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POl ymeri zation réaction in the presence of a liquid catalyst. Mre

particul arly, thepprggent inventiondis directed to a netlhedof- f%é]di ng a
liquid catalyst to a reactor so as to produce a particleilpg?%azone in the
reactor. Background of the Invention Liquid catal ysts offer ny advant ages
over conventional solid- supported catalysts. Unsupported |iquid catal ysts
require less equipnent and raw materials tQqmke themand inpart fewer
impurities to the final polymer product. The activity of a liquid catal yst
I's not adversely influenced by the surface area of a support nmaterial.

Addi tional - advant ages MRFEROPPFOIE FEENING A LIQUIRF CATALYST TO A
FLUIDIZED BED POLYMERIZATION REACTOR /

Field of the I tion
This invention pertains to gas phase polymerization reaction in
3 the presence of a liquid catalyst. More particularly, the present
invention is directed to a method of feeding a liquid catalyst to a
reactor so as to produce a particle lean zone in the reactor.

Liquid catalysts offer many advantages over conventional solid-
supported catalysts. Unsupported liquid catalysts require less
equipment and raw materials to make them and impart fewer
impurities to the final polymer product. The activity of a liquid
catalyst is not adversely influenced by the surface area of a support
material. Additional advantages are encountered when a high-activity
unsupported metallocene catalyst is used for polymerizations in a
fluidized bed reactor.

The use of liquid or unsupported catalysts are disclosed in U.S.
Patent No. 5,317,036. This patent is directed to the use of
unsupported, soluble olefin polymerization catalysts, particularly
metallocenes in liquid form, in gas phase reactions. These catalysts
have a droplet size in the range of about 1 to about 1,000 microns.

However, when a liquid catalyst is employed in gas phase
polymerization, several phenomena can occur. First, the soluble or

. liquid catalyst tends to deposition on the resin or polymer forming the
fluidized bed which in turn leads to accelerated polymerization on the
surface of the particles of the bed. As the coated resin particles
increase in size, they are exposed to a higher fraction of catalyst
solution or spray because of their increased cross-sectional dimensions.
If too much catalyst is deposited on the polymer particles, they can
grow so large that they cannot be fluidized thereby causing the reactor
to be shut down.




unsupported netal |l ocene catalyst is used for polynerizations in a fluidized
bed reactor. The use of liquid or unsupported catalysts are disclosed in
U S. Patent No. 5,317,036. This patent is directed to the use of
unsupported, sol Bsl®4) efin pol ymeri zation catal ysts, particularly

metall ocenes in liquid form in gas phase reactions. These catal ysts have a
droplet size in the range of about 1 to about 1,000 m crons. However, when
a liquid catalyst is enployed in gas phase pol yneri zation, several
phenonmena can occur. First, the soluble or-2tquid catalyst tends to
deposition on the resin or polymer formng the fluidized bed which in turn
| eads to accel erated pol yneri zation on the surface of the particles of the
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pol ymer parti cl egtetib oftenao high that the newly formed polymer or resin particles

can soften or melt, adhering to larger particles in the fluidized bed.

This needs to be avoided or minimized to avert reactor shutdown.

On the other hand, if the polymer particles size is too small,
entrainment ¢an occur resulting in fouling of the recycle line,
compressor, and cooler and increased static electricity leading to
sheeting can result.

Accordingly, there is a need to control growth in polymer particle
size when using a liquid catalysf in a gas phase fluidized
polymerization process.

SUMMARY OF THE INVENTION

Surprisingly, the present invention provides a method for
controlling growth in polymer particle sized when using a liquid
catalyst in gas phase fluidized polymerization. The present invention
provides a process for producing a polymer in a gas fluidized bed
reaction vessel having a polymerization zone containing a bed of
growing polymer particles under polymerization conditions which
comprises:

(@) continuously or intermittently introducing one or more
monomers, optionally at least one diene, optionally at least one inert
particulate material, and optionally one or more inert gases into the
polymerization zone;

(i) continuously or intermittently introducing into the
reaction vessel an unsupported polymerization catalyst in liquid form
without immediately contacting the bed of growing polymer particles
80 as to provide a particle lean zone;

(iif) continuously or intermittently withdrawing polymeric
product from the reaction vessel; and s

(iv)  continuously withdrawing unreacted monomers and gases
from said polymerization and optionally compressing and cooling said
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grow so large that they cannot be fluidized thereby causing the reactor to
be shut down. -2- Second, using liquid catal yst under conditions of high
catal yst activity, e.g., aliquid netallocene catalyst, the initial

pol ymeri zati on r @-g7440 often so high that the newy formed polynmer or resin
particles can soften or nelt, adhering to larger particles in the fluidized
bed. This needs to be avoided or mnimzed to avert reactor shutdown. On
the other hand, if the polymer particles size is too snall, entrainnent can
occur resulting in fouling of the recycle Jgne, conpressor, and cool er and
I ncreased static electricity |leading to sheeting can result.

gases while maintaining the temperature within the polymerization
zone below the dew point of at least one monomer present in the
polymerization zone.

Flgures 1-4 deplct mJeclnon tube and nozzle configurations
employed in the examples, which tubes and nozzles used to spray the
liquid catalyst into a particle lean zone in the fluidized bed of the

reactor.

Pglyg; ers. Illustratwe of the polymers whmh can be produced in
accordance with the invention are the following: ethylene
homopolymers and ethylene copolymers employing one or more C3-C12
alpha olefins; propylene homopolymers and propylene copolymers
employing one or more C4-C12 alpha olefins; polyisoprene; polystyrene;
polybutadiene; polymers of butadiene copolymerized with styrene;
polymers of butadiene copolymerized with acrylonitrile; polymers of
isobutylene copolymerized with isoprene; ethylene propylene rubbers
and ethylene propylene diene rubbers; polychloroprene, and the like.

Polymerization. The present invention is not limited to any
specific type of gas phase polymerization reaction and can be carried
out in a stirred or fluidized bed reactor. The invention can be carried
out in a single reactor or multiple reactors (two or more reactors in
series). In addition to well known conventional gas phase
polymerizations processes, "condensed mode”, including the so-called
"induced condensed mode", and "liquid monomer" operation of a gas
phase polymerization can be employed.

A conventional fluidized bed process for producing resins is
practiced by passing a gaseous stream containing one or more
monomers continuously through a fluidized bed reactor under.reactive
conditions in the presence of a polymerization catalyst. Product is
withdrawn from the reactor. A gaseous stream of unreacted monomer
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Accordingly, there is a need to control growth in polymer particle size
when using a liquid catalyst in a gas phase fluidized polynerization
process. SUMVARY OF THE | NVENTI ON Surpr|5|ngly, the present invention
provides a nethod}nQQ4gontroII|ng growh in polyner particle sized when
using a liquid catalyst in gas phase fluidized polynerization. The present

i nvention provides a process for producing a polymer in a gas fluidized bed
reaction vessel having a polynerization zone containing a bed of grow ng
pol ymer particles under polynerization condjtions which conprises: (i)
continuously or intermttently introducing one or nmore nononers, optionally
at |l east one diene, optionally at |east one inert particulate material, and

optionally one ofs Wtiftiralfl froff{iereadtdt doREBLYITFd AdyBi3diRE the

reactor along with make-up monomer added to the recycle stream.
Condensed mode polymerizations are disclosed in U.S. Patent
Nos. 4,543,399; 4,588,790; 5,352,749; and 5,462,999. Condensing mode
processes are employed to achieve higher cooling capacities and, hence,
higher reactor productivity. In these polymerizations a recycle stream,
or a portion thereof, can be cooled to a temperature below the dew
point in a fluidized bed polymerization process, resulting in condensing
all or a portion of the recycle stream. The recycle stream is returned to
the reactor. The dew point of the recycle stream can be increased by
increasing the operating pressure of the reaction/recycle system and/or
increasing the percentage of condensable fluids and decreasing the
percentage of non-condensable gases in the recycle stream. The
condensable fluid may be inert to the catalyst, reactants and the
polymer product produced; it may also include monomers and
comonomers. The condensing fluid can be introduced into the
reaction/recycle system at any point in the system. Condensable fluids
include saturated or unsaturated hydrocarbons. In addition
condensable fluids of the polymerization process itself other
condensable fluids, inert to the polymerization can be introduce to
“induce” condensing mode operation. Examples of suitable
condensable fluids may be selected from liquid saturated hydrocarbons
containing 2 to 8 carbon atoms (e.g., propane, n-butane, isobutane, n-
pentane, isopentane, neopentane, n-hexane, isohexane, and other
saturated Cg hydrocarbons, n-heptane, n-octane and other saturated
C7 and Cg hydrocarbons, and mixtures thereof). Condensable fluids
“may also include polymerizable condensable comonomers such as
olefins, alpha-olefins, diolefins, diolefins containing at least one alpha
olefin, and mixtures thereof. In condensing mode, it desirable that the
liquid entering the fluidized bed be dispersed and vaporized quickly.
Liquid monomer polymerization mode is disclosed, in U.S..

Patent No. 5,453,471, U.S. Serial No. 510,375, PCT 95/09826 (US) and
PCT 95/09827 (US). When operating in the liquid monomer mode,
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(ii) continuously or intermttently introducing into the reaction vessel
an unsupported polynerization catalyst in liquid formw thout imrediately
contacting the bed of growi ng polyner particles so as to provide a particle
| ean zone; (iii)Doepaypnuously or intermttently w thdraw ng pol yneric
product fromthe reaction vessel; and (iv) continuously w thdraw ng
unreact ed nononers and gases from said polynerization and optionally
conpressing and cooling said -3 - gases while maintaining the
tenperature within the polynerization zoneghel ow the dew point of at |east
one nononer present in the polynerization zone,.

liquid can be present throughout the entire polymer bed provided that
the liquid monomer present in the bed is adsorbed on or absorbed in
solid particulate matter present in the bed, such as polymer being
produced or fluidization aids (e.g., carbon black) present in the bed, so
long as there is no substantial amount of free liquid monomer present
more than a short distance above the point of entry into the
polymerization zone. Liquid mode makes it possible to produce
polymers in a gas phase reactor using monomers having condensation
temperatures much higher than the temperatures at which
conventional polyolefins are produced. In general, liquid monemer
process are conducted in a stirred bed or gas fluidized bed reaction
vessel having a polymerization zone containing a bed of growing
polymer particles. The process comprises continuously introducing a
stream of one or more monomers and optionally one or more inert
gases or liquids into the polymerization zone; continuously or
intermittently introducing a polymerization catalyst into the
polymerization zone; continuously or intermittently withdrawing
polymer product from the polymerization zone; and continuously
withdrawing unreacted gases from the zone; compressing and cooling
the gases while maintaining the temperature within the zone below
the dew point of at least one monomer present in the zone. If there is
only one monomer present in the gas-liquid stream, there is also
present at least one inert gas. Typically, the temperature within the
zone and the velocity of gases passing through the zone are such that
essentially no liquid is present in the polymerization zone that is not
adsorbed on or absorbed in solid particulate matter.

Monomers. Monomers that can be employed in the process can
include one or more C9 to C19 alpha-olefins; dienes such as those
taught in U.S. Patent No. 5,817,036 to Brady et al. such as hexadiene,
dicyclopentadiene, norbornadiene, and ethylidene norbornene; readily
condensable monomers such as those taught in U.S. Patent No.-_
5,453,471 including isoprene, styrene, butadiene, isobutylene, and
chloroprene, acrylonitrile, and the like.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gures 1-4 depict injection tube and
nozzl e configurations enployed in the exanples, which tubes and nozzl es
used to spray the liquid catalyst into a particle |lean zone in the

fluidi zed bed ofpDifya4peact or. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Polymers. Illustrative of the polynmers which can be produced in accordance
with the invention are the follow ng: ethyl ene honopol yners and et hyl ene
copol ymers enploying one or nore CJerr]-Clerr] al pha ol efins; propylene
honopol yners and propyl ene copol yners enpl.gyi ng one or nore Cferr]-Cerr]
al pha ol efins; polyisoprene; polystyrene; polybutadi ene; polyners of

but adi ene copolynerlzed with styrene; polymers of butadi ene copolynerized

with acrylonitrile; DBL b erﬁfgﬂcgg?ﬁfﬂfe W,ﬁﬁoh%ﬁﬂrene

et hyl ene propyl ene, r | ene rubbers;
pol ychl or opr ene opfisnallycemploy inert partlclﬂate matenals as fluidization aids.

These inert particulate materials can include carbon black, silica, tale,
and clays, as well as inert polymeric materials. Carbon black has a
primary particle size of about 10 to about 100 nanometers, an average
size of aggregate of about 0.1 to about 10 microns, and a specific
surface area of about 30 to about 1,500 m2/gm. Silica has a primary
particle size of about 5 to about 50 nanometers, an average size of
aggregate of about 0.1 to about 10 microns, and a specific surface area
of about 50 to 500 m2/gm. Clay, talc, and polymeric materials have an
average particle size of about 0.01 to about 10 microns and a specific
surface area of about 3 to 30 m2/gm. These inert particulate materials
are employed in amounts ranging about 0.3 to about 80%, preferably
about 5 to about 50%, based on the weight of the final product. They
are especially useful for the polymerization of sticky polymers as
disclosed in U.S. Patent Nos. 4,994,534 and 5,304,588.

Chain Transfer Agents and Other Additives. Chain transfer
agents, promoters, scavenging agents and other additives can be, and
often are, employed in the polymerization process of the invention.
Chain transfer agents are often used to control polymer molecular
weight. Examples of these compounds are hydrogen and metal alkyls
of the general formula M3R5g, where M3 is a Group IA, IIA or ITTA
metal, RS is an alkyl or aryl, and gis 1, 2, or 3. Prefersbly, a zinc alkyl
is employed; and, of these, diethyl zinc is most preferred. Typical
promoters include halogenated hydrocarbons such as CHCl3, CFCl3,
CH3CClg, CF2CICClg, and ethyltrichloroacetate. Such promoters are
well known to those skilled in the art and are disclosed in, for example,
U.S. Patent No. 4,988,783. Other organometallic compounds such as
scavenging agents for poisons may also be employed to increase
catalyst activity. Examples of these compounds include metal alkyls,
such as aluminum alkyls, most preferably triisobutylaluminum. Some
compounds may be used to neutralize static in the fluidized-bed
reactor, others known as drivers rather than antistatic agents, may
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Pol meri zation. The present invention is not linmted to any specific type of
gas phase pol ynerization reaction and can be carried out in a stirred or
fluidized bed reactor. The invention can be carried out in a single reactor
or multiple reactbl®48wo or nore reactors in series). In addition to well
known conventional gas phase pol ynerizati ons processes, "condensed node",
including the so-called "induced condensed node”, and "liquid nonomer”
operation of a gas phase polynerization can be enployed. A conventional
fluidized bed process for producing resins-Ts practiced by passing a
gaseous stream contai ning one or nore nononers continuously through a
fluidized bed reactor under reactive conditions in the presence of a

pol yneri zati on ceémhmhtly%mlme statioith b Wositiveboldiati®e Gk FromA Jaseous
stream of unr eacﬁggatw N5 posmve The use of these additives is well within the skill
of those skilled in the art. These additives may be added to the
reaction zone separately or independently from the liquid catalyst if
they are solids, or as part of the catalyst provided they do not interfere
with the desired atomization. To be part of the catalyst solution, the
“additives should be liquids or capable of being dissolved in the catalyst
solution.

Catalyst. Any type of polymerization catalyst may be used in
the present process, provided it is stable and sprayable or atomizable
when in liquid form. A single liquid catalyst may be used, or a liquid
mixture of catalysts may be employed if desired. These catalysts are
used with cocatalysts and promoters well known in the art. Examples
of suitable catalysts include:

A. Ziegler-Natta catalysts, including titanium based
catalysts such as those described in U.S. Patent Nos. 4,376,062 and
4,379,758. Ziegler-Natta catalysts are well known in the art, and
typically are magnesium/titanium/electron donor complexes used in
conjunction with an organoaluminum cocatalyst.

B. Chromium based catalysts such as those described in U.S.,
Patent Nos. 3,709,853; 8,709,954; and 4,077,904,

C. Vanadium based catalysts such as vanadium oxychloride
and vanadium acetylacetonate, such as described in U.S. Patent No.

5,317,086.

D. Metallocene catalysts.

E. Cationic forms of metal halides, such as aluminum
trihalides.

F. Cobalt catalysts and mixtures thereof such as those

described in U.S. Patent Nos. 4,472,559 and 4,182,814,
G. Nickel catalysts and mixtures thereof such as those
" described in U.S. Patent Nos. 4,155,880 and 4,102,817. )
H. Rare Earth metal catalysts, i.e., those containingm a metal
having an atomic number in the Periodic Table of 57 to 103, such as
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-4 - is withdrawn fromthe reactor continuously and recycled into the
reactor along wth make-up nononer added to the recycle stream Condensed
node pol ynerizations are disclosed in U S. Patent Nos. 4,543, 399;

4,588, 790; 5, 352D71B44end 5, 462, 999. Condensi ng node processes are enpl oyed
to achi eve higher cooling capacities and, hence, higher reactor _
productivity. In these polynerizations a recycle stream or a portion

t hereof, can be cooled to a tenperature bel ow the dew point in a fluidized

bed pol yneri zation process, resulting in cogdensing all or a portion of the
recycle stream The recycle streamis returned to the reactor. The dew
point of the recycle stream can be increased by increasing the operating

pressure of he ERagbunl s, RARhARLA G SlodiElEAS  PllolifbsteN! 20° O

I nd decreasi t he perc densabl'e gases
,C(r),nfl ﬁQS?2L§ Cr eu;ﬁls cEespemai]ly useful are car oxylates, alcoholates,

acetylacetonates, halides (including ether and alcohol complexes of
neodymium trichloride), and allyl derivatives of such metals.
Neodymium compounds, particularly neodymium neodecanoate,
octanoate, and versatate, are the most preferred rare earth metal
catalysts. Rare earth catalysts are used to produce polymers
polymerized using butadiene or isoprene.

Preferred among these different catalyst systems are catalyst
compositions comprising a metallocene catalyst in liquid form and an
activating cocatalyst. The practice of this invention is not limited to
any particular class or kind of metallocene catalyst. Accordingly, the
catalyst composition may comprise any unsupported metallocene
catalyst useful in slurry, solution, bulk, or gas phase olefin
polymerization. One or more than one metallocene catalyst may be
employed. For example, as described in U.S. Patent No. 4,530,914, at
least two metallocene catalysts may be used in a single catalyst
composition to achieve a broadened molecular weight distribution

polymer product.

Metallocene catalysts are organometallic coordination complexes
of one or more n-bonded moieties in association with a metal atom from
Groups ITIB to VIII or the rare earth metals of the Periodic Table.

Bridged and unbridged mono-, bis-, and tris-
cycloalkadienyl/metal compounds are the most common metallocene
catalysts, and generally are of the formula:

(L)yR (LM (x-y-1) (IT)

wherein M is a metal from groups IIIB to VIII of the Periodic Table; L
and L/ are the same or different and are n-bonded ligands coordinated
to M, preferably cycloalkadienyl groups such as cyclopentadienyl,
indenyl, or fluorenyl groups optionally substituted with one or more
hydrocarbyl groups containing 1 to 20 carbon atoms: Rlis a C1-C4
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condensable fluid may be inert to the catal yst, reactants and the pol yner
pr.oduct produced; it may al so include nononers and conononers. The
condensing fluid can be introduced into the reaction/recycle systemat any
poi nt in the sysDel44Qondensabl e fluids include saturated or unsaturated
hydr ocarbons. In addition condensable fluids of the polynerization process
Itself other condensable fluids, inert to the polynerization can be

i ntroduce to "induce" condensing node operation. Exanples of suitable
condensabl e fluids nmay be selected fromli.gu d saturated hydrocarbons
containing 2 to 8 carbon atons (e.g., propane, n-butane, isobutane, n-
pent ane, isopentane, neopentane, n-hexane, isohexane, and other saturated

o] e e bR IS, ST it | 0
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al pha-ol efins, dirgdgingTs andi 10} €ddhX i€ didepiendeatldhydessdn, dtcary pdlkyl,
alkenyl, alkylaryl, or arylalkyl radical having 1-20 carbon atoms, a
hydrocarboxy radical having 1-20 carbon atoms, a halogen, R2CO2-, or
R29NCOg-, wherein each R2 is a hydrocarbyl group containing 1 to
about 20 carbon atoms; nand m are each 0,1,2,3,0r4;yis0,1,0r 2; x
is 1, 2, 3, or 4 depending upon the valence state of M; zis 0 or 1 and is
0 whenyis 0; and x-y= 1.

