1 polymer having an ethylena
content of 20 percent by weight. The first column, labeled R-2, shows the

20 composition of a hypothetical Raffinate-2 comprising about 17 percent by welt) t of
butene-1, 78 percent unreactive isobutane, n-butane, and 2-butenes, and 4 p:icent
of other components including dienes, C3's and C5's. After passing through t43
hydrogenator, the stream would appear as in column H2 - essentially unchanyj::4
since the dienes in the raw Raffinate-2 comprise a small and usually fractions!

25 percantage of the whole. The feed entering the concentration system when ¢> nbined
with recycie from the dabutanizer would appear as in column CF. For a butere -1
conversion of 50 percent, recycling is economical. The recycle in this example shows
the butene-1 content to Increase from 17 wt % to 20 wt % in the CF stage. The
increase only seems smalt because the graph depicts relative, rather than abs.lute,

30 amounts. Infact, at a conversion of 50%, the amount of butene-1 at the CF st:ge s
doubled by the recycls. The effluent from the feed concentrator is shown in cclumn
CO wherein the butene-1 fraction is within the desired range at 40 wt percent. After
mixing with ethylene, the combined feed befare entering the reactor i3 shown i1
column FD. Here, the feed is about 5 percent ethylens by weight and 38 per::nt

35 butene-1. The composition of the vapor space, and hence the reflux, is showr in -
column FX. As can be seen, very little ethylens appears in the reflux. Colurrr RX
depicts 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 iow in ethy ene

n
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to about 3:1. Uniformty of ethylene nononmer incorporation, known as
"conpositional distribution", is also a function of the mass transfer of
ethylene into the reaction zone, i.e., uniformmxing of the co-nononers.

However,
of the vapor phase, e.g., u5|ng a reflux condenser, the reflux condensate

returning to the Teactor wit—typieal ly have suff|C| ently high ethyl ene
concentrations thatTHisESLSJtﬁﬁsB@&I Eg n of fresh and recycl ed ethyl ene al

will

has

not suffice to
et hyl ene%mm fro Hﬂnl MW
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as di scussed above,

e pol ymers having randonly high

content, it is anticipated that the product will not be further diluted. Hence, after i:
quench of aquecus base, as shown in column Q, the relative masses ars virtuall
unchanged with water comprising about one tenth of one percent of the total mass.
At such low water concentration, the effluent from the deashing process is virtua y
identical to that after the quench in terms of relative weights as shown in column DA.
However, it can be seen in column DB that, after the preduct stream flows throug the
debutanizer, the product comprises about $8 percent of the flow with the bulk of ' he
remainder consisting of light polymers of lgss than about 00 molecular weight. The
effect of the stripping tower is seen fn column ST, wherein the final product is p1 e,
Figure 6 shows the ralative masses of the production flow for the case w e
the product is 45 percent etiylene by weight and the butene-1 conversion is ex> icted
to be 80 percent. This process differs from that in Figure § in that recycling is rct
employed so column H2 and CF are identical. Also, because of the high ethylens
content of the product and attendant higher viscosity, solvents from the debutan:zer
will be recycled back to the reactor effluent to dilute the flow, as shown in colunr: Q.

Examples

in a 200 gallon refiux reactor severai runs were conducted, involving
copolymerization of butene-1 and ethylene in accordance with the procedures
described in connection with Figure 2, Dilute a-olefirr foeds ware prepared by irixing
butene-1 with isobutane. The weight % of butene-1 in this mixture for each rur is
reporied at Column 20 of Table 1. Ethylene gas was then pumped into this mbt ire.
The weight % of ethylene based on the weight of butene-1 and ethylene in the l:ed is
reported at Column 19. The dissolved reactants were passed through a precoaler
and injectsd Into an evaporatively cooled reaction vessel equipped with extern.a
refiux. isobutane was also injected as an agitator flush through the lower bear r 3 of
the agitator shaft. The 200 gallon vesssl was equipped with a three-turbine aghator
having two upper 12 inch diameter axial turbines having blades that forced the
reaction solution downward and a bottom-most 12 inch diameter radial turbine ! aving
blades that forced the sclution outward and upward.

The catalyst system employed a metaliccene component of dimethy! silii iyt bis
(tetrahydroindenyt) Zirconium dichioride and an activator of methyl aluminoxane
characterized as having a molecuiar weight of 1,000 and an aluminum content : ¢ 5,93
mole %. For all the examples, the methylaluminoxane (MAQ) is provided as a 10wt
% soiution in toluene to which is added the metallocene compenent to give a fr al
midure containing 89.87 wt % toluane, 0.15 wt % metallocene component, amd 3.98
wt % MAO. When fed to the reaction mixture it provides a moie ratio of

cI ogg| ng up the systempcr@moweasent|y,

in those reactor designs which enploy recycle

o

it



been conventional in the art to attenpt to introduce process steps for
reduci ng the ethylene content in the recycled condensate, e.g., by renoving
et hyl ene fromthe condensate before introduction into the polynerization
reactor. See U.S. Patent Nos. 3,706,719(col.5, line 68 et seq.); 3,637,616;
and 3,912,698. Such steps are costly and inefficient. Separate and di stinct
fromthe need to control nononer ratio in the recycle streamare the mass
transfer problens associated with enploying pure feeds, particularly'%f&ed

pure feedp gaqyge When supplied to reaction zones enpl oy%y{dent whi ch
dilutes the pure feed as it is intro_duz%egintothereac . '

Aluminum:Zirconium of about S00:1. The catalyst mixture was further diluted wit -
isobutane and entered the reactor vessel through an input separate from that of (e
reactants. The results of each run and the physical process and product parametars
are reported in Table 1, the left most column indicating the Run number. Since the
5 isobutane and butene-1 were pressurized Into the reactor with No, noncondenss sle
nitrogen gas appeared in the recycle. This was recycled into the reactor since
reactants were dissolved in the N2 gas. In 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 Colurmn Number is as follows:
Column No. . Explanation
_ 1 A descriptive term for each run. *Low C2= EB" for runs conducted with
15 butene-1 exceeding ethylene in the feed by a factor of about 8 by s eight

(4 by mole), "Mid C2= EB" for a ratio of 3 by weight (1.5 by maole), :ind
"Hi C2= EB" for a ratio of less than 2 by weight {less than 1 by mci3, s0
ethylene molecules ocutnumber butene-1 molecules).

2 Number average molecular weight of the polymer product determ r sd by
20 gel permeation chromotography (GPC).

3 Molecular weight distribution of the polymer product by GPC.

4 Weight percent sthylene content of the product by Fourier transftrn

infrared spectroscopy (FTIR) (examples listed in order of increasiny
percent ethylene content by weight).
25 5-8 Percant by number of vinylidene, trisubstituted, disubstituted, anc! sinyl
terminal unsaturated polymer chains respectively as determined '>
HNMR spectroscopy. '
9 Feed rate of the metallocena catalyst system (cc/min.) prior to fuither
rnixing with the amount of iscbutane in column 14.
30 10-12 Feed rates (lb.Mv.) of ethylene, butene-1, and isobutane, respecth aly.
13 ' Amount of isobutana diverted from the amount in column 12 (Ib./v.)
injected into the reactor through the agitator shaft bearing as a ftishto
prevent polymer product from collecting in and fouling the bearing

14 Amount of isobutane diverted from the amount in column 12 (Ib.A3 .)
35 : added to the catalyst system feed (shown in.column 9) to facilitate
mixing of the catalyst system Into the reaction mixture, ————— .
15 Assumed rate of ethylene conversion. ' This Sheet Has B

TN



éxanple, the introduction of pure feeds into liquid reaction m xtures
necessarily creates a higher concentration gradient of nononer at its point
of introduction relative to the remainder of the reactor. Thus a finite

amount of time will be required to achieve uniformmixing of the nononer
into the reaction mxture. As |long as t:his higher concentration gradi ent
exists, there will be a propensity to form hi gher nol ecul ar wei ght pol#xer

species relative to the nol ecul ar weight of polymer species formed at
nNononMer {WehsRsi um concentrations, since nolecul ar wei BETUSBAuUNct i on of

monomer concentration. Broadened M/\D_eﬁd non-uni f orm conposi ti onal
distribution are a result. ,

16 Rate at which polymer product is formed calcutated from an assutr2d
ethytene conversion of 100° percent, the ethylene feed rate, and th::
percent weight of ethylene shown in column 4,

17 Conversion of butene-1 (%) calculated from the polymer rate of cilumn
5 16, and the butene-1 feed rate of column 11.
' 18 Catalyst yield (thousands of pounds of polymer per pound of catal: 'st)
calculated from the polymer rate of column 16 and the catalyst sys.sm
. feed rate of column 9.
19 Eihylene feed (w.%) based upan the total flow of ethylene and buisne-
10 1. isobutane is not included in this caleulation.
20 Butene-1 component (wt. %) In the mixed butene-1/iscbutane feed

_ giream. Ethylene is not Inqluded_ in this qa__!cu!atron
21-22 Temperature of the reaction mixture, °F ‘and °C, respactively.
23.97 Calculated reactor effluents (wt.%) for ethylene, isobutane, butere -1,

15 polymer product, and catalyst system, respectively, .
28 Calculated concentration (ppm) of metallocene catalyst in the resx iof
effiuent. )
29 Fraction of the raaction vorume that is gas bubbles, known as th? "gas
hold-up".
20 30 Residence time in the reactor, taking into account bubble formatic and
effluent volume. .
31 Catalyst system concentrafion (molesfiiter x 10-5) in the effiuent & ased

on the volumetric flow of the effiuent.

32 Observed reaction midure density.
‘25 33 Total reaction volums, (gal.) including bubbles.
K7 Agitator motor power (amgs).
35 Rotation rate (rpm) of the aqrtator.
36 Agitator energy (horsepower per thousand gallons of reaction m x'ure).
37 Pressure (psi) in the vapof space.
30 38 Temperature (°F) at the bottom of the reactor
39 Temperature (°F) at the mldpo!nt of the reactor (near, but still beluw, the
top of the reaction mixture),
40 Temperature (°F) of the vapor space.
41-44 Concentration (moi%) of nitrogen, ethylene, butene-1 and isobut: ne gas
35 : in the vapor space, raspe?twely :
iquid reflux (Ib./hr.).
g Ih-l:ncondens;d gas)recyc}e {(Ib.Mmr.). This Sheet Has Been Repl
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The earlier application WD 93/08221 di scl oses a process for producing an
ethylene/ 1 -octene copol yner by continuously providing a diluent m xture
conprising 1l-octene in C8 - Cl0 saturated hydrocarbons and adm xi ng the
feed streamw th ethylene. The single feed stream and the netal |l ocene
catalyst is continuously introduced into the reaction zone. The co-pol yner
has a nol ecul ar wei ght distribution (MN/I\/h) of froml.5 - 2.5 and a Jﬁé"
i ndex of 0,01 - 1000g/10m n, preferably™0,01 - 10g/10mn. In view of t
above, there has been a continuing need to devel op nore cost efficient
processeévqwu‘ﬂfeparl ng EAO copol yners with netal | ocene FEI{USPY/IAI02 :
- 28 -

47 =50  Noncondensad gas recycle (wt.%) of nitrogen, ethylene, butene-*, and
isgbutane, respectively.

51 Amount of noncondensable gas (Ib/hr.) vented from the reflux sys em.
52 Ratio of ethylene to isobutane in the vapor space as measursd b'[ gas
5 chromatography.
53 Ratio of butene-1 to isobutane in the vapor space as measured ty gas
©  chromatography.

54 -57 Weight fraction in the vapor space of nitrogen, ethylens, butens-1 and
isobutane, respectively. '
10 58 Volume of gas (t3/hr.) passing through the vapor space, based ¢r a
compressibility factor of Z = 0.83.
59.680 Estimated kinematic viscosity (cSt) and the absolute vlsoosity inicp)of
the reaction liquid, respectively,
81-63 Mole fractions of isobutane, butens-1, and polymer respectzvety in the

15 reactor effluent.
64 Weight ratio of butene-1 to ethylene in the feed.
65 Waeight ratio of butene-1 to ethylens in the vapor space.
66 Ratio of the weight % of ethylena in the vapor space to that in tha feed.

\-‘—‘\_
—M\h——\ﬂ
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I nventi on was devel oped in response to this need.
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conprising nmonormer units derived fromethylene and a-olefin in the presence

of a netallocene catal yst systemand in a reaction zone containing liquid

SUVMARY OF THE | NVENTI ON A process for continuously produci ng copol yner
phase whi ch conpri ses

syst ens;
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continuously introducing reactant feed stream

derived in accordance with step (C) and netal |l ocene catal yst systeminto
the liquid phase of the reaction zone in a nmanner and under conditions

pinbyg Gys  #90 . e ..
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(D)

pol ynmeri ze the ethylene and a-olefin to polyner

product having a nunber average nol ecul ar wei ght of not greater than

15, 000;

(i)

obtain an a-ol efin conversion of at

. | gVl

(i)
WO S4/13715

Bl

sufficient to:
copol ymer product fromthe reactor

derived from et hyl ene;
an et hyl ene conversion of at



Several advant ages resut+—fromithe instant invention: (1) the use of

di | ute nononer feeds rqﬁgggegnmdplaezdl ower concentration gradient at the point

of. nononer i nt r oddEt ST reactor and, consequently, less tine is
required to achiev ﬁm m Xi ng and less tine is available for
hi gher nol ecul ar | OI’ITB.tIOI’l at the input port; (2) the use
of dilute feeds enables the process to operate at high conversion rates of
et hyl ene/ a-ol efin without the attendant buil dup of mass transfer resistance
attributable to polymer formation in pure feed systens; (3) 1in the
pref err ed Ve #37¥ent of the process of the present PCTIUSI3/12102

- 32 =

CLAIMS:

1. Aprocess for continuously producing copolymer comprisiny
monomer units derived from ethylene and «-olefin in the presence of a metaliccane
catalyst system and in a reaction zone containing liquld phase which comprises-

(A) continuously providing a dilute liquified e-olefin feed stregn:
comprising at least one a-olefin reactant and diluent admixed therewith whersir the
amount of diluent in said feed stream {s &t least 30% welght percent thereof: -

(B) providing a feed stream comprising éthylene in liquid, vapcr, or
liquid/ivapor form,; '

" (C) admixing the feed streams of steps (A) and (B) to provide «
reactant feed stream having an a—oleﬁri!éﬂwiqnéf weight ratio effective o yleld 1 co-
polymer containing from 5 to 70 weight percent monomer units derived from ell ylene;

(D)} continuously mtroducing raac:anf fead stream derived in
accordance with step {C) and metallocene catalyst systam into the liquid phasx of the
reaction zone in 8 manner and under conditions sufficient to:

(i) polymerize the ethylene gind a-olefin to polymer prod.J it
having a number average molecular weight of not greater than 15,000;
(i) obtain an a-olefin convérsion of at least 30%;
(iii) obtain an ethylene conversion of at jeast 70%
(E}  continuously withdrawing copolymer product from the resc:or.

2. The process of clalif 1 Wiiéréir at least 50 weight % of the
constituents of said diluent possess a boiling point under reaction conditions w ithin
420°C of the average boiling point of the a-olefin. constituents of the feed stree m.

3.  The process of claim 1 or claim 2 wherein the contents of he
reaction zone are maintained at a tempafamre Fbove the critical temperature :f
sthylene and below the critical temperature of the g-olefin reactants.

4. The process of any of claims 1 to 3 wherein the a-olefin ri:actant
comprises at least one butene-1, propylene, and pentene-1 and the diluent ccrnprises
Ca or C4 hydrocarbons other than the a-olefin reactant.

§.  The process of any of claims' 1 to 4 wherein the reaction
tamperature is controlied by evaporative cooling means, —
| R ) YN




%

i nvention enploying a boiling reactor and dilute feed, ethylene in the
vapor space and in the liquid reaction mxture are in equilibrium This is
achi evabl e because the reaction m xture gives essentially no mass transfer
resi stance at the |iquid/vapor interface because uniformmxing is easily
obt ai ned; (4) as a consequence of high ethyl ene conversi ons obtainabl e
with a nmetall ocene catal yst system the anount of unreacted ethylene
entering the vapor space and in equilibriumwth dissolved ethylene is .}

m ni M segi zation of ethylene vapor buildup facil ycle Y]
nﬁhghﬁ' S

et hyl ene a oes not hinder recycle_ of the a-ol efin;

6. Thé process of claim § whereiri said evaporative cooling means
is internal reflux, external reflux, a combination of internal and extemat reflux,
external cooling, intemal cooling, or a combination of external and internal cooing.

7.  The process of claim 6 wherein in step (D) continuously tha
vapor above the liquid phase is at least partially condensed and the condensaie is

returned to said liquid phase.

8.  The process of any of claims 1 to 7 wherein'in step (D) the atio
of the weight % of ethylene in the vapor phase to the weight % of ethylens in
reactant feed stream is no more than 1.2,

9. The process of any of the precedmg daims wherein said 1 ilute
liquified a-olefin feed stream is derived from a refinery strédm comprising at leest one
a-olefin from which polar compounds, dienes or both are removed prior to
introduction into said reactor.
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(5) still further inprovenents are made possible by enploying a feed

di luent, such that the major constituents of the diluent boil at about the
same tenperature as the a-olefin to be copolynerized with ethyl ene.
Accordingly, ethylene content in the vapor space is further diluted by the
a-olefin feed constituents, a major portion of which is diluent Thus,
evaporative cooling does not depend on recycle of high anmbunts of ethyl ene
in the vapor, ethylene buildup in the reflux is further
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M ni M zed, and mass transfer resistance to ethylene mxing is further
reduced; (6) fouling caused by ethylene build-up at the reflux return port
and attendant polyethylene formation is easily avoided since the nore
volatile ethylene is also nore reactive than the a-ol efin nononer, the
proportion of olefin nononer to ethylene is typically greater in the vapor
space than in the feed (occasionally nay be equal to or only slightly |ess
than that in the feed); and the concentration of ethytene in the vapor
space is typically Iess than that in the feed; (7) uni formty of pdkfrer
i s greatwbwasTsinced wit hout the need for nanlpulatlon EﬁTﬁﬁﬂyﬂﬁéﬁdensed
vapor to alter its conpositional distribution;
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(8) the conbined use of dilute feed and high conversion facilitates
renmoval of catal yst (deashing) residue and quenching of the

pol ymer/catal yst mixture since it Is easier to mx the polynmer with
déashi ng and quench nedia; (9) use of dilute a-olefin containing feeds
and high conversion not only permts adaptation of netall ocene chem stries
to evaporatively cooled reactors, but It also allows for a significant

i nprovenent in the overall econom cs of the process because such dil ut &>
feeds can be readily obtained at very | ow cost as by- product waste streans
derived w%.hger commerci al sources. BRI EF DESCRI PTI Oyegiusss/ii1RAW NGS
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Figure 1 is a flow diagram of the dilute feed pol yner process. Figure 2 is
a schematic view of the reflux boiling reactor system Figure 3 is a
sghematic view of a preferred dilute feed pol ymer production process.
Figure 4 is a graphic representation of the nmass flows of the process of
Figure 3. Figure 5is a graEhlc representation of the mass flows of a
variation on the process off lﬁu&hs&eniﬁI&hLED DESCRI PTON OF THE | NVENTI O\I

Pol ynmers produced in accord rocess of the present |nve{:¢{e
! ved from et hyl ene, and at ‘%1
C a

are polynmers conpri sing nnn
one a- JN@SMEETISS ch nononers are rized by the pfrexesssmemethin their

structure of at
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| east one ethylenically unsaturated group of the structure >C=CH err]. In
addition, they are highly reactive at |ow catal yst concentrations.

Met al | ocene catal yzed pol yneri zations are particularly adaptable for use
with a-olefin nononmers which: a) -9- have at | east one hydrogen on the
2-carbon (hence, isobutylene polynerizes extrenely poorly); b) have at

| east two hydrogens on the 3-carbon; c¢) have at | east

WO 54713718 pcTUSBINAE
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o7topes 1e5
one hydrogen.on_ the: 4-carbon. Accordingly, sui-table-a- e{~ef+~r1 -MONOIEF S::
ihcl ude t hBs&: £EPiesented by the stjructural foroula’ H[er-r]’C-CHR[ err]
wher ei !MR{»e\rr]uunsPst wailght, ,ghai ot ori branched: chain al kyl* radi- cal conprf5| ng
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tne

hi gh defreeciafit epmcnals ef, heny;l wdere unsaturatYon. Pr eferabl’y”l’Q[err]
above fvé)rmjl.an S. @l‘lggl 0f,, ’f{rpm"l' """ 8 car bon; a{oms =dnd ‘pogel . 8f er abl.y- |s
al kyl z@g‘ from 1 tQ 2_carbon at ofE” Therefore' useful conononers with
et hyl el ude “PE epyl enegchutene=1," ﬂent ene; 1y 4-met: hyI peEntensnly 's
hexene-1, octene-1, decene-1, dodecene 1, Idecene 1; " tetradecene- 17—
pent adecerﬂ;LtﬂE ﬁtg){:g@ﬁeggmguq PREPARATION OF EI‘HYLENEIALPHA—OLEF IN COPOLYMER
USING METALLOCENE CATALYST SYSTEMS
REPLACEMENT Spmy]

2O LOV 1998 :
Background of the Invention: :
i

This invention relates to a continuous process for the polymeﬁ'ﬁmm-of\\j .

ethyiene and a-olefins with a metallocene catalyst system using dilute a-olefin feed.

Olefin polymerizations, particularly ethylene/a-olefin copolymerizations, can ba
broadly differentiated as eccurring in solution, suspension, or in the gas phase.
Within the continuous solution polymerization category, operating conditions can vary
quite broadiy depending on such variables as the concentration of the reactants in
the total fead, the nature of the catalyst system employed, the desired molecula-
weight of the polymer, and the desired monomer/comonomer ratio within the final
polymer. '

When concentrated ethylene and a-olefins, e.g., propylene, feeds are .
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
continucusly to obtain an ethylene copolymer, dissolved in the solvent, which
continuously removed and isolated by known means. ‘Unreacted monomers leaving
the reactor are recovered and recycled to the reactor along with fresh monomeas to
replace those polymerized.

It is alsa known, as in EPA 270,339, to conduct continuous ethylene/a-oefin
copolymerization under highly dilute conditions at atmospheric pressure using
conventional Ziegler-Natta catalysts, These processes suffer the drawback that the
catalysts exhibit low productivities and produce polymer product exhibiting bread
molecutar 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 low, e.g. less than about 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 tarminal double bonds in the
product, thereby significantly reducing or destroying the polymer's utility for most
functionalization reactions, e.g., those used in the 'production of dispersants.
Saturated polymers have limited applicability for use in subsequent fuctionaliation
techniques (e.g., by "ene" reaction with maleic anhydride) which rely on a high
terminal double bond contant to achieve functionalization.
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hept adaeene-1, octadecene-1, nonadecene-1 and m xtures th -
m xtres of propylene and butene-1, and the like). The eth REB}@A mv%:
the polyners prepared in accordance with this invention i -efefably in
the range of between 5 and 70 wt % (e.g., 11 to 70 vt %, {and qgr»mﬁ"%
preferably between 15 and 50 wt. % (e.g., 15 to 45 w. 9% .\ The process of
the present invention is controlled to make pol yner havi ng} a
nol ecul ar wei ght of not greater thar 45000 and typically
15,000 (e.g., from 300 to 10,000), preferably from900 to
preferably fromcdonft@et, racent B6kI¢Ements irf theratalyE®@nd ettﬂlm-olemalé AQYber

average MupEGUinaF atRlsdiYsetR4t metaliocene catalyst systems yield low molecular weight
polymers with high terminal ethenylidine (vinylidene) content directly, without
hydrogenation, as well as other advantageous properties (see, EP Publication Nos.
129,368; 440,504, 440,505; 440,508; 440,507; 440,508; 441,548; PCT Publication
Nos. WO 91/11488; WO 80/01503; and U.S. Patent Nos. 5,017,299; 5,128,056;
5,151,204; 4,704,491, 4,668, 83‘4;‘4.888,393; and 4,542,199).