Tllustrative but non-limiting examples of metallocene catalysts
represented by formula II are dialkyl metallocenes such as
bis(cyclopentadienyl)titanium dimethyl, bis(cyclopentadienyl)titanium

“diphenyl, bis(cyclopentadienyl)zirconium dimethyl, bis(cyclopenta-
dienyl)zirconium diphenyl, bis(cyclopentadienyl)hafnium methyl and
diphenyl, bis(cyclopentadienyl)titanium di-neopentyl,
bis(cyclopentadienyl)zirconium di-neopentyl,
bis(cyclopentadienyl)titanium dibenzyl, bis(cyclopentadienyl)zirconium
dibenzyl, bis(cyclopentadienyl)vanadium dimethyl; mono alkyl
metallocenes such as bis(cyclopentadienyl)titanium methyl chloride,
bis(cyclopentadienyl)titanium ethyl chloride,
bis(cyclopentadienyl)titanium phenyl chloride,
bis(cyclopentadienyl)zirconium methyl chloride,
bis(cyclopentadienyl)zirconium ethyl chloride,
bis(cyclopentadienyl)zirconium phenyl chloride,
bis(cyclopentadienyl)titanium methyl bromide; trialkyl metallocenes
such as cyclopentadienyl titanium trimethyl, cyclopentadienyl
zirconium triphenyl, and cyclopentadienyl zirconium trineopentyl,
cyclopentadienyl zirconium trimethyl, cyclopentadienyl hafnium
triphenyl, cyclopentadienyl hafnium trineopentyl, and cyclopentadienyl
hafnium trimethyl; monocyclopentadienyl titanocenes such as,
pentamethylcyclopentadienyl titanium trichloride,
pentaethylcyclopentadienyl titanium trichloride;
bis(pentamethylcyclopentadienyl) titanium diphenyl, the carbene
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olefin, and m xtures thereof. In condensing node, it desirable that the
li.quid entering the fluidized bed be dispersed and vaporized quickly.

Li qui d nononer polynerization node is disclosed, in U S, Patent No.
5,453,471, U.S. Perjsafp No. 510, 375, PCT 95/09826 (US) and PCT 95/09827
(US). When operating in the liquid nononmer node, -5- liquid can be
present. throughout the entire polyner bed provided that the |iquid nononer
present in the bed is adsorbed on or absorbed in solid particulate matter
present in the bed, such as polymer being.gpeduced or fluidization aids
(e.g., carbon black) present in the bed, so long as there is no substanti al
anount of free liquid nononer present nore than a short distance above the

point of entry igiQeidifted by the formula bis(cyclopentadienyltitanium=CH2 and.
derivatives of this reagent; substituted bis(cyclopentadienyl)titanium
(IV) compounds such as: bis(indenyl)titanium diphenyl or dichloride,
bis(methylcyclopentadienyl)titanium diphenyl or dihalide; dialkyl,
trialkyl, tetraalkyl and pentaalkyl cyclopentadienyl titanium
compounds such as bis(1,2-dimethylcyclopentadienyl)titanium
diphenyl or dichloride, bis(1,2-diethylcyclopentadienyl)titanium
diphenyl or dichloride; silicon, phosphine, amine or carbon bridged
cyclopentadiene complexes, such as dimethyl silyldicyclopentadienyl
titanium diphenyl or dichloride, methyl phosphine dicyclopentadienyl
titanium diphenyl or dichloride, methylenedicyclopentadienyl titanium
diphenyl or dichloride and other dihalide complexes, and the like; as
well as bridged metallocene compounds such as
isopropyl(cyclopentadienyl)(fluorenyl)zirconium dichloride,
isopropyl(cyclopentadienyl)(octahydrofluorenyl)zirconium dichloride,
diphenylmethylene(cyclopentadienyl)(fluorenyl)zirconium dichloride,
diisopropylmethylene (cyclopentadienyl)(fluorenyl)-zirconium
dichloride, diisobutylmethylene(cyclopentadienyl)(fluorenyl) zirconium
dichloride, ditertbutylmethylene (cyclopentadienyl)-
(fluorenyl)zirconium dichloride, cyclohexylidene(cyclopentadienyl)-
(fluorenyl)zirconium dichloride, diisopropylmethylene (2,5-
dimethylcyclopentadienyl){fluorenyl)zirconium dichloride,
isopropyl(cyclopentadienyl)(fluorenyl)hafnium dichloride,
diphenylmethylene (cyclopentadiéﬁyl)(ﬂuorenyl)hafnium dichloride,
diisopropylmethylene(cyclopentadienyl}fluorenyhhafnium dichloride,
diisobutylmetﬁylene(cyclopentadienyl)(ﬂuorenyl)hafnium dichloride,
ditertbutylmethylene(cyclopentadienyl fluorenyl}hafnium dichloride,
cyclohexylidene(cyclopentadienyl )fluorenylhafnium dichloride,
diisopropylmethylene(2,5-dimethylcyclopentadienyl) (fluorenyl)-
hafnium dichloride, isopropyl(cyclopentadienyl)(fluorenyl)titanium
dichloride, diphenylmethylene(cyclopentadienyl Xfluorenyl)titaninm
dichloride, diisopropylmethylene(cyclopentadienyl)fluorenyl)titanium
dichloride, diisobutylmethylene(cyclopentadienyl) (fluorenyl)titanium




pol yneri zati on zone. Liquid node nmakes it possible to produce polyners in a
gas phase reactor using nononers having condensation tenperatures nuch
hi.gher than the tenperatures at which conventional polyolefins are
produced. | n ger21§440! i qui d nonomer process are conducted in a stirred bed
or gas fluidized bed reaction vessel having a pol ynerization zone
containing a bed of growi ng polyner particles. The process conprises
continuously introducing a stream of one or nore nononers and optionally
one or nore inert gases or liquids into thglpolynerization zone;
continuously or intermttently introducing a polynerization catalyst into

t he pol yneri zation zone; continuously or intermttently w thdraw ng pol yner

product 1; rom t hedighloyidey, dei-iRryERsty 1@&@%&&%&1@(&6&&99%@ .
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one nonomner pr eshichloride; diisaumopylméthyiene2/5sdimethylcyclopentadienyl
fluorenyl)titanium dichloride, racemic-ethylene bis (1-indenyl)
zirconium (IV) dichloride, racemic-ethylene bis (4,5,6,7-tetrahydro-1-
indenyl) zirconium (IV) dichloride, racemic-dimethylsilyl bis (1-
indenyl) zirconium (IV) dichloride, racemic-dimethylsilyl bis (4,5,6,7-
tetrahydro-1-indenyl) zirconium (IV) dichloride, racemic-1,1,2,2-
tetramethylsilanylene bis (1-indenyl) zirconium (IV) dichloride,
racemic-1,1,2,2-tetramethylsilanylene bis (4,5,6,7-tetrahydro-1-
indenyl) zirconium (IV) dichloride, ethylidene (1-indenyl
tetramethylcyclopentadienyl) zirconium (IV) dichloride, racemic-
dimethylsilyl bis (2-methyl-4-t-butyl-1-cyclopentadienyl) zirconium (IV)
dichloride, racemic-ethylene bis (1-indenyl) hafnium (IV) dichloride,
racemic-ethylene bis (4,5,6,7-tetrahydro-1-indenyl) hafnium (IV)
dichloride, racemic-dimethylsilyl bis (1-indenyl) hafnium (IV)
dichloride, racemic-dimethylsilyl bis (4,5,6,7-tetrahydro-1- indenyl)
hafnium (IV) dichloride, racemic-1,1,2,2- tetramethylsilanylene bis (1-
indenyl) hafnium (IV) dichloride, racemic-1,1,2,2-
tetramethylsilanylene bis (4,5,6,7-tetrahydro-1- indenyl) hafnium (IV),
dichloride, ethylidene (1-indenyl-2,3,4,5- tetramethyl-1-
cyclopentadienyl) hafnium (IV) dichloride, racemic- ethylene bis (1-
indenyl) titanium (IV) dichloride, racemic-ethylene bis (4,5,6,7-
tetrahydro-1-indenyl) titanium (IV) dichloride, racemic- dimethylsilyl
bis (1-indenyl) titanium (IV) dichloride, racemic- dimethylsilyl bis
(4,5,6,7-tetrahydro-1-indenyl) titanium (IV) dichloride, racemie-1,1,2;2-
tetramethylsilanylene bis (1-indenyl) titanium (IV) dichloride racemiec-
1,1,2,2-tetramethylsilanylene bis (4,5,6,7-tetrahydro-1-indenyl)
titanium (IV) dichloride, and ethylidene (1-indenyl-2,3,4,5-
tetramethyl-1-cyclopentadienyl) titanium IV) dichloride.

Particularly preferred metallocene catalysts have one of the

following formulas (II or IV):




only one nonomer present

| east one inert gas. Typically,

in the gas-liquid stream there is also present at
the tenperature wthin the zone and the

- velocity of gases passing through the zone are such that essentially no
liquid is preserd-17440he pol yneri zation zone that is not adsorbed on or

absorbed in solid particulate matter
enpl oyed in the process can include one or
al pha-ol efins; dienes such as those taught
Brady et al. such as hexadi ene,
et hyl i dene nor bor nene;

i sobutyl ene, and chl or oprene,

|

>

Y
|

z

or

wherein:

Mononer s.

di cycl openiadi ene,
readi | y condensabl e nononers such as those taught
U S. Patent No. 5,453,471 including isoprene,
acrygonitrile,

M—4)

Mononers that can be

nore CJerr] to CJerr]

in US. Patent No. 5,317,036 to
nor bor nadi ene, and

in
styrene, butadi ene,

and the |iKke.

n

(I1D)

(IV)

M is a metal from groups IIIB to VIII, preferably Zr or Hf;

L is a substituted or unsubstituted, n-bonded ligand coordinated
to M, preferably a substituted cycloalkadienyl ligand;

each Q is independently selected from the group consisting of -O-
, -NR3-, -CR32. and -S-, preferably oxygen;

Y is either C or S, preferably carbon;

Z is selected from the group consisting of -OR3, -NR32 -CR33,
-SR3, -SiR33, -PR39, and -H, with the proviso that when Q is -NR3-
then Z is selected from the group consisting of -OR3, -NR39, -SR3,
-SiR33, -PR39, and -H, preferably Z is selected from the group -
consisting of -OR3, -CR33, and -NR39;

nislor2;
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-6- Inert Particulate Materials. The process of the invention can

optional ly.enploy inert particulate materials as fluidization aids. These
inert particulate materials can include carbon black, silica, talc, and
clays, as wel| a3-374d0t polymeric materials. Carbon black has a prinary
particle size of about 10 to about 100 nanoneters, an average size of
aggregate of about 0.1 to about 10 mcrons, and a specific surface area of
about 30 to about 1,500 nferr]/gm Silica has a primary particle size of
about 5 to about 50 nanoneters, an averagel8i-ze of aggregate of about 0.1
to about 10 microns, and a specific surface area of about 50 to 500
nferr]/gm Cay, talc, and polyneric materials have an average particle
size of about 0.01 toAa@auﬁutﬂlentanmmcgnmmwhpamisZosﬂrﬂsea:élvalmt of about

2rr;8n?2 P{aﬁ(rglr ]n/g OK{E %% ngB% ou% 18@&’ pr e%g{)‘%‘a&o ?t S%b%éggd& Bow
based on the V\/elttjher betamellyl meietydeserdbed Z combination; and

each R3 is independently a group contmmng carbon, silicon,
nitrogen, oxygen, and/or phosphorus and one or more R3 groups may
be attached to the L substituent, preferably RS is a hydrocarbon group
containing from 1 to 20 carbon atoms, most preferably an alkyl,
cycloalkyl or an aryl group;

T is a bridging group selected from the group consisting of
alkylene or arylene groups containing from 1 to 10 carbon atoms
optionally substituted with carbon or heteroatoms, germanium,
silicone and alkyl phosphine; and

m is 1 to 7, preferably 2 to 6, most preferably 2 or 3.

The supportive substituent formed by Q, Y and Z is a unicharged
polydentate ligand exerting electronic effects due to its high
polarizability, similar to the cyclopentadienyl group. In the most
preferred embodiments of this invention, the disubstituted carbamates,

~N- c/ ( :’M
Oo
and the carboxylates
| O-.
—c-cZ7 ( "™

I Ne

are employed.

Examples of metallocene catalysts according to formulas III and
IV include indenyl zirconium tris(diethylcarbamate), indenyl zirconium
tris(pivalate), indenyl zirconium tris(p-toluate), indenyl zirconium
tris(benzoate), (1-methylindenyl) zirconium tris(pivalate), (2-

Th;s' -eet Has Been Replaced

i




are especially useful for the polymerization of sticky polyners as
di.sclosed in U S. Patent Nos. 4,994,534 and 5, 304,588. Chain Transfer
Agents and Ot her Additives. Chain transfer agents, pronoters, scavenging
agents and ot her Tagddiggves can be, and often are, enployed in the

pol yneri zation process of the invention. Chain transfer agents are often
used to control polynmer nol ecul ar wei ght. Exanples of these conpounds are
hydrogen and netal al kyls of the general fornula MBR5g, where M3 is.a G oup
A, I1Aor IITAnmetal, Rerr] is an alkyl ogaryl, and g is 1, 2, or 3.
Preferably, a zinc al kyl is enployed; and, of these, diethyl zinc is nost
preferred. Typical pronoters include hal ogenated hydrocarbons such as

CHCl [err], CFO [%édlghﬁgg@gr>prmnﬁﬁlms€£&ﬁ{ %ﬁg&ﬂa&afl and

ers are nown to those skilled in

AN U R M PR T,
organonetal |'i c ceAp@ivalatsl ahdIpesteryathgldyelopeftidienyd) zﬁ%ﬁﬁﬁﬁ may al so be
enployed to incr %\ as(f'.:enzaate) Preferred examples of these metallocene catalysts are
indenyl zircopium tris(diethylcarbamate) and indenyl zirconium
tris(pivalate).
Another type of metallocene catalyst that can be used in
accordance with the invention is a constrained geometry catalyst of the

formula:
Cp Y’
N\ 1\r/
(X‘)a (-V)
wherein:
M is a metal of Group ITIB to VIII of the Periodic Table of the
Elements:

Cpisa cyclopentadlenyl or substituted cyclopentadienyl group
bound in an n5 bonded mode to M;

Z' is a moiety comprising boron, or a member of Group IVB of
the Periodic Table of the Elements and optionally sulfur or oxygen, the
moiety having up to 20 non-hydrogen atoms, and optionally Cp and Z'
together form a fused ring system;

X' is an anionic ligand group or a neutral Lewis base ligand
group having up to 30 non-hydrogen atoms;

ais 0, 1, 2, 3 or 4 depending on the valance of M; and

Y'is an anionic or non-anionic ligand group bonded to Z' and M
comprising is nitrogen, phosphorus, oxygen or sulfur having up to 20
non-hydrogen atoms, and optionally Y' and Z' together form a fused
ring system.
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catal yst activity. Exanples of these conpounds include netal alkyls, such

as al um num al kyl s,
be used to neutralize static in the fluidized-bed reactor, others known as

nost preferably triisobutylalum num Sone conpounds may

drivers rather tIhdd446tistatic agents, may -7- consistently force the
static to frompositive to negative or fromnegative to positive. The use
of these additives is well within the skill of those skilled in the art.

These additives may be added to the reaction zone separately or

i ndependently fromthe liquid catalyst if-1fey are solids, or as part of
the catal yst provided they do not interfere with the desired atom zati on.
To be part of the catalyst solution, the additives should be Iiquids or

capabl e of being di sgunsechihed gbemetiyedatalysts are well known to those skilled
in the art and are disclosed in, for example, U.S. Patent Nos. 5,026,798
and 5,055,438 and published European Application No. 0 416 815 A2.

Ilustrative but non-limiting examples of substituents Z', Cp, Y

X' and M in formula V are:

z Cp Y X M
dimethyl- cyclopenta- t-butylamide chloride titanium
silyl dienyl
methyl- fluorenyl phenylamido methyl zirconium
phenylsilyl :
diphenyl- indenyl cyclohexylamido hafnium
silyl
tetramethyl 0X0
-ethylene
ethylene tetramethyl-

cyclopenta-
dienyl
diphenyl-
methylene

The activating cocatalyst is capable of activating the metallocene

catalyst. Preferably, the activating cocatalyst is one of the following:
(a) branched or cyelic oligomeric poly(hydrocarbyl-aluminum oxide)s
which contain repeating units of the general formula -(AI(R*)O)-,
where R* is hydrogen, an alkyl radical containing from 1 to about 12
carbon atoms, or an aryl radical such as a substituted or unsubstituted
phenyl or naphthyl group; (b) ionic-salts of the general formula
[A+I[BR**4—], where A+ is a cationic Lewis or Bronsted acid capable of
abstracting an alkyl, halogen, or hydrogen from the metallocene _
catalysts, B is boron, and R** is a substituted aromatic hydrocarbon,
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solution. Catalyst. Any type of polynerization catalyst nmay be used in the
present process, provided it is stable and sprayable or atom zable when in
li.quid form A single |liquid catalyst my be used, or a liquid m xture of
catal ysts may beDdfvgdOyed if desired. These catal ysts are used with

cocatal ysts and pronoters well known in the art. Exanples of suitable

catal ysts include: A Ziegler-Natta catal ysts, including titanium based
catal ysts such as those described in U S. Patent Nos. 4,376,062 and
4,379,758. Ziegler-Natta catalysts are weligknown in the art, and typically
are nagnesiunititaniunielectron donor conpl exes used in conjunction with an
or ganoal um num cocatal yst. B. Chrom um based catal ysts such as those

s'/ esc 8 i bed o in g rePéi-hBW *g@ 1 &oﬁﬂ%n?ﬁﬁadx&l@ﬁ% ?c”)“bor@ﬁ! Q119 OF teOgendral
anadi um based qat 8 ¥ S BR*Cinase K**3 al Refndd Ahove. 4

Preferably, the activating cocatalyst is an aluminoxane such as
methylaluminoxane (MAQO) or modified methylaluminoxane (MMAQ),
or a boron alkyl. Aluminoxanes are preferred and their method of
preparation is well known in the art. Aluminoxanes may be in the
form of cligomeric linear alkyl aluminoxanes represented by the
formula:

R¥&* -Al-O- AlR***z
R*** 5
or oligomeric cyclic alkyl aluminoxanes of the formula:

-Al-O-

R***

P

wherein 8 is 1-40, preferably 10-20; p is 3-40, preferably 3-20; and R***
is an alkyl group containing 1 to 12 carbon atoms, preferably methyl or
an aryl radical such as a substituted or unsubstituted phenyl or
‘naphthyl radical. In the case of MAO, R*** is methyl, whereas in
MMAQO, R*** is a mixture of methyl and C2 to C12 alkyl groups
wherein methyl comprises about 20 to 80 percent by weight of the R***
group.

- The amount of activating cocatalyst and metallocene catalyst
usefully employed in preparation of the catalyst composition, whether
the catalyst composition is formed in situ as it is being introduced into
the reaction zone or formed prior to introduction into the reaction zone,
can vary over a wide range. When the cocatalyst is a branched or
cyclic oligomeric poly(hydrocarbylaluminum oxide), the mole ratio of
aluminum atoms contained in the poly(hydrocarbylaluminum oxide) to
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and vanadi um acetyl acetonate, such as described in U S. Patent No.

5,.317,036. D.

hal i des, such as alum numtrihalides. F. Cobalt catal ysts and m xtures

Met al | ocene catal ysts. E. Cationic fornms of netal

t hereof such as haggepdescribed in U S. Patent Nos. 4,472,559 and

4,182, 814. G

Ni ckel catal ysts and m xtures thereof such as those

described in U S. Patent Nos. 4,155,880 and 4, 102,817. H. Rare Earth
netal catalysts, i.e., those containing a netal having an atom c number
the Periodic Table of 57 to 103, such as .17:8 -

metal atoms contained in the metallocene catalyst is generally in the
range of from about 2:1 to about 100,000:1, preferably in the range of
from about 10:1 to about 10,000:1, and most preferably in the range of
from about 50:1 to about 2,000:1. When the cocatalyst is an ionic salt
of the formula [A+][BR*4] or a boron alkyl of the formula BR*3, the
mole ratio of boron atoms contained in the ionic salt or the boron alkyl
to metal atoms contained in the metallocene catalyst is generally in the
range of from about 0.5:1 to about 10:1, preferably in the range of from
about 1:1 to about 5:1.