Morea specifically, it is known in the art to employ high pressure/high
temperature systems, as in U.S. Patent No. 5,084,534 and EP Publication 2€0,888,
which utilize pure or nearly pure feeds and metallocene catalyst at pressures up to
2,500 bar and temperatures up to 300°C. Such systems are designed to produce
high molecular weight polymers at high catalyst productivitles (i.e. grams of polymer
produced per gram of catalyst used). These systems suffer & number of drawhacks
when applied to low molecular weight polymer production; most notably, expensive
pure feeds and specialized equipment resuiting in high fixed costs of production.
Also, such systems operate with a single phase to allow efficient mixing of the
reactants and, therefore, homogeneity of the product.

A single phase system is achieved by operating at temperatures and prassures
sufficiently high to compress the ethylene and make it dense enough to dissoive the
polymer product thersin. This produces a homogeneous solution of 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 temperature control
difficuit. Since the molecular weight of the product is directly related to temperature,
failure ta maintain constant temperature throughout the reaction process results in
increased polydispersity (or Molecular Weight Distribution, MWD). Tempereture
control becomes increasingly more difficult at higher conversions in an adiabatic
system. Consequently, conversions in the high tamperatura/high pressure process
are kept to a minimum. For polymers having molecular weight of 100,000 or more,
variations of + 1,000 or so hava little effect on MWD. For polymers on the order of
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 of
eonversion. As the conversion rate in a pure feed system is increased, the
concentration of polymer in the reactor increases until it becomes extremely difficult
or impossible to mix and pump the reactants efficiently. This problem is exacerbated
at a low reaction temperature where polymer viscosity increases further. The
limitations on conversion induced by pure feeds applies to essentially all
polymerization processes. —
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such polynmers can be determ ned by several known techniques. A canvenient

met hod for such determ nation is by size exclusion ¥ SO
ngm RS

known as gel perneation chromat ography, GPC) which
nol ecul ar wei ght distribution information (see WW g o, rkljnd and
D.D. Bly, "Mdem Size Exclusion Liquid Chromat ograpry I8y éy
Sons, New York, 1979). The pol yners produced in the process of thIS
| nventi on preferabl y exhibit a degree of crystallinijty such that theyjare

essential |y amorphous. The pol yners produced in this i t her
charact eri zed Typieait a igw eRnVveERien sYSEP prquines ¢hafecynlingef alhdene Bad ns possess

term nal géfemorhérdsof thedstoduct stream and back into the reactor. Such a recycle
system is disclosed in PCT Application No, EP92/00377 (Publication No. WG
92/14766) wherein unreacted sthylene must be separated out of the product stream
and then repressurized into the reactor vessel. However, since calalyst is present in
the recycle and ethylene is extremely self-reactive, the problem of ethylenic
polymerization arises, thersby necessitating the use of a catalyst "killer” that can
suppress polymaerization in the recycle stream. Such a “killer” is not needed in the
present invention since the improved mass transfer associated with large quantities of
diluent ensure that at least 90 percent of the sthylene will be converted. Hence, little
or no ethylene appears in the product output stream. The only process akinte a
"recycle" in the present invention is the use of a reflux condenser in the praferred
boiling reactor embodiment. This still poses ne difficulty, as metallocene catslyst
systems will not vaporize into the vapor space of a boiling reactor and therefers do
not appear in the refiux.

Others have attempted to prepare low molecular weight EAQ at low
temperature and pressure, with metallocene catalyst as described in U.S. Patent No.
4,704,491 to Mitsui Petrochemical Industries and U.S. Patent No. 4,668,834 to
Uniroyal. The process described in Mitsul ‘491 operates with high catalyst
goncentrations, e.g., 10-2 molesfliter, pure undiluted vaporized feeds, at atmosgpheric
pressure, extremely short reactant residence time (e.g., about 0.5 seconds), with no
recycie of unreacted reactants. The high catalyst concentrations are needed
because the mass transfer of the reactants into solution is poor and, consequently,
low concentrations of reactants appear in solution. Low conversions are the fesult,
The Uniroyal '834 patent operates at super atmospheric pressure with a compressor
driven cooling system and pure undiluted feeds.

Methods employing dilute reaction mixtures and utilizing bateh procesSes are
known in the art. Typically, dilution of the reaction mixture occurs as a result of
employing a metaliocene catalyst system in a diluent, usuaily toluene. However, the
use of a dilute feed of ¢t-olefin is not found in this art. Moreover, rapid introduction of
reactants into solution is often accomplished by introducing the pure reactanis
directly inlo 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 2., U.S. Patent No. 4,542,199, describes a batch process
wherein pure ethylene and an «-olsfin are introduced into a pressure vessel

containing a metallocene dissolved in toluene. e
as Been Replaced

\\\\\\\\\\\\\\\\\\\\\\\\\




unsaturation. Thus, one end of such polyners will be JREFBA\LEdenl e |
C(T[err])=CH err] V\/nereln T[err] Is Clerr] to Clerr] 4l RyT, preferabl !
Cerr] to (Jerr] alkyl, and ncrme preferably Cerr] to |Cler bm\k@% ( Q
met hyl or ethyl) and wherei n POLY represents the polyner| chain. The chain
| ength of the T[err] alkyl group will vary dependi ng on lRe~ctmtmiont %
selected for use in the polynerization. A mnor anmount| of the polyvoer
chains can contain termnal vinyl. dngaturation, i.e. POCY-CH=CH err], and
a portion of the polyners can contain internal nonounsaturation, e.g.
POLY- C( T[ er r] ) HOKER] & 8.]Patenttiy. &, 023138 Enedery 2o abetchprdedsasnehieredn thel above.

The pol ymﬁ'ieté’l Qﬁssdngi I%B 1 didae? Bl i Pelprosehes of Rifps hasnthidgiona-oMkrth can be
saturated b thy’ ene and hyr.#ogen gas at 7 bar. The molecular weight distribution of the
product is reported to ba 2.8. ‘

SLAUGH, et al., EP 366, 212 published May2,1990, teaches continuous or
batch processes, though the examples offered are all batch. The feeds used are pure
and the reaction mixture is highly concentrated. The process produces polymes
wharsin 80 percent of the product has lass than 20 carbon atoms per molecules

TSUTSU, et al., EP 447,035 published Septembar18, 1991, refers to a series
of batch processes, wherein ethylene is first polymerized or copolymerized with
a-olefin in a first batch under concentrated or dilute conditions; the product is
isolated; and then the product Is introduced into a subsequent batch process with
ethylene or an ¢-olefin. The process may be continued to a third round of batch
processing. Reactants may be relatively concentrated in one batch, yet relatively
diltite in the next or vice-versa.

Another approach, as described by HIROSE, et al., JP 2-173,110 disclosed
July 4, 1980, is to recycle massive amounts of ethylene and propylene gas through a
solvent-containing reaction vessel. The faeds are pure and the quantity of reactants
to solvent is very high. The ratio of ethylene to a-olefin is necessarily very lowin
order to prevent polyethylene formation. Polymers formed by this process have
ethylene contents less than 10 percent by mole.

It is also known in the art 1o cool polymerization reactors by evaporation and
removal of unreacted monomers from the vapor space, such monomers being
optionally cooled and recycled to the reactor. Reactors cooled in this manner are
referred to as evaporatively cooled reactors or boiling reactors. Polymer is recavered
from the reaction mixture by withdrawing polymer solution from the reactor and
separating unreacted monomers which are usually recycled to the reactor. Alse, asa
general proposition, as the concentration of polymer in solution increases, and or the
molecular weight of the polymer increases, the viscosity of the reaction mixture
increases. This in tum reduces the mass transfer of ethylene from the gas into the
liquid phase and reduces the heat transfer properties of the reaction mixture thereby
making it more difficult to cool the reaction mixture. As indicated above, failure to

_ maintain a stable reaction temperature leads to fluctuations in the molecular weight of
the polymer and a broadening of the molecular weight distribution.

While evaporative cooling reactors improve heat transfar by removing the
exothermic heat of reaction, and can maintain stable reaction temperatures, they
have the disadvantage that ethylene concentration in solution in the reacter is usually
less than its equilibrium vaiue (i.e., ethylene is continually being quickly removed and
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-10- preferably contain polyner chains wherein at Ieast,_,ﬁO,,- §f$}r"h
l.east 50, nore preferably at |east 60, and nost prefer ;l'“!i/ @!‘1 ‘sﬁ
percent (e.g. 75-98%, of which exhibit termnal etheny# en“e”(w nyl i
unsaturation. The percentage of polyner chains exhibit nE»L,e‘?grﬂaG%

Y at

et henyl i dene unsaturation may be determ ned by Fourier {Tkansform I nfral
oL ——

(FTIR) spectroscopic analysis, titration, proton (HN
-8 =

recycled). Thus, as a general proposition, in order to produce a copolymer confaining
a panticular proportion of ethylene in avaporatively cooled reactors , it is usually
necessary to recycle a larger amount of ethylene in the reactor off-gas (to obtain the
cooling benefit) than would be the case if a sealed reactor were employed and the
concentration of ethylene in solution in the reactor achleved its equilibrium value.
Economically, this Increase in recycle volume means greater expense than would
otherwise be the case. See U.S. Patent No. 3,708,719. Moreover, if the reaction
temperature Is increased {e.g., above the critical temperature of ethylene at 8.2°C
(48.5°F)), the ethylene mass transfer probiem becomes more acute sinca the
solubility of ethylene will he more difficult, thereby reducing gas/liquld phase mixing.

In addition to ethylene imbalance in the vapor space and mass transfer
problems, evaporatively cooled reactors also lead to the associated problem of
reactor fouling and polyethylene segment formation. More specifically, because
ethylene and o-olefins possess different reactivities, they co-polymerize at diffsrent
rates. Moreover, because ethylene reacts with itself so much faster than with
a-olefins, the copolymerization of ethylene with a-olefins can result in polymers
having large crystalline polyethylene segments randomly interspersed with
occasional a~-olefin moisties.

These phenomena not only make it difficult to control the ethylene content in
the polymer, reduce the solubility of the polymer in the reaction mixture, and
consequently fead to reactor fouling, but also more impertantly, they limit the wtility of

. the polymer in applications extramaly sensitive to crystaliinity, such as making
dispersants for lubricating il compositions.

The conventional solution to controlling polymer ethylene content, when using
Ziegler-Natta catalysts, has been to regulate the concentrations of ethylene and
a-olefin in the reaction mixture. For example, to obtain a copolymer of ethylene and
propylene having approximately 50 mole percent of each monomer in the copolymer,
it has been considered that a large excess of propylene, e.g., greater than 10:1 mole
ratio, is necessary in the catalyst-containing solution in the reactor. In contrast, a
copolymerization conducted in a solution contsining about equal amounts of efhylene
and propylene, produces a copolymer so high in ethylene content, that under ordinary
Ziegler-Natta polymerization conditlans, e.g., about -20° to about 80°C., it weuld not
be soluble in the saturated hydrocarbon solvents used as the polymerization medium.
However, when ethylene and propylens, for example, are polymerized in a reactor
having both liquid and vapor phases, the mole or weight ratio of propylens to
ethylene in the vapor phase is typically far iess than the corresponding propyiene to
ethylena ratio in the liquid phase because of the greater volatility of ethylene. For
example, if the propylene to ethylene male ratio in the liquid phase Is about 10:1, the
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C err] NVR. The nol ecul ar wei ght distribution (Mv Vn) of the copolymers wll
.be typically less than 5, preferably less than 4, and npst | ess
than 3, e.g. between 1.5 and 2.5. The preferred a-
derived fromdilute a-olefin containing refinery st
Raffi nate-2, and are butane-1 and propyl ene. Mst pye erred is #
copol yneri zation of butene-1 with ethylene for the dqp{ﬁlﬁ&f’i"g
et hyl ene/ but ene-1 pol ynmers (hereinafter referred tolas EB or
useful in the manufacture of dispersfints. The advantia

may be found
propylene to ethylene moie ratlo in the vapor phase above it m

about 3:1.

Uniformity of ethylene monomer incorporation, known as “compositional
distribution", is also a function of the mass transfer of ethylene into the reaction zons,
.., uniform mixing of the co-monomers. However, as discussed above, in these
reactor designs which employ recycle of the vapor phase, e.g., using a refiux
condenser, the reflux condensate returning to the reactor will typically have
sufficiently high ethylene concentrations that reactor agitation of fresh and recycled
ethylene alone will not suffice to prevent insoluble polymers having randomly high
ethylene content from forming and clogging up the system. Consequently, it has
been conventional in the art to attempt to introduce process steps for reducing the
ethylene content in the recycied condensate, e.g., by removing ethylene from the
condansate before introduction into the polymerization reactor. See U.S. Patant Nos.
3.706,718 (col, 5, line 68 et 32q.); 3,637,616; and 3,812,698. Such steps are costly
and inefficient.

Separate and distinct from the need to control monomer ratio in the recyele
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 creates a
higher concentration gradient of monomer at its point of introduction relative to the
remamder of the reactor. Thus a finite amount of time will be required to achieve
uniform mixing of the monomer into the reaction mixture. As long as this higher
concentration gradient exists, there will be a propensity to form higher molecular
welght polymer species relative to the molecular weight of polymer species formed at
monomer equilibrium concentrations, since molecular weight is a function of monomer
concentration. Broadened MWD and non-uniform compositional distribution afe a
result.

In view of the above, there has been a continuing need to develop mofe cost
efficient processes for preparing EAC copolymers with metallocene catalyst systems;
the present invention was developed in responsa to this need.

such copol yners
e e B o

¥ aboub1:1 to

SUMMARY OF THE INVENTION

A process for continuously producing copalymer comprising monomer wnits
derived from elhylene and a-olefin In the presence of a metallocene catalyst system

and in a reaction zone containing liquid phase which comprises: -
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in"conmmonly assigned U S. Serial Nunber 992,192, entitled "Polyners Derived
from Ethyl ene and Butene-1 for Use in the Preparatrer—ei—Lubri cant

Di spersant Additives" filed on an even date herew RB}L/‘Q(E}'@“QKHQ W‘Db fPT- 944) .
The ethylene content of the nobst preferred EB pol ynfrs-rs—typieakl y in the
range of from15 to 50 (e.g. 17 to 50), nore pref rabl.{y Lgﬂg,lS tjo 48 (e.qg.
30 to 45), and or nore preferably from 17 to 45 (. 07 Tﬁ I ght
percent The bal ance of the pol ynmer content is subst .f'nl Ly based @pon
units derived frombutene-1. Thus, the butene-1 content is typical from
and

st pref or ani() 1 GBS %Bﬁagaef@@?%’%%%.
at least one «-clefin reactant and difuent admixed therewit whereun the amount of
dliuent in said feed stream is at least 30% weight percent thereof;

(B) providing a feed stream comprising ethylene in liquid, vapor, or
liguid/vapor form,

(C) admixing, the feed streams of steps (A) and (B) in amounts sufficient to
provide a reactant feed stream having an a-olefin/ethylene weight ratio effective to
yleld a co-polymer containing between about § to about 70 weight percent monomer
units derived from ethylene;

(D) continuously introducing reactant feed stream derived In accordance
with step (C) and metailocene catalyst system into the liquid phase of the reaction
zone in 2 manner and under conditions sufficient to:

(i) polymerize the sthylene and a-olefin to polymer product having &
number average molecular weight of not greater than about 15,000,
(i)  obtain an a-olefin conversion of at least 30%;
(iii) obtain an ethylene conversion of atleast 70%
(E) continucusly withdrawing copolymer product from the reactor.

Several advantages result from the instant invention:

(1) the use of dilute monomer feeds results in a lower concentration
gradlent at the point of monomer introduction into the reactor and, consequently, less
time is required to achieve uniform monomer mixing and less time is available for
higher molecular weight species formation at the input port;

(2) the use of dilute feeds enables the process to operate at nigh
conversion rates of ethylene/a-olefin without the attendant buildup of mass transfer
resistance attributable to polymer formation in pure feed systems;

(3) inthe preferrad embodiment of the process of the present
inventien employing a boiling reactor and dilute feed, ethylene in the vapor space and
in the liquid reaction mixture are in equilibrium. This is achievable because the
reaction mixture gives essentially no mass transfer resistance at the liquidvapor

interface because uniform mixing is easily obtained,
(4) asaconsequence of high ethylene conversions obtainable with

a metallocene catalyst system, the amount of unreacted ethylene entering the vapor
space and in equilibrium with dissolved ethylene is minimized; minimization of
ethylene vapor buildup facilitates recycle of ethylene and does not hinder recycle of
the a-olefin;

(5)  stiil further improvements are made possible by employing a feed
diluent, such that the major constituents of the diluent boil at about the same:
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based on the total polynmer weight. However, the ED polyners o -
_invention may optionally contain mnor or trace a SRR T @b‘&‘ 5 w.
% of olefins other than ethyl ene and butene-1 si ngEk: ;Eﬁ‘ié"'c—iém"'streans
whi ch may be used to prepare the EB polyners may c n él n such g;}bef' nNs as
| sobutyl ene, isopentene, butene-2, and butadi ene. Iﬁ()‘ @ eratlons
apply for other than EB copol yrreri zation as well. h process_Q
present invention utilizes a netallocene catal yst system—Slch netal I'ocenes
are extremely unreactive with non-té&rfifal ol efins, \and term.,nal -of éf i ns

whi ch [ack at |east one hydrogen at om on the se 'fjon
i sobut y| erfefperature@sdbe ouplefiy Briseapsygeriead W eﬁwqw% Jethylene
i sopent enedontettt irfthe!vapet space is further diluted by the a-olefin feed constltuents  major

portion of which is diluent. Thus, evaporative cooling does not depend on recycle of
high amounts of ethylene in the vapor, ethylene buildup in the reflux is further
minimized, and mass transfer resistance to ethylene mixing is further reduced;

(6) fouling caused by ethylene build-up at the reflux retum pert and
attendant polyethylene formation is easily avoided since the more volatile ethylene is
also more reactive than the a-olefin monomer, the proportion of olefin monemer to
ethylene is typically greater in the vapor space than in the feed (occasionally may be
equal to or only slightly less than that in the feed); and the concentration of sthylene
in the vapor space is typically less than that in the feed;

(7)  uniformity of polymer is greatly enhanced without the need for
manipulation of the condensed vapor to alter its compositional distribution;

(8) the combined use of dilute feed and high conversion facilitates
removal of catalyst (deashing) residue and quenching of the polymer/catalyst mixture
since it Is easier to mix the polymer with deashing and quench media;

(8)  use of dilute c-olefin containing feeds and high conversien not
only permiis adaptation of metallocene chemistries to evaporatively cooled reactors,
but It also allows for a significant improvenjent in the overall economics of the
process because such dilute feeds can be readily obtained at very low cost as by-
product waste streams derived from other commercial sources.

BRIEF DESCRIPTION OF THE DRAWING§

Figure 1 is a flow diagram of the dilute feed polymer process. Figure 2is a
schematic view of the reflux boiling reactor system. Figure 3 is a schematic view of
preferrad dilute feed polymer production process. Figure 4 is a graphic
representation of the mass flows of the process of Figure 3. Figure 5 is a gfaphic
representation of the mass flows of a variation on the process of Figure 3.

DETAILED DESCRIPTION OF THE INVE_NTTON

Polymers produced in accordance with the process of the present invention
are polymers comprising monomer units derived from ethyiene, and at leas! one a-
olefin. Such monomers are characterized by the presence within their structure of at
least one ethylenically unsaturated group:of the structure >C=CHo. In addition, they
are highly reactive at low catalyst concentrations. Metallocene catalyzed
polymerizations-are particularly adaptable for use with a-olefin monomers which: a)
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one hydrogen on the fourth carbon (e.g., 4,4-dinethylpentene-1). Hence, as
described hereinafter, many of the corrponents I n reflgery_su,eans:ﬂuch as

Raffinate-2 (e.g. 2-butenes, and isobutylene) are
in a netal l ocene system and becone suitable diluent
process which need not be separated fromthe feed. Clher CQ};\.\SL.L(I ue
as but eci ene - 11 - \

“.L

L

$ such

?? gakfi )’M”h@h’ ¥ehctive
oEluses e th% Or esent

-0 = \______.._—-——
have at least one hydrogen on the 2-carbon (hence, isobutylgne polymerizes——

extremely poorly); b) have at least two hydrogens on the 3-carbon; c) have at least
cne hydrogen on the 4-carbon.

Accordingly, suitable a-olefin monomers include those represanted by the
structural formula HoC=CHR1 wherein R1 is straight chain or branched chain alkyl
radical comprising 1 to 18 carbon atoms and wherein the polymer farmed therefrom
contains & high degree of terminal ethenylidene unsaturation. Preferably R1 in the
above formula is alkyt of from 1 to 8 carbon atoms, and more preferably is alkyl of
from 1 to 2 carbon atoms. Therefore, useful comonomers with ethylene include
propylene, butene-1, pentene-1, 4-methyipentene-1, hexene-1, octene-1, decene-1,
dodecene-1, tridecene-1, tetradecene-1, pentadecene-1, hexadecene-1,
heptadecene-1, o¢tadecene-1, nonadecene-1 and mixtures thereof (e.g., mlx’mres of
propylene and butene-1, and the like).

The ethylene content of the polymers prepared in accordance with this
invention is preferably in the range of between S and 70 wt. % (e.g., 11 to 70 vt %),
and more preferably between 15 and 50 wt. % (e.g., 15 to 45 wt. %).

The process of the present invention is controlied to make polymer having a
number average molecular weight of not greater than 15,000 and typically frem 300 to
15,000 (e.g., from 300 to 10,000), preferably from $00 to 8,000; more preferably from
1,000 to 5,000 (e.g., from 1,000 to 3,000). The number average molecular weight for
such polymers can be determined by several known techniques. A convenient
method for such determination is by size exclusion chromatography (also known as
gel permeation chromatography, GPC) which additionally provides molecular weight
distribution information (see W.W. Yau, J.J. Kirkland and D.D. Bly, "Modem Size
Exclusion Liquid Chromatography”, John Wiley and Sons, New York, 1979).

The polymers produced in the process of this invention preferably exhibit a
degree of crystallinity such that they are essentially amorphous.

The polymers produced in this invention are further characterized in thatup to
about 95% or more of the polymer chains possess terminal ethenylidene-type
unsaturation. Thus, one end of such polymers will be of the formula POLY-
C(T1)=CHy wherein T1 is C4 to C4g alkyl, preferably C4 to Cg alkyl, and mcne
prefarably Cq to Co alkyl, {e.g.. methyl or ethyl) and wherein POLY represenis 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 polymer
chains can contain terminal vinyl, unsaturation, i.e. POLY.-CH=CHp, and a portlon of
the polymers can contain internal monounsaturation, e.g. POLY-C(T1)=CH(T®),
wherein T1 and T2 are as defined for T1 above. The polymer praoducts of this
inventive process comprise chains which ¢an be saturated by hydrogen, but
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are made non-reactive or non-poi sonous by pro-saturat[ﬁ%é,pg_,gzl_l_gﬁ,g,gum_e__bgnds
Wit hydrogen. Metallocene Catalyst System - GCeneral ¢ LOEAETVeLIRET bcene
Cat al yst systens The process of this invention can bg ?ﬂfégg%@\%ﬁjm‘

catalyst In which the catalyst is preferably a bul ky {li ga?ngk\;%\g%g‘i ti
met al conpound. The bulky ligand may contain a nultiplilcity of' Rde
atons, preferably carbon atoms, forming a group which nmy b e cyclic iwfh
one or nore optional heteroatons. '[h(iobgl ky |igand mTy be a
cycl opent adi enyl derivative which can be nono- or polyrueteasr——Cne—ok re

bul ky preferably contain polymer chains wherein at least 30, preferably at least 50, more
preferably at least 60, and mast preferably at least 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 by Fourier
Transform Infrared (FTIR) spectroscopic analysis, titration, proton (H)NMR, or
C13NMR.