The liquid catalyst can be composed of one or more of metal
compounds in combination with one or more co-catalysts.
Alternatively, all or a portion of the co-catalyst can be fed separately
from the metal compound(s) to the reactor. Promoters associated with
any particularly polymerization are usually added to the reactor
separately from the co-catalyst and/or metal compound(s).

If the metal compound and/or the co-catalyst occurs naturally in
liquid form, it can be introduced "neat” into the particle lean zone.
More likely, the liquid catalyst is introduced into the particle lean zone
as a solution (single i)hase, or “true solution” using a solvent to dissolve
the metal compound and/or co-catalyst), an emulsion (partially
dissolving the catalyst components in a solvent), suspension,
dispersion, or slurry (each having at least two phases). Preferably, the
liquid catalyst employed is a solution or an emulsion, most preferably a
solution. As used herein, "liquid catalyst” or "liquid form" includes
neat, solution, emulsion, and dispersions of the transition metal or rare
earth metal component(s) of the catalyst and/or co-catalyst.

The solvents that which can be utilized to form solutions of the
soluble, unsupported transition metal and/or rare earth metal
polymerization catalyst compounds are inert solvents, preferably non-
functional hydrocarbon solvents, and may include aliphatic
hydrocarbons such as butane, isobutane, ethane, 'propane, pentane,
isopentane, hexane, heptane, octane, decane, dodecane, hexadecane,
octadecane, and the like; alicyclic hydrocarbons such as cyclopentane,

in



conpounds of cerium | anthanum praseodym um gadolinium and neodym-um
Especi al ly useful are carboxyl ates, al cohol ates, acetyl acetonates, halides
(i-ncl udi ng ether and al cohol conpl exes of neodymiumtrichloride), and allyl
derivatives of sgciwgpjals. Neodym um conpounds, particularly neodym um
neodecanoat e, octanoate, and versatate, are the nost preferred rare earth
netal catalysts. Rare earth catal ysts are used to produce pol yners

pol ymeri zed usi ng but adi ene or isoprene. Preferred anong these different
catal yst systens are catal yst conpositions 1cso_rrpri sing a nmetall ocene
catalyst in liquid formand an activating cocatalyst. The practice of this
i nvention is not limted to any particular class or kind of netall ocene

Catal vt oo g e ReS P, GRRPRES AR A Y\ o gas
phase ol efin pol gthyl¢yrichexaneGued the Hkeparonzaticdmydroedrbonhs saok as dieakzgne, nmay
be toluene, ethylbenzene, propylbenzene, butylbenzene, xylene,
tetrahydrofuran and the like; and petroleum fractions such as gasoline,
kerosene, light oils, and the like. Likewise, halogenated hydrocarbons
such as methylene chloride, chlorobenzene, and the like may also be
utilized. By "inert" is meant that the material being referred to is non-
deactivating in the polymerization reaction zone under the conditions
of gas phase polymerization and is non-deactivating with the catalyst
in or out of the reaction zone. By "non-functional”, it is meant that the
solvents do not contain groups such as strong polar groups which can
deactivate the active catalyst metal sites.

The concentration of the catalyst and/or co-catalyst thatis in
solution that is provided to the lean particle zone may be as high as the
saturation point of the particular solvent being used. Preferably, the
concentration is in the range of from about 0.01 to about 10,000
millimoles/liter. Of course, if the catalyst and/or co-catalyst is being
used in its neat form, i.e., in its liquid state with no solvent, it will be
comprised of eséentially pure catalyst and/or co-catalyst, respectively.

The size of the droplets formed when introducing the catalyst
system into the reactor is generally determined by the manner and
place in which the catalyst is introduced. It is desirable to use a means
of introduction which is able to provide liquid droplets in the particle
lean zone having an average diameter which is in the range of from
about 0.1 to about 1000 microns, preferably within a range of 0.1 to 500
microns, most preferably ranging from about 1 to 150 microns. A
narrow distribution of droplet size in a lower or mid range of about 10
to about 100 can prevent the formation of large agglomerates resulting
from large droplets and the formation of fines resulting from small
droplets. Under many conditions, however, a wide droplet size
distribution is acceptable as the smaller droplets can agglomerate to
some degree with the resin in the reactor and large droplets can from
larger particles of up to 0.25 which can be readily fluidized as long as
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enpl oyed. For exanple, as described in U S. Patent No. 4,530,914, at |east
two netal |l ocene catal ysts nay be used in a single catalyst conposition to
achi eve a broadened nol ecul ar wei ght distribution polyner product.

Met al | ocene cat ahygigoar e organonetal | ic coordination conpl exes of one or
nore [err]-bonded noieties in association with a netal atomfrom G oups
[11Bto VIIl or the rare earth netals of the Periodic Table. Bridged and
unbri dged nono-, bis-, and tris- cycloal kadi enyl /netal conpounds are the
nost common netal | ocene catal ysts, and genF?aIIy are of the fornmula: [err]
wherein Mis a netal fromgroups Il1IB to of the Periodic Table; L and
L' are the sane or different and are [err]-bonded |igands coordinated to M

pr et er bl orc! oA b BEREEI6Y Bladp HREBIY o P 10R 5t
preferably less than 2% by weight of the total resin in the bed.

Establishing a Resin Particle Lean Zone. A resin particle lean
zone can be established in the reactor by feeding the catalyst in any
manner such that the catalyst droplets do not immediately contact a
substantial portion of the resin particles of the fluidized bed. The
droplets of the unsupported catalyst in liquid form are introduced
without immediately contacting growing polymer particles of the bed
so as to provide an average polymer particle size (APS) ranging from
about 0.01 to about 0.06 inches. Generally, the particle density in the
particle lean zone is at least 10 times lower than that in the fluidized
bed. As disclosed in U.S. Patent No. 5,317,036, a liquid, unsupported
catalyst is typically dispersed in a solvent such as isopentane and
introduced into the fluidized bed using an inert carrier gas such as
nitrogen. In the time period elapsing when the liquid catalyst in
droplet form leaves the nozzle and contacts the particles in the bed,
new polymer particles are formed. In the present invention, the time
between the droplet leaving the nozzle and its contacting the particles
in the bed ranges from about 0.01 seconds to 60 seconds, preferably
about 0.01 to 30 seconds, and, most preferably, is about 0.01 seconds to
5 seconds.

A particle lean zone may be a section of the reactor which
normally does not contain the fluidized bed, such as the disengaging
section, the gas recirculation system, or the area helow the distributor
plate. The particle lean zone may also be created by deflecting resin
away from the catalyst spray with a stream of gas.

In a preferred embodiment of the present invention, the liquid
catalyst in a carrier gas (e.g., nitrogen, argon, alkane, or mixtures
thereof) is surrounded by at least one gas which serves to move or
deflect resin particles of the bed out of the path of the liquid catalyst as
it enters the fluidization zone and away from the area of catalyst_entry,
thereby providing a particle lean zone. In a particularly preferred
embodiment, the liquid catalyst in the carrier gas is surrounded by at
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hydr ocar byl groups containing 1 to 20 carbon atons; Rerr] is a
Cerr]-Cerr] -9 - substituted or unsubstituted al kyl ene radi cal, a

di al kyl or diaryl germaniumor silicon, or an al kyl or aryl phosphine or

am ne radical brhdeigag L and L'; each X is independently hydrogen, an aryl,
al kyl, al kenyl, alkylaryl, or arylal kyl radical having 1-20 carbon atons, a
hydr ocar boxy radi cal having 1-20 carbon atons, a halogen, Rerr]CJerr]-,

or Rlerr]NCO err]-, wherein each R err] is a hydrocarbyl group containing 1
to about 20 carbon atons; n and mare eachof. 1, 2, 3, or 4, y is 0, 1, or
2; xis 1, 2, 3, or 4 depending upon the valence state of M z is 0 or 1
and is 0 when y i3 0; and x-y [err] 1. Illustrative but non-limting

exanpl es of net gbL QCRAL LAk NSfiPst gas serving primarily to deflect resin particles
of the bed out of the path of the liquid catalyst and the second gas
primarily prevents the injection tube or nozzle tip from getting clogged.
As used in this application, when the liquid catalyst in the carrier gas
is surrounded by two gases, the catalyst is considered to be shrouded.
The first or particle-deflecting gas and the second or tip-cleaning gas
can each be selected from the group consisting to recycle gas, monomer
gag, chain transfer gas (e.g., hydrogen), inert gas or mixtures thereof.
Preferably the particle-deflecting gas is all or a portion of the recycle
gas and the tip-cleaning gas is all or a portion of a monmer (e.g.,
ethylene or propylene) employed in the process.

Liquid catalyst in a carrier gas, particle-deflecting gas, and,
when employed, the tip-cleaning gas can be introduced into the reactor
at the same velocities to establish a particle lean zone. However, it is
preferred that they enter the fluidization zone at differing velocities.
Preferably, the liquid catalyst in the carrier gas is introduced at a
velocity ranging from about 50 ft/sec to about 400 ft/sec; the particle-
deflecting gas is introduced at a velocity ranging from about 10 ft/sec to
about 150 ft/sec, and, when employed, the tip-cleaning gés ranges in
velocity from about 50 ft/sec to about 250 ft/sec. Preferably, the
pressure of the particle-deflecting gas, and, when employed, the tip-
cleaning gas is about 10 to about 50 psig, preferably about 20 to about
30 psig, than the pressure of the gas in the fluidization zone of the -
reactor. Typically, the particle-deflecting gas pressure ranges from
about 10 to about 50 psig; the tip-cleaning gas pressure, when
employed, ranges from about 50 to 250 psig; and the liquid
catalyst/carrier gas préssure ranges from about 50 to about 250 psig.
When the particle-deflecting gas is the recycle gas, it is a portion
comprising about 5 to about 25 percent of the total recyle flow and is
preferably removed from the discharge side of the compressor. When
the tip-cleaning gas is the monomer gas, it is a portion comprising
about 2 to about 40 percent of the total monomer flow. The particle-
deflecting gas and the tip-cleaning gas can also optionally contain one
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represented by fornula Il are dialkyl metallocenes such as _ _

bi s(cycl opentadi enyl ) titani umdi methyl, bis(cyclopentadienyl)titanium

di phenyl, bis(cycl opentadi enyl)zirconium di methyl, bis(cyclopenta-

di enyl ) zi rconi umpliyyaggy! , bi s(cycl opent adi enyl ) haf ni um net hyl and

di phenyl, bis(cycl opentadi enyl)titani um di-neopentyl, _ _ _

bi s(cycl opent adi enyl ) zi rconi um di - neopentyl, bis(cycl opentadienyl)titani um
di benzyl, bis(cycl opentadi enyl)zi rconi um di benzyl , .

bi s(cycl opent adi enyl ) vanadi um di net hyl ; nong, al kyl netal |l ocenes such as

bi s(cycl opentadi enyl ) titani um methyl chloride, _ _ _

bi s(cycl opent adi enyl )titani um et hyl chloride, bis(cyclopentadienyl)titanium

STt R BATARE A DB 1S il

bi s( cycl opent adi ile inert gaperean be kmployid in the present invention as the

bi s(cycl opent adi gartitleld Uk B ip- Qe g Sashs, thelf thn Belitlph2cAESS
because they require increased reactor venting, thereby decreasing
efficiency of monomer usage and increasing cost.

Unsupported liquid catalyst can be introduced into the
polymerization zone from the side, top, or bottom of the reactor. Side
feeding the liquid catalyst is generally preferred, since it requires no or
little modification of a conventional commercial reactor. When the
liquid, unsupported catalyst is fed from a side location into the
fluidization or polymerization zone of the reactor, it, along with the
particle-deflecting gas and optional tip-cleaning gas, preferably enters
the bed from a position that is about 10 percent to about 40 percent of
the distance from the distributér plate to the top of the bed, most
preferably about 15 percent to about 25 percent of the distance from
the distributor plate to the top of the bed. When the liquid,
unsupported catalyst is fed from the bottom of the reactor along with
the particle-deflecting gas and optional tip-cleaning gas, it perferably
enters the fluidized bed from a position that is at or near the center of
the distributor plate in the bottom of the reactor to provide a particle
lean zone. When the unsupported, liquid catalyst is introduced from a
location in the top of the reactor, it is preferred that it enter in such a
manner so as to avoid polymerization in the expanded zone of the
reactor, and, therefore, is released in the feactor at the top or just
immediately above the fluidized bed. This allows the catalyst droplets
to additionally coat fines which can accumulate as dust above the top
of the fluidized bed.

Any catalyst delivery system that is capable of atomizing the
liguid catalyst into droplets of the desired size and distribution and
avoids plugging of the tip or nozzle can be employed in the present
invention. One embodiment of a catalyst delivery system comprises a
particle-deflecting gas tube enclosing an optional tip-cleaning gas tube
which in turn encloses a catalyst injection tube. The particle-deflecting
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suc-:h as cycl opentadi enyl titaniumtrinethyl, cyclopentadienyl zirconium
triphenyl, and cycl opentadi enyl zirconiumtrineopentyl, cyclopentadienyl
zirconiumtrinmethyl, cyclopentadi enyl hafniumtriphenyl, cycl opentadienyl

haf ni um tri neopenDyi744md cycl opent adi enyl haf ni um tri nethyl;
nonocycl opent adi enyl titanocenes such as, pentanethylcycl opentadienyl
titaniumtrichloride, pentaethylcyclopentadienyl titaniumtrichloride;

bi s(pent anet hyl cycl opent adi enyl ) titani um di phenyl, the carbene -.10 -
represented by the fornula bis(cyclopentadi_ggyl)titanium=CHerr] and
derivatives of this reagent; substituted bis(cycl opentadienyl)titanium(IV)

conpounds such as: bis(indenyl)titani umdi phenyl or dichloride,
gas tube has a sufficient inside diameter for the insertion or mounting

of the tip-cleaning gas tube. For a commerical fluidized bed reactor,
typically the particle-deflecting gas tube has an inside diameter
ranging from about 2 inches to about 12 inches, preferably about 4 to
about 6 inches. The optional tip-cleaning gas tube, has an outside
diameter capable of fitting inside the particle-deflecting gas tube. For
a conventional reactor, typically the tip-cleaning gas tube has an inside
diameter ranging from about 0.5 inches to about 1.5 inches, preferably
about 0.75 to about 1.25 inches.

The particle-deflecting gas tube can be flush with the inside wall
of the reactor or lead edge (top surface) of the distributor plate, or,
preferably, it can be extended beyond the inside wall of the reactor or
lead edge of the distributor plate into the fluidization zone. Preferably
the particle-deflecting gas tube is flush with the inside wall or top of
the distributor plate. When employed the tip-cleaning gas tube can be
positioned flush with, extended beyond, or recessed in the particle-
deflecting gas tube. Preferably the tip-cleaning gas tube is flush with
or recessed in the particle-deflecting gas tube. Most preferably the tip-
cleaning gas tube is flush with the particle-deflecting gas tube.

The catalyst injection tube or nozzle can be housed within the
particle-deflecting gas tube, but is preferably housed within the tip-
cleaning gas tube which is inside the particle-deflecting gas tube.
Preferably the catalyst injection tube or nozzle is tapered at its tip to a
fine or knife edge to minimize surface area for injector fouling and
convenient entry to the reactor vessel. The catalyst injection tube or
nozzle is secured or anchored to the inner wall of the particle-deflecting
gas tube or preferably to the tip-cleaning gas tube by means of one or
more fins or flanges. Stainless steel injection tubing and pneumatic
spray nozzles are commercially available in a wide range of internal
diameters and thicknesses such that tubing or nozzle size can easily be
matched the the amount of catalyst solution feed. For a commercial-
size fluidized bed reactor, tubing and nozzles having about a 1/8-inch
inside diameter are employed. The orifice diameter in the spray nozzle




bi s(met hyl cycl opent adi enyl )titani um di phenyl or dihalide; dialkyl,

trial kyl, tetraal kyl and pentaal kyl cycl opentadi enyl titani um conpounds
such as bi s(1, 2-di net hyl cycl opent adi enyl ) titani um di phenyl or dichloride,
bi s(1, 2-di et hyl §qf7ap@nt adi enyl ) titani um di phenyl or dichloride; silicon,
phosphi ne, am ne or carbon bridged cycl opent adi ene conpl exes, such as

di met hyl silyldicycl opentadi enyl titanium di phenyl or dichloride, nethyl
phosphi ne di cycl opent adi enyl titani um di phenyl or dichloride,

met hyl enedi cycl opent adi enyl titani um di pheggyl or dichloride and other

di hal i de conpl exes, and the like; as well as bridged netall ocene conpounds
such as isopropyl(cyclopentadienyl)(fluorenyl)zirconiun1dich|oride,

i pheny! et hy 2@*%%&%1 3.&%’%‘5%2&5?’“?%9'1 %! F‘e%ﬁ?“ PR e
dllsopropylnethPF Qﬁ#»?%hlorlde
di i sobutyl net hy B%&ﬁét‘ét(‘dﬂh@ Ripr6l mmhﬁé&ioh%exé beﬁvvééipébdﬁﬂo 05 inch to
about 0.25 inches, preferably between about 0.1 inch to about 0.2
inches. Suitable nozzles can be obtained from Spraying Systems
Corportation (Wheation, IL) and can include the 1/8 JJ Series having
standard and customized configurations. For a given liquid catalyst
and reactor polymerization conditions the catalyst liquid feed rates can
be adjusted by one skilled in the art to obtain the desired droplet size
and distribution. The catalyst injection tube or nozzle can be located
flush, extended, or recessed with respect to the leading tip edge of the
particle-deflecting gas tube and/or optional tip-cleaning gas tube.

In the absence of the fip-cleaning gas tube, the catalyst injection
tube or nozzle can be located flush, extended, or recessed with respect
to the leading tip edge of the particle-deflecting gas tube. Preferably
the catalyst injection tube or nozzle is located flush or extended with
respect to the leading tip edge of the particle-deflecting gas tube in the
absence of the tip-cleaning gas tube. Most preferably it is located flush
in the particle-deflecting gas tube. When a tip-cleaning gas tube is

~ employed in conjunction with the particle-deflecting gas tube, the
catalyst injection tube or nozzle is extended beyond the leading edge of
the tip-cleaning gas tube or flush with the leading edge to the tip-
cleaning gas tube. Preferably, the catalyst injection tube or nozzle is
extended 2 to 4 inches beyond the leading edge of the tip-cleaning gas
tube, but recessed with respect to the particle-deflecting gas tube.

All references cited herein are incorporated by reference.

Whereas the scope of the invention is set forth in the appended
claims, the following specific examples illustrate certain aspects of the
present invention. The examples are set forth for illustration only and
are not to be construed as limitations on the invention, except as set
forth in the claims. All parts and percentages are by weight unless
otherwise specfied.
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dichl oride, ditertbutyl nethylene (cyclopentadienyl)- (fluorenyl)zirconium
di chl oride, cycl ohexylidene(cycl opentadi enyl)- (fluorenyl)zirconium

di ehl ori de, diisopropyl nethylene (2,5- _ _

di met hyl cycl opent BdiPa0 ) (f1 uorenyl) zirconi um di chl ori de,
isopropyl(cyclopentadienyl)(fluorenyl)hafniun1d|chlor|de, di phenyl net hyl ene
(cycl opent adi enyl ) (fl uorenyl ) haf ni um di chl ori de, . . .

di i sopropyl met hyl ene(cycl opent adi enyl) (f1 uorenyl) haf ni um di chl ori de, .

di i-sobutyl met hyl ene(cycl opent adi enyl ) (f| uoregyl ) haf ni um di chl ori de,

di tertbutyl methyl ene(cycl opent adi enyl) (f1 uorenyl)hafni umdichloride,

cycl ohexyl i dene(cycl opent adi enyl ) (f| uor enyl ) haf ni um di chl ori de,

di i sopropyl et hyl ene( 2, 5- di net hyl cycl op%@%) (fluorenyl)- hafnium

dichl oride, isopropyl (cyclopent ad| enyl t| t ani um di chl ori de,
di phenyl net hyl ene(cycl oreparaipn g gv.di chl ori de,

di i sopropyl met hyl ene( cuﬂeﬁeqafrﬁmlﬂaﬂd:ﬁwmbﬁ l&téély aharzmmzmaQMme

di i sobutyl met hyl efge&cg %pe%tc%%lm%{% lvgerg reggtrécei W s%gll:lh%?xllemc amounts to
form IndZr(NEt2)3. Gaseous carbon dioxide was bubbled through a
0.05 Molar solution of IndZr(NEtg)3 for fifteen minutes while being
cooled with an ice bath. The solution was then sparged for fifteen
minutes with nitrogen to remove excess carbon dioxide.