The molecular weight distribution (Mw/Mn) of the copolymers will be typically
less than 5, preferably less than 4, and most preferably less than 3, e.g. between 1.5
and 2.5.

The preferred o-olefin monomers are derived from dilute ¢t-olefin containmg
refinery streams, such as Raffinate-2, and are butene-1 and propylene. Most
preferred is the copolymerization of butene-1 with ethylene for the production «f
ethylene/butene-1 palymers (hereinafter referred to as EB or EB-1 Polymers) useful
in the manufacture of dispersants. The advantages of such copolymers may be found
in commonly assigned U.S. Serial Number 892,192, entitled "Polymers Derived from
Ethylene and Butene-1 for Use in the Preparation of Lubricant Dispersant Adcdiitives”
filed on an even date herewith, (Docket No.: PT-944),

The ethylene content of the most preferred EB polymers is typically in the
range of from:15 to 50 (e.g. 17 to 50}, more preferably from 15 to 48 (.9, 30 to 45),
and or more preferably from 17 to 45 (e.g. 17 {0 30) weight percent. The balance of
the polymer content is substantially based upon units derived from butene-1. Thus,
the butene-1 content is typically from 95 to 50 {e.g., 90 to 50), more preferably from
85 to 55 (95 to 65), and most preferably from 90 fo 65 (e.g. 90 to 70) weight percent
based on the totat polymer weight. However, the EB polymers of this invention may
optionally contain minor or trace amounts (e.g. up to 5 wt. %) of alefins other than
ethylene and butene-1 since the reactant streams which may be used {0 prepare the
EB polymers may contain such olefins as isobutylene, isopentene, butene-2, and |
butadiene. Similar considerations apply for other than EB copolymerization as well,

The process of the present invention utilizes a metallocene catalyst system.
Such metallocenes are extremely unreactive with non-terminal olefins, and terminal
olefins which lack at least one hydrogen atom on the second carbon (e.g.,
isobutylene), at least two hydrogens on the third carbon (e.g., isopentens), or at least
one hydregen on the fourth carbon (e.g., 4,4-dimethylpentene-1). Hence, as
described hersinafter, many of the components in refinery streams, such as
Raffinate-2 (e.g. 2-butenes, and isobutylene) are essentially non-reactive ina
metallocene system and become suitable diluents for use in the present process
which need not be separated from the feed. Other constituents such as butsCiene

n
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| i gands may be bonded.to the transition netal atom The tran5|t|on

net.al

.atommay be a Goup IV, Vor VI transition netal ("Q &(El} N’T Lthh"l

\IQ

identified group of the Periodic Table of Elenents,

presented in "Advanced Inorganic Chem stry," F. A Ootto1r G Wlﬁ

aqn,

Fifth Edition, 1988, John Wley & Sons) Cther |igand$ fay &G td the
transition netal, preferably detachable by a cocatal ys{ such as a

hydr ocar byl or hal ogen | eaving group.i3The catalyst i$ derivable from 4
conpound of the formula [LImMM[X]n wherein L |Is thelhulky ligand X iJs the

| eavi ng grehad¥rion-reB&ivie’ G HohlpobnaBS BY pAsl&atltating the double bonds with
hydrogen.

Metallocene Catalyst Sysiem - General Description
" Metallocens Catalyst Systems

The process of this invention can be utllized 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 eyclic with one or more optional heteroatorns, The bulky ligand may be a

cyclopentadienyl derivative which can be mono- or polynuclear. One or more bulky
ligands may be bonded to the transition metat atom. The transition metal atom may

be a Group IV, V or VI transition metal ("Group“ refers to an identifled group of the
Periodic Tabie 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 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
[LIm M [X]n

wherein L Is the bulky ligand, X is the leaving group, M is the transition metal and m

and n are such that the fotal ligand valency correspends to the transition metal
valency. Preferably the catalyst is four coordinate such that the compound is
ionizable to a 1% valency state.

The ligands L and X may be bridged to each other and if two ligands L. and/or

X are present, they may be bridged. The metallocenes may be full-sandwich

compounds having two ligands L which are cyclopentadleny! groups or half-sandwich

compounds having one ligand L only which Is a cyclopentadienyi group.

For the purposes of this patent specification the term “metallocene” is defined
to contain one or more cyclopentadieny! moiety in combination with a transition metal

of the Periodic Table of Elements. In one embadiment the metallocene cataiyst
component is represented by the general formuta (Cp)mMRnR'p wherein Cp is a

substituted or unsubstituted cyclopentadienyl ring; M is a Group IV, V or VI traasition

metal: R and R' are independently selected halogen, hydrocarbyl group, or

hydrocarboxyl groups having 1-20 carbon atoms; m = 1-3, n=0-3, p = 0-3, and the

sum of m + n + p equals the oxidation state of M. in another embodiment the
metailocene catalyst is represented by the formulas:

(CsR'mlpR"s(CsR'mIMeQ3p-x and
1" . ) T
s(CsR'm)2MeQ
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and n are such that the total |igand val ency corresponds to_t ition

et al

val ency. Preferably the catalyst is four coordi)
conpound is ionizable to a 1 + valency state. The i §B
bridged to each other and if two ligands L and/or. X

be bridged. The netall ocenes may be full-sandw ch co
| i gands L which are cycl opentadl enyl groups or half-s
having one ligand L only which is a CYCIopentadIenyI

pur poses of this patent specificati®n
contain one or nore cycl opentadi enyl noiety in conbination with a

2He term "netal

transiti orwhasgiyMe Is a Group IV, V, or Vl fransition metal C5R'ry, is a substituted

cyclopentadienyl each R', which can be the same or differant is hydrogen, alkenyl aryl
alkaryl or arylalkyt radical having from 1 to 20 carbon atoms or two carbon atoms
joined together to form a part of a C4 to Cg ring, R" is one or more of or a
combination of a carbon, a germanium, a silicon, a phasphorous or a nitrogen atom
containing radical substituting on and bridging two C5R'ry, rings or bridging one
CsR'm ring back to Me, when p = 0 and x = 1 otherwise x is always equal to 0, each
Q which can be the sams or different Is an aryl alkyl, alkenyl, alkaryl, or arylalky!
radical having from 1 to 20 carbon atoms or halogen, Q' is an alkylidene radics!
having from 1 to 20 carbon atoms, sisOor 41 andwhen sis0, misSandpis 0,1 or 2
andwhensis1, misdandpis 1.

Various forms of the catalyst system of the metaliocene type may be used in
the polymerization process of this invention. Exemplary of the development of
metallocens catalysts in the art for the polymerization of ethylene is the disclosure of
US. Patent No. 4,871,705 to Hoel, U.S. Patent No. 4,937,299 to Ewen, et al. and EP-
A-0 129 388 published July 26, 1989, and U.S. Patent Nos. 5,017,714 and 5,120,867
to Welborn, Jr. These publications teach the structure of the metallocene catalysts
and include alumoxane as the cocatalyst. There ere a variety of methods for
preparing alumoxane, one of which is described in US. Patent 4,665,208.

For the purposes of this patent specification, the terms “cocatalysts or
activators" are used interchangeably and are defined to be any compound or
compenent which can activate a bulky ligand transition metal compound. inona
embodiment the activators generally contain a metal of Group Il and 1l of the Periodic
Table of Elements. In the preferred embodiment, the bulky transition metal
compound are metallocenes, which are activated by triatkylaluminum comporinds,
alumoxanes both linear and cyclic, or ionizing fonic activators or compounds such as
tri (n-butyl) ammonium tetra (pentafluorophenyt) boron, which lonize the neutral
metallocene compound. Such ionizing compounds may 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
t.8. Patent Nos, 5,153,157; 5,198,401 and 5,241,025, Specific teachings diracted to
bis(cyclopentadienyl) lonic activated systems can be found in U.S. Patent Na
5,153,157. Further, the metallocerie catalyst component can be a
monocyclopentadienyl heteroatom containing compound. This heteroatom is
activated by either an alumoxane or an ionic activator to form an active
polymerization catatyst system to produce polymers useful in this invention. These

types of catalyst systems are described in, for exampte, PCT International Publication
This Sheet Has Been Replaced
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of fhe Periodic Table of El enents. I n one enbodi nent th

net al | ocene

catal yst conponent is represented by the general fornula R@@Acmlpv EET
kA
Rk A

wherein Cp is a substituted or unsubstituted cycl opentad

Goup IV, Vor VI transition netal; R and R are independ
hal ogen, hydrocarbyl group, or hydrocarboxyl groups havijng 1*

atons; m=1-3, n =0-3, p =0-3, and the sumof m+ n +

entl sel ect ed
BB

p equal s the

oxi dation state of M |In another embadi ment the netall oa ene catalyst TS

Qrerr]-p-x

represented by the formulas: ((Jerr]RmMpR's(Cerr]R mM

and R'[ er WO@2200333 publistied JMeiJary 9, 1992, U.S. Patent Nos. 5,057, 475 5,096,867:

5,055,438 and 5,227,440 and EP-A-0 420 436, WO 91/ 04257. In addition, the
metallocene catalysts useful in this invention can include non-cyciopentadieny!
catalyst components, or ancillary ligands such as boreles or carbollides in
combination with a transition metal. 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. 5,084,802 and PCT publications WO 93/08221 and WO 83/08189
published April 29, 1993. The catalyst system of the invention may be, optionally,
prepolymerized or used in conjunction with an additive or scavenging component to
enhance catalytic productivity; a scavenging component such as an organoaluminum
or alky! aluminum reagent.

The Reaction Process

The process of the present invention is continuous, employs a dilute feed, and
is operated to achieve a high conversion of a-olefin and ethylene as defined herein.
Within these parameters, the ethylene/x-olefin product is controlied to have & number
average molecular weight of not greater than 15,000 using a metaliocene catatyst
system as described above. For purposes of this invention “continuous" means that
monomer feed is continuously introduced into the reaction zone and resultart product
continuously withdrawn.

The advantages of employing a dilute monomer feed are described above.
The diluent can be any non-reactive (under the conditions employed) matetial which
preferably is: (i) capable of being liquified under reaction conditions; (if) capable of
dissolving at least the o-olefin monomer employed; and (iii) capable of dissolving or
at least suspending the polymer product under reaction conditions such that viscosity
buildup is sufficiently minimized to the extent that the mass transfer rate of the
ethylene needed to hamogensously distribute ethylene throughout the reaction zone
is at least equal to and preferably is greater than, the reaction rate at which ethylene
is consumed in the polymerization reaction, Suitable but less preferred diluerts
include such solvents as alkanes, aromatic hydrocarbons, and nonreactive sifenes.
it is contemplated that the non-reactive diluents comprise typically at least 30,
preferably at least 40, and most preferably at least 50 weight % of the a-olefin feed
stream and the diluant can range typically from 30 to 90 preferably from 40 percent to
80, and most preferably from 50 to 60 weight % of the a-olefin feed stream before

* admixture with ethylene.

1t is a particular advantage of the present invention that the preferred diluents
are naturally present in various refinery streams containing a-olefin monorner
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al kenyl aryl al karyl or aryl al kyl radical hav
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reactants; to be useful sugh streamé must contain at least one ¢-olefin as the reactive
constituent. However, these streams typically will contain non-reactive constfitients
which have a similar carbon number to the a-olefin. The similarity in carbon number
causes the non-reactive constituents to have simlar bolling points to the a-olefin.
Cansequently, the non-reactive constituents will vaporize together with the a-slefin
and not only dilute the a-olefin in the vapor space, but also the ethylene. This
dilution effect decreases the mass transfer resistance of the reactive monomers in the
vapor spacs, particularly ethylene.

Accordingly, a preferred diluent will contain components comprising typically at
least 50, preferably at least 75, and most preferably at least 95 weight %, and
typically from 50 to 100, preferably from 75 to 100, and most preferably from 95 to
100 weight % thereof, having a bolling point at the reaction conditions of typically
within $20°C, preferably within +15°C, and most preferably within £10°C of the
average boiling point of the a-olefin constituents of the feed. Representative of such
refinery streams are those which contain butene-1, propylene or Cg a-olefin.
Preferred butene-1 containing streams are referred to herein as Raffinate-2 streams,
Such streams typically have isobutylene content significantly lowered in relatiop to
ihe stream from which they are derived. Raffinate-2 Is typically derived from eiher
butane/butene catalytic cracking refinery streams (BB-streams) or Raffinate-1 which,
in turn, is derived from butadiene crude produced by steam cracking plants. The
composition of Raffinate-2 can vary widely, depending upon the source, e.g., (welght
%):

Crude Raff-2 Raff-2

Component Butadiene From Crude BB FromBB Raff-1
BUTADIENE 43,5+20 0-5 0.3+15 04402 01+.05
ISOBUTYLENE 25.2+10 0-5 12.648 0.2+0.1 44620
BUTENE-1 15.548 49.5+25 13.6+6 15.4+7 21.4+15
CIS-BUTENE-2 2.0+1 6.4+3 9.044 10.2+5 35+1.5
TRANS-BUTENE-2  6.2+3 19.6+10 13.8+6 15.6+7 10-9+5
N-BUTANE 4,612 14747 10.545 12.018 8144
ISOBUTANE 29415  9.4+4 36,7415  42.1+20 52+2.5
*OTHER 0.1+0.5(2) 02+0.1(P) 35+15 412 024.1

*Other: (a) includes propane, propeng, pentanes, pentenes, water, trace other
hydrocarbons.
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contai ning radical substituting on and bridging two (Jerr
bridging one Jerr]R mring back to Me, when p =
al ways equal to 0, each Q which can be the sane or a
al kyl, al kenyl, alkaryl, or arylal kyl radical havin ron; 938 a
atons or halogen, Q@ is an alkylidene radical havin 1rdhv1-1o‘ cErbon
atons, s is 0 or 1 and when s is O, mis 5 and p is|0)1 or enl s is

rret al | ocene type rray be used in the J'&ol’ymsrl zation

i nvention. Exenplary of the develﬁbﬁrrent of net aI t.ocene cat al.ysts in the ‘art
for the pol ynett)ARaffingtes dasivad roAMTBER{edystion (Ysing BBgtream o
Raffinate-1) will include traces of MTBE, methano!, di-methyl ether, and

tert-buty) glcohol.

Typical commercially available butane-1 concentrations in Raffinate-2 range
from about 15 to about 55 weight %. The above butene-{ containing refinery steams
are preferred for making ethylene/butene-1 copolymer (EB-1) which has been{aund
to be highly effective as a backbone for the production of iubricants, oil dispersants,
and viscosity modifiers. The instant invention may also make use of BB streams and
Raffinate-1 directly, since isobutylene is almost entirely unraactive with metallocene
catalyst systems. Hence, depending upon shipping costs, convenience, or whatever
other factors may affect the decision-making process, the practitioner has the gption
of either acquiring Raffinate-2 and running it through the process of the instant
invention or first acquiring either Raffinate-1 or 2a BB stream, running it througtthe
process, and then shipping the resultant isobutylene-enriched stream on to an MTBE
piant or other end use. The use of Raffinate-2 is the more preferred. The use of
crude butadiene streams directly is not desired since it would waste butadlene during
hydrogenation. It is not necessary that refinery streams be used and, in fact, itis
contemplated that dilute «-olefin containing streams can be prepared by separgtely
combining pure a-dlefin and one or more pure diluents, e.g. pure iscbutane, such as
those typically found in the above refinery streams. -

It will also be seen that this invention is useful in the production of virtually any
ethylene/a-olefin copolymer and may therefore be used In the processing of «ther
dilute refinery streams, such as dilute propene and pentene streams commor in the
industry. Dilute refinery propene streams, known in the industry as “C3 streams”, and
dilute refinery pentsne streams, known as “CS streams”, are also derived from steam
and catalytic cracking and generally can be represented to comprise the foilcwing
components (ranges, weight %): For C3 streams: Propylens = 55 # 20; Propgae = 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
polar compounds such as water, carbonyl sulfide, methyl mercaptan, and hydr_ogen
sulfide). For C5 streams composition is more complex than that of C3 and C4

streams:
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US. Patent No. 4,871,705 to Hoel, U S. Patent No. 4,937,299 to Ewen, et al.
.and EP- A-0 129 368 published July 26, 1989, and U S. Patent Nos. 5,017,714
and 6,120,867 to Wel born, Jr. These publications teach the structure of the
net al | ocene catal ysts and include al unbxane as the cocatal yst. There are a
variety of nmethods for preparing al unoxane, one of which is described in
US. Patent 4,665, 208. For the pur poses of this patent specification, the
ternms "cocatal ysts or activators” arge used interchangeably and are defined
to be any conpound or component which can activate a bul ky |igand
transition metal conpound. In one enbodinent the activators generally

contain am Goup Il and |11 é?.;‘ ol{¥RigRebdy0di €

2-METHYL-BUTENE-1 9.0+ 4
3-METHYL-BUTENE-1 16 + 1 -
PENTENE-1 51+ 2 "*"S:JR‘“ 5251;‘?9
2-METHYL-BUTENE-2 149 + 7
PENTENE-2 1854 + 7
ISOPRENE 0.7 + .3
ISOPENTANE 36,2 + 15
n-PENTANE ' . 55+ 2
CYCLOPENTANE 06 + .3
CYCLOPENTENE 1.5 +.75
PIPERYLENE 09 + 4
C5 OLEFINS 1.5 +.75
€6 ALKYLS 35 +15
C7s AND C8s 20+ 1
*OTHERS 16 + 1

*Others include benzene and polar cémpounds.

Pentene-1 and cyclopentene are the most reactive components of 8 C5 stream
in the presence of a metallocene catalyst system and are easily separated from each
other by distillation and afe easily concentrated.

Whether a constituent, e.g. of the refinery stream, qualifies as a dilvent 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 difuent is meant that less than 5 wt.%, preferably iess than 3 wt. %,
and most preferably less than 1 wt.% of the constituent present in the feed is
incorporated Into the polymer product and the constituent does not totally deactivate
the metaliocene catalyst system. Typically any saturated hydrocarbon constituent will
qualify as diluent as well as highly unreactive (in the presence of a metallocene
catalyst system) unsaturated constituents such as butene-2 and isobutylene.
Materials such as‘butadiene tend to deactivate the catalyst. Hence, it is preferred
that they be removed or at least partially saturated by hydrogenation. Once
saturated, the butadlene becomes part of the diluent as butane, butene-2, or reactive

butenea-1.
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Tabl e of Elenments. In the preferred enbodi ment, the bulky transition netal
conpound are netal |l ocenes, which are activated by trial kyl al um num

conpounds, al urnoxanes both |inear and cyclic, or ioni  OR G ACH \prs
or conpounds nuch as tri (n-butyl) ammoniumtetra (pentﬁbggg}" %ﬁvaﬁgi

boron, which ionize the neutral netall ocene conpound. Sudh ionizing
conpounds nmay contain an active proton, or sone other datio@&&@bﬁﬁ%te?
wi th but not coordinated, or only | oosely coordinated tjo|the renaining!ipn
of the ionizing ionic conpound. Suchjgorpounds are desdribedTHTEP-ATU52D
732, EP-A-0 277 003 and EP-A-0 277 004 published Augustf 3, 1985, and U S

Patent Nos. 5, #§Bphkldss i thdvifioRikdhirdidd R2RehiRadH bthyldradnd @l act ed
to conversion. Conversion is directfy proportional to monomer concentration, catalyst
concentration and residenca time. Accordingly, the above parameters are conttolled
to achleve an ethylene conversion of typically at least 70%, preferably at least 80%,
and most preferably at [east 90% and can range typically from 70% to 100%,
preferably from 80% to 100% and most preferably from 80% to 100% (e.g., 9095%).
The a-~olefin conversion is controlled to be typically at least 30%, e.g., at least 40%,
preferably at least 50%, and most preferably at least 80% and can range typically
from 30% to 5%, preferably from 40% to 80% and most preferably from 50% t0 50%.
Monomer conversion (%) can be determined by either of the following equatioqs:

= wi/lhir of monomer incorporated into polvmer « 100, or
wi/hr of monomer in feed '

= w/hr monomer in feed-wt/hr monomer not reacted i 100
wi/nr monomer in feed

The particular a-olefin conversion employed depends in part on tha
ethylene content sought to be imparted to the polymer and hence on the ethylene
concentration in the mixed feed. For example, at low ethylene content the a-olefin
eonversion typically will be lower than for high ethylene content feeds. Whila high
conversion can be achieved by any combination of process conditions affecting
conversion, it Is preferred to maintain a low catalyst concentration and low monomer
concentration and attain high conversion with a long residence time. Preferably the
ethylene conversion is controlled in 2 manner such that the ratio of the weight % of
ethylene in the vapor phase to the weight % of ethylene in the reactant feed strzam is
typically not graater than 1.2:1, preferably less thari 1:1 and most preferably feom
0.1:110 0.7:1 {e.g. 0.1:1 t0 0.5:1). The monomer in the reaction mixture is kept low
through the use of the diluent in the feed and operating at high conversions.

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 caiglyst
poisons. Minor poison contamination can be accommodated by increasing the
catalyst system concentration with the excess used to remove the poison by reaction
therewith. Accordingly, while any effective catalyst concentration can be employed it
is contamplated that such effective amounts will be sufficient to achleve a weight ratio
of metallocene catalyst system to polymer product of typically from 1 x 104110 7 x

104:4,
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bi s(cycl opentadi enyl) lonic activated systens can be found in U S. Patent
Nco 5, 153, 157. Further, the netall ocene catal yst conponent can be a
nonocycl opent adi enyl het eroat om cont ai ni ng conpound. This heteroatomis
activated by either an alunoxane or an ionic activator to forman active
pol ynmeri zation catal yst systemto produce polynmers useful in this

i nvention. These types of catalyst systems are describedd

PCT Internati onal Publication 18 -

Tha residence time is determined from the equation:

total true volume of liquiud in reactor -

Rasidence time

total volumeftime of liquid exiting reactor

wherein gas bubbie volume in the liquid is subtracted from apparent volume of liquid
in reactor to obtain trus volume. Accordingly, typical residence times can vary
typically from 0.1 to 5 hrs., preferably from 0.5 to 4 hrs., and more preferably from 1 to
3 hrs. .
Reaction temperature and pressure are preferably controlled to lHquify the
diluent and a-olefin, However, the reaction temparature is typically selected to be
above the critical temperature of ethylene but below the critical temperature of the
a-olefin feed and/or diluent. Accordingly, while any effective temperature can be
employed it Is contemplated that such effective temperatbres for a feed containing
butene-1 will range typically from 30 to 150°C, preferably from 50 to 120°C, and most
preferably from €0 to 110°C. For the dilute refinery streams of propylene haviag
propane as the major diluent, the critical temperature of propylene and propare are
92.42°C (198.36°F) and 86.7°C (206.06°F) respectively, so the typical range of
reaction temperatures would be 30 to 96, and preferably from 80 to 82°C. The critical
temperature of the feed components in the reactor places an upper limit on
temperature when using a boiling reactor since the reflux mechanism becomes
useless if nearly all or all of the feed flashes into the reactor vessel and there fomains
no liquid phase to reflux. In less preferred embodiments the operation above the
critical temperature of the major reactor constituents must be compensated for by
assisting or eliminating the reflux mechanism attogether and relying on alternative
cooling means, such as jacket cooling or internal cooling coills. Neither of these
solutions is as effective nor as efficient as reflux cooling in maintaining homageneity
of temperatura throughout the reaction solution. As indicated above, the boiling
reactor represents the preferred method for temperature control. Variations on the
boiling reactor configuration include internal reflux, e.g. using cooling coils inSarted
into the vapor space or an external system wherein vapor is removed from the vapor
space and introduced to an external reflux apparatus, the vapor condensed aad the
conciensate returned to the reactor and/or feed. Altemative non-reflux tempecature
control means include pumparound cooling where liquid is removed from the: eeactor,
cooled, and then returned to the reactor. Pumparound 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.
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- 13 - WD 92/00333 published January 9,1992, U. S. Patent Nos. 5,057, 475;
5,098, 867; 5,055,438 and 5, 227,440 and EP-A-0 420 436, WD 0
addition, the metallocene catalysts useful in this inventi QREERAL 5
non-cycl opent adl enyl catal yst conponents, or ancillary |liggnds such as l
boroles or carbollides in conbination with a transition netjal}. zgnOv 1996 |
Additionally, it is not beyond the scope of this inventionijthat the

catal ysts and catal yst systens may_bi t hose described in U}S -Patent—No:
5,064, 802 and PCT publications WD 93 98221 and WD 93/ 08199 publ i shed Apri |

29, 1993. The ﬁéaatc%cluypsrgsss gst Srré1 t%icélr}ecoln[}\éﬁen& tIOOI‘RaipIP {7] B‘l%’ di%%tnl ané‘ u-aiéﬁn
in liquid form at the selected lemperature. In boiling reactors the pressure is gejected
to obtain boiling of the diluent/a-olefin reactor constituents at the reaction
temperature. Accordingly while any effective pressure ¢can ba employed it is
contemplated that such effactive 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 §.6 to about 23.5 Atm.