Polymerization in Pilot-gcale Fluidized Bed Reactor Using
Liquid Metallocene Catalyst.

In Examples 1 to 5, polymerizations were conducted in pilot-
scale fluidized-bed reactors of 14- or 18-inch nominal diameter having
a cylindrical section containing the fluidized-bed, an expanded section
for disengagement of entrained resin, a gas compressor, a heat
exchanger used for control of the resin temperature, and a product
discharge system. The flowrate of reactant and inert gas through the
reactor system was adjusted by a ball valve on the recycle line to
provide a superficial gas velocity in the polymerization zone of 1.5 to
1.8 ft/sec. The gas was circulated through the reactor at a rate between
8,000 and 13,000 Ibs/hr. Resin was produced at a rate between 30 and
40 Ibs/hr to provide a resin residence time of 3 to 4 hours.

The liquid catalyst prepared above was metered to the reactor
with a piston pump. Alumoxane cocatalyst was pressurized under 500-
psi nitrogen and metered with a motor valve. The catalyst and
cocatalyst were contacted in standard 1/8 or 1/4” tubing tees and
allowed to mix for several minutes before being diluted with
isopentane. Mixing times varied between a few minutes and an hour,
depending on the activation requirements of the catalyst. When an
injection tube was used, the catalyst solution was mixed with nitrogen
atomization gas just upstream of the reactor. When nozzles were used,

the catalyst/cocatalyst mixture was delivered to the nozzle separately
from the nitrogen. Catalyst concentrations and feed rates, and

_
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di chl oride, ditertbutyl nmethyl ene(cycl opentadienyl)(fluorenyl)titani um

di-chl oride, cycl ohexylidene(cycl opentadienyl) (fluorenyl)titanium

di chl ori de, diisopropyl nethylene(2,5 dinmethylcycl opentadi enyl
fluorenyl)titaniiwp7ddghl ori de, racem c-ethylene bis (1-indenyl) zirconium
(I'V) dichloride, racem c-ethylene bis (4,5,6,7-tetrahydro-1- indenyl)
zirconium (IV) dichloride, racemc-dinethylsilyl bis (1- indenyl) zirconium
(I'V) dichloride, racem c-dinethylsilyl bis (4,5,6,7- tetrahydro-1-indenyl)
zirconium (1V) dichloride, racemc-1,1,2,2g95tetranet hyl silanyl ene bis
(1-indenyl) zirconium (1V) dichloride,

racemc-1,1, 2, 2-tetranet hyl sil anyl ene bis (4,5,6, 7-tetrahydro-1- indenyl)

o T Ly R A Ay R g Toe
umoxane was supplied by Akzo-Nobel and is designated as 0
type 3A. This was mixed with an equal weight of purified isopentane
to provide a 4.4 wt % Al solution, for convenience in handling.

Reactor startup was accomplished by charging a seed bed and
drying to less than 5 ppm water. The reactor was filled with monomer
and inert gas to.the desired levels and heated to the desired
temperature. A nitrogen purge flow was maintained on the nozzles
and/or injection tubes during this time. Cocatalyst flow was initiated,
and once flowrate control was established, the catalyst feed was begun.
Polymerization initiated immediately after the catalyst/cocatalyst
mixture reached the reactor.

The average particle size was determined by a sieve analysis
using ASTM D-1921 Method A.

Liquid catalyst was sprayed into the pilot-scale reactor with
three different injectors: (1) a commercial nozzle adapted from reactor
use, (2) the same nozzle with an elongated air cap, and (3) a tapered
injection tube.

The commercial spray nozzle (1) consisted of a body, a liquid cap,
and a tapered spraying tip. The liquid cap was purchased from
Spraying Systems Co (1/8 JJ series #PFJ1650). Liquid catalyst along
with nitrogen for atomization was fed through coaxial tubing to the
body of the nozzle, which housed the liquid cap. The body was 5/8
inches in diameter and 1.125 inches long. The spray was formed at the
liquid cap and fed through the air cap to the reactor. The air cap was
either purchased from Spraying Systems (#PAJ67147) as depicted in
Figure 1, or was machine in-house to an elongated tapered air cap (2)
as depicted in Figure 2. The nozzle tip was 1.5 inches long and was
tapered over the last .5 inches to reduce the accumulation of resin near
the spray orifice. The orifice diameter was 0.04 inches. The air cap
was held onto the reactor with a retaining nut (Spraying Systems
CP12582). The third type of injector, was a 1/8 inch-OD x 0.055-inch-
ID stainless steel tube which was tapered over the last 1/2 inch to

—_—
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di met hyl silyl bis (2-methyl-4-t-butyl-21-cycl opentadienyl) zirconium (IV)
di.chl oride, racem c-ethylene bis (1-indenyl) hafnium (1V) dichloride,
racem c-et hylene bis (4,5,6,7-tetrahydro-1-indenyl) hafnium (1V)

di chl ori de, racempggdiget hylsilyl bis (1-indenyl) hafnium (1V) dichloride,
racem c-di methylsilyl bis (4,5,6,7-tetrahydro-1- indenyl) hafnium (IV)
dichloride, racemc-1,1,2,2- tetranethylsilanylene bis (1- indenyl) hafnium
(I'V) dichloride, racemc-1,1,2,2- tetramethylsilanyl ene bis

(4,5, 6, 7-tetrahydro-1- |ndenyl) haf ni um (1\Mg . di chl ori de, ethylldene

(1-i ndenyl -2, 3,4,5- tetranethyl -1- cyclopentadienyl) haf ni um (1V)
dichloride, racemc- ethylene bis (1- indenyl) titanium (1V) dichloride,

Crentort ce. v accRadut dohaly bagh SIMATign b B HUpldt

di chl ori de, race gur‘tﬁ‘}-rret hyl silyl bis (4,5,6,7-tetrahydro-1-indenyl)

titani um (1V) dichl or If@xahiflefRemt 4, theZpraP b8 lydtpated i FigardRSvas

(1-indenyl) titanl gfnsgé }g adslhcrmx to da%o:{f pglymenzatxon near the nozzle orifice, as
shown in Figure 4. The shroud was made from 0.75 inch OD stainless
steel tubing and was capped at the end with a machined tapered tip.
The tip-cleaning gas was fed from behind the spray nozzle and passed
around the 5/8 inch adapter piece past the tip of the nozzle.

For Examples 1 and 5, a commercial Spraying Systems Co. 1/8
Jd nozzle was used with a J-1650 liquid cap and a PAJ67147 air cap.
The nozzle body was modified in-house to allow coaxial introduction of
catalyst. For Examples 2 and 4, a customized air cap nozzle, 1.5 inches
long with a tapered tip was used. For these examples, the nozzles were
located within a 0.75-inch tip-cleaning gas tube. For Example 3, a
tapered 1/8-inch injection tube was used.

In Example 1 (Comparative) (using a commercial spray nozzle),
catalyst was fed through a spray nozzle at the side of the reactor, one
foot above the distributor plate without providing a particle lean zone.
The average particle size increased from 0.016 to 0.0511 inches soon
after the reaction began, indicating that most of the new particles were
agglomerating with the particles in the reactor.

In Example 5 (employing a commercial spray nozzle), catalyst
was sprayed at the top of the fluidized-bed into the expanded secton to
produce small particles. .

In Example 4, catalyst was fed in a particle deflecing gas
composed of recycle gas (426 lbs/hr) from a standpipe in the center of
the distributor plate (Figure 4). A stable APS of 0.04 inches was

obtained.
In Examples 2 (a tapered spray nozzle with a N9 shroud) and 3

(an injection tube in a particle deflecting gas in the absence of a
shroud), catalyst was fed surrounded by a particle deflecting gas of
recycle gas into the side of the reactor about 1 foot above the plate in
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1,1,2,2-tetranmethyl silanyl ene bis (4,5,6, 7-tetrahydro-1-i ndenyl) titanium
(I'V) dichloride, and ethylidene (1-indenyl-2,3,4,5-
tetramet hyl - 1-cycl opentadienyl) titaniumIV) dichloride. Particularly

preferred netal Dbd@440cat al ysts have one of the following fornulas (111 or

V) : - 12 - [err] | wherein: Mis a netal fromgroups IIIBto VIII,

preferably Zr or Hf; L is a substituted or unsubstituted, [err]-bonded

| igand coordinated to M preferably a substituted cycl oal kadi enyl |igand;
-97-

the absence of a tip-cleaning gas. This provided stable APS in the
0.025 to 0.028 inch range.

By feeding the catalyst in the stream of recycle gas, as done in
Examples 2, 3, and 4, a particle-lean zone is provided in the jet or the
resulting bubbles, so that the droplets can polymerize without
adhering to the resin in the bed.

-_——
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TABLE I

Ex 2

Side of reactor

jet

0.056
10
120
0
7.5
80
350
200
0.012
10

1512
Stable at 0.028"

Ex. 3

Side of reactor
with recycle gas with recycle gas

0.05

5
80
0
7
80
367
220

0.026

NA

1600
Stable at 0,025"

Center of

Stable at 0.04"

with recycle gas

Ex. 4 Ex. 5
Top of fluidized
distributor plate bed
0.05 0.025
12 5
180 100
0 1.5
4 10
80 80
365 350
200 220
0.02 0.003
8 NA
426 NA

0.008" spherical

particles recovered

from disengagin

section



ot her heteroallyl noiety described by Q 'Y and Z conbi nati on; and each
Rl-err] is independently a group containing carbon, silicon, nitrogen,
oxygen, and/ or phos horus and one or nore R3 groups may be attached to the
L substituent, 8¥gbly R3 is a hydrocarbon group containing from1l to 20
car bon atons, nDst preferably an al kyl, cycloal kyl or an aryl group; T is a
bridging group selected fromthe group consisting of al kylene or aryl ene
groups containing from1l to 10 carbon atons optionally substituted with
carbon or heteroatonms, germanium silicone28nd al kyl phosphine; and mis 1
to 7, preferably 2 to 6, nost preferably 2 or 3. The supportive substituent
forned by Q Yand Zis a unlcharged polydentate l'i gand exertlng el ectronic
ef fects due to iYslvineghzaipdrs inzallomimercal-sgalephieac s udioant adi enyl

group. In the Wodl nment s of thls |nvent|on t he
di substituted c

The indenyl zirconium tris-diethyl carbamate catalyst was used
to polymerize a ethylene-hexene copolymer (density 0.922, melt index
3) in a commercial-scale fluidized bed reactor. The reactor was
nominally 8 feet in diameter and was operated with a bed height of 38
to 42 feet, and a superficial gas velocity of approximately 2 ft/sec.
‘Total reactor pressure was 270 psig. A seed bed was charged to the
reactor and it was dried to 50 ppm water. It was pressurized to 100
psig of nitrogen and then 80 Ibs/hr of 10% TEAL in isopentane were fed
to the reactor over two hours and allowed to circulate for 1 hour. The
hexene-ethylene ratio was established at 0.028 and the temperature
was adjusted. Atmer-163, a chemical marketed by ICI, was added as
necessary to the reactor to control the buildup of electrostatic charge.

Catalyst was mixed with MMAO 3A as received at 7.38 wt % Al
Additional dilution was performed by adding isopentane to the
mixture.

This liquid catalyst was introduced to the reactor with a 1/4” OD
stainless-steel injection tube of 0.18 inch ID. For Examples8and 9, a
3-inch length of tubing with a smaller ID was welded onto the end of
the injection tube. The tube was located within a particle deflecting
gas tube in Examples 8 and 9. For Examples 6,7, and 8, the tip-
cleaning gas tube extended 23 inches into the reactor at an elevation 6
inches above the distributor plate. For Example 9, the tip-cleaning gas
tube extended 32 inches into the reactor at 8 feet above the plate. The
injection tube was centered in the particle deflecting gas tube with
tapered fins, and the tip of the injection tube extended 2 inches into the
reactor beyond the end of the tip-cleaning gas tube. The ends of the
injection tubes were tapered, to avoid accumulation of catalyst
solution. The tip-cleaning gas tube was also tapered over the last 6
inches. A stream of ethylene was fed through the annular space
between the tip-cleaning gas tube and the catalyst injection tube.
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[err] and the carboxylates [err] are enployed. Exanples of netall ocene

catal ysts according to fornmulas Il and IV include indenyl zirconium
tris(diethylcarbamate), indenyl zirconiumtris(pivalate), indenyl zirconium
tris(p-toluate), D-0@é4Q! zirconiumtris(benzoate), (1-methylindenyl)
zirconiumtris(pivalate), (2- - 14- nethylindenyl) zirconium
tris(diethylcarbamate), (nethylcyclopentadienyl) zirconiumtris(pivalate),
cycl opent adi enyl tris(pivalate), and (pentanethyl cycl opentadi enyl)

zi rconi um -80-

Example 8 demonstrated that stable particle size can be achieved with
a combination of ethylene flowrate through the tip-cleaning gas tube,
and with a high feed rate of nitrogen through the injection tube.

Table III illustrates of the present invention in polymerization
processes that produce different polymers under differing reaction
conditions.
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tris(benzoate). Preferred exanples of these netall ocene catal ysts are

I ndenyl zirconiumtris(diethylcarbamate) and i ndenyl zirconium
tris(pivalate). Another type of netall ocene catalyst that can be used in
accordance with the invention is a constrai ned geonetry catal yst of the
formula: [err] wherein: Mis a netal of Goup IIIBto VIII of the Periodic
Tabl e of the Elenents: Cp is a cycl opentadi enyl or substituted

cycl opent adi enyl group bound in an [err] bonded node to M Z' is a noiety
conprising boron, or a nenber of Goup |IVB of the Periodic Table of the

El erren;r%and optionally sul fur or oxygen, the noiety having up to 20
non- hgl gen atouiasz.qzmdr—z)@lanaj Iy Brga 2=
d.
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Ex. 10

FE

Zr metallocene
MAO

(6]
300
2.0
8

250

0.01

-

Recycle Gas
Ethylene
2

-32-
TABLE III

Ex 11

PP
Ti metallocene
MMAO

80
450
2.0
8

375

0.01

Recycle Gas
Ethylene
2

Ex 12

EPR
V(AcAc)g
DEAC
ETCA
Carbon black
40

400

1.7

4

0.025

2.5

Recycle Gas
Ethylene
2

Ex 13

BR

Nd Versatate
TIBA
DIBAH
Carbon black
50

300

1.7

4

40

Recycle Gas
Recycle Gas
2

* 1 = Extended tapered air-cap spray nozzle (Fig. 2); 2 = Tapered injection tube (Fig. 3);
3 = Catalyst spray nozzle in purging shroud.

Ex. 14

Polyisoprene
Nd neodeconate
TEAL

MAO

Carbon black

H

300

1.7

4

20

Recycle Gas

Recycle Gas
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Il11ustrative but non-limting exanples of substituents Z', Cp, Y, X and M

in formula V are: Z Cp Y X M .
di-met hyl - cycl openta- t-butylam do chloride titaniumsilyl di enyl
met hyl - fl uorenyl phenyl am do met hyl  zi rconi um phenyl si | yl
di phenyl - i ndenyb-17440 cycl ohexyl am do haf ni um silyl tetramnethyl
oxo -ethyl ene ethyl ene tetranet hyl - cycl openta- dienyl diphenyl-
-33-
WHAT IS CLAIMED IS:

1 A process for producing a polymer in a gas fluidized bed
reaction vessel having a polymerization zone containing a bed of
growing polymer particles under polymerization conditions which
comprises:

@ continuously or intermittently introducing one or more
monomers, optionally at least one diene, optionally at least one inert
particulate material, and optionally one or more inert gases into the
polymerization zone;

(i) continuously or intermittently introducing into the
reaction vessel an unsupported polymerization catalyst in liquid form
without immediately contacting the bed of growing polymer particles
50 as to provide a particle lean zone;

~ (iii) continuously or intermittently withdrawing polymeric
product from the reaction vessel; and

(iv)  continuously withdrawing unreacted monomers and gases
from said polymerization and optionally compressing and cooling said
gases while maintaining the temperature within the polymerization
zone below the dew point of at least one monomer present in the
polymerization zone.

2. The process of Claim 1 wherein the droplets of the
unsupported catalyst in liquid form are introduced without
immediatley contacting growing polymer particles of the bed so as to
provide an average polymer particle size ranging from about 0.01 to
about 0.06 inches.

3. The process of Claim 2 wherein the liquid catalystisin a
carrier gas surrounded by at least one particle-deflecting gas having a
velocity sufficient to deflect resin particles of the bed away from the
path of the liquid catalyst as it enters the fluidization zone.
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met hyl ene The activating cocatal yst is capable of activating the

net al | ocene catal yst. Preferably, the activating cocatalyst is one of the
following: (a) brgnehag or cyclic oligonmeric poly(hydrocarbyl-al um num

oxi de)s which contain repeating units of the general fornmula -(Al(R*)O) -,
where R* is hydrogen, an al kyl radical containing from1l to about 12 carbon
atons, or an aryl radical such as a substituted or unsubstituted phenyl or
napht hyl group; (b) ionic salts of the general formula
[Alerr]][BR**4[err]], where Alerr] is a catBénic Lewis or Bronsted acid
capabl e of abstracting an al kyl, hal ogen, or hydrogen fromthe netall ocene
catalysts, B is boron, and R** is a substituted aromati c hydrocarbon, -

16 - 4.  The process of Claim 3 wherein the liquid catalsyt is in a
carrier gas surrounded by at least one particle-deflecting gas and at
least one tip-cleaning gas, each gas selected from the group consisting
of recycle gas, monomer gas, chain transfer gas, and inert gas.

5. The process of Claim 4 wherein the liquid catalyst in the
carrier gas is introduced at a velocity ranging from about 50 ft/sec to
about 400 ft/sec; the particle-deflecting gas is introduced at a velocity
ranging from about 10 ft/sec to about 150 ft/sec; and the tip-cleaning
gas ranges in velocity from about 50 ft/sec to about 250 ft/sec.

6. The process of Claim 4 wherein the particle-deflecting gas
and the tip-cleaning gas is about 10 to about 50 psig higher in pressure
than the gas in the polymerization zone of the reaction vessel.

7. The process of Claim 4 wherein the particle-deflecting gas
is recycle gas and the tip-cleaning gas is monomer gas.

8. The process of Claim 4 wherein the liquid catalyst is
introduced by a catalyst delivery system comprising (i) a particle-
deflecting gas tube enclosing a catalyst injection tube or nozzle or (i) a
particle-deflecting gas tube enclosing a tip-cleaning gas tube which in
turn encloses a catalyst injection tube or nozzle.

9. The process of Claim 1 wherein the liquid catalyst is
selected from the group consisting of a metallocene catalyst, a rare
earth catalyst, and mixtures thereof.

10. The process of Claim 9 wherein the metallocene catalyst
composition comprises
(i)  a catalyst precursor selected from the group
consisting of
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preferably a perfluorophenyl radical; and (c) boron al kyls of the general
formula BR**3, where R** is as defined above. Preferably, the activating
cocatal yst is an al um noxane such as net hyl al um noxane (MAO or nodified
met hyl al um noxane (MVAO), or a boron al kyl. Al um noxanes are preferred and
their nmethod of Ipvlddd0ation is well known in the art. Al um noxanes may be
in the formof oligoneric |linear alkyl alum noxanes represented by the
formula: [err] or oligoneric cyclic alkyl almnoxanes of the forrmula: [err]
wherein s is 1-40, preferably 10-20; p is 340, preferably 3-20; and-R*** is
an al kyl group containing 1 to 12 carbon agpns, preferably nmethyl or an
aryl radical such as a substituted or unsubstituted phenyl or naphthyl
radical. In the case of MAO R*** is nethyl, whereas in
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mixtures thereof

; and

wherein:

Mis Zr or Hf,

L is a substituted or unsubstituted, n-bonded ligand;

each Q can be the same or different and is independently
selected from the group consisting of -O-, -NR3-, -CR39- and -S-;

Y is either C or S;

Z is selected from the group consmtmg of -OR3, -NR3g,
-CR33, -SR3, -SiR33, -PR39 and -H, with the proviso that when Q is
-NR3- then Z is selected from the group consisting of -OR3, -NR39,
-SR3, -SiR33, -PR32 and -H;

nis lor2;

Ais a univalent anionic group when nis 2or Aisa
divalent anionic group whennis 1;

R3 can be the same or different and is independently a
group containing carbon, silicon, nitrogen, oxygen, and/or phosphorus
and one or more R3 groups may optionally be attached to the L
substituent;

T is a bridging group selected from the group consisting of
an alkylene or arylene group containing from 1 to 10 carbon atoms,
germanium, silicone and alkyl phosphine; and m is 1 to 7; and

(i1}  a co-catalyst.

A R
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MVAO, R*** is a mixture of methyl and C2 to C12 al kyl groups wherein nethyl
conpri ses about 20 to 80 percent by weight of the R*** group. The anobunt of
activating cocatal yst and netal |l ocene catal yst usefully enployed in
preparation of the catal yst conposition, whether the catal yst conposition
is fornmed in siDulB&0it is being introduced into the reaction zone or
formed prior to introduction into the reaction zone, can vary over a w de
range. \Wen the cocatalyst is a branched or cyclic oligoneric

pol y( hydr ocar byl al um num oxi de), the nole ratio of alum num atons cont ai ned
i n the pol y(hydrocarbyl al um num oxide) te36- - 17- netal atons contained in
the netal |l ocene catalyst is generally in the

11.  The process of Claim 9 wherein the rare earth catalyst is
selected from the group consisting of a neodymium carboxylate, a
neodymium alcoholate, a neodymium acetylacetonate, a neodymium
halide, a neodymium allyl derivative, and mixtures thereof.

12. The process of Claim 1 wherein the polymer being
produced is selected from the group consisting of (a) ethylene
homopolymers, ethylene copolymers, and ethylene terpolymers
employing one or more C3-C12 alpha olefins; (b) propylene
homopolymers and propylene copolymers empolying one or more C4-
C12 alpha olefins; (¢) polybutadiene; and (d) ethylene propylene
rubbers and ethylene propylene diene rubbers.

13.  The process of Claim 1 wherein the diene selected from
the group consisting of 5-ethylidene-2-norbornene, 1,3-cyclopentadiene, -
1,7-octadiene, 1,4-hexadiene, and mixtures thereof is employed.

14.  The process of Claim 1 wherein the inert particulate
material selected from the group consisting of carbon black, siliea, clay,
talc, and mixtures thereof is employed.
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range of from about 2:1 to about 100, 000:1, preferably in the range of from
about 10:1 to about 10,000:1, and nost preferably in the range of from
about 50:1 to about 2,000:1. Wien the cocatalyst is an ionic salt of the
formul a [ A+] [ BR*B{¥#dpD] or a boron al kyl of the fornmula BR*[err], the nole
rati o of boron atons contained in the ionic salt or the boron alkyl to
nmetal atons contained in the netall ocene catalyst is generally in the range
of fromabout 0.5:1 to about 10:1, preferably in the range of from about
1:1 to about 5:1. The liquid catal yst can. §pe-.conposed of one or nore of
metal conpounds in conbination with one or nore co-catal ysts.

Alternatively, all or a portion of the co-catalyst can be fed separately
fromthe nmetal conpound(s) to the reangﬁg%gégPPters associated with any
particularly polynerization are usual ly adde 0 the reactor separately’
fromthe co-catal yst and/or netal conpound(s) If the nmetal conpound and/ or
the co-catal yst occuVMETHQI ATA A

For gas phase polymerization reactions in the presence of an
unsupported polymerization catalyst, there is provided a process for
introducing a liquid catalyst so as to provide a resin particle lean zone
such that the average particle size of the resin produced ranges from
about 0.01 to about 0.06 inches.
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I|qU|d form it can be introduced "neat" into the particle | ean zone. Mre
ltkely, the liquid catalyst is introduced into the particle | ean zone as a
sol ution (singlj%gygéf or "true solution" using a solvent to dissolve the
metal conpound co-catal yst), an enulsion (partially dissolving the
catal yst conmponents in a solvent), suspension, dispersion, or slurry (each
havi ng at | east two phases). Preferably, the liquid catal yst enployed is a
solution or an enul sion, nost preferably a solution. As used herein,"-
"liquid catalyst™ or "liquid fornm includes neat, solution, emnulsion, and
di spersions of the transition nmetal or rare earth netal conponent(s) of the
catal yst and/or co-catal yst. The sol vents that which can be utilized to *
form solutions of the soluble, unsupported transition metal and/or rare
earth nmetal polynerization catalyst conpounds are inert solvents, :
pref-erably non- functional hydrocarbon solvents, and may incl ude allphatlc
hydrocar bons such as butane, |sohﬂhﬁ&e eﬁhéhg pr opane, pentane,

j:D — Spray Orifice

Rctammg
Nut

Figure 1. Profile of commercially available air cap mounted in custom
adapter.

e

Figure 2. Extended tapered “air-cap" for catalyst spray nozzle.
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Figure 3. Tapered injection tube tip.

\

Figure 4. Catalyst spray nozzle enclosed in purging shroud. - - |
? .
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| sopent ae, hexane, heptane, octane, decane, dodecane, ﬁgﬁge%%
octadecane, and the like; alicyclic hydrocarbons such as rﬁg.ne

18 - nethyl‘eycl opent ane, cycl ohexane, cycl oct ane, norborn%ﬁg %"'OL
et hyl cycl ohexane and the |ike; aromatic hydrocarbons such+~as benzerte

tol uene, ethyl benzene, propyl benzene, butyl henzene, xylene, t{R88ahydrofuran
and the |ike; and petroleumfractions such as gasoline, kerosene,*|ight
oil's, and the like. Likew se, hal ogenated hydrocarbons such as nethylene

chl ori de, chl orobenze %‘ﬁUDt fﬂ' Qeng; Td ert" is
neant that the materia el ng; re erre o |s no |va he .

pol yneri zation reactio R
pol ymeri zation and i s non-deacti vatl ng Wi t h t he cat aI yst

iel Inyenti
This invention pertains to gas phase polymerization reaction in
the presence of a liquid catalyst. More particularly, the present
invention is directed to a method of feeding a liquid catalyst to a
reactor so as to produce a particle lean zone in the reactor.

Background of the Invention

Liquid catalysts offer many advantages over conventional solid-
supported catalysts. Unsupported liquid catalysts require less
equipment and raw materials to make them and impart fewer
impurities to the final polymer product. The activity of a liquid
catalyst is not adversely influenced by the surface area of a support
material. Additional advantages are encountered when a high-activity
unsupported metallocene catalyst is used for polymerizations in a
fluidized bed reactor.

The use of liquid or unsupported catalysts are disclosed in U.S.
Patent No. 5,317,036. This patent is directed to the use of
unsupported, soluble olefin polymerization catalysts, particularly
metallocenes in liquid form, in gas phase reactions. These catalysts
have a droplet size in the range of about 1 to about 1,000 microns.

However, when a liquid catalyst is employed in gas phase
polymerization, several phenomena can occur. First, the soluble or

‘ liquid catalyst tends to deposition on the resin or polymer forming the
fluidized bed which in turn leads to accelerated polymerization on the
surface of the particles of the bed. As the coated resin particles
increase in size, they are exposed to a higher fraction of catalyst
solution or spray because of their increased cross-sectional dimensions.
If too much catalyst is deposited on the polymer particles, they can
grow so large that they cannot be fluidized thereby causing the reactor
to be shut down.
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in or out of the reaction zone. By "non-functional”, it is neant that the
sol vents do not contain groups such as strong polar groups which can
deactivate the active catalyst nmetal sites. The concentration of the

catal yst and/or co-catalyst that is in solution that is provided to the

|l ean particle zone may be as high as the saturation point of the particular
sol vent being used. Preferably, the concentration is in the range of from
about 0.01 to about 10,000 mllinmoles/liter. OF course, i f t_he ciaf[ al _yzt _.
and/ or co-catalyst is ' ed i n.its. neat for .8, i dts Ligu

state with no s)cl)l vent ,E%l%.oﬂg\ﬂ #%%géﬁﬁ?@&%%&?&@ﬂf?% m}‘é“?ﬁ%ﬁ#yst.
and/ or co- cat al yctivilys pegi 4 liguid gten® mﬁallybt;.themmtmlg)olymmdaumﬂed by
[ duci ng the LAl

the nanner %@*Mﬁ%‘%ﬁfﬁﬁhﬂ%a i Bon Bk @9&@%35@%%?%@%%m e

t he manner and place i.n

to use a nmeans ofaRfOfiga Ml ering do darger parpeles iadhe Ayidigedbed! et s in
the particle I eaThioneedavs Bo avdidodairanenithiade t& avertire Actio? shiltddn.r ange of

from ' On the other hand, if the polymer particles size is too small,
entrainment can occur resulting in fouling of the recycle line,
compressor, and cooler and increased static electricity leading to
sheeting can result.
Accordingly, there is a need to control growth in polymer particle
size when using a liquid catalyst in a gas phase fluidized
polymerization process.

SUMMARY OF THE INVENTION

Surprisingly, the present invention provides a method for
controlling growth in polymer particle sized when using a liquid
catalyst in gas phase fluidized polymerization. The present invention
provides a process for producing a polymer in a gas fluidized bed
reaction vessel having a polymerization zone containing a bed of
growing polymer particles under polymerization conditions which
comprises:

69 continuously or intermittently introducing one or more
monomers, optionally at least one diene, optionally at least one inert
particulate material, and optionally one or more inert gases into the
polymerization zone;

(ii)  continuously or intermittently introducing into the
reaction vessel an unsupported polymerization catalyst in liquid form
without immediately contacting the bed of growing polymer particles
50 as to provide a particle lean zone;

(iii)  continuously or intermittently withdrawing polymeric
product from the reaction vessel; and o

(iv} continuously withdrawing unreacted monomers and gases
from said polymerization and optionally compressing and cooling said
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about 0.1 to about 1000 mcrons, preferably within a range of 0.1 to 500
m crons, nost preferably ranging fromabout 1 to 150 m crons. A narrow

distribution of droplet size in a lower or md range of about 10 to about
100 can prevent the formation of |arge agglonerates resulting from]arge

droplets and the formation of fines resulting fromsnall

dropl ets. Under

many condi ti ons, however, a w de dropl et sidze distribution is accept abl e as
the smal |l er droplets can agglonerate to sone degree with the resin in the

reactor and large droplets can fromlarger particles of

up to 0.25 which

can be readily fgaseswhile saintaigingthe temparatunewithin the pelymerization i s | ow
enough, prefera to%e'lﬁ?@w%ﬁé'&e@ﬁp%gggam&t Bh&mesRher pR3Ent fiRthe?% by

wei ght of the to resin 1n the
polymerization zone.

) RIPTION OF THE DRAWING

Figures 1-4 depict injection tube and nozzle configurations

employed in the examples, which tubes and nozzles used to spray the
liquid catalyst into a particle lean zone in the fluidized bed of the

reactor.
E ED DE
Polymers. Hlustrative of the polymers which can be produced in

accordance with the invention are the following: ethylene
homopolymers and ethylene copolymers employing one or more C3-C12
alpha olefins; propylene homopolymers and propylene copolymers
employing one or more C4-C12 alpha olefins; polyisoprene; polystyrene;
polybutadiene; polymers of butadiene copolymerized with styrene;
polymers of butadiene copolymerized with acrylonitrile; polymers of
isobutylene copolymerized with isoprene; ethylene propylene rubbers
and ethylene propylene diene rubbers; polychloroprene, and the like.
Polymerization. The present invention is not limited to any
specific type of gas pbase polymerization reaction and can be carried
out in a stirred or fluidized bed reactor. The invention can be carried
out in a single reactor or multiple reactors (two or more reactors in
series). In addition to well known conventional gas phase
polymerizations processes, “condensed mode", including the so-called
"induced condensed mode”, and "liquid monomer” operation of a gas

phase polymerization can be employed.

A conventional fluidized bed process for producing resins is
practiced by passing a gaseous stream containing one or more
monomers continuously through a fluidized bed reactor under_reactive
conditions in the presence of a polymerization catalyst. Productis
withdrawn from the reactor. A gaseous stream of unreacted monomer
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Establishing a Resin Particle Lean Zone, A resin particle | ean zone can be
established in the reactor by feeding the catalyst in any manner such that
the catal yst droplets do not inmediately contact a substantial portion of
the resin particles of the fluidized bed. The droplets of the unsupported
catalyst in liquid formare introduced wi thput imed ately contacting
growi ng polymer particles of the bed so as 10 provide an average pol yner
particle size (APS) ranging fromabout 0.01 to about 0.06 inches.

Coneral | e PR e Rt DL e Rkl eyl SaR sonS SuBlele2st 10
5,317,036, a |i gréagtonaisng|with etalcstipimenormer agged td the ricyplerstszhmn a
Thert carrior gas sucpralenidinb 8l bOBHEGHa NG dadiaibtbay BED.SPRUAL"D, O
liquid catal yst Nesdb#d3889 6,588,790 8352 M Nand g‘iﬁﬁh@%o Kionstensingmode
Fﬁ\r/te Inf : gﬁ i {‘ hte h ﬁﬁ%@sse@ Qe RAUPIBFE BFabNieVE higher doblifE daphditicB and! REReY,
’ hirgfler reactor productivity. In these polymerizations a recycle stream,
or a portion thereof, can be cooled to a temperature below the dew
point in a fluidized bed polymerization process, resulting in condensing
all or a portion of the recycle stream. The recycle stream is returned to
the reactor. The dew point of the recycle stream can be increased by
increasing the operating pressure of the reaction/recycle system and/or
increasing the percentage of condensable fluids and decreasing the
percentage of non-condensable gases in the recycle stream. The
condensable fluid may be inert to the catalyst, reactants and the
polymer product produced; it may also include monomers and
comonomers. The condensing fluid can be introduced into the
reaction/recycle system at any point in the system. Condensable fluids
include saturated or unsaturated hydrocarbons. In addition
condensable fluids of the polymerization process itself other
condensable-fluids, inert to the polymerization can be introduce to
"induce” condensing mode operation. Examples of suitable
condensable fluids may be selected from liquid saturated hydrocarbons
containing 2 to 8 carbon atoms (e.g., propane, n-butane, isobutane, n-

pentane, isopentane, neopentane, n-hexane, isohexane, and other
saturated Cg hydrocarbons, n-heptane, n-octane and other saturated.

C7 and Cg hydrocarbons, and mixtures thereof). Condensable fluids
~may also include polymerizable condensable comonomers such as
olefins, alpha-olefins, diolefins, diolefins containing at least one alpha
olefin, and mixtures thereof. In condensing mode, it desirable that the
liquid entering the fluidized bed be dispersed and vaporized quickly.
Liquid monomer polymerization mode is disclosed, in U.S:
Patent No. 5,453,471, U.S. Serial No. 510,375, PCT 95/09826 (US) and
PCT 95/09827 (US). When operating in the liquid monomer mode,
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bet ween the droplet |eaving the nozzle and its contacting the particles in
the bed ranges from about 0.01 seconds to 60 seconds, preferably about 0.01
to 30 seconds, and, nost preferably, is about 0.01 seconds to 5 seconds. A
particle | ean zone may be a section of the reactor which normally does not
contain the fluidized bed, such as the disengagi ng section, the gas
recircul ation system or the area bel ow t h&-di stri but or plate The particle
| ean zone may al so be created by deflecting resin away fromthe catal yst
spray with a streamof gas. In a preferred enbodlnent of the p ent

i nvention, the liayid gardeprgsent thraugheyt; the aptiremolymer hpdrp@g\@deﬁéhgbn
al kane, or m xt 4heH hi@ﬁﬁﬁ{o)mé z%déﬁ@kﬂ&%ibéwlsaddsbm oROf abaGrbelliigh serves

catalyst as it BAES: e mﬁt%iﬁ%ﬁ%?ah&ei%féna{} EReE bding, or | ¢

catal yst entry, prtducdyorflwidizhitich aidadelg. cdagbore blackd peesehnd ia thabbd,csd arly

preferred long as there is no substantial amount of free liquid monomer present
more than a short distance above the point of entry into the
polymerization zone. Liquid mode makes it possible to produce
polymers in a gas phase reactor using monomers having condensation
temperatures much higher than the temperatures at which
conventional polyolefins are produced. In general, liquid monomer
process are conducted in a stirred bed or gas fluidized bed reaction
vessel having a polymerization zone containing a bed of growing
polymer particles. The process comprises continuously introducing a
stream of one or more monomers and optionally one or more inert
gases or liquids into the polymerization zone; continuously or
intermittently introducing a polymerization catalyst into the
polymerization zone; continuously or intermittently withdrawing
polymer product from the polymerization zone; and continuously
withdrawing unreacted gases from the zone; compressing and cooling
the gases while maintaining the temperature within the zone below
the dew point of at least one monomer present in the zone. If there is
only one monomer present in the gas-liquid stream, there is also
present at least one inert gas. Typically, the temperature within the
zone and the velocity of gases passing through the zone are such that
essentially no liquid is present in the polymerization zone that is not
adsorbed on or absorbed in solid particulate matter.

Monomers. Monomers that can be employed in the process can
include one or more Cg to C192 alpha-olefins; dienes such as those
taught in U.S. Patent No. 5,317,086 to Brady et al. such as hexadiene,
dicyclopentadiene, norbornadiene, and ethylidene norbornene; readily
condensable monomers such as those taught in U.S. Patent No.-_ h
5,453,471 including isoprene, styrene, butadiene, isobutylene, and
chloroprene, acrylonitrile, and the like.
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enbodi ment, the liquid catalyst in the carrier gas is surrounded by at -
20 - least two gases, the first gas serving primarily to deflect resin
particles of the bed out of the path of the Iiquid catalyst and the second
gas primarily prevents the injection tube or nozzle tip fromgetting

cl ogged. As used in this application, when the liquid catalyst in the
carrier gas is surrounded by two gases, the catalyst is considered to be
shrouded. The first or particle-deflectind"gas and the second or

ti p-cl eaning gas can each be selected fromthe group consisting to recycle

gas, nonomer gas, chain transfer gas (‘e g hydr ogen I nert gas or
m xt ures thereof PreReribe sabiicifa sl d(é.henr,qc#&ﬁgo ingentipn 6ana portion

of the recycl e opafonaly éxﬁﬁlowﬁefd mdﬁmaa%atehab bs PrridizAEbAIAds,0f a nonmer

(e.g., These inert particulate materials can include carbon black, silica, tale,
and clays, as well as inert polymeric materials. Carbon black has a
primary particle size of about 10 to about 100 nanometers, an average
size of aggregate of about 0.1 to about 10 microns, and a specific
surface area of about 30 to about 1,500 m2/gm. Silica has a primary
particle size of about 5 to about 50 nanometers, an average size of
aggregate of about 0.1 to about 10 microns, and a specific surface area
of about 50 to 500 m2/gm. Clay, talc, and polymeric materials have an
average particle size of about 0.01 to about 10 microns and a specific
surface area of about 3 to 30 m2/gm. These inert particulate materials
are employed in amounts ranging about 0.3 to about 80%, preferably
about 5 to about 50%, based on the weight of the final product. They
are especially useful for the polymerization of sticky polymers as
disclosed in U.S. Patent Nos. 4,994,534 and 5,304,588.