The reaction mixture is preferably vigorously mixed by any suitable means
such as impeller, jet pump, or vigorous boiling or combinations thereof. Baffles and
strategic placement of feed input can be employed to further facilitate mixing.

More specifically, the molecular weight distribution (Mw/Mn) of the polymer is
broadened by variations of: temperature, monomer concentration, ‘and catalyst
concsntration.

i S A g
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The Integrated Process

Referring now to Figure 1, there is depicted a schematic diagram of the overall
process schema. A dilute propylene, butene, or pentene refinery feed is piped to a
diene removal system 50. It is desirable to remove or saturate any dienes that may
contaminate the feed since dienes tend to either poison metallocene catalyst
systems, crosslink polymer chains, or both, Alkynes are also poisonous and must be
removed or saturated. However, this step in the process is an option since dilute
refinery streams vary widely in composition and, therefore, may have virtually no
diene contamination of, in fact, none at all.

The next step in the process is to carry the refinery stream to a concentration
system 51 where more volatite ("lights") 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 relation to the nonreactive diluents to within
the range desired. In cases where it is desired to recycle unreacted olefin menomer
andlor o further dilute a refinery feed having axcess concentration 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
85,

After adjusting the concentration and removing polar poisons, it is prefecable to
pass the feed through a scavenger bed system 54 that removes any remaining
catalyst poisons and filters out any particulates. The rasulting pre-treated dilute
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conponent to enhance catalytic productivity; a scav
an organcal umi num or al kyl al um num reagent. The Re Rﬂ :
process of the present invention is continuous, enplioys "a dllua fe d and
I's operated to achi eve a high conversion of a-olefln ndiél%@#

defined herein. Wthin these paraneters, the ethyl eng/

of this iaKS&H rédY is pRUd tBUSY BreféPRSoifiitffeactor system 55 depicted in mone
dstail in Figyre 2 and co-polymerized with ethylene.

More specifically, referring to Figure 2, there is provided a reactor vessal 1
having an external reflux condenser 2 in fluid communication therewith via gas space
6, conduit 8, and condensate return conduit 10. Analyzer means 9 monitors the
concentrations of unreacted gaseaus reactants flowing from the gas space to
condenser 2 through line 8. Within the reactor vessel 1, there Is provided an agitator
3 having one or more blades 3a and driven via a rotafing shaft 3b aifixed to a motor
4. During the continuous raaction, there will exist 3 gas space 6 over a liquid reaction
phase 5 within the reactor vessel 1. The gas/liquid interface 7 is depicted by 8 wavy
line. Baffles 13 are provided to increase turbulent mixing and eliminate vortexing of
the liquid phase by creating axial mixing patterns. The metallocene catalyst system is
fed into the reactor through line 12. Ethylene in liquid, vapor, or liquid/ivapor form is
fed through line 14 and fiquified dilute a-olefin is fed through line 15. The olefin feeds
are mixed at a juncture 29 prior to injection into the reactor vesse! through line {86, the
purpose being ta dissolve the pure ethylene feed into the diluent prior to contact with
the catalyst, so as to prevent the ethylene from unduly reacting with itself rather than
the a-olefin. For the same reasons, a pre-cooler (not shown) may be employed at
this point to aid in dissolving gaseous ethylene in the diluent. Note that pre-
dissolving may be further enhanced by running the reflux fine 10 to the juncture 29 via
an extension 11 rather than infecting the reflux directly into the reactor vessel. As
stated above, & unique aspect of the process of this invention is that the refluxis
usually more dilute and higher in olefin monomer concentration relative to ethylena
concentration, than in the feed.

For start-up, & heat exchanger 17 may be employed to bring the reaction
mixture up fo operating temperature by injecting a heated, dilute, a-olefiri 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 reactar in the event of a
runaway reaction. The products dissolved in diluent, as well as unreacted reactants
and initiator, exit through line 18 past isolation valve 19 and are quenched by a
quench feed 20 driven by a pump 21. Since the pressure in line 30 is generally lower
than in the reactor, a cooling heat-exchanger 22 is empioyed to recondense gny
difuent 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. Also,
lowering the temperature of the product stream to produce a single liquid phase is
desirable when maxmg with a quench solution. For especially viscous produd:s sw:h
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nmononer feed is continuously introduced into the reaction
resul tant product continuously w thdrawn. The advant ages
di l ute nmononer feed are descri bed above. The diluent can
non-reactive (under the conditions enployed) matetial whi
(i) capable of being liquified under reaction conditions; 1) capabF@"o
di ssolving at |east the a-ol efin nononer enployed; and (iji he@nQf ..,
di ssolving or at |east suspending the ?olyner product under reactlon |
conditions such that vicosity bU|Idup is sufficiently mnimze (
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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 the
metallocene calalyst complex which, if not shipped to the process plant premixed,
would be mixed on site in a catalyst mixing system 58. After quenching, the
quenched polymer solution is passed through a deashing system §9 where metallic
components from the spent catalyst and possibiy the quench solution are remoaved.
Note that if a supported catalyst system is used, the quenching and deashing steps
would be replaced with a catalyst removal, reactivation, and recycle system. The
mixture/solution of diluents, polymer product, and unreacted reactants is carried to a
diluent removal process 65 where preferably three streams result: the first, nearly
pure polymer product 60; the second, unreacted olefin monomer dissolved in diluent
62, preferably more dilute than the refinery feed entering the concentration system 53
for the situations where the dilute refinery feed entering the concentration system Is
already more concentrated in olefin monomer than desired; and a third 64 composed
of "superlights" such as trace unreacted ethylene, msthane, nitrogen, and the like.
The second stream 62 may be used to dilute excessively viscous polymer solution
resulting from the reactor system 55 as described above. Where this is not
necessary, this stream may be diverted as an unreacted olefin monomer recycla 52 or
otherwise disposed of, 63. In cases where olefln maonomer conversion is so high-that
recycling is unnecessary, the unreacted olefin monomers may be diverted for other
uses, such as to a refinery for progessing. Since virtually all of the ethylene is
reacted, the third gasecus stream 64 containing only trace amounts of this materiai
and other “lights" may ba used as fuel gas or sent to a fiare, absent some other use.

The nearly pure polymer product at this point will nevertheless contain tfaces
of diluent and unreacted olefin dissoived within it as well as small amounts of
exiremely low molecular weight "light" polymers. Also, trace quantities of watec will
be present where the quench was in aqueous solution. Hence, the product straam is
sent to a stripping process 66 via Line 80 which eliminates the last of the watec,.
reactants, and solvents. Preferably, the “light” polymers are sent via Line 67 o the
refinery pipestills {0 be reintroduced into the cracker and the now nearly pure polymer
product emerges from line 68 to be piped to a holding vessel.

hi peg ﬁhabgbsy 'S;

-The Preferred Embodiment

Referring now to Figure 3, there is seen a prefarred embodiment of the
process of Figure 1, here shown for the specific case of a Raffinate-2 feed. The
overall industrial process may be broken down into eight subsystems -a Fegd_____ o
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is at |east equal to and preferably is greater than, the react_l_g,n_.r.au‘=

.Whi ch ethylene is consuned in the polynerization reactfg oo x_ﬂSu*g&t,rab“ﬁ‘*ésrﬁﬁf‘
| ess preferred diluerts include such solvents as al kan ‘s~-“h}_ ffr’mwe»*“‘i

hydr ocar bons, and nonreactive al kenes. It is contenpla e that th
non-reactive diluents conprise typically at |east 30, fe?fs &lﬁl‘:%% @ | ehs
40, and nost preferably at |east 50 2eight % of the a- fin feed

and the diluent can range typically from30 to 90 pref “from 40
percent t By&@genstibrDatermn ®FeediBbpcedntratiod Systemc e Fasddlrerisy, Rﬁﬁ@ﬂa» otefin

1 e vk g 2NV 4

feed st reé?%t%f b‘été\ﬂ&‘ﬁf&{:‘é@u&h Ssteihy IDRAghIng Bybent aDebutantzer, sadvant age of
t he presenmplpg}/gsr;s |er% t ha he preferred diluents

The dilute c-olefin stream, referred to herein as Raffinate-2, enters the Feed
Hydrogenation System 101 through input Line 102 and is immediately passed
through one or more coalescing units which cause emulsified water to coalesee into
large water droplets. The stream is then heated to about 55°C and pressurized with
hydrogen at about 17 atmospheres from a hydrogen feed in the presence of &
catalyst inside one or more hydrogenation vessels. The result is that the 1,3
butadienes in the raw feed are reduced to n-butane and butene-2. Of course some
of the valuable butene-1 is also lost, but since the dienas only make up less than 1
percent of the raw feed and are so much more reactive than butene-1, only a ttaction
of 1 percent of the butene~1 is lost. Should the hydrogenation prove excessive, a
carbon monoxide input may be provided to lower the activity of the catalyst in the
vessels. Analyzers measure the input and output concentrations of butadiena and
regulate the Ho/CO mixture. The treated raw feed is passed through a particulate
filter and exits the Feed Hydrogenation System via Line 103.

The hydrogenated feed from the Hydrogenation System is fed into the Feed
Concentration System 104 through Line 103 and introduced into a first fractional
distittation tower wherein the fractionation process removes the "light" materials (i.e.,
the materials more volatile than the C4's). During this process, a water trap or "bool"
on a distillate drum removes any water from the hydrogenated feed. Gaseous lights
such as methane, sthylene, ethans, propylene, propane, and insignificant amounts of
hydrogen, carbon monoxide, isobutane, isobutylene and butene-1 are vented via Line
105. Some water vapor will alsa exit this route. Liquid isobutane having methane,
C2's, and C3's dissolved therein along with small amounts of the C4's and methanol,
di-methyl ether, and trace water is recovered via Line 108.

The effluent from the béttom of the first distillation tower will have virtually no
detectable amounts of organic materials having less than 4 carbon atoms. This
stream is infroduced into a second distillation tower which removes the “heavy”
components, e.9. primarily cis and trans butene-2, small amounts of the other C4's,
and virtually all of the pentanes, pentenes, MTBE, and tert-buty! alcoho! which are
removed via Line 108.

The parameters of the concentration system are adjusted to the composition of
the hydrogenated feed; hence, analyzers are preferred on the input and reflux lines of
the fractional distitiers to monitor the C4 compositions. The output of the
Concentration System is preferably nearly 100 percent C4's, 30 percent to 50 percent
comprising butene-1, and is fed via Line 108 through one or more treatment Vessels
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in the Feed Treater 110 and exits via Line 111 to the Reactor System 112. The
purpose of the feed treater is to guard against the possibility of unexpectsd or
unknown ¢ontaminants in the material stream that could concelvably make it threugh
the Feed Concentration System. -

‘ The Reactor System 112 Is as described with regard to Figure 2. The
metallocene catalyst sysiem is supplied to the Reactor System 112 from Catalyst
System 113, In the catalyst system, metaliocene catalyst component is fed into a
mixing vessel, Cocatalyst (activator) stored in one or more cocatalyst vessels is fed
into the same mixing vessel by the force of a pressurized nitrogen line. The N9 gas Is
first passed through a drying vessel since water vapor will inactivate the preferred
catalyst mixture of metallocene and MAQ as well as many cother catalysts. The
nitrogen also pressurizes the mixture and provides an inert gas layer above the fluid
level therein. The catalyst and cocatalyst mixture are mixed in the mixing vesse and
the resulting catalyst mixture continuously fed into the Reactor System 112 by pump
via Line 114.

After copolymer ieaves Reactlon System 112, it enters the Deashing Systam
115 via Line 116. Line 116 receives a quench feed into Line 1186, the quench
comprising {for metallocene/MAQ catalyst mixtures) aqueous base, such as NaQH.
Base destroys the catalyst and cocatalyst and renders the metals (ash) water-soluble.
Upon entering the Deashing System 115, the quenched polymer mix flows through a
first baffled orifice mixer. This creates turbuience in the fluld flow and causes the ash
to dissolve in the water. This mix then enters a first settling vessel, wherein the
aqueous component settles to the bottom and the polymer and solvents float thereon.
The aquecus portion flows down to a disengaging drum, but about 95 percent of this
flow is diverted for recircutation to the settling vessel. The hydrephobic phase flows
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 second
settling vessal. Again, about 85 percent of the aqueous phase emanating from the
bottom of this vessel is diverted for recirculation to the 2nd settling vessel, while the
remainder joins the flow for recircuiation to.the first settling vessel. Residual ash-
containing aqueous effluent from the disengaging drum is treated in a wastewgter
treatment facility. _

The deashed polymer soivent mixture then exits the second vessel and enters
the Debutanizer 117 via Line 118. The polymer/solvent stream entering the
Debutanizer is heated to about 150°C by a heat exchanger and then injectedinto a
debutanization tower, Here, unreacted butenes and C4 solvents vaporize upward (as
well as trace amounts of very light low MW polymers) while the polymer product flows

out the bottom. The polymer still has substantial amounts of C4's mixed with it, about
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the reaction conditions of typically wthin 20[err] C, preferably withlin
15C. and @dotS peresntbatyaighti (TherefareofneboftemArodigt flow is passed throughane

or more heat exchangers {0 increase the temperature to about 230°C and flashed into
aflash drum. The hot C4's and light polymer are returned to the debutanizer end the
nearly purified polymer product flows to the Stripper System 120 via line 119. The
C4's vaporizing out the top of the debutanizer are fed to a condenser. Unconcensed
gases are vented. The condensate flows into a reflux drum having a water trap to
catch residual H>O from the deashing process. The condensate ¢an be fed back into
the debutanizer, or diverted to the Feed Concentration System for recycle andlor to
the reactor outlet via line 125 for further dilution of viscous product such as high MW
polymer with high ethylene content.

The nearly pure product enters a stripper tower 120 via Line 118. The last of
the C4's and catalyst solvents are vaporized and recondensed in a condenser
systom. Gases are vented, while tiquid hydrocarbons are retumed to the refinery.
The polymer is drawn out the bottom of the stripper by a pump, passed through a final
particulate filter, and tranferred to a storage vessel or to an additional processing
system.

Referring to Figure 4, it can be seen how the relative masses of reactants and
diluents would compare for the production of EB-1 polymer having an ethylene
content of 20 percent by weight, The first column, labeled R-2, shows the
composition of a hypothetical Raffinate-2 comprising about 17 percent by weight of
butene-1, 78 percent unreactive isobutane, n-butane; and 2-butenes, and 4 pefcent
of other components including dienes,C3's and CB's. After passing through the
hydrogenator, the stream would appear as in column H2 - essentially unchanged
since the dienes in the raw Raffinate-2 comprise a small and usually fractions)
percentage of the whole. The feed entering the concentration system when combined
with recycle from the debutanizer would appear as in column CF. For a butene-1
conversion of 50 percent, recycling is economical. The recycle in this example shows
the butene-1 content to increase from 17 wi % to 20 wt % in the CF stage. The
increase only seems small because the graph depicts relative, rather than absolute,
amounts. In fact, at a conversion of 50%, the amount of butene-1 at the CF stage is
doubled by the recycle. The effluent from the feed concentrator is shown in column
CO wherein the butene-1 fraction fs within the desired range at 40 wt percent. After
miiing with ethylene, the combined feed before entering the reactor is shown in
column FD. Here, the feed is about 5 percent ethylene by weight and 38 percent
butene-1. The compasition of the vapor space, and hence the reflux, is shown in
column FX. As can be seen, very liltle ethylene appears in the reflux. Column RX
depicts 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 ethviene
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unchanged with water comprising about ong tenth of one percent of the total mass.
At such low water concentration, the effluent from the deashing process is virtually
identical to that after the quench in terms of relative weights as shown in column DA.
However, it can be seen in column DB that, after the product stream flows through the
debutanizer, the product comprises about 88 percent of the flow with the bulk of the
remainder conslsting of light polymers of less than about 500 molecular weight, The
effect of the stripping tower is seen in column ST, wherein the final product is pute.
Figure 6 shows the ralative masses of the production flow for the case where
the product is 45 percent ethylene by weight and the butene-1 conversion is expected
to be 80 percent. This process differs from that in Figure § in that recycling is not
employed so column H2 and CF are identical. Also, because of the high ethylene
content of the product and attendant higher viscosity, solvents from the debutanizer
will be recycled back to the reactor effluent to dilute the flow, as shown in colunin Q.

Examples

in a 200 gallon reflux reactor several runs were conducted, involving
copolymerization of butene-1 and ethylene in accordance with the procedures
described in connection with Figure 2. Dilute a-olefin feeds were prepared by nixing
butene-1 with isobutane. The weight % of butene-1 in this mixture for each rur js
reported at Column 20 of Tzbie 1. Ethylene gas was then pumped into this mixture.
The weight % of ethylene based on the weight of butene-1 and ethylene in the teed is
reported at Column 19. The dissolved reactants were passed through a precooler
and injected into an evaporatively cooled reaction vessel equipped with external
reflux. Isobutane was also injected as an agitator flush through the lower bearing of
the agitator shaft. The 200 gallon vesse! was equipped with a three-turbine agitator
having two upper 12 inch diameter axial turbines having blades that forced the
reaction solution downward and a bottom-most 12 inch diameter radial turbine having
blades that forced the solution outward and upward.

The catalyst system employed a metallocene component of dimethyl silanyt bis
(tetrahydroindenyl) Zirconium dichloride and an activator of methyl aluminoxane
characterized as having a molecular weight of 1,000 and an aluminum content of 5.93
mole %. For all the examplas, the methylaluminoxane (MAQ) is provided as a 10 wt
% solution in toluene to which is added the metallocene component to give a final
mixture contalning 89.87 wt % toluene, 0.15 wt % metallocene component, and 9.98
wt % MAQ. When fed to the reaction mixture it provides a mole ratio of
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15. 6+7 10. 95 N- BUTANE 4.62 14.77 10,55 ;204
8. 1+4 | SOBUTANE 2.9+1.5 - &5 444 36.715 [42.120 5.22.5
' OTHER 0.1+0.5(a) 0.20.1(b) 3.51.5 12 021

Aluminum:Zirconlum of about 500:1. The catalyst mixture was further diluted with
isobutane and entered the reactor vessel through an input separate from that of the
reactants. The results of each run and the physical process and product parameters
are reported in Table 1, the left most column indicating the Run number. Since the
isobutane and butene-1 were pressuriied into the reactor with N», noncondensable
nitrogen gas appeared in the recycle. This was recycled into the reacter since
reactants were dlssolved in the N2 gas. In actual industrial use, the No would either
be disengaged from the feed or pumps would be used rather than gas compression.

The data reported in Table 1 for each Column Number is as follows:

Cotumn No. . Explanation
1 A descriptive term for each run. "Low C2= EB" for runs conducted with

butene-1 exceeding ethylene in the feed by a factor of about 8 by waight
(4 by mole), "Mid C2= EB" for a ratio of 3 by weight (1.5 by mole), and
"Hi C2= EB" for a ratio of less than 2 by weight (less than 1 by mole, so
ethylene molecules outnumber butene-1 molecules).

2 Number average molecular weight of the polymer product determined by

gel permeation chromotography (GPC).

Molecular weight distribution of the polymer product by GPC.

4 Weight percent ethylene content of the product by Fourier transform

| infrared spectroscopy (FTIR) (examples listed in order of increasing

percent ethylene content by weight).

5-8 Percent by number of vinylidene, trisubstituted, disubstituted, and vinyl
terminal unsaturated polymer chains respectively as determined by
HNMR spectroscopy.

9 Feed rate of the metallocene catalyst system (cc/min.) prior to further
mixing with the amount of isobutane in column 14.

10-12 Feed rates (Ib./hr.) of ethylene, butene-1, and isobutane, respectiVely.

13 ' Amount of isobutane diverted from the amount in column 12 (ib./he)
injected into the reactor through the agitator shaft bearing as & flush to
prevent polymer praduct from collecting in and fouling the bearing

14 Amount of isobutane diverted from the amount in column 12 (ib./he)
added to the catalyst system feed (shown in.column 9) to facilitate
mixing of the catalyst system Into the reaction mixture.

15 Assumed rate of ethylene conversion.

W
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16 Rate at which polymer product Is formed calculated from an assumed
ethylene conversion of 100 percent, the ethylene feed rate, and the
percent weight of ethylene shown in column 4.

17 Conversion of butene-1 (%) calculated from the polymer rate of column
16, and the butene-1 feed rate of column 11.
18 Catalyst yisid (thousands of pounds of polymer per pound of catalyst)

calculated from the polymer rate of column 16 and the catalyst sysbam
feed rate of column 9.

18 Ethylene feed (wt.%) based upaon the total flow of ethylene and bulene-
1. Isobutane is not in¢luded in this calculation.
20 Butene-1 component (wt.%) In the mixed butene-1/iscbutane feed

stream. Ethylene Is nol included in this catculation.

21-22 Temperature of the reaction mixture, °F and °C, respectively.

23.27 Calculated reacter effluents (wt.%) for ethylene, isobutane, butene-1,
polymer product, and catalyst system, respectively.

28 Calculated coneentration (ppm) of metallocene catalyst In the regclor
effluent.

29 Fraction of the reaction volume that is gas bubbles, known as the "gas
hold-up".

30 Residence time in the reactor, taking into account bubble formation and
effluent volume.

31 . Catalyst system concentration (moles/liter x 10-3) in the effluent based

on the velumetric flow of the effluent.

32 Observed reaction mixture: density.

33 Total reaction volume, (gal.) including bubbles.

34 Agitator motor power {amps).

35 Rotation rate (rpm) of the agltator

36 Agitator energy (horsepower per thousand gallons of reaction misdure).

37 Pressure (psi) in the vapor space.

38 Temperature (°F) at the bottom of the reactor.

ag Temperature (°F) at the midpoint of the reactor (near, but still below, the
top of the reaction mixture).

40 Temperature (°F) of the vapor space.

41-44  Concentration (mol%) of nitrogen, ethylene, butene-1 and isobutane gas
in the vapor space, respectively.

45 Liquid reflux (Ib./hr.).

45 Noncondensed gas recycle (ib./hr.).
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affect the decision-making process,,4he practitioner has

either acquiring Raffinate-2 and runnlng it through the p
I nst ant

isobutane, respectively.
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i hstant T nventi
s naed Hegmy | g

orj
ne

yst ens. Hence,

t he option of

I her—f-actors-«may

rocess of the

47-50 Noncondensed gas recycle (wit.%) of nitrogen, ethyiene, butene-4, and

51 Amount of noncondensable gas (lb/hr.) vented from the reflux system.

52 Ratio oi’r ethylene to isobutane in the vapor space as measured by gas
chromatography.

83 Ratio of butene-1 to isobutane ln the vapor space as measured by gas
chromatography.

64 -57  Weight fraction in the vapor spacse of nitrogen, ethylene, butene-1 and

isobutare, respectively.

£8 Volume of gas (ﬁ3lhr.) passing through the vapor space, based of a

compressibility factor of Z = 0.83.

59.60 Estimated kinematic viscosity (cSt) and the absolute viscosity in (cp) of

the reaction liquid, respectively.

61-63 Mole fractions of isobutane, butene-1, and polymer respectively in the

reactor effluent.
84 Weight ratio of butene-1 to ethylene in the feed.
65 . Weight ratio of butene-1 to ethylene in the vapor space.
66 Ratio of the weight % of ethylene in the vapor space to that in the feed.
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Raffinate-1 or
nore preferred. The use of crude butadiene streans directly is not desired

and then shipping the resultant

invention or first acquiring either
streamon to an MIBE pl ant or other end use.
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PENTENE- 1 5.1+ 2 2- METHYL- BUTENE- 2 14.9

. PENTENE- 2 15.4 7 | SOPRENE
| SOPENTANE 38.2 15 n- PENTANE
2 CYCLOPENTANE 0.5 .3 CYCLOPENTENE PY X
. 75 Pl PERYLENE 0.9 .4 RE a«f\ww 1
- 32 - 3 O NOV B0 |
!
CLAIMS: _ N

1. A process for continuously producing copolymer comprising
monomer units derived from ethylene and «-olefin in the presence of a metallocane
catalyst system and in a reaction zone containing liquid phase which comprises:

(A) continuously providing a dilute liquified a-olefin feed strezm
comprising at least one a-olefin reactant and diluent admixed therewith wherein the
amount of diluent in said feed stream is at least 30% weight percent thereof: -

(B) providing a feed stream comprising ethylene In liquid, vapor, or
liquid/vapor form;

" (C) admixing the feed streams of steps (A) and (B) to provide &
raactant feed stream having an a-olefin/ethylene weight ratio effective to yield a co-
.polymer containing from 5 to 70 weight percent monomer units derived from ethylene;

(D)  continuously introducing reactant feed stream derived in
accordance with step (C) and metallocene catalyst system into the liquid phase of the
reaction zone in 8 manner and under conditions sufficient to:

(i) polymerize the ethylene and a-olefin to polymer product
having a number average molecular weight of not greater than 15,000;
(ii) obtain an a-olefin conversion of at least 30%;
(iii) obtain an ethylene conversion of at least 70%
(E) continuously withdrawing copolymer product from the rezctor.

2.  The process of claim 1 wherein at least 50 weight % of the

constituents of said diluent possess a boiling point under reaction conditions within
+20°C of the average boiling point of the a-olefin constituents of the feed stream.

3. The process of claim 1 or ¢laim 2 wherein the contents of the
reaction zone are maintained at a temperature above the critical temperature of
ethylene and below the critical temperature of the o-olefin reactants.

4.  The process of any of claims 1 to 3 wherein the a-olefin feactant
comprises at least one butene-1, propylene, and pentene-1 and the diluent comprises
C3 or C4 hydrocarbons other than the c-olefin reactant.

8.  The process of any of claims 1 to 4 wherein the reaction
temperature is controlled by evaporative cooling means.
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C6 OLEFI NS 1.5 .75 CBALKYLS 3.5 1.5
.C7s AND C8s 2.0 1 "OTHERS 1.6 1
"Qt hers include benzene and pol ar conpounds. Pentene-1 and cycl opentene are

the nost reactive conponents of a C5 streamin the presence of a
net al | ocene catal yst system and are easily separated from each ot her by
distillation and are easily concent_rg%ted_. Whet her a constituent, e.g. of
the refinery stream qualifies as a A Vent under
6. The process of claim S wherein said evaporative cooling means
is internal reflux, external reflux, a combination of intemal and extemal reflux,

external cooling, internal cooling, or a combination of external and internal cooling.

7.  The process of claim 6 wherein in step (D) continuously the
vapor above the liquid phase is at least partially condansed and the condensale is
retumed to said liquid phase.

8.  The process of any of claims 1 to 7 wherein in step (D) the ratio
of the weight % of ethylene in the vapor phase to the weight % of ethylene in the
reactant feed stream is no more than 1.2,

9. The process of any of thie preceding claims wherein sald dilute
liquified c-olefin feed stream is derived from a refinery stream comprising at lggst one
a-olefin from which polar compounds, dienes or both are removed prior to
introduction into said reactor.
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reaction conditions depends on whether it is non-reactive which in turn

.depends on the type of pretreatment to which the feed isp
"Non-reactive"when used in conjunction with diluent is
5 w.% preferably less than 3 wt.% and nost preferablyj
of the constituent present in the feed is incorporated i
product and the constituent does not totally deactivate
catal yst system Typically any saturad®d hydrocarbon cor
qualify as diluent as well as highly unreactive (in the

met al | ocane catal yst_ s sten) unsat urat ed constl tyents
i sobut y| RELIRRERYE 2 o HYLEN

Hence, it is pretﬂmbﬁ@MER USING METALLOCENE CATALYST SYSTEMS

ABSTRACT
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presence of a

cat al yst .

An improved process for the copolymerization of

ethylene and o-olefins utilizing highly dilute o-olefin

feedstreams to effect high conversions and catalyst

productivities. The process is particularly

copolymerizing the «a-olefin content of

adaptable to

commercially

available, diluted refinery feedstreams such as Raffinate-
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cohcentration and residence tinme. Accordingly, the above paraneters are
controlled to achieve an ethyl ene conversion of at |least 70% preferably
at | east 80% and nost preferably at |east 90% and can range from 70%to
100% preferably from80%to 100% and nost preferably from 90%to 100%

(e.g., 90-95% . The a-olefin conversion is controlled to be at |east 30%
e.g., at least 40% preferably at |east 50% and nost pref-e - “ﬁ

60% and can range typically from30%to 95% preferablg mbﬁ{4ﬁ%ﬁ%o>§@béand
most preferably from50%to 90% Mononmer conversion (% gan be" detern1hed

by either of the follow ng equations: = wt/hr of nonongr |n§@w@@garad ;n o]
pol ymer x 100, or
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wt/ hr of nmonomer in feed = wt/hr nononmer in feed-wt/hr nononer not reacted
X 100 wt/ hr mononer in feed The particular a-lefin conversion enpl oyed
depends in part on the ethylene content sought to be inparted to the

pol ymer and hence on the ethylene concentration in the m xed feed. For
exanple, at |ow ethylene content the a-olefin conversion typically will be
| ower than for high ethylene content feeds. Wile high conversion can be

achi eved by any conbi nati on of process conditions af fBeti -Genvpﬁ§hgg, it
. . . . 7 A FUEE ATRREL YT
is preferred to maintain a | ow catal yst concentrati or RERHAL Bk $inprEr!
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concentration and attain high conversion with a | ong residence tine.

Preferably the ethylene conversion is controlled in a nmanner such that the
ratio of the weight % of ethylene in the vapor phase to the weight
ethylene in the reactant feed streamis typically not greater than1:2:3,

preferably less than 1:1 and nost preferably from 0. 1:{

% of

l

JToD

0.1:1to 0.5:1). The nononer in the reaction m xture ﬁ *

the use of the diluent in the feed and operating at hil
catal yst concentration is typically held just above th
cost of the catalyst. Preferably thg feed is treated tlo
all catal yst poisons. Mnor poison contam nation can ﬁb
i ncreasing the -

[
YA/ A
A
L
A

ST

DA

CF o Fo FX RX

He

R-2

f T T K| T ]
- o2 “© - o~ =
[ =1 =3 o=

NOLLOVYES SSYN

h conver.
poisSORCY d
enove. nost

acconnndated bys

av

D A0 erly
AT AE
si,ons.

.

| U

.1

ran g -

g v

Ca

T

to
{‘lOt
g

8

. PROCESS STEP

NN PRODUET

"/| ETHYLEKE

BUTENE-1

SOLVENTS

Noruers  [omsencrve

FI1G.4

This Sheet Has Been Replaced

Tt




catal yst system concentration with the excess used to renove the poison by

. reaction therewth. Accordingly, while any effective catal yst concentration

can be enployed it is contenplated that such effective anounts will be

sufficient to achieve a weight ratio of metall ocene catal yst sgzs.t.am—to

pol ymer product of typically from1l x 10[err]l to i}*@{ w& N ?’w,gl 18 -
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The residence tinme is determned fromthe equation: total true v dlerere BT
liquiud in reactor Residence tine = total volune/tinme of liquid exiting
react or wherein gas bubble volune in the liquid is subtracted from apparent
volune of liquid in reactor to obtain true volune. Accordingly, typical
residence tinmes can very typically fromO0.1 to 5 hrs., preferably fromO0.5
to 4 hrs., and nore preferably from1_to 3 hrs. Reaction tenperature and
pressure are preferably controlled fo3ﬁiQUIfy t he

DILUTE PROCESS FOR THE PREPARATION OF ETHYLENE/ALPHA-OLEFIN
COPOLYMER USING METALLOCENE CATALYST SYSTEMS

ABSTRACT

An improved process for the copolymerization of
ethylene and o-olefins utilizing highly dilute w«-olefin
feedstreams to effect high conversions and catalyst
productivities. The process is particularly adaptable to
copolymerizing the «-olefin content of commercially

1, available, diluted refinery feedstreams such as Raffinate-
II.

(no figure)
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4”10 be above the critical temerature of PRMSRe bl dldd@he |

al tenperature of the a-olefin feed and/ or RG qugw 1?.}
i on ated 1 hat

any effective tenperature can be enpl oyed It

S effective tenperatures for a feed containing butene 1 mnll range
ty ally from30 to 150p[err]C, preferably from50 to 120[err]C, and nost
pr rably from60 to 110[err] C. -R¥ the dilute refinery streans of
pr @&yl ene havi ng propane as the major dlluent the critical tenperature of
yl ene and propare gre 92.42[err] C (198.3 ‘lerr]F) and 96.7[err]C
.06[err]F) r?sge:etﬂ@egys 3 greggogcglg@@e of reaction tenmperatures §
d be 30 to 9 anb preferably Trom60 to 92[err]C. The critical
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ut 2.4 to about 39 Atm preéeferably fron1about 4.4 to about 28 Atm
t preferably fromabout 5.6 to about 23.5 Al Mh ct ur
ferably vigorously nixed by any suitable nea Mﬁ%‘;’:a{niﬁmz

or vigorous boiling or conbinations thereof. Rmﬂﬁ fes and strategic

ment of-feed input can be enployed to further Y 4I\/bre
ifically the nol ecul ar weight distribution (Mv M) of t e pol yner ‘i s
dened by variations of tenperat gée nononer concentration, and catal yet
entration.
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Refrerring now to Figure 1, there is depicted a schematic di agraﬂffdf'lt’ﬁé’

;overal | process scheme A-dil-ute—propyl ene, butene, iﬁ%&afﬁTﬁm 0y

e | or

"f.eed is piped to a_digne.r aaystem50. It is dc;‘
saturate any di ene& i B ik m nate the feed sihc
ei t her poison netall H E

both. Al kynes are al

nd nust }oe renoved] o

di enes tendjtq
systens, crosslink poryneticha®ng, jor
sat'ur at ed. However,

this step in the process is an option since dilute refrmery streanms vary

widely in corrp05|t|on and, therefore, may_have virtuall
contami nation or. in®actontiyaeshyproviging 31’H§e fiquified sr-el

no di ene

¢ $i3r ocess is to

carry the refi necqmm'lsmeatﬂeasj one caefie ndactant @ diluent admixed therewith wherein
the amount of diluent in said feed stream is at least 30% weight percent thereof;
(B) providing a feed stream comprising ethylene in liquid, vapor, or

liquid/vapor form;

(C) admixing, the feed streams of steps (A) and (B) in amounts sufficient
to provide a reactant feed stream having an «-olefin/ethylene weight ratio effective
to vield a co-polymer containing between 5 to 70 weight percent monomer units

derived from ethylene;

(D) continuously introducing reactant feed stream derived in accordance
with step (C) and metallocene catalyst system into the liquid phase of the reaction

zone in a manner and under conditions sufficient to:

0] polymerize the ethylene and a-olefin to polymer product
having a number average molecular weight of not greater than 15,000;
(i) obtain an a-olefin conversion of at least 30%;
(i)  obtain an ethylene conversion of at least 70%
(E) continuously withdrawing copolymer product from the reactor.

Several advantages resuit from the instant invention:

{1) the use of dilute monomer feeds resuits in a lower
concentration gradient at the point of monomer introduction into the reactor and,

consequently, less time is required to achieve uniform monomer mixing and less

time is available for higher molecular weight species formation at the input port;

(2) . the use of dilute feeds enabies the process to operate at high
canversion rates of ethylene/a-olefin without the attendant buildup of mass
transfer resistance attributable to polymer formation in pure feed systems;

(3) in the preferred embodiment of the process of the present
invention employing a boiling reactor and dilute feed, ethylene in the vapor space
and in the liquid reaction mixture are in 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;

(4) as aconsequence of high ethylene conversions abtainable
with a metallocene catalyst system, the amount of unreacted ethylene entering the
vapor space and in equilibrium with dissolved ethylene is minimised; minimization
of ethylene vapor buildup facilitates recycle of ethylene and does not hinder

recycle of the a-clefin;

(5) otill further improvements are made possible by employing a
feed diluent, such that the major constituents of the diluent boit at about the same

i
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system 51 where nore volatile ("lights") and | ess volatile ("heavies")
sconponents as wel | as catal yst-poi soning polar conpounds, such as water,
‘sul fides, alcohols and nitrogen, sulfur, and oxygen dpu vatl Ves. in qeneral
may be rermved so as to bring the wei ght per cent :of}} SRR, %

relation to the nonreactive diluents to within the; r_-

cases

[ ,andl or towif

where it is desired to recycle unreacted ol efin r?oho- ) rther
dilute a refinery feed having excess concentratlcin I‘e?ﬂﬁi %oge ,
recycle stream 52 may be conbined with theglnput Ls*tr, am.53. -The soutce of

this recycle streamw || be discussed below in cqnnect ion with thes il uent
renoval system 65.

AT D e y0 S re e

Reactor pressures are typically controlied to maintain the dlluent ang u-%
’ olefin in a liquid form at the selected temperature. In boiling reactors the pressure
is selected to obtain bofling of the diluent/a-olefin reactor constituents at the

reaction temperature. Accordingly while any effective pressure can be eniployed it
is contemplated that such effective pressures for butene-1 feeds will range
tybicauy from 2.4 to 39 Atm, preferably from 4.4 to 28 Atm, and maost preferably
from 5.6 to 23.5 Atm.
The reaction mixture is preferably vigorously mixed by any suitable means
such as impeller, jet pump, or vigorous boiling or combinations thereof. Baffles
. and strategic placement of feed input can be employed to further facilitate mixing.
More specifically, the molecular weight distribution (Mw/Mn) of the polymer
is broadened by variations of: temperature, monomer concentration, and catalyst
concentration.

n ed Pr s

Referring now to Figure 1, there is depicted a schematic diagram of the
overall process scheme. A dilute propytene, butene, or pentene refinery feed is
piped to a diene remaval system 50. It is desirable to remove or saturate any
dienes that may contaminate the feed since dienes tend to either poison
metallocene catalyst systems, crosslink polymer chains, or both. Alkynes are also’
poisonous and must be removed or saturated. However, this step in the'process is
an option since dilute refinery streams vary widely in composition and, therefore,
may have virtually no diene concentration or, in fact, none at all.

The next step in the process is to carry the refinery streamto a
concentration system 51 where more volatile ("lights") and less volatiie ("heavnes")
components as well as catalyst-poisoning polar compounds, such as water,
suffides, alcohols, and nitrogen, sulfur, and oxygen derivatives in general may be
removed so as to bring the weight percent of the olefin monomer in 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 concentration of olefin monomer, a recycle stream 52 may be combined
with the input stream §3. The source of this recycle stream will be discussed
below in connection with the diluent removal system 685,

After adjusting the concentration and removing polar poisoris, itis
preferable to pass the'feed through a scavenger bed system 54 that removes any
remaining catalyst poisons and filters out any particulates. The resulting pre-

treated dilute

T —————
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t he

a

t hrough |ine 16,

The netal | ocene
For the sane reasons,

m xi ng patterns.
so as to prevent the ethylene from unduly

| i qui d/vapor formis fed through |ine 14 and liquified
rat her than the a-olefin.

or

vapor,
dilute a-olefin is fed through line 15. The olefin feeds are mxed at a

catalyst systemis fed into the reactor through line 12. Ethylene in
pur pose being to dissolve the pure ethylene feed into the diluent prior to

theliquid phase by creating axial
contact with the catal yst,

reacting with itself

| i quid,
juncture 29 prior to injection inte 3he reactor vessel
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a-olefin feed

in ol efin nononer
in the feed. For

t han
17 may be_enployed to bring the reaction m xture
nyg a heated, dilute,

?
t hrough |ine 16a. Wen the reactor fills and cones to the desired operating

a uni que aspect of the process of this invention
£

“is that the reflux is usually nore dilute and higher

a heat exchanger
up to operating tenperature by injec

an, extension 11 rather than injecting the reflux directly into the reactor
As stated above,

vessel .
concentration relative to ethylene concentration,

start-up,
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gas-line 28, which may rapidly inject its contents into the reactor in the
event of a runaway reaction. The products dissolved In diluent, as well as
unreacted reactants and initiator, exit through line 16 past isolation

val ve 19 and are quenched by a quench feed 20 driven by a punp 21. Since
the pressure in line 30 is generally lower than in the reactor, a cooling
heat - exchanger 22 is enployed to recondense any diluent that may have

fl ashed. Gases in the reactor output would reduce the efficiency of the
centrifugal punp 23 that drives the product streamline 24. Al so, |owering
the tenperature of the product streamto produce a single liquid phase is
desirable when m xing with a quench solution. For especially viscous.
products, such

-33-
]
§
B
i
az \
S N[N NN - - .
SQE8RasgsesI=58235
- -~ o~ - . -~ o
.\O‘o\ -3---—03---333
00 O\ == &N M - N ~
a2 288 ac3 Qa8 S 87
g T~ TRV AaMm
= ~ = “w "l -
Eq-ggngqgaaawaea
IO 90 0 00 M0 W M e W - o W -
— 13
[ L] - ey NS Qe
->_q"" [ §N---. o
s3|o|lEE8858855558358
Q-E 30Q°°°°¢==°°°°
:‘ — .. ’
-t NN Dm0 W en e
uhNNNthc\—gsazhﬂs
> BSU AN AN A NNT ==
- Ve S SsSTcoOsScscossoscao s
- .
- -
=
2 &3
= =i mfer{n]ole]ola| 2SI Q=2

This Sheet Has Been Replaced

(L




-21- as those with high etthyl ene content and/or high nol ecul ar 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 systen155 woul d be
the metal | ocene catal yst conplex which, if not shippeg toth pl ant
prem xed, would be mixed on site in a catalyst m xi Ryt e ﬁ@giﬂhféir
quenchi ng, the
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1. A process for continuously producing copolymer comprising
monomer units derived from ethylene and c-olefin in the presence of a metallocane
catalyst system and in a reaction zone containing liquid phase which comprises:

(A) continuously providing a dilute liquified «-olefin feed stream
comprising at least one c-olefin reactant and diluent admixed thergwith wherew the
amount of diluent in said feed stream is at least 30% weight percent thereof; -

(B) providing a feed stream comprising ethylene in liquid, vapor, or
liquid/vapor form;

' (C) admixing the feed streams of steps (A) and (B) to provide 8
reactant feed stream having an a-olefin/ethylene weight ratio effective to yie!d o co-
polymer containing from 5 to 70 weight percent monomer units derived from ethylene;

(D) continuously introducing reactant feed stream derived in
accordance with step (C) and metallocene catalyst system into the liquid phase of the
reaction zone in a manner and under conditions sufficient to:

(i) polymerize the ethylene and a-olefin ta polymer product
having a number average molecular weight of not greater than 15,000;
(il) obtain an a-olefin conversion of at ieast 30%,
(iii) obtain an ethylene conversion of at least 70%
(E) continuously withdrawing copolymer product from the rezctor.

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

3. The process of claim 1 or claim 2 wherein the contents of the
reaction zone are maintained at a temperature above the critical temperature of
ethylene and below the critical temperature of the a-ciefin reactants.

4.  The process of any of claims 1 to 3 wherein the a-olefin feactant
comprises at least one butene-1, propylene, and pentene-1 and the diluent comprises
C3 or C4 hydrocarbons other than the a-olefin reactant. -

5.  The process of any of claims 1 to 4 wherein the reaction
tamperature Is controlled by evaporative cocling means.
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guenched pol yner solution is passed through a deashing system 59 where
.metallic conponents fromthe spent catal yst and possibly the quench
solution are renoved. Note that if a supported catalyst systemis used, the
guenchi ng and deashing steps would be replaced with a catal yst renoval,
reactivation, and recycle system The m xture/solution of diluents, polyner
product, and unreacted reactants is carried to a diluent renoval process 65
where preferably three streans resul t3bhe first, nearly pure pol yner
product 60; the second, unreacted ol efin nmononer dissolved in diluent 62,

preferably nore dil&te Thapradessobecinimbwheesin saidieyrporative cociingrweanst i on
syst em 53;d ipfantd] Pefflixt BN Feriies BothbMation St ifteird aR@extdriAtafi, e i Ng the

trat t . . . .
concentr aei:t%?na? ggolﬁ\?;‘. ‘n%emal cooling, or a combination of external and intemal ¢aaling.

7.  The process of claim 6 wherein in step (D) continuously the
vapor above the liquid phase is at least partially condensed and the condensaie is
returmned to said liquid phase.

8. The process of any of claims 1 to 7 wherein in step (D) the ratio
of the weight % of ethylene in the vapor phase to the weight % of ethylene in tha
reactart feed stream is no more than 1.2.

9. The process of any of the praceding claims wherein sald dilute
liquified a-olefin feed stream is derived from a refinery stream comprising at legst one
a~olefin from which polar compounds, dienes or both are removed prior to
introduction into said reactor.
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al ready nore concentrated in olefin nononer than desired; and a third 64
.conposed of "superlights" such as trace unreacted ethyl ene, nethane,
nitrogen, and the |like. The second stream 62 may be used to dilute
excessively viscous polynmer solution resulting fromthe reactor system 55
as descri bed above. Were this is not necessary, this stream may be
diverted as an unreacted ol efin nononer recycle 52 or otherw se di sposed
of, 63. In cases where olefin nononey, conversion is so high that recycling
I S unnecessary, the unreacted ol efinnononers may be diverted for other
uses, such as to a refinery for processing. Since virtually all of the

et hyl enegpigyieasictthsd BOR el pRRPRANST O SRMrfifv R Alib) RPN r ace

anpunts O nrs materi a
COPOLYMER USING METALLOCENE CATALYST SYSTEMS

ABSTRACT

An improved process for the copolymerization of
ethylene and wo-clefins utilizing highly dilute «@-olefin
feedstreams to effect high conversions and catalyst
productivities. The process is particularly adaptable to
copolymerizing the «-olefin content of commercially
available, diluted refinery feedstreams such as Raffinate-
IzI.