Chain Transfer Agents and Other Additives. Chain transfer
agents, promoters, scavenging agents and other additives can be, and
often are, employed in the polymerization process of the invention.
Chain transfer agents are often used to control polymer molecular

| weight. Examples of these compounds are hydrogen and metal alkyls
of the general formula MSRSg, where M3 is a Group IA, ITA or ITIA
metal, RS is an alkyl or aryl, and gis.1, 2, or 3. Preferably, a zinc alkyl
is employed; and, of these, diethyl zinc is most preferred. Typical
promoters include halogenated hydrocarbons such as CHCl3, CFClg,
CH3CClg, CF2CICCl3, and ethyltrichloroacetate. Such promoters are
well known to those skilled in the art and are disclosed in, for examiple,
U.S. Patent No. 4,988,783. Other organometallic compounds such as
scavenging agents for poisons may also be employed to increase
catalyst activity. Examples of these compounds include metal alkyls,
such as aluminum alkyls, most preferably triisobutylaluminum. Some
compounds may be used to neutralize static in the fluidized-bed
reactor, others known as drivers rather than antistatic agents, may
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et hyl ene or propyl ene) enployed in the process. Liquid catalyst in a
carrier gas, particle-deflecting gas, and, when enployed, the tip-cleaning
gas can be introduced into the reactor at the sanme velocities to establish
a particle |l ean zone. However, it is preferred that they enter the
fluidization zone at dlfferlng velocities, Preferably, the Iiquid cat al yst
in the carrier gas is introduced at a velgblty rangi ng' from about 50 ft/sec
to about 400 ft/sec; the partlcle- deflectlng gas is introduced at a

vel ooy 1anging, LLomAbalL, 10, [Llset, feosholly Ls0 LScc, 00, whon
about 250 ft/samgativeftepabitive. tTiee pse sﬁ th&edd&ijﬁe?mrmm el tleligf tlhggahﬂg? gas,
ref erably apodt Bora SLEAT cBp BE; THeRhaRyAS Ban b8 e Bkhe 00 P71 e
fluidizati on zeeactiin zére separately oFyipdepéndentlyhiropmthe hiwiddeatalyst ifig gas
B; 22 2 ﬂ { g r 32 9eghly Qe B0RM, of Us!ghrBPthe eltaldtDrobiRd thly oGt iRterdd®
thh the desired atomization. To be part of the catalyst solution, the
"additives should be liquids or capable of being dissolved in the catalyst
solution.
Catalyst. Any type of polymerization catalyst may be used in
the present process, provided it is stable and sprayable or atomizable
when in iquid form. A single liquid catalyst may be used, or a liquid
mixture of catalysts may be employed if desired. These catalysts are
used with cocatalysts and promoters well known in the art. Examples
of suitable catalysts include:
A. Ziegler-Natta catalysts, including titanium based
catalysts such as those described in U.S. Patent Nos. 4,376,062 and
4,379,758, Ziegler-Natta catalysts are well known in the art, and
typically are magnesium/titanium/electron donor complexes used in
conjunction with an organocaluminum cocatalyst.
B. Chromium based catalysts such as those described in U.S.
. Patent Nos. 3,709,853; 3,709,954; and 4,077,904.
C.  Vanadium based catalysts such as vanadium oxychloride
and vanadium acetylacetonate, such as described in U.S. Patent No.
5,317,0386.
D. Metallocene catalysts.
E. Cationic forms of metal halides, such as aluminum
trihalides.
F. Cobalt catalysts and mixtures thereof such as those
described in U.S. Patent Nos. 4,472,559 and 4,182,814.
G. Nickel catalysts and mixtures thereof such as those
 described in U.S. Patent Nos. 4,155,880 and 4,102,817, -
H.  Rare Earth metal catalysts, i.e., those containiné-a metal
having an atomic number in the Periodic Table of 57 to 103, such as
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enpl oyed, ranges from about 50 to 250 psig; and the liquid catalyst/carrier
gas pressure ranges from about 50 to about 250 psig. Wen the
particle-deflecting gas is the recycle gas, it is a portion conprising
about 5 to about 25 percent of the total recyle flow and is preferably
renmoved fromthe discharge side of the conpressor. \Wen the tip-cléaning
gas is the nonomer gas, it is a portion e€8nprising about 2 to about 40
percent of the total nononer flow. The particle- deflecting gas and the

ti p-cleaning gas can also optionally contain one -21 - or nore '

antifoul ants ocompbuadabf cerigay i anthemum prasbedyanivian) gadbliniunnendrt. Wil e
Tt 9o SRR b R RN,
acetylacetonates, halides (including ether and alcohol complexes of
neodymium trichloride), and allyl derivatives of such metals.
Neodymium compounds, particularly neodymium neodecanoate,
octanoate, and versatate, are the most preferred rare earth metal
catalysts. Rare earth catalysts are used to produce polymers
polymerized using butadiene or isoprene.

Preferred among these different catalyst systems are catalyst
compositions comprising a metallocene catalyst in liquid form and an
activating cocatalyst. The practice of this invention is not limited to
any particular class or kind of metallocene catalyst. Accordingly, the
catalyst composition may comprise any unsupported metallocene
catalyst useful in slurry, solution, bulk, or gas phase olefin
polymerization. One or more than one metallocene catalyst may be
employed. For example, as described in U.S. Patent No. 4,530,914, at
least two metallocene catalysts may be used in a single catalyst
composition to achieve a broadened molecular weight distribution
polymer product. _

Metallocene catalysts are organometallic coordination complexes
of one or more n-bonded moieties in association with a metal atom from
Groups I1IB to VIII or the rare earth metals of the Periodic Table,

Bridged and unbridged mono-, bis-, and tris-
cycloalkadienyl/metal compounds are the most common metallocene
catalysts, and generally are of the formula:

(L)yR1z(LMX(x-y-1) an

wherein M is a metal from groups IIIB to VIII of the Periodic Table; L
and L’ are the same or different and are r-bonded ligands coordinated
to M, preferably cycloalkadienyl groups such as cyclopentadienyl,
indenyl, or fluorenyl groups optionally substituted with one or'more
hydrocarbyl groups containing 1 to 20 carbon atoms; Rl is a C1-C4
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because they require increased reactor venting, thereby decreasing
efficiency of nononer usage and increasing cost. Unsupported |iquid

catal yst can be introduced into the polynerization zone fromthe side, top,
or bottomof the reactor. Side feeding the liquid catalyst is generally
preferred, since it requires no or little dification of a conventi onal
commercial reactor. Wien the liquid, unsupported catalyst is fed froma
side location into the fluidization or pol ymeri zation zone of the reactor,

br ef or ably et e/S3beRBsd R onARbabgRtad alion Fedieal g AR GaElh: | +o about
40 percent of t rﬂia@imcdi' §1I10tm,tdi'&xﬂa&tyl bbui-ﬂrphdsﬁhmd&' arénd papdiedl t he
e et o gt £ G4 oA e S
unsupported cat anlllymyl; alhyéaryﬂ,rmmztyhdkbrbradmaldia\nhg 1r2(h carhonzdtonyg, @i t h t he
particl e-defl ect} i, 83502y tadihl REFNg1-20 ChARM A2 hdlbgdE REANOL., Yor
R29NCOg2-, wherein each R2 is a hydrocarbyl group containing 1 to
about 20 carbon atoms; nand mareeach 0,1, 2,8,0r4;yis 0,1, 0or 2; x
is 1, 2, 3, or 4 depending upon the valence state of M; zis 0 or 1 and is
Owhenyis0;and x-y2 1.

' Hlustrative but non-limiting examples of metallocene catalysts
represented by formula II are dialkyl metallocenes such as
bis(cyclopentadienyl)titanium dimethyl, bis(cyclopentadienyl)titanium

" diphenyl, bis(cyclopentadienyl)zirconium dimethyl, bis(cyclopenta-
dienyl)zirconium diphenyl, bis(cyclopentadienyl)hafnium methyl and
diphenyl, bis(cyclopentadienyl)titanium di-neopentyl,
bis(cyclopentadienyl)zirconium di-neopentyl,
bis(cyclopentadienyl)titanium dibenzyl, bis(cyclopentadienyl)zirconium
dibenzyl, bis(cyclopentadienyl)vanadium dimethyl; mono alkyl
metallocenes such as bis(cyclopentadienyl)titanium methyl chloride,
bis(cyclopentadienyl)titanium ethyl chloride,

~ bis(cyclopentadienyl)titanium phenyl chloride,
bis(cyclopentadienyl)zirconium methyl chloride,
bis(cyclopentadienyl)zirconium ethyl chloride,
bis(cyclopentadienyl)zirconium phenyl chloride,
bis(cyclopentadienyl)titanium methyl bromide; trialkyl metallocenes
such as cyclopentadienyl titanium trimethyl, cyclopentadienyl
zirconium triphenyl, and cyclopentadienyl zirconium trineopentyl,
cyclopentadienyl zirconium trimethyl, cyclopentadienyl hafhium
triphenyl, cyclopentadienyl hafnium trineopentyl, and cyclopentadienyl
hafnium trimethyl; monocyclopentadienyl titanocenes such as,
pentamethylcyclopentadienyl titanium trichloride,
pentaethylcyclopentadienyl titanium trichloride;
bis(pentamethylcyclopentadienyl) titanium diphenyl, the carbene
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enters the fluidized bed froma position that is at or near the center of
the distributor plate in the bottomof the reactor to provide a particle

| ean zone. \Wen the unsupported, liquid catalyst is introduced froma

| ocation in the top of the reactor, it is preferred that it enter in such a
manner so as to avoid polynerization in the expanded zone of the reactor,
and, therefore, is released in the reactori@t the top or just imediately
above the fluidized bed. This allows the catalyst droplets to additionally
coat fines which can accunulate as dust above the top of the quidized bed.

Any cat al yst delgg n%é!& g@,tm &?aj ﬁé&m‘%
catalyst into dro Iets of esired si ° eg{alstl’l utlon nd avck)ildds '

pl uggi ng of the & l@&ﬁebb tadignylititapimon. One
enbodi nent of a (Fyy @dﬁiﬁéuﬂ@é S0 ¥s S’di.'e‘(ﬁﬁ&é fﬁtrah.ﬁﬂﬁcﬁ H@ﬁﬂ'(ﬁ‘ltﬁtﬂﬁﬂd@c“ ng

A atalyst | n ediRatpiRrclopeatadibey b&?é‘r'a@%; Gl e il B 71O
trialkyl, tetraalkyl and pentaalkyl cyclopentadienyl titanium
compounds such as bis(1,2-dimethylcyclopentadienyltitanium
diphenyl or dichloride, bis(1,2-diethylcyclopentadienyl)titanium
diphenyl or dichloride; silicon, phosphine, amine or carbon bridged
cyclopentadiene complexes, such as dimethyl silyldicyclopentadienyl
titanium diphenyl or dichloride, methyl phosphine dicyclopentadienyl
titanium diphenyl or dichloride, methylenedicyclopentadienyl titanium
diphenyl or dichloride and other dihalide complexes, and the like; as
well as bridged metallocene compounds such as
isopropyl{cyclopentadienyl)(fluorenyl)zirconium dichloride,
isopropyl{cyclopentadienyl)(octahydrofluorenyl)zirconium dichloride,
diphenylmethylene(cyclopentadienyl)(fluorenyl)zircontum dichloride,
diisopropylmethylene (cyclopentadienyl)(fluorenyl)-zirconium
dichloride, diisobutylmethylene(cyclopentadienyl)(fluorenyl) zirconium
dichloride, ditertbutylmethylene (cyclopentadienyl)-
(fluorenyl)zirconium dichloride, cyclohexylidene(cyclopentadienyl)-
(fluorenyl)zirconium dichloride, diisopropylmethylene (2,5-
dimethyleyclopentadienyl)(fluorenyl)zirconium dichloride,
isopropyl(cyclopentadienyl)(fluorenyhhafnium dichloride,
diphenylmethylene (cyclopentadiéﬁyl)(ﬂuorenyl)hafnium dichloride,
diisopropylmethylene(cyclopentadienyl)(fluorenyl)hafnium dichloride,
diisobutylmetflylene(cyclopentadienyl)(ﬂuorenyl)hafrﬁum dichloride,
ditertbutylmethylene(cyclopentadienyl(fluorenyl)hafnium dichloride,
cyclohexylidene(cyclopentadienyl Xfluorenyl)hafnium dichloride,
diisopropylmethylene(2,5-dimethylcyclopentadienyl) (fluorenyl)-
hafnium dichloride, isopropyl(cyclopentadienyl)(flucrenyl)titanium
dichloride, diphenylmethylene(cyclopentadienyl)(ﬂuorenyl)titgpi.um
dichloride, diisopropylmethylene(cyclopentadienyl)(fluorenyl)titanium
dichloride, diisobutylmethylene(cyclopentadienyl) (fluorenyl)titarium
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- 22 - gas tube has a sufficient inside dianeter for the insertion or
nmounti ng of the tip-cleaning gas tube. For a commerical fluidized bed
reactor, typically the particle-deflecting gas tube has an inside dianeter
rangi ng from about 2 inches to about 12 inches, preferably about 4 to about
6 inches. The optional tip-cleaning gas tube, has an outside dianeter
capable of fitting inside the particle-defﬂécting gas tube. For a
conventional reactor, typically the tip-cleaning gas tube has an inside

di aneter rangi ng_ fromabout 0.5 inches to about 1.5 inches, géejerably

about 0.75 to aldichlorides diterthudylmethylene(cydepensatienyliuerenylditanivm be
; lush \t/)w tht hf | dighReidee biclBhetfderRAG MopentaditAF @ enyNAtaMubRCE) Of the
' stributor p at(ﬁbhl%;'ide, diisopropylmethylene(2,5 dimethylcyclopentadienyl
fluorenyl)titanium dichloride, racemic-ethylene bis (1-indenyl)
zirconium (IV) dichloride, racemic-ethylene bis (4,5,6,7-tetrahydro-1-
indenyl) zirconium (IV) dichloride, racemic-dimethylsilyl bis (1-
indenyl) zirconium (IV) dichloride, racemic-dimethylsilyl bis (4,5,6,7-
tetrahydro-1-indenyl) zirconium (IV) dichloride, racemic-1,1,2,2-
tetramethylsilanylene bis (1-indenyl) zirconium (IV} dichloride,
racemic-1,1,2,2-tetramethylsilanylene bis (4,5,6,7-tetrahydro-1-
indenyl) zirconium (IV) dichloride, ethylidene (1-indenyl
tetramethylcyclopentadienyl) zirconium (IV) dichloride, racemic-
dimethylsilyl bis (2-methyl-4-t-butyl-1-cyclopentadienyl) zirconium (IV)
dichloride, racemic-ethylene bis (1-indenyl) hafnium (IV) dichloride,
racemic-ethylene bis (4,5,6,7-tetrahydro-1-indenyl) hafoium (IV)
dichloride, racemic-dimethylsilyl bis (1-indenyl) hafnium (IV)
dichloride, racemic-dimethylsilyl bis (4,5,6,7-tetrahydro-1- indenyl)
hafoium (IV) dichloride, racemic-1,1,2,2- tetramethylsilanylene bis (1-
indenyl) hafnium (IV) dichloride, racemic-1,1,2,2-
tetramethylsilanylene bis (4,5,6,7-tetrahydro-1- indenyl) hafnium (IV),
dichloride, ethylidene (1-indenyl-2,3,4,5- tetramethyl-1-
cyclopentadienyl) hafnium (IV) dichloride, racemic- ethylene bis (1-
indenyl) titanium (IV) dichloride, racemic-ethylene bis (4,5,6,7-
tetrahydro-1-indenyl) titanium (IV) dichloride, racemic- dimethylsilyl
bis (1-indenyl) titanium (IV) dichloride, racemic- dimethylsilyl bis
(4,5,6,7-tetrahydro-1-indenyl) titanium (IV) dichloride, racemic-1,1,2;2-
tetramethylsilanylene bis (1-indenyl) titanium (IV) dichloride racemic-
1,1,2,2-tetramethylsilanylene bis (4,5,6,7-tetrahydro-1-indenyl)
titanium (IV) dichloride, and ethylidene (1-indenyl-2,3,4,5-
tetramethyl-1-cyclopentadienyl) titanium IV) dichloride.
Particularly preferred metallocene catalysts have one of the
following formulas (III or IV):
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preferably, it can be extended beyond the inside wall of the reactor or

| ead edge of the distributor plate into the fluidization zone. Preferably
the particle-deflecting gas tube is flush with the inside wall or top of
the distributor plate. Wen enployed the tip-cleaning gas tube can be
positioned flush with, extended beyond, or recessed in the particle-.
deflecting gas tube. Preferably the tip- clgﬁnlng gas tube is flush with or
recessed in the particle-deflecting gas tu Most preferably the tip-

cl eaning gas tube is flush with the particle-deflecting gas tube. The .
catal yst injection tube or nozzle g¢an be housed within the

particle-deflecting gas tube, but its preferably housed within the tip-
cl eaning gas tube which is inside tlhe particle-deflecting gas tube.
Preferably the catal yst |nject|on zzle is tapered at its tip to a

fine or knife edge to mnimze su i,or injector fouling and
convenient entry to the reactor The catal yst injection tube or
/

nozzle is secured or anchored to nner wal | of the particl e-deflecting

I
Z (11D

S
M—a)
(&
\ ’Z " av)
wherein:

M is a metal from groups IIIB to VIII, preferably Zr or Hf;

L is a substituted or unsubstituted, x-bonded ligand coordinated
to M, preferably a substituted cycloalkadienyl ligand;

each Q is independently selected from the group consisting of -O-
, -NR3., -CR39. and -S-, preferably oxygen;

Y is either C or S, preferably carbon;

Z is selected from the group consisting of -OR3, -NR32 -CR33,
-SR3, -SiR33, -PR39, and -H, with the proviso that when Q is -NR3-
then Z is selected from the group consisting of -OR3, -NR3g, -SR3,
-SiR33, -PR39, and -H, preferably Z is selected from the group.
consisting of -OR3, -CR33, and -NR32:

nislor2;
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gas tube or preferably to the tip-cleaning gas tube by nmeans of one or nore
fins or flanges. Stainless steel injection tubing and pneumati c spray
nozzles are comercially available in a wide range of internal dianeters
and thicknesses such that tubing or nozzle size can easily be matched the

t he amount of catalyst solution feed. For comerci al - size fluidized bed
reactor, tubing and nozzl es having about a*178-inch inside dianmeter are
enpl oyed. The orifice di aneter in the spray nozzle - 23 - tipisin the
ranged of from about 01 inch to apoyt 0.25 |nch aaQ%xaLm§n1about
0709 1 noh 16 about 04 8 HERValeRERBIONIG BRuR Whek dris O‘E S |

i nj ection tube la&nmb\gesﬁpaﬂmﬂ n @s Qpprefernbly Aclsaitarbadmtepcdrboxylateber abl y
el C U %hernﬁ teroalfjtﬂ mo1er %escnbed by Q, Y and Z combination; and

each R3 is independently a group containing carbon, silicon,
nitrogen, oxygen, and/or phosphorus and one or more R3 groups may
be attached to the L substituent, preferably R3 is a hydrocarbon group
containing from 1 to 20 carbon atoms, most preferably an alkyl,
cycloalkyl or an aryl group;

T is a bridging group selected from the group consisting of
alkylene or arylene groups containing from 1 to 10 carbon atoms
optionally substituted with carbon or heteroatoms, germanium,
silicone and alkyl phosphine; and

m is 1 to 7, preferably 2 to 6, most preferably 2 or 3.

The supportive substituent formed by Q, Y and Z is a unicharged
polydentate ligand exerting electronic effects due to its high
polarizability, similar to the cyclopentadienyl group. In the most
preferred embodiments of this invention, the disubstituted carbamates,

>N-C /( :'M
O—
and the carboxylates
| O, N
—c-cZ ( ™

I N e

are employed.