(no figure)
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Background of the Invention:

This invention relates to a continuous process for the polymerization of
ethylene and a-olefins with 2 metallocene catalyst system using dilute a-olefin feed.

Olefin polymerizations, particularly ethylene/a-olefin copolymerizations, can be
broadly differentiated as occurring in solution, suspension, or in the gas phase.
Within the continuous solution polymerization category, operating conditions can van
quite broadly depending on such variables as the concentration of the reactants in
the total feed, the nature of the catalyst system empioyed, the desired molecular

weight of the polymer, and
polymer.
When concentrated

the desired monomer/comonomer ratio within the final

ethylene and a-olefins, e.g., propylene, feeds are

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 poiymerizations
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 monomers to
replace those polymerized.

It is also known, as

in EPA 270,339, to conduct continuous ethylene/a-otefin -

copolymerization under highly dilute conditions at atmospheric pressure using

conventional Ziegler-Natta

catalysts. These processes suffer the drawback that the

catalysts exhibit low productivities and produce polymer product exhibiting broad
‘molecular weight distributions, high ash content, and number average molecular
weights too large to be useful as lubricant additives. Consequently, if low moiecular
weight polymers are desired either hydrogen must be used to keep the molecular
weight of the product low, e.g. less than about 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 used in the production of dispersants.

Saturated polymers have iimited applicability for use in subsequent fuctionalization
techniques (e.g., by "ene" reaction with maleic anhydride) which rely on a high
terminal double bond content to achieve functionalization. .



The Preferred Enbodi nent Referring now to Figure 3, ther m\ 2 m,m'
~preferred enbodi nent of the process of Figure 1, here sh Fii S
specific case of a Raffinate-2 feed. The overall industr process may b¢
br oken down into eight subsystens - a Feed - 22- Hy eﬁéki\ﬁk’i 1993t em
a Feed Concentration System a Feed Tr %ater, a Reactor

In contrast, recent developments in the catalyst and ethylene/a-olefin (EAQ)
copolymer art disclose that metallocene catalyst systems yield low molecuiar weight
polymers with high terminal ethenylidine (vinylidene) content directly, without
hydrogenation, as well as other advantageous properties (see, EP Publication Nos.
129,368; 440,504; 440,505; 440,506; 440,507; 440,508; 441,548; PCT Publication
Nos. WO 81/11488; WO 80/01503; and U.S. Patent Nos. 5,017,299; 5,128,056;
5,151,204; 4,704,491, 4,668,834; 4,888,393; and 4,542,199).

More specifically, it is known in the art to employ high pressure/high
temperature systems, as in U.S. Patent No. 5,084,534 and EP Publication 260,999,
which utilize pure or nearly pure feeds and metallocene catalyst at pressures up to
2,500 bar and temperatures up to 300°C. Such systems are designed to produce
high molecular weight polymers at high catalyst productivities (i.e. grams of polymer
produced per gram of catalyst used). These systems suffer a number of drawbacks
when applied to low molecular weight polymer production; most notably, expensive
pure feeds and specialized equipment resulting in high fixed costs of production.
Also, such systems operate with a singie phase to allow efficient mixing of 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 produces a homogeneous solution of 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 temperature control -
difficult. Since the molecular weight of the product is directly related to temperature,
failure to maintain constant temperature throughout the reaction process resuits in
increased polydispersity (or Molecular Weight Distribution, MWD). Temperature
control becomes increasingly more difficuit at higher conversions in an adiabatic
system. Consequently, conversions in the high temperature/high pressure process
are kept to a minimum. For polymers having molecular weight of 100,000 or more,
variations of + 1,000 or so have little effect on MWD. For polymers on the order of
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 of
conversion. As the conversion rate in a pure feed system is increased, the
concentration of polymer in the reactor increases until it becomes extremely difficult
or impossible to mix and pump the reactants efficiently. This problem is exacerbated
at a tow reaction temperature where polymer viscosity increases further. The
limitations on conversion induced by pure feeds applies to essentially all
polymerization processes.
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System a Catal yst Preparation System a Deashing Syste‘ﬁﬁ%ff%ﬁm

Yand a Stripper System The dilute a-olefin stream refe rgd”"To heroin ds 3
"Raffinate-2, enters the Féed Hydrogenation System 101 thrbughg tsgpyut?9Ei ne §
102 and is inmedi ately passed through one or nore coal egscing units which }
cause emulsified water to coal esce into | arge water dropl és-—Ttre"STr eam
then heated to about 55[err]C and p[e%s]s,uri zed with hydrqgen at about_ 17
at nospheres froma hydrogen feed in the presence of a catafyst 1nside one
or nore hydroggnat.i.on, ve . % ' , adhgenes in the
raw feed are ?@(ﬁ’ﬁctcagg ?\om“?\? G’t% ésﬁge-#g%%grgg iuﬁﬂg?ﬁrwgw%lg@rgsfe&gggn@' e

comonamer out of the product stream and back into the reactor  Such a recycle

system is disclosed in PCT Application No. EP92/00377 (Publication No. WO
92/14766) wherein unreacted ethylene must be separated out of the praduct stream

and then ropressurized into the reactor vessel. However, since catalyst is present in
the racycle and ethylene is extremely self-reactive, the problem of ethylenic
polymerization arises, theraby necessitating the use of a catalyst "killer" that can
suppress polymerization in the recycle stream. Such a “killer” is not needed in the
prosant inventien since the improved mass lransfer associated with large quantities of
diluent ensure that at least 80 percent of the ethylene will be converted. Henca, liltle
or no ethylene appears in the product output siream. The only process akin to 2
“recycle” in the present invention is the use of a reflux condenser in the preferred
boiling reactor embediment. This still poses no difficuity, s metallocene catalyst
systerns will not vaporize into the vapor space of a bailing reactor and thersfore do
not appear in the reflux.

Others have attempted (o prepare low molecular waight EAQ at low
temperature and pressure, with metaliocene catalyst as described in U.S. Patent No.
4,704,491 to Mitsui Petrochemical Industries and U.S. Patent No. 4,668,834 to
Uniroyal. The process described in Mitsui '491 operates with high catalyst
concenlrations, e.g., 10-2 molesfliter, pure undiluted vaporized feeds. at atmospheric
pressure, extremely short reactant residence time (e.g., about 0.5 hgurs ), with no
recyclo of unreacted reactants. The high catalyst concentrations are needed
because the mass transfer of the reactants into solution is poor and, consaqusntly,
low concantrations of reactants appear in solution. Low conversions are the result.
The Uniroyal ‘834 patent operates at super almospheric pressure with a compressor
driven cooling system and pure undiluted feeds.

Methods employing dilute reaction mixtures and utilizing balch processes are
known in the art. Typically, dilution of the reaction mixture occurs as a resull of
employing @ metallocene catalyst system in a diluent, usually toluene. However, the
use of a dilute feed of a-olefin is not found in this art. Moreovaer, 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 alse conducted at very low monomer
conversions. _

KAMINSKY, et al., U.S. Patent No. 4,542,199, describes a batch process
wherein pure ethylene and an a-olefin are introduced into a pressure vessel
containing 8 metallocene dissolved in loluene.




of the valuable butene-1 is also |ost, but since the di ehe@b QﬂT_jﬁﬁiiEE(é:
~less than 1 percent of the raw feed and are so nuch nore rm&e{-tve‘“t*

‘butene-1, only a faction of 1 percent of the butene-1 i%l )st Ga I"l
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hydr ogenati on prove excessive, a carbon nonoxi de input yib Uo
lower the activity of the catalyst in4the vessels. Analyzrets neasurp fh
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product is reported to be 2.8.

Elastic substantially linear olefin polymers are described in WO 93/08221
which have processability similar to highly branched iow density polyethylene, but
the strength and toughness of linear low density polyethylene. The application of
such polymers is for the conventional fabrication of films, fibres and moulided
articles.

SLAUGH, et al., EP 366,212 published May 2, 1990, teaches continuous or
batch processes, though the examples offered are all batch. The feeds used are
pure and the reaction mixture is highly concentrated. The process produces
polymer wherein 80 percent of the product has less than 20 carbon atoms per
molecule.

TSUTSUI, etal., EP 447,035 published September 18, 1991, refers to a series
of batch processes, wherein ethylene is first polymerized or copolymerized with o-
olefin in a first batch under concentrated or dilute conditions; the product is
isolated; and then the product is introduced into a subsequent batch process with
ethylene or and a-olefin. The process may be continued to a third round of batch
processing. Reactants may be relatively concentrated in one batch, yet relatively
dilute in the next or vice-versa.

Another approach, as described by HIROSE, et al., JP 2-173,110 disclosed
July 4, 1990, is to recycle massive amounts of ethylene and propylene gas through
a solvent-containing reaction vessel. The feeds are pure and the quantity of
reactants to solvent is very high. The ratio of ethylene to a-clefin is necessarily
very low in order to prevent polyethylene formation. Polymers formed by this
process have ethylene contents less than 10 percent by mole.

It is also known in the art to cool polymerization reactors by evaporation and
removal of unreacted monomers from the vapor space, such monomers being
optionally cooled and recycled to the reactor. Reactors cooled in this manner are
referred to as evaporatively cooled reactors or boiling reactors. Polymer is
recovered from the reaction mixture by withdrawing polymer solution from the
reactor and separating unreacted monomers which are usually recycled to the
reactor. Also, as a general proposition, as the concentration of 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 ethylene
from the gas into the liquid phase and reduces the heat transfer properties of the
reaction mixture thereby making it more difficult to cool the reaction mixture. As
indicated above, failure to maintain a stabie reaction temperature leads to
fluctuations in the molecular weight of the polymer and a broadening of the
molecular weight distribution.

While evaporative cooling reactors improve heat transfer by removing the
exothermic heat of reaction, and can maintain stable reaction temperatures, they
have the disadvantage that ethylene concentration in solution in the reactor is

usually less than its equilibrium value (i.e., ethylene is continually being quickly
removed and



distillation tower wherein the fractionation process r
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cooling benefit) than would be the case if a sealed reactor were employed and the
concentration of ethylene in solution in the reactor achieved its equilibrium value.
Economically, this increase in recycle volume means greater expense than would
otherwise be the case. See U.S. Patent No. 3,706,719. Moreover, if the reaction
temperature is increased (e.g., above the critical temperature of ethylene at 9.2°C
(48.5°F)), the ethylene mass transfer problem becomes more acute since the
solubility of ethylene will be more difficult, thereby reducing gas/liquid phase mixing.

In addition to ethylene imbalance in the vapor space and mass transfer
problems, evaporatively cooled reactors also lead to the associated problem of
reactor fouling and polyethylene segment formation. More specifically, because
ethylene and a-olefins possess different reactivities, they co-poiymerize at different
rates. Moreover, because ethylene reacts with itself so much faster than with
a-olefins, the copolymerization of ethylene with a-olefins can result in polymers
having large crystalline polyethylene segments randomly interspersed with
occasional a-olefin moieties.

These phenomena not only make it difficult to control the ethylene content in
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 making
dispersants for lubricating oil compositions.

The conventional solution to controlling polymer ethylene content, when using
Ziegler-Natta catalysts, has been to regulate the concentrations of ethylene and
a-olefin in the reaction mixture. For example, to obtain a copolymer of ethylene and
propylene having approximately S0 mole percent of each monomer in the copolymer,
it has been considered that a large excess of propylene, e.g., greater than 10:1 moie
ratio, is necessary in the catalyst-containing solution in the reactor. - In contrast, a
copolymerization conducted in a solution containing about equal amounts of ethylene
and propylene, produces a copolymer so high in ethylene content, that under ordinary
Ziegler-Natta polymerization conditions, e.g., about -20° to about 80°C., it wouid not
be soluble in the saturated hydrocarbon solvents used as the polymerization medium.
However, when ethylene and propylene, for example, are polymerized in a reactor
having both liquid and vapor phases, the mole or weight ratio of propylene to
ethylene in the vapor phase is typically far less than the corresponding propylene to
ethylene ratio in the liquid phase because of the greater volatility of ethylene. For
example, if the propylene to ethylene mole ratio in the liquid phase is about 10:1, the
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30 percent Wniféfniperafeathylene monomer incorporation, known as "compositional
distribution”, is also a function of the mass transfer of ethylene into the reaction
zone, i.e., uniform mixing of the co-monomers. However, as discussed above, in
those reactor designs which employ recycle of the vapor phase, e.g., using a reflux
condenser, the reflux condensate returning to the reactor will typically have
sufficiently high ethylene concentrations thatreactor agitation of fresh and recycled
ethylene alone will not suffice to prevent insoluble polymers having randomily high
ethylene content from forming and clogging up the system. Consequently, it has.
been conventional in the art to attempt to introduce process steps for reducing the
ethylene content in the recycled condensate, e.g., by removing ethylene from the
condensate before introduction into the polymerization reactor. See U.S. Patent
Nos. 3,706,719(col.5, line 68 et seq.); 3,637,616; and 3,912,698. Such steps
are costly and inefficient. '

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
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 achieve uniform mixing of the monomer into the reaction mixture. As
long as this higher concentration gradient exists, there will be a propensity to form
higher molecular weight polymer species relative to the molecular weight of
polymer species formed at monomer equilibrium concentrations, since molecular
weightis a function of monomer concentration. Broadened MWD and non-uniform
compositional distribution are a result.

The earlier application WO 93/08221 discloses a process for producing an
ethylene/ 1-octene copolymer by continuously providing a diluent mixture
comprising 1-octene in C8 - C10 saturated hydrocarbons and admixing the feed
stream with ethylene. The single feed stream and the metallocene catalyst is
continuously introduced into the reaction zone. The co-polymer has a molecular
weight distribution (Mw/Mn) of from 1.5 - 2.5 and a melt index of 0,01 -
1000g/10min, preferably 0,01 - 10g/10min.

in view of the above, there has been a continuing need to develop more cost
efficient processes for preparing EAO copolymers with metallocene catalyst
systems; the present invention was developed in response to this need.

SUMMARY OF THE INVENTION

A process for continuously producing copolymer comprising monomer units
derived from ethylene and a-olefin in the presence of a metallocene catalyst system
and in a reaction zone containing liquid phase which comprises :
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(A) continuously providing a dilute liquified a-olefi stream from a
refinery comprising at least one g-olefin reactant and diluent admixed therewith
wherein the amount of diluent in.said feed stream is at least 30 weight percent

thereof;

(8) providing a feed stream comprising ethylene in liquid, vapor, or
liquid/vapor form;

(C) admixing, the feed streams of steps (A) and (B) in amounts sufficient
to provide a reactant feed stream having an a-olefin/ethylene weight ratio effective
to yield a co-polymer containing between 5 to 70 weight percent monomer units
derived from ethylene;

(D) continuously introducing reactant feed stream derived in accordance
with step (C) and metallocene catalyst system into the liquid phase of the reaction
zone in a manner and under conditions sufficient to:

(@ polymerize the ethylene and a-olefin to polymer product
having a number average molecular weight of not greater than 15,000;
(i) obtain an a-olefin conversion of at least 30%;
(i)  obtain an ethylene.conversion of at least 70%
(E)  continuously withdrawing copolymer product from the reactor.

Several advantages resuit from the instant invention:

(1)  the use of dilute monomer feeds results in a lower
concentration gradient at the point of monomer introduction into the reactor and,
consequently, less time is required to achieve uniform monomer mixing and less
time is available for higher molecular weight species formation at the input port;

(2) the use of dilute feeds enables the process to operate at high
conversion rates of ethylene/a-olefin without the attendant buildup of mass
transfer resistance attributable to polymer formation in pure feed systems;

(3) in the preferred embodiment of the process of the present
invention employing a boiling reactor and dilute feed, ethylene in the vapor space
and in the liquid reaction mixture are in 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; '

(4) as a consequence of high ethylene conversions obtainable
with a metallocene catalyst system, the amount of unreacted ethylene entering the
vapor space and in equilibrium with dissolved ethylene is minimised; minimization
of ethyierie vapor buildup facilitates recycle of ethylene and does not hinder
recycle of the a-olefin;

(5) still further improvements are made possible by employlng a
feed diluent, such that the major constituents of the diluent boil at about the same
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portion of which is diluent Thus, evaparative cooling does not depend on recycle of
high amounts of ethylene in the vapor, ethylene buildup in the reflux is further
minimized, and mass transfer resistance to ethylené mixing is further reduced;

(6) fouling caused by ethylene build-up at the reflux return port and
attendant polyethylene formation is easily avoided since the more volatile ethylene is
also more reactive than the a-olefin monomer, the proportion of oiefin monomer to
ethylene is typically greater in the vapor space than in the feed (occasionally may be
equal to or only slightly less than that in the feed); and the concentration of ethylene
in the vapor space is typically less than that in the feed:

(7)  uniformity of polymer is greatly enhanced without the need for
manipulation of the condensed vapor to alter its compositional distribution;

(8) the combined use of dilute feed and high conversion facilitates
removal of catalyst (deashing) residue and quenching of the polymer/catalyst mixture
since it Is easier to mix the polymer with deashmg and quench media;

(8) use of dilute a-olefin containing feeds and high conversien not
only perrmts adaptation of metallocene chemistries to evaporatively cooled reactors,
but it also allows for a significant :mprovement in the overall eccnomics of the
process because such dilute feeds can be readily obtained at very low cost es by-
product waste streams derived from other commercial sources.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow diagram of the dilute feed polymer process, Figure 2is g
schematic view of the reflux boiling reactor system. Figure 3isa schematic view of
preferrad dilute feed polymer production process. Figure 4 is a graphic
representation of the mass flows of the process of Figure 3. Figure 5 is a gfaphic
representation of the mass flows of a variation on the process of Figure 3.

DETAILED DESCRIPTION OF THE INVENTION

Polymers produced in accordance with the process of the present invention
are polymers comprising monomer units derived from ethylene, and at leas! one a-
olefin, Such monomers are characterized by the presence within their struoture of at
least one ethylenically unsaturated groupof the structure >C=CH>. In addition, they
are highly reactive at low catalyst concentrations. Metallocene catalyzed
polymerizations-are particularly adaptable for use with a-olefin monomers which: a)



the resulting catalyst mxture continuously fed into theg  REATLRE:

) )
by punp via Line 114. After copol yner |eaves Reaction Sy ’éh s«li?’?»\“lfi ?‘E?tr(

t he Deashing System 115 via Line 116. Line 116 receives a quench feed ijn
Li ne 118. the quench conprising (for metall ocene/ MAO cal aj yqtd Ri%t 136@s)
aqueous base, such as NaCOH. Base destroys the catal yst Anfd cocatal yst
renders the netals (ash) water-sol uble. Upon entering the Ty Syste

115, the quenched polyner mx flows 2Mrough a first baffled orifice mxe

Nt

ng

|12
IS

(0]

m

This creates turbulence in the fluid flow and causes the ash to di ssol ve |n

t he wat ehavel 8i ieastionetHyarogentaer the 2-¢dirben (heace, ischutylene polymatizesi n t he
extremely poorly); b) have at least two hydrogens on the 3-carbon; c) have at least
ene hydrogen on the 4-carbon.

Accordingly, suitable a-clefin monomers include those represented by the
structural formufa HoC=CHR! wherein R1 is straight chain or branched chain alkyt
radical comprising 1 to 18 carbon atoms and wherein the polymer formed therefrom
contains a high degree of terminal ethenylidene unsaturation. Preferably Rlinthe
above formula is alkyt of from 1 to 8 carbon atoms, and more preferably is alkyl of
from 1 to 2 carbon atoms. Therefore, useful comonomers with ethylene include
propylene, butene-1, pentene-1, 4-methylpentene-1, hexene-1, octene-1, decene-1,
dodecene-1, tridecene-1, tetradecene-1, pentadecene-1, haxadecsne-1,
heptadecene-1, octadecene-1, nonadecene-1 and mixtures thereof (e.g., mixfsres of
propylene and butene-1, and the like). ’

The ethylene content of the polymers prepared in accordance with this
invention is preferably in the range of between 5 and 70 wt. % (e.g., 11 10 70 vt %),
and more preferably between 15 and S0 wt. % (e.g., 15 to 45 wt. %).

The process of the present invention is controlied to make polymer having a

number average molecular welght of not greater than 15,000 and typically frcm 300 to

15,000 (e.g., from 300 to 10,000), preferably from $00 to 8,000; more preferably from
1,000 to 5,000 {e.g., from 1,000 to 3,000). The number average molecular weight for
such polymers can be determined by several known techniques. A convenient
method for such determination is by size exclusion chromatography (also known as
gel permeation chromatography, GPC) which additionally provides molecular weight
distribution information (see W.W. Yau, J.J. Kirkland and D.D. Bly, "Modemn Size
Exclusion Liquid Chromategraphy”, John Wiley and Sons, New York, 1979).

The polymers produced in the process of this invention preferably exhibit a
degree of crystallinity such that they are essentially amorphous.

The polymers produced in this invention are further characterized in thatup to
about 95% or more of the polymer chains possess terminal ethenylidene-type
unsaturation. Thus, one end of such polymers will be of the formula POLY-
C(T1)=CHp wherein T1 Is C4 to C4g alkyl, preferably C4 to Cg alkyl, and mcne
preferably Cq to C2 alkyl, (e.g., methyl or ethyl) and wherein POLY represents the
polymer chain. The chain length of the T7 alkyl group will vary depending on the
comonomer(s) selected for use in the polymerization. A minor amount of the polymer
chains can contain terminal vinyl, unsaturation, i.e. POLY-CH=CHo, and a portion of
the polymers can contain internal monounsaturation, e.g. POLY-C(T 1=CH(T2),
wherein T1 and T2 are as defined for T1 above. The polymer products of this
inventive process comprise chains which ¢an be saturated by hydrogen, but
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wast ewat epreferably at east 60, and most preferably at least 75 percent (e.g. 75-98%), of which
exhibit terminal ethenylidene (vinylidene) unsaturation. The percantage of polymer
chains exhibiting terminal ethenylidene unsaturation may be determined by Fourier
Transform Infrared (FTIR) spectroscopic analysis, titration, proton (H)NMR, or
C13NMR.

The molecular weight distribution {Mw/Mn) of the copoiymers will be typically
less than 5, preferably less than 4, and most preferably less than 3, e.g. between 1.5
and 2.5.

The preferred a-olefin monomers are derived from dilute a-olefin containng
refinery streams, such as Raffinate-2, and are butene-1 and propylene. Most
preferred is the copolymerization of butene-1 with ethylene for the production of
ethylene/butene-1 polymers (hereinafter referred to as EB or EB-1 Polymers) useful
in the manufacture of dispersants. The advantages of such copolymers may be found
in commonly assigned U.S. Serial Number $92,192, entitied "Polymers Derived from
Ethylene and Butene-1 for Use in the Preparation of Lubricant Dispersant Additives”
filed on an even date herewith, (Dockst No.: PT-844).

The ethylene content of the most preferred EB polymers is typically in tha
range of from-15 to 50 (e.g. 17 to 50), more preferably from 15 to 48 (e.g. 30 to 45),
and or more preferably from 17 to 45 (e.g. 17 to 30) weight percent. The balance of
the poiymer content is substantially based upon units derived from butene-1. Thus,
the butene-1 content is typically from 95 to 50 {e.g., 80 to 50), more preferably from
85 to 55 (95 to 85), and most preferably from S0 to 65 (e.g. 80 to 70) weight percent
based on the totat potymer weight. However, the EB polymers of this invention may
optionally contain minor or trace amounts {e.g. up to 5 wt. %) of olefins other than
ethylene and butene-1 since the reactant streams which may be used {0 prepare the
EB polymers may contain such olefins as isobutylene, isopentene, butene-2, and
butadiene. Similar considerations apply for other than EB copolymerization as well,

The process of the present invention utilizes a metaliocene catalyst system.
Such metaliocenes are extremely unreactive with non-terminal olefins, and terminal
olefins which lack at least one hydrogen atom on the second carbon (e.g.,
isobutylene), at least two hydrogens on the third carbon (e.g., isopentene), or at least
one hydrogen on the fourth carbon (e.g., 4,4-dimethyipentene-1). Hence, as
described hereinafter, many of the components in refinery streams, such as
Raffinate-2 (e.g. 2-butenes, and isobutylene) are essentially non-reactive ina
metallocene system and become suitable diluents for use in the present process
which need not be separated from the fead. Other constituents such as buteciene
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treatnment facility. The deashed pol ynmer solvent m xture then exits the
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" are made non-reactive or non-poisonaus by pre;saturating the double bonds with
hydrogen.

Metallocene Catalyst Sysiem - General Description
" Metallocens 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 heteroatorns. The bulky ligand may be a
cyclopentadienyl derivative which can be mono- or polynuclear. Ona or more bulky
ligands may be bonded {o the transition metal atom. The transition metal atom may
be a Group IV, V or V! trangition 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 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

{LJm M [X]n
wherein L is the bulky ligand, X is the leaving group, M is the transition metal and m
and n are such that the total ligand valency corresponds to the transition metgl
valency. Preferably the catalyst is four coordinate such that the compound is
jonizable to a 1% valency state.

The ligands L and X may be bridged to adch other and if two ligands L and/or
X are present, they may be bridged. The metaliccenes may be full-sandwich
compounds having two ligands L which are cyclopentadienyi groups or half-sandwich
compounds having one figand L only which is a cyclopentadieny! group.

For the purposes of this patent specification the term "metallocene” is defined
to contain one or more cyciopentadieny! moiety in combination with a transition metal
of the Periodic Table of Elements. In one embediment the metaliocene catalyst
component is represented by the general formula (Cp)mMRR'p wherein Cp is a
substituted or unsubstituted cyciopentadieny! ring; M Is a Group IV, V or Vi transition
metal; R and R' are independently selected halogen, hydrocarby! group, or
hydrocarboxyl groups having 1-20 carbon atoms; m = 1-3, n = 0-3, p = 0-3, and the
sum of m + n + p equals the oxidation state of M. In another embodiment the
metallocene catalyst is represented by the formulas:

( CSR'm)pR“s(CSR'm)MGQ3-p.x and
R"s(CsR'm)2MeQ’
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wharein Me Is a Group IV, V, or VI transition metal CsR'yy, is a substituted
cyclopentadienyl each R', which can be the same or different is hydrogen, alkenyl aryi
alkary! or arylalkyt radical having from 1 to 20 carbon atoms or two carbon atoms
joined together to form a part of 8 C4 to Cg ring, R" Is one or more of or a
combifiation of a carbon, a germanium, a silicon, a phosphorous ar a nitrogen atom
containing radical substituting on and bridging twe C5R'm, rings or bridging one
CsR'm ring back to Me, when p = 0 and x = 1 ctherwise x is always equal fo 0, each
Q which can be the same or different Is an aryl alkyl, alkenyl, alkaryl, or arylalkyi
radical having from 1 to 20 carbon atoms or halogen, Q' is an alkylidene radics!
having from 1 to 20 carbon atoms, sisOor 1 andwhensisQ, misSandpis 0,1 or 2
andwhensis1, misdandpis 1.

Various forms of the catalyst system of the metallocene type may be used in
the polymerization process of this invention. Exemplary of the development of
metallocene catalysts in the art for the polymerization of ethylene is the disclosure of
US. Patent No. 4,871,705 to Hoel, U.S. Patent No. 4,837,298 to Ewen, et al. and EP-
A-0 128 368 published July 26, 1989, and U.S. Patent Nos. 5,017,714 and 5,120,867
to Welborn, Jr. These publications teach the structure of the metallocene catalysts
and include alumoxane as the cocatalyst. There are a variety of methods for
preparing alumoxane, one of which is described in US. Patent 4,665,208.

or the purposes of this patent specification, the terms “cocatalysts or
activators” are used interchangeably and are defined to be any compound or
compenent which can activate a bulky ligand transition metal compound. Inona
embodiment the activators generally contain a metai of Group [l and 1l of the Periodic
Table of Elements. In the prefarred embodiment, the bulky transition metal
compound are metaliocenes, which are activated by trislkylaluminum compounds,
alumoxanes both linear and cyclic, or ionizing lonic activators or compounds guch as
tri {(n-butyl) ammonium tetra (pentafluorophenyl) boron, which ionize the neutral
metaliocene compound. Such ionizing compounds may contain an active proton, or
some other cation associated with but not coordinated, or only lossely 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 dircted to
bis(cyciopentadienyl) lonic activated systems can be found in U.S. Patent Na
§,153,157. Further, the metallocene catalyst component can be a
monocyciopentadienyl heteroatom containing compound. This heteroatom is
activated by either an alumoxane or an jonic activater to form an active
polymerization catatyst system to produce polymers usetul in this invention. These
types of catalyst systems are described in, for example, PCT International Publication
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t he debutani zer, or diverted to the Feed Concentration [ 0L T e
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product such as high MV polymer with high ethyl ene contledf The nearly ‘pwe
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catal yst solvents are vaporized and recondensed in a cdndenser system i

Cases are vented, while |liquid hydrocarbons are returne the-Tefrinery.
The polyner is drawn out the bottamaf-the stripper by punp, passed
through a final particulate filter, and tranferred to a Storage vessel or

to an adghd g9Rpia8 pa6fsheAnddS 7992, U.S. Patent Nos. 5,057,475; 5,096,867
5,055,438 and 5,227,440 and EP-A-0 420 436, WO 91/ 04257. In addition, the
metaliocene 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. 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. 5,084,802 and PCT publications WO 93/08221 and WO 23/08198
published April 29, 1893. The catalyst system of the invention may be, optionaly,
prepolymerized or used in conjunction with an additive or scavenging component to
enhance catalytic productivity; a scavenging component such as an organcaluminum
or alky! aluminum reagent.
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The Reaction Process

The process of the present invention is continuous, empioys a dilute feed, and
is operated to achieve a high conversion of a-clefin and ethylene as defined herein.
Within these parameters, the ethylene/o-olefin product is controlied to have & number
average molecular weight of not greater than 15,000 using a metallocene catalyst
system as described above. For purposes of this invention “continuous” means that
monomer feed is continuously introduced into the reaction zone and resultart product
continuously withdrawn.

The advantages of employing a dilute monomer feed are described abeve.
The diluent can be any non-reactive (under the conditions employed) matetial which
preferably is: (i) capable of being liquified under reaction conditions; (ii) capable of
dissolving at least the a-olefin monomer employed; and (ili) capable of dissolving or
at Isast suspending the polymer product under reaction conditions such that viscosity
buildup is sufficiently minimized to the extent that the mass transfer rate of the
ethylene needed to homogeneously distribute ethylene throughout the reaction zone
is at least equal to and preferably is greater than, the reaction rate at which ethylene
is consumed in the polymerization reaction; Suitable but less preferred diluerts
inciude such solvents as alkanes, aromatic hydrocarbons, and nonreactive aléenes.
it is contemplated that the non-reactive diluents comprise typically at least 30,
preferably at least 40, and most preferably at least S0 weight % of the a-olefin feed
stream and the diluent can range typically from 30 to 80 preferably from 40 percent to
80, and most preferably from 50 to 60 weight % of the c-olefin feed stream before
admixture with ethylene.

1t is a particular advantags of the present invention that the preferred diluents
ara naturally present in varlous refinery streams containing o-olefin monomier
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and diluents would conpare for the production of EB—br;m)f‘j/:‘ﬁé :i‘hva§ @n

‘et hyl ene content of 20 percent by weight. The first d‘l—‘u‘ﬂﬂ‘l ~Tabel ed }R 2,
shows the conposition of a hypothetical Raffinate-2 toppr,i $k\;! @ﬁ&ut
percent by weight of butene-1, 79 percent unreactiveii ane, n-bu

[
and 2-butenes, and 4 percent of other conponents incl\lf_:zgad

CS's. After passing through the hydrogenator, the strieam would a
colum H2 - essentially unchanged,sipc_e the dienes in
conprise a small and usually fractional percentage of the whole. The feed

ent er i NQeLRRANGORGILSARL %W@Lﬁ%@&%@t Gt one a-clefln as the reactive
constituent. However, these streams typically will contain non-reactive constfibents
which have a similar carbon number to the a-olefin. The similarity in carbon number
causes the non-reactive constituents to have similar bolling points to the a-clefin,
Consequently, the non-reactive constituents will vaporize togsther with the a-dlefin
and not only dilute the a-olefin in the vapor space, but also the ethylene. This
difution effect decreases the mass transfer resistance of the reactive monemers in the
vapor space, particularly ethyiene.

Accordingly, a preferred diluent will mMann compeonents comprising typically at
least 50, preferably at least 75, and most preferably at least 95 weight %, and
typically from 50 to 100, preferably from 75 to 100, and most preferably from 95 to
100 weight % thereof, having a bolling peint at the reaction conditions of typically
within $20°C, preferably within +15°C, and most preferably within +10°C of the
average boiling point of the a-olefin constituents of the feed. Representative of such
refinery streams are those which contain butene-1, propylene or Cg a-olefin.
Preferred butene-1 containing streams are referred to herein as Raffinate-2 streams.
Such streams typically have isobutylene content significantly lowered in relatiop to
the stream from which they are derived. Raffinate-2 is typically derived from either
butane/butene cataiytic cracking refinery streams (BB-streams) or Raffinate-1 which,
in turn, is derived from butadiene crude produced by steam cracking plants. The
composition of Raffinate-2 can vary widely, depending upon the source, 8.g., {weight

%):

Crude Raff-2 Raff-2
Component Butadiene FromCrude BB FromBB Raff-1
BUTADIENE 43,5420 0-5 = 0.3+15 04402 01+.05
ISOBUTYLENE 25.2+10 0-5 12.646 02401 448+20
BUTENE-1 15.548 49.5+25 13.8+6 15.447  27.4*15
CIS-BUTENE-2 2.0+1 6.4%3 9.044  10.245 35+1.5
TRANS-BUTENE-2  6.2+3 19.6+10 13.646 15.647 10845
N-BUTANE 46+2  147+7 - 105:5  12.046 8144
ISOBUTANE 29+1.5  0.4+4 36,7415 42120 52425
*‘OTHER 0.4:0.5(8) 02+0.1(B) 35+1.5 4.1+2 0 2.1

*Other: (2) includes propane, propene, pentanes, pentenes, water, trace other
hydrocarbons.



with recycle fromthe debutani zer woul d appear as in colum. CF,. Eor.a.._
butene-1. conversion of 50 percent, recycling is econom"cai’ ‘g’rag&;g:ﬁ#e I n
this exanple shows the butene-1 content to increase f ff 7 e (g Y )
in the CF stage. The increase only seens snall becaus vg(\m mg lictis

relative, rather than absolute, anounts. In fact, at Eon or?8f {540%
t he anobunt of butene-1 at the CF stage is doubled by {he recycle. The
effluent fromthe feed concentrator is shown in colum CO wherein the
butene-1 fraction is within the desitPed range at 40 WM—percent.ALter
m xing with ethylene, the conbined feed before entering the reactor Is
shown i n col urnb) Raffindes-2 derited fremdMTEE atasluction {usingBB-streamiafne by wei ght

and 38 percent  Raffinate-1) will include traces of MTBE, methanol, di-methy! ether, and
teri-buty! alcohol. '
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Typical commercially available butene-1 concentrations in Raffinate~2 range
from about 15 to about 55 weight %. The above butene-1 containing refinery steams
are preferred for making ethylene/butene-1 copolymer (EB-1) which has beenfaund
to be highly effective as a backbone for the production of lubricants, cil dispersants,
and viscosity modifiers. The instant invention may also maks use of BB streans and
Raffinate-1 directly, since isobutylene is almost entirely unreactive with metaliocene
catalyst systems. Hence, depending upon shipping costs, convenience, or whatever
other factors may affect the decision-making process, the practitioner has the option
of either acquiring Raffinate<2 and running it through the process of the instant
invention or first acquiring either Raffinate-1 or a BB stream, running it througtthe
process, and then shipping the resultant isobutylene-enriched stream on to an MTBE
plant or other end use. The use of Raffinate-2 is the more preferred. The use of
crude butadiene streams directly is not desired since it would waste butadiene during
hydrogenation. It is not necessary that refinery streams be used and, in fact, itis
contemplated that dilute a-olefin containing streams can be prepared by separgtely
combining pure a-olefin and one or mere pure diluents, e.g. pure isebutane, such as
those typically found in the above refinery streams. .

It will also be seen that this invention is useful in the production of virtually any
ethylene/a-olefin copolymer and may therefore be used Inl the processing of other
dilute refinery streams, such as dilute propene and pentene streams commor in the
industry. Dilute refinery propene streams, known in the industry as "C3 streams”, and
dilute refinery pentene streams, known as "C5 streams”, are also derived from steam
and catalytic cracking and generally can be represented to comprise the follcwing
components (ranges, weight %): For C3 streams: Propylene = §5 # 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
polar compounds such as water, carbonyl sulfide, methyl mercaptan, and hycrogen
sulfide). For CS streams composmon is more complex than that of C3 and C4

streams:



but ene-1. The conposition of the vapor space, and hence the reflux, is
shown in colum FX. As can be seen, very little ethyl ene appeami;j—;n,
‘reflux. Columm RX depicts effluent fromthe reactor assum hgia 50;3?@ Eent
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omoonen Ranae {weight %)
2-METHYL-BUTENE-1 90+ 4
3-METHYL-BUTENE-1 1.6+ 1
PENTENE-1 . 51+ 2
2-METHYL-BUTENE-2 149 + 7
PENTENE-2 154 + 7
ISOPRENE 07+ .3
ISOPENTANE 382 * 15
n-PENTANE 55+ 2
CYCLOPENTANE 06 + .3
CYCLOPENTENE | 1.5 +.75
PIPERYLENE 09+ 4
C5 OLEFINS 1.5 +.75
C6 ALKYLS 35 +1.5
C7s AND C8s 20 + 1
*OTHERS 16 + 1

*QOthers include benzene and polar c:}mpounds.

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

Whether a constituent, e.g. of the refinery stream, qualifies as a dilvent under
reaction conditions depends on whether it is non-reactive which in tum depends on
the type of pretreatment to which the feed is subjected. "Non-reactive" when used in
conjunction with diluent is meant that less than 5 wt.%, preferably less than 3 wt.%,
and most preferably less than 1 wt.% of the 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 corstituent will
qualify as diluent as well as highly unreactive (in the presence of a metalipcane
catalyst system) unsaturated constituents such as butene-2 and isobutylene.
Materials such as'butadiene tend to deactivate the catalyst. Hence, it is preferred
that they ba removed or at least partially saturated by hydrogenation. Once
saturated, the butadisne becomes part of the diluent as butane, butene-2, or reactive
butene-1.



quench of aqueous base, as shown in colum O, the relative masses are

virtually unchanged with water conprising about one ter;t»tl,m

the total mass. At such | ow water concentration, the efiibH
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flow for the cas
conversion. Converszon is dnrectly proportional to monomer concentration, catalyst:

concentration and residence time. Accordingly, the above parameters are contfolled
to achleve an elhylene conversion of at least 70%, preferabiy at least 80%,
and most preferably at least 90% and can range from 70% to 100%,
preferably from 80% to 100% and most preferably from 0% to 100% (e.g., 90.95%).
The a-olefin conversion is controlied to be . atleast 30%, e.g., at least 40%,
preferably at least 50%, and most preferably at least 80% and can range typically
from 30% to 95%, preferably from 40% to 90% and most preferably from 50% to 50%.
Monomer conversion (%) can be determined by either of the following equatiops:

= wt/hr of monomer Incomrated into polymer « 100, or

wi/hr of monomer in feed

= wi/br monomer in feed-wi/hr monomer not reacted ¢ 100

wi/hr monomer in feed

The particular a-olefin conversion employed depends in part on the
ethylene content sought to be imparted to the polymer and hence on the ethylene
concentration in the mixed feed. For example, at low ethylene content the c-olefin
conversion typically will be lower than for high ethylena content feeds, While high
conversion can be achieved by any combination of process conditions affecting
conversion, it is preferred to maintain a low catalyst concentration and iow monomer
concentration and attain high conversion with a long residence time. Preferably the
ethylene conversion is controlled in 2 manner such that the ratio of the weight % of
ethylene in the vapor phase to the weight % of ethylene in the reactant feed straam is
typically not greater than 1.2:1, preferably less than 1:1 and most preferably ftom
0.1:1 t0 0.7:1 (e.g. 0.1:1 t0 0.5:1). The monomer in the reaction mixture is kept low
through the use of the diluent in the feed and operating at high conversions.

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 caialyst
poisens. Minor poison contamination can be accommodated by increasing the
catalyst system concentration with the excess used to remove the 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 metallocene catalyst system to polymer product of typically from 1 x 10417 x
1041,



the product is 45 percent ethylene by weight and the butene-1 conversion is
expected to be 80 percent. This process differs fromthat in Figure 4 in

t hat

because of the high ethylene content of the product an
viscosity, solvents fromthe debutanizer will be recycl
reactor effluent to dilute the flow, as shown in col um O ﬁ@@ﬁ&@: 2dnja
757.1 dnmferr] (200 gallon) reflux reactor several runs werg conducted,

recycling is not enployed so colum H2 and CF ar edhdeﬂt--%:-_@‘f

e

F RS
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procedures desgribed in connection w i gu
wer e prepared

re % Dilute a-olefin feeds j
equation: e e

'ﬁFB@PHgE time is determined tfrrc]:mF&hg

_ total true volume of liquiud in reactor -
Residence time = ——

total volume/time of liquid exiting reactor

——

wherein gas bubble volume in the liquid is subtracted from apparent volume of liquid
in reactor to obtain true volume. Accordingly, typical residence times can vary
typically from 0.1 to 5 hrs,, preferably from 0.5 to 4 hrs., and more preferably from 1 to
3 hrs. . .
Reaction temperature and pressure are preferably controlled to liquify the
diluent and a-olefin. However, the reaction temparature Is typically selectad to be
above the critical temperature of ethylene but below the critical temperature of the
a-clefin feed and/or diluent. Accordingly, while any effective temperature ¢an be
employed it is contemplated that such effective temperathre_s for a feed containing
butene-1 will range typically from 30 to 150°C, preferably from 50 to 120°C, and most
preferably from €0 to 110°C. For the dilute refinery streams of propylene having
propane as the major diluent, the critical temperature of propylene and propare are
92.42°C (168.36°F) and 96.7°C (206.08°F) respectively, so the typical range of
reaction temperatures would be 30 to 96, and preferably from 60 to 82°C. The critical
temperature of the feed components in the reactor places an upper limit on
temperature when using a boiling reactor since the reflux mechanism becomes
useless if nearly all or all of the feed flashes into the reactor vessel and there femains
no liquid phase to reflux. In less preferred embodiments the operation abova the
critical temperature of the major reactor constituents must be compensated for by
assisting or eliminating thé reflux mechanism altogether and relying on alternative
cooling means, such as jacket cooling or internal cooling colls. Neither of thes
solutions is as effective nor as efficient as reflux cooling in maintaining homogeneity
of temperature throughout the reaction solution. As indicated above, the boiling
reactor represents the preferred method for temperature control. Variations on the
boiling reactor configuration include intemal reflux, e.g. using cooling coils inserted
into the vapor space or an external system wherein vapor is removed from the vapor
space and introduced to an external reflux apparatus, the vapor condensed and the
condensate retumed to the reactor and/or feed. Altemative non-reflux tempetature
control means include pumparound cooling where liquid is removed from the ceactor,
cooled, and then returned to the reactor. Pumparound E:oollng 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.
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rur is reported at Colum 20 of Table 1. Ethyl ene gas$:#@s:
this mxture. The wei ght % of ethyl ene based on the
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t ur bi ne hiadigoig form at the selected temperature. In bolling reactors the pressure is selected

to obtain boiling of the diluent/a-olefin reactor constituents at the reaction
temperature. Accordingly while any effective pressure ¢an be employed it is
contemplated that such effective pressures for butene-1 feeds will range typically
from about 2.4 to about 38 Atm, preferably from about 4.4 to about 28 Atm, and most
preferably from about 5.6 to about 23.5 Atm.

The reaction mixture is preferably vigorously mixed by any suitable means
such as impeller, jet pump, or vigorous boiling or combinations thereof. Baffles and
strategic placement of feed input can be employed to further facilitate mixing.

More specifically, the molecuiar weight distribution (Mw/Mn) of the polymer is
broadened by variations of: temperature, monomer concentration, ‘and catalyst
concentration.

The Integrated Process

Referring now to Figure 1, there is depicted a schematic diagram of the overall
process scheme. A dilute propyiene, butene, or pentene refinery feed Is piped to a
diens removal system 50. It is desirable to remove or saturate any dienes that may
contaminate the feed since dienes tend to elther poison metallocene catalyst
systems, crosslink polymer ¢chains, or both. Alkynes are also poisonous and must be
removed or saturated. However, this step in the process is an option since dilete
refinery streams vary widely in composition and, therefore, may have virtually ao
diene contamination or, in fact, none at all.

The next step in the process is to carry the refinery stream {0 a concentration
system 51 where more volatile ("lights") and less volatile ("heavies™) components as
well as catalyst-poisoning polar compounds, such as water, sulfides, aicohols. and
nitrogen, sulfur, and oxygen derivatives in general may ba removed so as to bring the
weight percent of the olefln monomer in relation to the nonreactive difuents o within
the range desired. In cases where it is desired to recycle unreacted olefin mofomer
and/or to further dilute a refinery feed having excess concentration of olefin monomer,
a recycle stream §2 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

6S.
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After adjusting the concentration and removing polar poisons, it is prefecable to-

pass the feed through a scavenger bed system 54 that removes any remaining
catalyst poisons and filters out any particulates. The resulting pre-treated dilute
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detail in Figure 2 and co-polymerized with ethylene.

More specifically, referring to Figure 2, there is provided a reactor vessel 1
having an extemnal reflux condenser 2 in fluid communication therewith via gas space
6. conduit 8, and condensate return conduit 10, Analyzer means 2 menitors the
concentrations of unreacted gaseous reactants flowing from the gas space to
condenser 2 through line 8. Within the reactor vessel 1, there I8 provided an ggitator
3 having one or more blades 3a and driven via a rotating shaft 3b affixed to a motor
4. During the continuous reaction, there will exist a gas space 6 over a liquid raaction
phase 5 within the reactor vessel 1. The gas/liquid interface 7 is depicted by 8 wavy
line. Baffles 13 are provided to increase turbulent mixing and eliminate vortexing of
the liquid phase by creating axial mixing patterns. The metaliocene catalyst system is
fed into the reactor through line 12. Ethylene in liquid, vapor, or liquidivapor form is
fed through line 14 and fiquified dilute c-olefin is fed through line 15. The olefin feeds
are mixad at a juncture 29 prior to injection into the reactor vessel through line 16, the
purpose being to dissolve the pure ethylene feed into the diluent prior to contsct with
the catalyst, so as to prevent the ethylene from unduly reacting with itself rather than
the a-olefin. For the same reasons, a pre-cooler (nat shown) may be employed at
this point to aid in dissolving gaseous ethylene 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
statad above, & unique aspect of the process of this invention is that the reflux is
usuaily more dilute and higher in olefin monomer concentration relative to ethylene
concentration, than in the feed.