Examples of metallocene catalysts according to formulas IIf and
IV include indenyl zirconium tris(diethylcarbamate), indenyl zirconium -
tris(pivalate), indenyl zirconium tris(p-toluate), indenyl zirconinm
tris(benzoate), (1-methylindenyl) zirconium tris(pivalate), (2~
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I nches. Suitable nozzles can be obtained from Spraying Systens Corportation
(Wheation, IL) and can include the 1/8 JJ Series having standard and
custom zed configurations. For a given liquid catalyst and reactor

pol ynmeri zation conditions the catalyst liquid feed rates can be adjusted by
one skilled in the art to obtain the desired droplet size and distribution.
The catal yst injection tube or nozzle can.hg Jocated flush, extended, or
recessed with respect to the leading tip edge of the particle-deflecting
gas tube and/ or optional tip-cleaning gas tube In the absence of the

ti p-cl eani ng gas x%ﬁﬁn nozzl e can be | ocated
flush, extended, nfe eé}gyl? espect t Iﬁgﬁmgéc}f ng tip edge aof the
parti cl e- def | ect(lﬁ ﬁ@i@' @moyn ncﬁj:]éﬁﬁl eR¥le or
nozzle is |ocat eﬁmé(tﬁ%ﬂaﬁé) @sa eg% pestadiéns ) sirbaiido tip edge of

the particle-def] ec In%ia%Pai ?5«3311@3 exATRIs o %g‘éaét@ﬁepgﬁ)% q%g{lsltt?%ﬁggas

tube. Most prefe
tube. Wien a ti pinﬂeaghzﬁgoﬁ&m trib@liethylcarbamate) and indenyl zirconium

tris(pivalate).
Another type of metallocene catalyst that can be used in
accordance with the invention is a constrained geometry catalyst of the

formula:
Cp /Y '
N
(X' )a (V)
wherein:
| M is a metal of Group IIIB to VIII of the Periodic Table of the
Elements;

Cpisa cyclopentadmnyl or substituted cyclopentadienyl group
bound in an n 5 bonded mode to M;

Z' is a moiety comprising boron, or a member of Group IVB of
the Periodic Table of the Elements and optionally sulfur or oxygen, the
moiety having up to 20 non-hydrogen atoms, and optionally Cp and Z'
together form a fused ring system;

X' is an anionic ligand group or a neutral Lewis base ligand
group having up to 30 non-hydrogen atoms;

ais 0, 1, 2, 3 or 4 depending on the valance of M; and

Y'1is an anionic or non-anionic ligand group bonded to Z' and M -
comprising is nitrogen, phosphorus, oxygen or sulfur having up to 20
non-hydrogen atoms, and optionally Y' and Z' together form a fused
ring system.
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enpl oyed in conjunction with the particle-deflecting gas tube, the catal yst
I njection tube or nozzle is extended beyond the | eading edge of the
ti p-cleaning gas tube or flush with the |eading edge to the tip- cleaning
gas tube. Preferably, the catalyst injection tube or nozzle is extended 2
to 4 inches beyond the | eading edge of the tip-cleaning gas tube, but
recessed with respect to the particle-deflléeting gas tube. Al references
cited herein are incorporated by reference. Wereas the scope of the
invention is set forth in the appended clains, the follow ng specific
exanpl es il ust rat e @msmmmedsgwmd;méatﬂﬁtpmewdl kmownito thosemldlledanpl es
are set forth f N b

|nven koiii cﬂg@@ qﬁg%@; - ’fet’h S PPﬁ%%ag% 7?8

limtations on

and percent agesalgi 8,069,498 @!hd published MQPWAPPMWQNO 0416 815 A2.
Ilustrative but non-limiting examples of substituents Z', Cp, Y,

X' and M in formula V are:

parts

VA Cp Y X M
dimethyl- cyclopenta- t-butylamido chloride titanium
silyl dienyl
methyl- fluorenyl phenylamido methyl zirconium
phenylsilyl ;
diphenyl- indenyl cyclohexylamido hafoium
silyl
tetramethyl 0X0
-ethylene
ethylene tetramethyl-

cyclopenta-

dienyl
diphenyl- |
methylene

The activating cocatalyst is capable of activating the metallocene
catalyst. Preferably, the activating cocatalyst is one of the following:
(a) branched or cyclic oligomeric poly(hydrocarbyl-aluminum oxide)s
which contain repeating units of the general formula -(A1(R*)O)-,
where R* is hydrogen, an alkyl radical containing from 1 to about 12
carbon atoms, or an aryl radical such as a substituted or unsubstituted
phenyl or naphthyl group; (b) ionic-salts of the general formula
[A+I[BR**4~1, where A+ is a cationic Lewis or Bronsted acid capable of - .
abstracting an alkyl, halogen, or hydrogen from the metallocene _
catalysts, B is boron, and R** is a substituted aromatic hydrocarbon,
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-24 - EXAMPLES Preparation of Liquid Metallocene Catal yst. |Indene
(avai l able from Ni ppon Steel) and Zr(NEt[err])[err] (available from Boul der
Scientific) were reacted in stoichionetric anounts to form
IndZr(NEt[err])[err]. Gaseous carbon dioxide was bubbl ed through a 0.05
Mol ar solution of IndZr(NEt[err])[err] for fifteen m nutes while being
cooled with an ice bath. The sol ution was ﬁgen sparged for fifteen m nutes
with nitrogen to renmove excess carbon diox Pol yneri zation in
Pilot-scale Fluidized Bed Reactor Using Liquid Metallocene Catalyst. In

[l f zod- bed T RGBT, R Deriogronteny Eptiri e e odfper i g egneral
cylindrical sectﬁomm&mﬂﬁﬁl 3 Mdlerha P isiadideSsed ahoven expanded secti on
Preferably, the activating cocatalyst is an aluminoxane such as
methylaluminoxane (MAQO) or modified methylaluminoxane (MMAOQ),
or a boron alkyl. Aluminoxanes are preferred and their method of
preparation is well known in the art. Aluminoxanes may be in the
form of oligomeric linear alkyl aluminoxanes represented by the
formula:

R*** - Al_o_ AlR***z
R*** 8
or oligomeric cyclic alkyl aluminoxanes of the formula:

-Al-O-

R*** P

wherein g is 1-40, preferably 10-20; p is 3-40, preferably 3-20; and R*¥**
is an alkyl group containing 1 to 12 carbon atoms, preferably methyl or
an aryl radical such as a substituted or unsubstituted phenyl or
‘naphthyl radical. In the case of MAO, R*** is methyl, whereas in
MMAQO, R*** is a mixture of methyl and C2 to C12 alkyl groups
wherein methyl comprises about 20 to 80 percent by weight of the R***
group.
~ The amount of activating cocatalyst and metallocene catalyst
usefully employed in preparation of the catalyst composition, whether
the catalyst composition is formed in situ as it is being introduced into
the reaction zone or formed prior to introduction into the reaction zone,
can vary over a wide range. When the cocatalyst is a branched or
cyclic oligomeric poly(hydrocarbylaluminum oxide), the mole ratio of
aluminum atoms contained in the poly(hydrocarbylaluminum oxide) to
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for di sengagenent of entrained resin, a gas conpressor, a heat exchanger
used for control of the resin tenperature, and a product discharge system
The flowate of reactant and inert gas through the reactor system was

adj usted by a ball valve on the recycle line to provi de a superficial gas
velocity in the polynerization zone of 1.5 1.8 ft/sec. The gas was
circulated through the reactor at a rate betmeen 8,000 and 13,000 | bs/hr.
Resin was produced at a rate between 30 and 40 Ibs/hr to provide a resin

retered to the rmekel fofps Wliinelis, %%%%ﬁéﬁ%ﬁ%ﬁieﬁﬁ@?fﬁ@e
pressuri zed unde¥arssoof foern abomrté’gbno mhﬁ@%ﬂ@@tly\prefemhimn e xbuge of he
catal yst and cocrol xsautvm 9 16 ABoEE 10 b7 %&ﬁ@%%ﬂég& fho kaRsdGr t e0S
and al | owed to nﬁ g1 &g@q [e ute ‘e salt
i sopent ane. M xi ¥ @& gut talyet Iérﬂlhw
dependi ng on t heoﬁab}mfmnhuim[AtIﬁBR gneoi & botord h&ﬂ@fﬂldﬁmtﬂh@l?ﬁ@, the
mole ratio of boron atoms contained in the ionic salt or the boron alkyl
to metal atoms contained in the metallocene catalyst is generally in the
range of from about 0.5:1 to about 10:1, preferably in the range of from
about 1:1 to about 5:1. '

The liquid catalyst can be composed of one or more of metal
compounds in combination with one or more co-catalysts.

Alternatively, all or a portion of the co-catalyst can be fed separately
from the metal compound(s) to the reactor. Promoters associated with
any particularly polymerization are usually added to the reactor
separately from the co-catalyst and/or metal compound(s).

If the metal compound and/or the co-catalyst occurs naturally in
liquid form, it can be introduced "neat” into the particle lean zone.
More likely, the liquid catalyst is introduced into the particle lean zone
as a solution (single phase, or “true solution” using a solvent to dissolve
the metal compound and/or co-catalyst), an emulsion (partially
dissolving the catalyst components in a solvent), suspension,

~dispersion, or slurry (each having at least two phases). Preferably, the
liquid catalyst employed is a solution or an emulsion, most preferably a
solution. As used herein, “liquid catalyst” or "liquid form" includes
neat, solution, emulsion, and dispersions of the transition metal or rare
earth metal component(s) of the catalyst and/or co-catalyst.

The solvents that which can be utilized to form solutions of the
soluble, unsupported transition metal and/or rare earth metal
polymerization catalyst compounds are inert solvents, preferably non-
functional hydrocarbon solvents, and may include aliphatic
hydrocarbons such as butane, isobutane, ethane, propane, pentane,
isopentane, hexane, heptane, octane, decane, dodecane, hexadecane,
octadecane, and the like; alicyclic hydrocarbons such as cyclopentane,
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I njection tube was used, the catal yst solution was m xed with nitrogen
atom zation gas just upstreamof the reactor. Wen nozzles were used, the
catal yst/cocatal yst m xture was delivered to the nozzle separately fromthe
nitrogen. Catal yst concentrations and feed rates, and - 25 - cocatal yst
feed rates are listed in Table |I of the exanples. The al unoxane was -

suppl i ed by Akzo-Nobel and is designated asidMAO type 3A. This was m xed
with an equal weight of purified isopentane to provide a 4.4 wt % Al
solution, for convenience in handling. Reactor startup was acconplished by

{111 ed wh monongr o °%P?‘%%Q¢%§%ﬁéﬂ§}¥?‘€2ﬁ2@2ﬁ?%§ﬁghQZ?SEC’{ o the

desi r ed ethylcyclohexane anj the h&:e; aromatic ocarbons such as benzene,
toluene, ethylbenzene, propylbenzene, butylbenzene, xylene,
tetrahydrofuran and the like; and petroleum fractions such as gasoline,
kerosene, light oils, and the like. Likewise, halogenated hydrocarbons
such as methylene chloride, chlorobenzene, and the like may also be
utilized. By "inert" is meant that the material being referred to is non-
deactivating in the polymerization reaction zone under the conditions
of gas phase polymerization and is non-deactivating with the catalyst
in or out of the reaction zone. By "non-functional”, it is meant that the
solvents do not contain groups such as strong polar groups which can
deactivate the active catalyst metal sites.

The concentration of the catalyst and/or co-catalyst that is in
solution that is provided to the lean particle zone may be as high as the
saturation point of the particular solvent being used. Preferably, the
concentration is in the range of from about 0.01 to about 10,000
millimoles/liter. Of course, if the catalyst and/or co-catalyst is being
used in its neat form, i.e., in its liquid state with no solvent, it will be
comprised of essentially pure catalyst and/or co-catalyst, respectively.

The size of the droplets formed when introducing the catalyst
system into the reactor is generally determined by the manner and
place in which the catalyst is introduced. It is desirable to use a means
of introduction which is able to provide liquid droplets in the particle
lean zone having an average diameter which is in the range of from
about 0.1 to about 1000 microns, preferably within a range of 0.1 to 500
microns, most preferably ranging: from about 1 to 150 microns. A
narrow distribution of droplet size in a lower or mid range of about 10
to about 100 can prevent the formation of large agglomerates resulting
from large droplets and the formation of fines resulting from small
droplets. Under many conditions, however, a wide droplet size
distribution is acceptable as the smaller droplets can agglomerate to
some degree with the resin in the reactor and large droplets can from
larger particles of up to 0.25 which can be readily fluidized as long as
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tenperature. A nitrogen purge flow was nmaintai ned on the nozzles and/or

I njection tubes during this tine. Cocatalyst flow was initiated, and once
flowate control was established, the catal yst feed was begun.

Pol ynmeri zation initiated inmmediately after the catal yst/cocatal yst m xture
reached the reactor. The average particle 352e was determ ned by a sieve
anal ysis using ASTM D- 1921 Method A. Liqufa“catal yst was sprayed into the
pilot-scale reactor with three different injectors: (1) a comrercial nozzle

2nd (3) a taper chaBymbels Sickionds lom eneBameefambbpieds (b AD 56 B R st cd

of a body, a li gweﬁeﬁ%l)y le%l(ihantMB %12131‘, aftHOtotaliresiin thebed! cap was

pur chased from Sprayingg S{ ens 8 eries #PFJ1650)

catal yst along with e 22 RestyParficl Lean Zorie, ﬁ@ﬂﬁéﬁmhﬁg;kép t ubi ng

to the zone can be estabhshed in the reactor by feeding the catalyst in any
manner such that the catalyst droplets do not immediately contact a
substantial portion of the resin particles of the fluidized bed. The
droplets of the unsupported catalyst in liquid form are introduced
without immediately contacting growing polymer particles of the bed
so as to provide an average polymer particle size (APS) ranging from
about 0.01 to about 0.06 inches. Generally, the particle density in the
particle lean zone is at least 10 times lower than that in the fluidized
bed. As disclosed in U.S. Patent No. 5,317 ,036, a liquid, unsupported
catalyst is typically dispersed in a solvent such as isopentane and
introduced into the fluidized bed using an inert carrier gas such as
nitrogen. In the time period elapsing when the liquid catalyst in
droplet form leaves the nozzle and contacts the particles in the bed,
new polymer particles are formed. In the present invention, the time
between the droplet leaving the nozzle and its contacting the particles
in the bed ranges from about 0.01 seconds to 60 seconds, preferably
about 0.01 to 30 seconds, and, most preferably, is about 0.01 seconds to
5 seconds.

A particle lean zone may be a section of the reactor which
normally does not contain the fluidized bed, such as the disengaging
section, the gas recirculation system, or the area helow the distributor
plate. The particle lean zone may also be created by deflecting resin
away from the catalyst spray with a stream of gas.

In a preferred embodiment of the present invention, the liquid
catalyst in a carrier gas (e.g., nitrogen, argon, alkane, or mixtures
thereof) is surrounded by at least one gas which serves to move or
deflect resin particles of the bed out of the path of the liquid catalyst as
it enters the fluidization zone and away from the area of catalyst_entry, |
thereby providing a particle lean zone. In a particularly preferred
embodiment, the liquid catalyst in the carrier gas is surrounded by at
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body of the nozzle, which housed the liquid cap. The body was 5/8 inches in
di aneter and 1.125 inches long. The spray was fornmed at the liquid cap and
fed through the air cap to the reactor. The air cap was either purchased
from Sprayi ng Systens (#PAJ67147) as depicted in Figure 1, or was nachine
i n-house to an elongated tapered air cap (2) as depicted in Figure 2. The
nozzle tip was 1.5 inches |l ong and was tapered over the last .5 inches to
reduce the accunul ation of resin near the-# ray orifice. The orifice
di aneter was 0.04-inches. The air cap was held onto the reactor with a
178"t nehocD x 0 1988t bHOBabed the &rat Eassding privmsiyip Gebecsrastporcicioner .
the last 1/2 incéf the bed odfof the path of the liquid catalyst and the second gas

primarily prevents the injection tube or nozzle tip from getting clogged.

As used in this application, when the liquid catalyst in the carrier gas

is surrounded by two gases, the catalyst is considered to be shrouded.

The first or particle-deflecting gas and the second or tip-cleaning gas

can each be selected from the group consisting to recycle gas, monomer

gas, chain transfer gas (e.g., hydrogen), inert gas or mixtures thereof,

Preferably the particle-deflecting gaé is all or a portion of the recycle

gas and the tip-cleaning gas is all or a portion of a monmer (e.g.,

ethylene or propylene) employed in the process.

Liquid catalyst in a carrier gas, particle-deﬂecting gas, and,

when employed, the tip-cleaning gas can be introduced into the reactor

at the same velocities to establish a particle lean zone. However, it is

preferred that they enter the fluidization zone at differing velocities.

Preferably, the liquid catalyst in the carrier gas is introduced at a

velocity ranging from about 50 ft/sec to about 400 ft/sec; the particle-

deflecting gas is introduced at a velocity ranging from about 10 ft/sec to

about 150 ft/sec, and, when employed, the tip-cleaning gaé ranges in

velocity from about 50 ft/sec to about 250 ft/sec. Preferably, the

pressure of the particle-deflecting gas, and, when employed, the tip-

cleaning gas is about 10 to about 50 psig, preferably about 20 to about

30 psig, than the pressure of the gas in the fluidization zone of the

reactor. Typically, the particle-deflecting gas pressure ranges from

about 10 to about 50 psig; the tip-cleaning gas pressure, when

employed, ranges from about 50 to 250 psig; and the liquid

catalyst/carrier gas préssure ranges from about 50 to about 250 psig.

When the particle-deflecting gas is the recycle gas, it is a portion

comprising about 5 to about 25 percent of the total recyle flow and is

preferably removed from the discharge side of the compressor. When

the tip-cleaning gas is the monomer gas, it is a portion comprising

about 2 to about 40 percent of the total monomer flow. The particle-

deflecting gas and the tip-cleaning gas can also optionally contain one
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produc a sharp edge. This design produced in-house is depicted in Figure 3.
In exanples 2 and 4, the spray nozzle illustrated in Figure 2 was encl osed
in a shroud to avoid polynerization near the nozzle orifice, as shown in
Figure 4. The shroud was made from0.75 inch OD stainless steel tubing and
was capped at the end with a machined tapered tip. The tip-cleaning gas was
fed from behind the spray nozzle and passe&laround the 5/8 inch adapter

pi ece past the tip of the nozzle. For Exanples 1 and 5, a conmerci al
Spraying Systens Co. 1/8 JJ nozzle was used with a J-1650 I|qU|d cap and a
PAJ67147 air capor foee antifdhwdahtoigr ankistasih dgends knowouodhose skilled indiwei al,

introduction of ga tfwﬁﬁam?ﬁr a@?a ereg = ﬁ%&ﬂd‘m%é’ﬂﬁ{&% fidn &

nozzle, 1.5 inches ong ese exanp
the nozzl es wer ePardisle- gﬂ%ﬂ?ﬂ@d@-ﬁ@%ﬁ%ﬂ%,ﬁh%’m be yapragiisal For

Exanple 3, a tapgicatlsd tiey Réduitdiebasid fdakforwRmtitis ¢hereby decreasing
efficiency of monomer usage and increasing cost.

Unsupported liquid catalyst can be introduced into the
polymerization zone from the side, top, or bottom of the reactor. Side
feeding the liquid catalyst is generally preferred, since it requires no or
little modification of a conventional commercial reactor. When the
liquid, unsupported catalyst is fed from a side location into the
fluidization or polymerization zone of the reactor, it, along with the
particle-deflecting gas and optional tip-cleaning gas, preferably enters
the bed from a position that is about 10 percent to about 40 percent of
the distance from the distributér plate to the top of the bed, most
preferably about 15 percent to about 25 percent of the distance from
the distributor plate to the top of the bed. When the liquid,
unsupported catalyst is fed from the bottom of the reactor along with
the particle-deflecting gas and optional tip-cleaning gas, it perferably
enters the fluidized bed from a position that is at or near the center of
the distributor plate in the bottom of the reactor to provide a particle
lean zone. When the unsupported, liquid catalyst is introduced from a
location in the top of the reactor, it is preferred that it enter in such a
manner so as to avoid polymerization in the expanded zone of the -
reactor, and, therefore, is released in the Feactor at the top or just
immediately above the fluidized bed. This allows the catalyst droplets
to additionally coat fines which can accumulate as dust above the top
of the fluidized bed.

Any catalyst delivery system that is capable of atomizing the
liquid catalyst into droplets of the desired size and distribution and
avoids plugging of the tip or nozzle can be employed in the present
invention. One embodiment of a catalyst delivery system comprises a
particle-deflecting gas tube enclosing an optional tip-cleaning gas tube
which in turn encloses a catalyst injection tube. The particle-deflecting
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In Example 1 (Conparative) (using a conmercial spray nozzle), catalyst was
fed through a spray nozzle at the side of the reactor, one foot above the
distributor plate without providing a particle | ean zone. The average
particle size increased from0.016 to 0.0511 inches soon after the reaction
began, indicating that nost of the neM/part'gIes were aggl onerating with
the particles in the reactor. In Exanple 5 (&nploying a comercial spray
nozzl e), catal yst was sprayed at the top of the fluidized-bed into the

T e par 1ol o der Ry nd SEmRERtsias diapdter 1 e dnientid) ff Fopplife,
st andpi pe in the ofdheeup-ofeamlmg gas tubdauFor agbmineerfdal fluidizé)l bed retetare APS
% Sooue] o S ol R AR ROV AR 0
absence of a ranging from about 2 inches to about 12 inches, preferab y about 4 to
about 6 inches. The optional tip-cleaning gas tube, has an outside
diameter capable of fitting inside the particle-deflecting gas tube. For
a conventional reactor, typically the tip-cleaning gas tube has an inside
diameter ranging from about 0.5 inches to about 1.5 inches, preferably
about 0.75 to about 1.25 inches.