For start-up, 2 heat exchanger 17 may be employed to bring the reaction
mixture up to operating temperature by injecting a heated, diluie, 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 of a
runaway reaction. The products dissolved In diluent, as well as unreacted reactants
and initiator, exit through line 16 past isolation vaive 19 and are quenched by 3
quench feed 20 driven by a pump 2. Since the pressure in fine 30 is generally lower
than in the reactor, a cooling heat-exchanger 22 is employed to recondense 8ny
diluent that may have flashed. Gases in the reactor cutput would reduce the
efficiency of the centrifugal pump 23 that drives the product stream line 24. Also,
lowering the temperalura of the product stream to produce a single liquid phese is
desirable when mixing with a quench solution. For especially viscous producks, such

ni ng
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as those with high ethylerie content and/or high molecuiar 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 the
metailocene catalyst complex which, if not shipped to the process plant premixed,
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 metallic
components from the spent catalyst and possibly the quench solution are remoaved.
Note that if a supported catalyst system is used, the quenching and deashing steps
would be replaced with a catalyst removal, reactivation, and recycie system. The
mixture/solution of diluents, polymer product, and unreacted reactants is carried to a
diluent removal process 65 where preferably three streams result: the first, nearly
pure polymer product 60; the second, unreacted olefin monomer dissolved in diluent
62, preferably more dilute than the refinery feed entering the concentration system 53
for the situations where the dilute refinery feed entering the concentration system is
aiready more concentrated in olefin monomer than desired; and a third 64 composed
of "superlights” such as trace unreacted ethylene, methane, nitrogen, and ths like.
The second stream 62 may be used to dilute excessively viscous polymer solution
resulting from the reactor system 55 as described above. Where this is not
necessary, this stream may be diverted as an unreacted olefin monomer recyela 52 or
otherwise disposed of, 63. In cases where olefln 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 processing. Since virtually all of the ethylene is
reacted, the third gaseous stream 64 containing only trace amounts of this material
and other "lights” may be used as fuel gas or sent to a flare, absent some other use.

The nearly pure polymer product at this point will nevertheless contain tfaces
of diluent and unrgacted olefin dissolved within It as well as small amounts of
extremely low molecular weight "light" polymers. Also, trace quantities of watec 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 the watar,.
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 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. The
overall industrial process may be broken down into eight subsystems — a Feed
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Stripper System.

The dilute cc-olefin stream, referred o herein as Raffinate-2, enters the Feed
Hydrogenation System 101 through input Line 102 and is immediately passed
through one or more coalescing units which cause emuisified water to coalasee into
large water droplets. The stream is then heated to about 55°C and pressurized with
hydrogen at about 17 atmospheres from a hydrogen feed in the presencs of g
catalyst inside one or more hydrogenation vessals. The result is that the 1,3
butadienes in the raw feed are reduced to n-butane and butene-2. Of course some
of the valuable butene-1 is also lost, but since the dienes only make up fess than 4
percant of the raw feed and are so much more reactive than butene-1, only a eaction
of 1 percent of the butene-1 is lost. Should the hydrdgenation prove excessive, a
carbon monoxide input may be provided to lower the activity of the catalyst inthe
vessels. Analyzers measure the input and output concentrations of butadiene and
regulate the H2/CO mixture. The treated raw feed is passed through a particulate
filter and exits the Feed Hydrogenation System via Line 103.

The hydrogenated feed from tha Hydrogenation System Is fed into the Feed
Concentration System 104 through Line 103 and introduced into a first fractional
distiltation tower wherein the fractionation process removes the "light" materials (i.e.,
the materials more volatile than the C4's). During this process, a water trap orboot”
on a distillate drum removes any water from the hydrogenated feed. Gaseous lights
such as methane, ethylene, ethane, propylene, propane, and insignificant amounts of
hydrogen, carbon monoxide, isobutane, isobutylene and butene-1 are vented via Line
105. Some water vapor will also exit this route. Liguid isobutane having methane,
C2's, and C3's dissolved therein along with smal! amounts of the C4's and methanol,
di-methyl ether, and trace water is recovered via Line 106.

The effluent from the béttom of the first distillation tower will have virtuglly no
detectable amounts of organic materials having less than 4 carbon atoms. This
stream is introduced into a second distillation tower which removes the "heavy”
components, e.g. primarily cis and trans butene-2, small amounts of the other C4's,
and virtually all of the pentanes, pentenes, MTBE, and tert-butyl alcohol which are
removed via Line 108.

The parameters of the concentration system are adjusted to the composition of
the hydrogenated feed; hence, analyzers are preferred on the input and reflux lines of
the fractional distillers to monitor the C4 compositions. The output of the
Concentration System is preferably nearly 100 percent C4's, 30 percent to 50 percent
comprising butene-1, and is fed via Line 109 through one or more treatment vessels
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in the Feed Treater 110 and exits via Line 111 to the Reactor System 112. The
purpose of the feed treater is to guard against the possibility of unexpected or
unknown contaminants in the material stream that could concelvably make it through
the Feed Concentration System. -

The Reactor System 112 is as described with regard to Figure 2. The
metaliocene catalyst system is supplied to the Reactor System 112 from Catalyst
System 113. In the catalyst system, metallocene catalyst component is fed into a
mixing vessel, Cocatalyst (activator) stored in one or mora cocatalyst vessels is fed
into the same mixing vessel by the force of a pressurized nitrogen line. The N3 gas is
first passed through a drying vessel since water vapor will inactivate the preferred
catalyst mixture of metallocene and MAO as well as many other catalysts. The
nitrogen also pressurizes the mixture and provides an inert gas layer above tha fluid
level therein. The catalyst and cocatalyst mixture are mixed in the mixing vesse and
the resulting catalyst mixture continuously fed into the Reactor System 112 by pump
via Line 114,

After copolymer leaves Reaction System 112, it enters the Deashing System
115 via Line 116. Line 116 recelves a quench feed into Line 118, the quench
comprising (for matallocene/MAQ catalyst mixtures) aqueous base, such as NaQH.
Base destroys the catalyst and cocatalyst and renders the metals (ash) water-3oluble.
Upon entering the Deashing System 115, the quenched polymer mix flows through a
first baffled orifice mixer. This creates turbulence in the fluld flow and causes the ash
to dissolve in the water. This mix then enters a first settling vessel, wherein the
aqueous component setties {o the bottomn and the polymer and soivents float thereon,
The aqueous portion flows down to a disengaging drum, but about 95 percent of this
flow is diverted for recirculation to the settling vessel. The hydrophobic phase flows
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 second
settling vessel. Again, about 85 percent of the aqueous phase emanating from the
bottom of this vessel is diverted for recirculation to the 2nd settling vessel, while the
remainder joins the flow for recirculation to.the first settling vessel. Residual agh-
containing aqueous effluent from the disengaging drum is treated in a wastewgter
treatment facllity.

The dsashed polymer solvent mixture then exits the second vessel and enters
the Debutanizer 117 via Line 118. The polymer/solvent stream entering the
Debutanizer is heated to about 150°C by a heat exchanger and then injected into a
debutanization tower. Here, unreacted butenes and C4 solvents vaporize upward (as
well as trace amounts of very light low MW polymers) while the polymer product flows
out the bottom. The polymer still has substantial amounts of ‘C4's mixed with it, about
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(I'b./hr.) added to the cata?4/st system feed (shown in colum 9) to

3 1o 5 percent by weight. Thersfore, the bottom product flow is passed through ane
or more heat exchangers to increase the temperature to about 230°C and flashed into
a flash drum. The hot C4's and light polymer are returned to the debutanizer end the
nearly purified polymer product flows to the Stripper System 120 via line 119. The
C4's vaporizing out the top of the debutanizer are fed to & condenser. Unconcensed
gases are vented. The condensate fiows into & reflux drum havnng a water trap
catch residual H2O from the deashing process. The condensate can be fed back into
the dabutanizer, or diverted to the Feed Concentration System for recycle andlor to
the reactor outlet via line 125 for further difution of viscous product such as high MW
polymer with high ethylene content.

The nearly pure product enters a stripper tower 120 via Line 118. The fast of
the C4's and catalyst scivents are vaporized and recondensed in a condenser
system. Gases-are vented, while liquid hydrocarbons are retumed to the refinery.
The polymer is drawn out tha bottom of the stripper by a pump, passed through a final
particulate filter, and tranferred to a storage vessel or to an additional processing
system.

Referring to Figure 4, it can be seen how the relative masses of reactants and
diluents would compare for the production of EB-1 polymer having an ethylena
content of 20 percent by weight. The first column, labeled R-2, shows the
composition of a hypothetical Raffinate-2 comprising about 17 percent by weight of
butene-1, 79 percent unreactive isobutane, n-butane, and 2-butenes, and 4 percent
of other components including dienes,'C3's and CB's. After passing through the
hydrogenator, the stream would appear as in column H2 - essentially unchanged
since the dienes in the raw Raffinate-2 comprise a small and usually fractional
percentage of the whole. The feed entering the concentration system when combined
with recycle from the debutanizer would appear as in column CF. For a butene-1
conversion of 50 percent, recycling is economical. The recycle in this e;cample. shows
the butene-1 content to increase from 17 wi % to 20 wt % in the CF stage. The
increase only seems small because the graph depicts refative, rather than absolute,
amounts. In fact, at a conversion of 50%, the amount of butene-1 at the CF stage is
doubled by the recycle. The effluent from the feed concentrator is shown in column
CO wherein the butene-1 fraction is within the desired range at 40 wt percent. After
mi:iing with ethylene, the combined feed before entering the reactor is shown in
column FD. Here, the feed is about 5 percent ethylene by weight and 38 percent
butene-1. The composition of the vapor space, and hence the reflux, is shown in
column FX. As can be seen, very little ethylens appears in the reflux. Column RX
depicts 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 ethylene
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content, it is anticipated that the product will not be further diiuted.” Hence, after 8
quench of aqueous base, as shown in column Q, the relative masses are virtually
unchanged with water comprising about one tenth of one percent of the total mass.
At such low water concentration, the effluent from the deashing process is virtually
identical to that after the quench in terms of relative weights as shown in column DA.
However, it can be seen in column DB that, after the product stream flows through the
debutanizer, the product comprises about S8 percent of the flow with the bulk of the
remainder consisting of light polymers of less than about 500 molecular weight, The
effect of the stripping tower is seen in column ST, wherein the final product is pure.
Figure 5 shows the ralative masses of the production flow for the case where
the product is 45 percent ethylene by weight and the butene-1 conversion is expected
to be 80 percent. This process differs from that in Figure 4 in that recycling is not
employed so column H2 and CF are identical. Also, because of the high ethylene
content of the product and attendant higher viscosity, solvents from the debutanizer
will be recycled back to the reactor effluent to dilute the flow, as shown in colunin Q.

Examples

JIn a 757.1 dm3(200 gallon) reflux reactor several runs were conducted, involving
copolymerization of butene-1 and ethyiene in accordance with the procedures
described in connection with Figure 2. Dilute a-olefin feeds were prepared by mixing
butene-1 with isobutane. The weight % of butene-1 In this mixture for each rur is
reported at Column 20 of Table 1. Ethylene gas was then pumped into this misture.
The weight % of ethylene based on the weight of butene-1 and ethylene in the feed is
reported at Column 19. The dissolved reactants were passed through a precooler
and injected into an evaporatively cooled reaction vesse! equipped with externa!

reflux. Isobutane was also injected as an agitator flush through the lower bearing of
the agitator shaft. The 757.1 dm®(200 gallon) vessel was equipped with a three-turbine agitator

having two upper 12 inch diameter axial turbines having blades that forced the
reaction solution downward and a bottom-most 12 inch diameter radial turbine having
blades that forced the solution outward and upward. |

The catalyst system employed a metallocene component of dimethyl silanyl bis
(tetrahydroindenyl) zirconium dichloride and an activator of methyl aluminoxane
characterized as having a molecular weight of 1,000 and an aiuminum content of 5.93
mole %. For all the examples, the methylaluminoxane (MAQ) is provided as a 10 wt
% solution in toluene to which is added the metallocene component to give a final
mixture containing 89.87 wt % toluene, 0.15 wt % metaliocene component, and .98
wt % MAQ, When fed to the reaction mixture it provides a mole ratio of
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Aluminum:Zireenium of about 500:1. The catalyst mixture was further diluted with
isobutane anid entered the reactor vesse! through an input separate from that ot the
reactants. The results of each run and the physical process and product parameters
are reported in Table 1, the left most column indicating the Run number. Since the
isobutane and butene-1 were pressurized into the reactor with No, noncondensable
nitrogen gas appeared in the recycle. This was recycled into the reactor since
reactants were dissolved in the N3 gas. In actual industrial use, the N2 would either
be disengaged from the feed or pumps would be used rather than gas compression.

The datareported in Table 1 for each Column Number Is as follows:

Column No. . Explanation
1 A descriptive term for each run. “Low C2= EB" for runs conducted with

butene-1 exceeding ethylene in the feed by a factor of about 8 by whight
(4 by mole), "Mid C2= EB" for a ratio of 3 by weight (1.5 by mole), and
"Hi C2= EB" for a ratio of less than 2 by weight (less than 1 by mole, so
ethylene molecules outnumber butene-1 molecules).

2 Number average molecular weight of the polymer product determined by

gel permeation chromotography (GPC).

Molecuiar weight distribution of the polymer product by GPC.

4 Weight percent ethylene content of the product by Fourier transform
infrared spectroscopy (FTIR) {examples listed in order of increasing
percent ethylene content by weight).

5.8 Percent by number of vinylidene, trisubstituted, disubstituted, and vinyl
terminai unseturated polymer chains respectively as determined by
HNMR spectroscopy.

9 Feed rate of the metallocene catalyst system (cc/min.) prior to further
mixing with the amount of isobutane in column 14.

10-12  Feed rates kgs™(Ib./hr.) of ethylene, butene-1, and isobutane, respecfively.
13 Amount of isobutane diverted from the amount in column 12 kgs™
(Ib./hr.) injected into the reactor through the agitator shaft bearing as a
flush to prevent polymer product from collecting in and fouling the

w

bearing.

14 Amount of isobutane diverted from the amount in column 12 kgs™
(Ib./hr.) added to the catalyst system feed (shown in column 9) to
tacilitate mixing of the catalyst system into the reaction mixture.

15 Assumed rate of ethylene conversion.
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28

29

30

31
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41-44
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Rate at which polymer product is formed calcutated from an assumed
ethylene conversion of 100 percent, the ethylene feed rate, and the
percent weight of ethylene shown in column 4.
Conversion of butene-1 (%) calculated from the polymer rate of column
16, and the butene-1 feed rate of column 11.
Catalyst yield (thousénds of pounds of poiymer per pound of catalyst)
calculated from the polymer rate of column 16 and the catalyst systam
feed rate of column 9.
Ethylene feed (wt.%) based upon the total flow of ethylene and bulene-
1. Isobutane is not included in this calculation.
Butene-1 component (wt.%) In the mixed butene-1/isobutane feed
stream. Ethylene is not included in this calculation.
Temperature of the reaction mixture, *°F and °C, respectively.
Calculated reactor effluants (wi.%) for ethylene, isobutane, butene-1,
polymer product, and catalyst system, respectively.
Calculated concentration (ppm) of metallocene catalyst in the regclor
effluent.
Fraction of the reaction vofume that is gas bubbles, known as the “gas
hold-up".
Residence time in the reactor, taking into account bubble formation and
effluent volume.
Catalyst system concentration (molesfliter x 10-5) in the effluent besed
on the volumetric flow of the effluent.
Observed reaction mixture: density.
Total reaction volume dm?3{gal.) including bubbles.
Agitétor motor power {amps).
Rotation rate (rpm) of the agitator.
Agitator energy (horsepower per thousand gallons of reaction mixture).
Pressure Nm? (psi) in the vapor space.
Temperature °C {°F) at the bottom of the reactor. _
Temperature °C (°F) at the-midpoint of the reactor {near, but still below,
the top of the reaction mixture). ' ‘
Temperature °C (°F) of the vapor space.
Concentration {mol%) of nitrogen, ethylene, butene-1 and isobutane gas
in the vapor space, respecitvely.
Liquid reflux kgs™ (Ib./hr.).
Noncondensed gas recycle kgs™ (ib./hr.).



31 Cat al yst system concentration (noles/liter x 1@-3)_in. tuhewe%ﬂ"

based on the volunetric flow of the effluent 32 gﬁﬂ‘v@@v“meéct}’t&nﬂ
m xture density. 33 - Total reaction vol une dr’r{err]( a "Mf“ﬂcf“ud”ng | 1
bubbl es. 34 Agi tator notor power (anps). 35 t | kA 8o ph) )
of the agitator. 36 Agi tat or enekgy. (horsepower per tiho S gal 1 ohsj
of reaction m xture). 37 Pressure Nnferr] (psi) in tH_e \y_avpmw&paee-’ 8
Tenperature [err]C ([err]F) at the bottom of the -reactorL’— i
S
47-50 Noncondensed gas recycle (wt.%) of nitrogen, ethylene, butene-1, and
isobutane, respectively.
51 Amount of noncondensable gas kgs'(ib/hr) vented from the reflux
system.
52 Ratio of ethylene to isobutane in the vapor space as measured by gas
chromatography.
b3 Ratio of bufene-1 to isobutane in the vapor space as measured by gas
chromatography.
54-57 Weight fraction in the vapor space of nitrogen, ethylene, butene-1, and
isobutane, respectively.
58 Volume of gas m3s™(ft°/hr.) passing through the vapor space, based on
a compressibility factor of Z=0.83.
59-60 Estimated kinematic viscosity m?s™ {cSt) and the absolute viscosity in
Nms (cp) of the reaction liquid, respectively.
61-63 Mole fractions of isobutane, butene-1, and polymer respectively in the
reactor effluent.
64 Weight ratio of butene-1 to ethylene in the feed.
65 Weight ratio of butene-1 to ethylene in the vapor space.
66 Ratio of the weiéht % of ethylene in the vapor space to that in the feed.
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ratio of butene-1 to ethylene in the vapor space.
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CLAIMS:

1. A process for continuously producing copolymer comprising
monomer units derived from ethylens and a-olefin in the presence of a metallocane
catalyst system and in a reaction zone containing liquid phase which comprises:

(A)  continuously providing a dilute liquified a-olefin feed stream
comprising at least one u-olefin reactant and diluent admixed therewith wheren the
amount of diluent in said feed stream is at least 30~ weight percent thereof;

(B) providing a feed stream comprising ethylene in liquid, vapor, or
liquid/vapor form;

" (C) admixing the feed streams of steps (A) and (B) to provide 8
reactant feed stream having an «-olefinfethylene weight ratio effective to yie!d s co-
polymer containing from 5 to 70 weight percent monomer units derived from ethylene;

(D) continuously introducing reactant feed stream derived in
accordance with step (C) and metallocene catalyst system into the liquid phase of the
reaction zone in @ manner and under conditions sufficient to:

(i) polymerize the ethylene and a-olefin to polymer product
having a number average molecular weight of not greater than 15,000;
(i) obtain an a-olefin conversion of at ieast 30%;
(iif) obtain an ethylene conversibn of at least 70%
(E} continuously withdrawing copolymer product from the rezctor.

2.  The process of claim 1 wherein at least S0 weight % of the
constituents of said diluent possess a boiling point under reaction conditions within
120°C of the average boiling point of the a-ofefin constituents of the feed stream.

3. Theprocess of claim 1 or claim 2 wherein the contents of the
reaction zone are maintained at a temperature above the critical temperature of
ethylene and below the critical temperature of the c-olefin reactants.

4,  The process of any of claims 1 to 3 wherein the ¢-olefin feactant
comprises at least one butene-1, propylene, and pentene-1 and the diluent comprises
C43 or C4 hydrocarbons other than the a-olefin reactant.

5.  The process of any of claims 1 to 4 wherein the reaction

| . \\l\\l\\ \\\l\\\ll\\\\l\\ 0L \ll\ |




[err] -34- CLAIMS: 1. A process for continuously produci ng copol yner
conpri sing nononer units derived fromethylene and a-olefin in the presence
of a metall ocene catalyst systemand in a reaction zone containing liquid
phase which conpri ses
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6. Tha process of claim & wherein said evaporative cooling means
is internal refiux, external reflux, 2 combination of intemal and extemnat reflux,
external cooling, Intemal cooling, or a combination of external and intemnal cooling.

7.  The process of claim 6 wherein in step (D) continuously the
vapor above the liquid phase is at least partially condensed and the condensate is
retumed to said liquid phase. '

8.  The process of any of claims 1 to 7 wherein in step (D) the matio
of the weight % of ethylene in the vapor phase to the weight % of ethylene in the
reactant feed stream is no more than 1.2,

9. The process of any of thie preceding claims wherein sald ditute
liquified a-clefin feed stream is derived from a refinery stream comprising at legst one
e-olefin from which polar compounds, dienes or both are removed prior ta
introduction into said reactor.
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(A continuously providing a dilute liquified a-olefin feed stream
conprising at |east one a-olefin reactant and diluent adm xed therewith
wherein the anount of diluent in said feed streamis at |east 30 wei ght
percent thereof; (B) providing a feed stream conprising ethylene In
liquid, vapor, or liquid/vapor form (C) adm xing the feed streans of
steps (A) and (B) to provide a reactant feed stream having an
a-ol efin/ethyl ene weight ratio effectiage -to yield co- polyner containing
from5 to 70 wei ght percent nononer units derived from ethyl ene; (D)
continuously introducing reactant feed streamderived in '

DILUTE PROCESS FOR THE PREPARATION OF ETHYLENE/ALPHA-OLEFIN

COPOLYMER USING METALLOLENE CATALYST SYSTEMS

ABSTRACT

An improved process for the copolymerization of
ethylene and «-olefins utilizing highly dilute «o-olefin
feedstreams to effect high conversions and catalyst
productivities. The process is particularly adaptable to
copolymerizing the «-olefin content of commercially
available, diluted refinery feedstreams such as Raffinate-
II.

(no figure)
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accordance wth step (C) and netal |l ocene catal yst systeminto the liquid
phase of the reaction zone in a manner and under conditions sufficient to:
(1) polynerize the ethylene and a-olefin to polymer product having a nunber
average nol ecul ar wei ght of not greater than 15,000; (ii) obtain an
a-olefin conversion of at least 30% (iii) obtain an ethyl ene conversion of
at least 70% (E) continuously w thdrawi ng copol yner product fromthe
reactor. 2. The process of claim1l wherein at |east—50-wei-ght...%.0f 'rhe

constituents of said diluent possess aiboiling point nﬁggﬁ ﬁ@;eb;b‘ﬂ* qai
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“20[err]C of the average boiling point of the a-olefin constituents of the

feed stream 3. The process of claiml1 or claim2 wherein the contents of

.the reaction zone are maintained at a tenperature above the critical

tenperature of ethylene and below the critical tenperature of the a-olefin
reactants. 4. The process of any of clains 1 to 3 mhque;mrt~h&~a-ol efin
reactant conprises at |east one butane-1, propylene, amfi‘ri-‘ "?“ TR E
di luent conprises C3 or C4 hydrocarbons other than theLar ol effn#leaé:i?;ﬂh&
The process of any of clains 1 to 4 wherein the reactlj r}itqquagtﬁré‘e HS
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- 35 - 6. The process of claim5 wherein said evaporative cooling neans is
nternal reflux, external reflux, a conbination of internal and exernal
.reflux, external cooling, internal cooling, or a conbination of external
and internal cooling. 7. The process of claim6 wherein in step (D)
continuously the vapor above the |iquid phase is at Ilgg‘;sg,;?@;wﬁlgg b
condensed and the condensate is -
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returned to said |iquid phase. 8. The process of any of clains 1 to 7
wherein in step (D) the ratio of the weight % of ethylene in the vapor

phase to the weight % of ethylene in the reactant feed streamis no nore

than 1.2. 9. The process of any of the preceding clainms wherein said

dilute liquifled a-olefin feed streamis derived fron1ar%e¢+ﬂe1y
conprising at |east one a-olefin fromwhich pol ar conpd&n

are renoved prior to introduction into said reactor.
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