The particle-deflecting gas tube can be flush with the inside wall
of the reactor or lead edge (top surface) of the distributor plate, or,
preferably, it can be extended beyond the inside wall of the reactor or
lead edge of the distributor plate into the fluidization zone. Preferably
the particle-deflecting gas tube is flush with the inside wall or top of
the distributor plate. When employed the tip-cleaning gas tube can be
positioned flush with, extended beyond, or recessed in the particle-
deflecting gas tube. Preferably the tip-cleaning gas tube is flush with
or recessed in the particle-deflecting gas tube. Most preferably the tip-
cleaning gas tube is flush with the particle-deflecting gas tube.

The catalyst injection tube or nozzle can be housed within the
particle-deflecting gas tube, but is preferably housed within the tip-
cleaning gas tube which is inside the particle-deflecting gas tube.
Preferably the catalyst injection tube or nozzle is tapered at its tip to a
fine or knife edge to minimize surface area for injector fouling and
convenient entry to the reactor vessel. The catalyst injection tube or
nozzle is secured or anchored to the inner wall of the particle-deflecting
gas tube or preferably to the tip-cleaning gas tube by means of one or
more fins or flanges. Stainless steel injection tubing and pneumatic
spray nozzles are commercially available in a wide range of internal
diameters and thicknesses such that tubing or nozzle size can easily be
matched the the amount of catalyst solution feed. For a commercial-
size fluidized bed reactor, tubing and nozzles having about a 1/8-inch
inside diameter are employed. The orifice diameter in the spray nozzle
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shroud), catalyst was fed surrounded by a particle deflecting gas of
recycle gas into the side of the reactor about 1 foot above the plate in
-27 - the absence of a tip-cleaning gas. This provided stable APS in the
0.025 to 0.028 inch range. By feeding the catalyst in the stream of recycle
gas, as done in Exanples 2, 3, and 4, a particle-lean zone is provided in
the jet or the resulting bubbles, so that .t9ige droplets can pol ynerize

wi t hout adhering to the resin in the bed.

tip is in the ranged of from about 0.01 inch to about 0.25 inch,
preferaably from about 0.02 inch to about 0.15 inch. The orifice
diameter of the tip of the injection tube is between about 0.05 inch to
about 0.25 inches, preferably between about 0.1 inch to about 0.2
inches. Suitable nozzles can be obtained from Spraying Systems
Corportation (Wheation, IL) and can include the 1/8 JJ Series having
standard and customized configurations. For a given liquid catalyst
and reactor polymerization conditions the catalyst liquid feed rates can
be adjusted by one skilled in the art to obtain the desired droplet size
and distribution. The catalyst injection tube or nozzle can be located
flush, extended, or recessed with respect to the leading tip edge of the
particle-deflecting gas tube and/or optional tip-cleaning gas tube.

In the absence of the tip-cleaning gas tube, the catalyst injection
tube or nozzle can be located flush, extended, or recessed with respect
to the leading tip edge of the particle-deflecting gas tube. Preferably
the catalyst injection tube or nozzle is located flush or extended with
respect to the leading tip edge of the particle-deflecting gas tube in the
absence of the tip-cleaning gas tube. Most preferably it is located flush
in the particle-deflecting gas tube. When a tip-cleaning gas tube is
employed in conjunction with the particle-deflecting gas tube, the

- catalyst injection tube or nozzle is extended beyond the leading edge of
the tip-cleaning gas tube or flush with the leading edge to the tip-
cleaning gas tube. Preferably, the catalyst injection tube or nozzle is
extended 2 to 4 inches beyond the leading edge of the tip-cleaning gas
tube, but recessed with respect to the particle-deflecting gas tube.

All references cited herein are incorporated by reference.

Whereas the scope of the invention is set forth in the appended
claims, the following specific examples illustrate certain aspects of the
present invention. The examples are set forth for illustration only and
are not to be construed as limitations on the invention, except as set
forth in the claims. All parts and percentages are by weight unless
otherwise specfied. '
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28 [err] - 29 - Polynerizations in a Comrercial-scale Reactor with
Solution Metal |l ocene Catal yst The indenyl zirconiumtris-diethyl carbanate
catal yst was used to polynerize a ethyl ene-hexene copol yner (density 0.922,
melt index 3) in a comrercial-scale fluidized bed reactor. The reactor was
nomnally 8 feet in dianeter and was operated with a bed height of 38 to 42
feet, and a superficial gas velocity of appBéxi mately 2 ft/sec. Total
reactor pressure was 270 psig. A seed bed was charged to the reactor and it
was dried to 50 ppmwater. It was pressurized to 100

ration of Liqui 1 t
Indene (available from Nippon Steel) and Zr(NEt2)4 (available
from Boulder Scientific) were reacted in stoichiometric amounts to
form IndZr(NEt2)3. Gaseous carbon dioxide was bubbled through a
0.05 Molar solution of IndZr(NEt2)3 for fifteen minutes while being
cooled with an ice bath. The solution was then sparged for fifteen
minutes with nitrogen to remove excess carbon dioxide.

Polymerization in Pilot-scale Fluidized Bed Reactor Usin:
Liquid Metallocene Catalyst.

In Examples 1 to 5, polymerizations were conducted in pilot-
scale fluidized-bed reactors of 14- or 18-inch nominal diameter having
a cylindrical section containing the fluidized-bed, an expanded section
for disengagement of entrained resin, a gas compressor, a heat
exchanger used for control of the resin temperature, and a product
discharge system. The flowrate of reactant and inert gas through the
reactor system was adjusted by a ball valve on the recycle line to
provide a superficial gas velocity in the polymerization zone of 1.5 to
1.8 ft/sec. The gas was circulated through the reactor at a rate between

- 8,000 and 13,000 1bs/hr. Resin was produced at a rate between 30 and
40 Ibs/hr to provide a resin residence time of 3 to 4 hours.

The liquid catalyst prepared above was metered to the reactor
with a piston pump. Alumoxane cocatalyst was pressurized under 500-
psi nitrogen and metered with a motor valve. The catalyst and
cocatalyst were contacted in standard 1/8 or 1/4” tubing tees and
allowed to mix for several minutes before being diluted with
isopentane. Mixing times varied between a few minutes and an hour,
depending on the activation requirements of the catalyst. When an
injection tube was used, the catalyst solution was mixed with nitrogen
atomization gas just upstream of the reactor. When nozzles were used,
the catalyst/cocatalyst mixture was delivered to the nozzle separately
from the nitrogen. Catalyst concentrations and feed rates, and
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psig of nitrogen and then 80 | bs/hr of 10% TEAL in isopentane were fed to
the reactor over two hours and allowed to circulate for 1 hour. The
hexene-et hyl ene rati o was established at 0.028 and the tenperature was

adj usted. Atner-163, a chem cal marketed by 1Cl, was added as necessary to
the reactor to control the buildup of electrostatic charge. Catal yst was
m xed with MMAO 3A as received at 7.38 W _%gAl . Additional dilution was
performed by adding i sopentane to the m xture. This liquid catal yst was

i ntroduced to the reactor with a 1/4" OD stainl ess-steel injection t ube of

0 1%L BT G5 g A 0L Bgr e (1 2
| ocated within lpmoesasesvaesveplied by @é@ot}&@?ﬁ iagdps é‘?ﬁ#%@%g‘%m
Exanpl es 6,7, angpd.3A. h?hid ﬁas whigad ivith GdSequdl Sredpittarimerified idbgbﬁﬁaﬂent o the
eactor at an el.cvatl o O Ghe TS e e G ol Erampl o

Reactor startup was accomplished by charging a seed bed and
drying to less than 5 ppm water. The reactor was filled with monomer
and inert gas to.the desired levels and heated to the desired
temperature. A nitrogen purge flow was maintained on the nozzles
and/or injection tubes during this time. Cocatalyst flow was initiated,
and once flowrate control was established, the catalyst feed was begun.
Polymerization initiated immediately after the catalyst/cocatalyst
mixture reached the reactor.

The average particle size was determined by a sieve analysis
using ASTM D-1921 Method A.

Liquid catalyst was sprayed into the pilot-scale reactor with
three different injectors: (1) a commercial nozzle adapted from reactor
use, (2) the same nozzle with an elongated air cap, and (3) a tapered
injection tube.

The commercial spray nozzle (1) consisted of a body, a liquid cap,
and a tapered spraying tip. The liquid cap was purchased from ’

" Spraying Systems Co (1/8 JJ series #PFJ1650). Liquid catalyst along
with nitrogen for atomization was fed through coaxial tubing to the
body of the nozzle, which housed the liquid cap. The body was 5/8
inches in diameter and 1.125 inches long. The spray was formed at the
liquid cap and fed through the air cap to the reactor. The air cap was
either purchased from Spraying Systems (#PAJ67147) as depicted in
Figure 1, or was machine in-house to an elongated tapered air cap (2)
as depicted in Figure 2. The nozzle tip was 1.5 inches long and was
tapered over the last .5 inches to reduce the accumulation of resin near
the spray orifice. The orifice diameter was 0.04 inches. The air cap
was held onto the reactor with a retaining nut (Spraying Systems
CP12582). The third type of injector, was a 1/8 inch-OD x 0.055-inch-
ID stainless steel tube which was tapered over the last 1/2 inch to
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t ube extended 32 inches into the reactor at 8 feet above the plate. The

I njection tube was centered in the particle deflecting gas tube with
tapered fins, and the tip of the injection tube extended 2 inches into the
react or beyond the end of the tip-cleaning gas tube. The ends of the

I njection tubes were tapered, to avoid accumul ati on of catal yst sol ution.
The tip-cleaning gas tube was al so tapered.gger the last 6 inches. A stream
of ethylene was fed through the annul ar space between the tip-cleaning gas

tube and the catal yst inj ection tube. - 30 - Exanple 8 denonstrated that
stable particle evlqﬁ %nap Quked'Bi-hoRs&d &%ﬂw ang

fl owate through _he t| p- cI ani ng gag\ﬁteg lgnge &]ﬁt ﬁ)gh rate of-
nitrogen through ﬁy ection tube.

In examples 2 and 4, the spray nozzle illustrated in Figure 2 was
enclosed in a shroud to avoid polymerization near the nozzle orifice, as
shown in Figure 4. The shroud was made from 0.75 inch OD stainless
steel tubing and was capped at the end with a machined tapered tip.
The tip-cleaning gas was fed from behind the spray nozzle and passed
around the 5/8 inch adapter piece past the tip of the nozzle.

For Examples 1 and 5, a commercial Spraying Systems Co. 1/8
JdJ nozzle was used with a J-1650 liquid cap and a PAJ67147 air cap.
The nozzle body was modified in-house to allow coaxial introduction of
catalyst. For Examples 2 and 4, a customized air cap nozzle, 1.5 inches
long with a tapered tip was used. For these examples, the nozzles were
located within a 0.75-inch tip-cleaning gas tube. For Example 3, a
tapered 1/8-inch injection tube was used.

In Example 1 (Comparative) (using a commercial spray nozzle),
catalyst was fed through a spray nozzle at the side of the reactor, one
foot above the distributor plate without providing a particle lean zone.
The average particle size increased from 0.016 to 0.0511 inches soon
after the reaction began, indicating that most of the new particles were
agglomerating with the particles in the reactor.

In Example 5 (employing a commercial spray nozzle), catalyst
was sprayed at the top of the fluidized-bed into the expanded secton to
produce small particles. N

In Example 4, catalyst was fed in a particle deflecing gas
composed of recycle gas (426 lbs/hr) from a standpipe in the center of
the distributor plate (Figure 4). A stable APS of 0.04 inches was
obtained.

In Examples 2 (a tapered spray nozzle with a N2 shroud) and 3
(an injection tube in a particle deflecting gas in the absence of a
shroud), catalyst was fed surrounded by a particle deflecting gas of
recycle gas into the side of the reactor about 1 foot above the plate in
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Table 11l illustrates of the present invention in polynerization processes
t hat produce different polyners under differing reaction conditions. 31

[err] 32 [err]
-27-

the absence of a tip-cleaning gas. This provided stable APS in the
0.025 to 0.028 inch range.

By feeding the catalyst in the stream of recycle gas, as done in
Examples 2, 3, and 4, a particle-lean zone is provided in the jet or the
resulting bubbles, so that the droplets can polymerize without
adhering to the resin in the bed.
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- 33 - WHAT IS CLAIMED I S: 1. A process for producing a pol yNg
fluidized bed reaction vessel having a polynerization zone co
of growi ng polynmer particles under polynerization conditions

conprises: (i) <continuously or intermttently introducing on
nononers, optionally at |east one dieneg28optionally at |east dn
partlculate material, and optionally one or nore inert éﬁsgs I Int
pol ymeri zati on zonew:(ll) continuously or |ntern1ttenr5yml traduci ng.into
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(tii) continuously or intermttently w thdrawi ng polyneric product from
the reaction vessel; and (iv) continuously w thdraw ng unreacted nononers
and gases from said polynerization and optionally conpressing and cool i ng
said gases while maintaining the tenperature within the polynerization zone
bel ow t he dew point of at |east one nonomer present in the polynerization
zone. 2. The process of Caim1l wherein 2he droplets of the unsupported
catalyst in liquid formare introduced w thout imrediatley contacting

grow ng pol yner partlcl es of the bed SO as to prow de an average pol yrer

particle size r Zolymerizations o atCénfier i acthr with hed
process of Clalphﬁggga | a {qu|d catalyst isinacarrier gas
surrounded by a cle-defl ecting gas having a velocity
sufficient to deflect resin particles of the bed away fromthe

The indenyl zirconium tris-diethyl carbamate catalyst was used
to polymerize a ethylene-hexene copolymer (density 0.922, melt index
3)in a commercial-scale fluidized bed reactor. The reactor was
nominally 8 feet in diameter and was operated with a bed height of 38
to 42 feet, and a superficial gas velocity of approximately 2 ft/sec.

Total reactor pressure was 270 psig. A seed bed was charged to the
reactor and it was dried to 50 ppm water. It was pressurized to 100
psig of nitrogen and then 80 Ibs/hr of 10% TEAL in isopentane were fed
to the reactor over two hours and allowed to circulate for 1 hour. The
hexene-ethylene ratio was established at 0.028 and the temperature
was adjusted. Atmer-163, a chemical marketed by ICI, was added as
necessary to the reactor to control the buildup of electrostatic charge.

Catalyst was mixed with MMAO 3A as received at 7.38 wt % Al.
Additional dilution was performed by adding isopentane to the
mixture.

This liquid catalyst was introduced to the reactor with a 1/4” OD
stainless-steel injection tube of 0.18 inch ID. For Examples 8 and 9, a
3-inch length of tubing with a smaller ID was welded onto the end of
the injection tube. The tube was located within a particle deflecting
gas tube in Examples 8 and 9. For Examples 6,7, and 8, the tip-
cleaning gas tube extended 28 inches into the reactor at an elevation 6
inches above the distributor plate. For Example 9, the tip-cleaning gas
tube extended 32 inches into the reactor at 8 feet above the plate. The
injection tube was centered in the particle deflecting gas tube with
tapered fins, and the tip of the injection tube extended 2 inches into the
reactor beyond the end of the tip-cleaning gas tube. The ends of the
injection tubes were tapered, to avoid accumulation of catalyst
solution. The tip-cleaning gas tube was also tapered over the last 6
inches. A stream of ethylene was fed through the annular space
between the tip-cleaning gas tube and the catalyst injection tube.
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path of the liquid catalyst as it enters the fluidization zone. - 34- 4.
The process of Caim3 wherein the liquid catalsyt is in a carrier gas
surrounded by at |east one particle-deflecting gas and at | east one

ti p-cl eaning gas, each gas selected fromthe group consisting of recycle
gas, nonomer gas, chain transfer gas, and inert gas. 5. The process of
Claim4 wherein the liquid catalyst in theSarrier gas is introduced at a
vel ocity ranging fromabout 50 ft/sec to about 400 ft/sec; the
particle-deflecting gas is introduced at a_vel ogity ranging from about 10
ft/sec to about Hzamnle 8demonsirated wabs@béﬁnwlgager%ameﬁ with y
from about 50 ft4sembivatitief eiflend floReateGhrough thfipitednil dasdube/

wherein the part]cy &ifieh'ieh'ssh S95 of nitrogen through the injection tube.
Table III illustrates of the present invention in polymerization
processes that produce different polymers under differing reaction
conditions.
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and the tip-cleaning gas is about 10 to about 50 psig higher in pressure
than the gas in the polynerization zone of the reaction vessel. 7. The
process of Claim4 wherein the particle-deflecting gas is recycle gas and
the tip-cleaning gas is nononer gas. 8. The process of Caim4 wherein
the liquid catalyst is introduced by a 8atal yst delivery system conprising
(i) a particle- deflecting gas tube enclosing a catal yst injection tube or
nozzle or (ii) a particle-deflecting gas tube enclosing a tip-cleaning gas
tube which in turn encloses a catalyst injection tube or nozzle. 9. The
process of Claim1l wherein the liquid catalyst is selected fromthe group
consisting of a netall ocene catalyst, a rare earth catal yst, and m xtures
thereof. 10. The process of Caim9 wherein the-nmetall ocene catal yst
conposition conprises (i) a catal yst precursor selected fromthe group
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-NR[err] -
-NRerr],
uni val ent

then Z is selected fromthe group consisting of -ORlerr],
-SRjerr], -SiRerr], -PRlerr] and -H, nis 1 or 2; Ais a
anionic group when nis 2 or Ais a divalent anionic group when

n, is 1; Rerr] can be the same or different and is independently a group
cont ai ni ng carbon, silicon, nitrogen, oxygen, and/or phosphorus and one or
nore R3 groups nay optionally be attached to the L substituent; T is a
bridgi ng group selected fromthe group comﬁ&ning of an al kyl ene or aryl ene
group containing from1l to 10 carbon atons, germanium silicone and aIkyI

phosphi ne;

and mis 1 to 7; and (ii) a co-catalyst.
WHAT IS CLAIMED IS:

1. A process for producing a polymer in a gas fluidized bed
reaction vessel having a polymerization zone containing a bed of
growing polymer particles under polymerization conditions which
comprises:

@  continuously or intermittently introducing one or more
monomers, optionally at least one diene, optionally at least one inert
particulate material, and optionally one or more inert gases into the
polymerization zone;

(ii) continuously or intermittently introducing into the
reaction vessel an unsupported polymerization catalyst in liquid form
without immediately contacting the bed of growing polymer particles
so as to provide a particle lean zone;

~ (iii) continuously or intermittently withdrawing polymeric
product from the reaction vessel; and

(iv) continuously withdrawing unreacted monomers and gases
from said polymerization and optionally compressing and cooling said
gases while maintaining the temperature within the polymerization
zone below the dew point of at least one monomer present in the
polymerization zone.

2. The process of Claim 1 wherein the droplets of the
unsupported catalyst in liquid form are introduced without
immediatley contacting growing polymer particles of the bed so as to
provide an average polymer particle size ranging from about 0.01 to
about 0.06 inches.

3. The process of Claim 2 wherein the liquid catalystisin a
carrier gas surrounded by at least one particle-deflecting gas having a
velocity sufficient to deflect resin particles of the bed away from the
path of the liquid catalyst as it enters the fluidization zone.

_—

Il Wy i REPLACEMENT SHEET

05 SEP 1997




-36 - 11. The process of Caim9 wherein the rare earth catalyst is

sel ected fromthe group consisting of a neodym um carboxyl ate, a neodym um
al cohol ate, a neodym um acetyl acetonate, a neodym um halide, a neodym um
allyl derivative, and m xtures thereof. 12. The process of Claim1 wherein
t he pol yner being produced is selected fromthe group consisting of (a)

et hyl ene honopol yners, ethyl ene copol yners, 3&nd et hyl ene terpol yners

enpl oying one or nore CJerr]-Clerr] al pha olefins; (b) propyl ene

honopol ymers and propyl ene copol yners enpol ying one or nore CJerr]- Cerr]

al pha ol efins; (c) polybut g4 : I rq@q- s, and
et hyl ene propyl ene di é4yr'1e rggx'ggé}?ges%yé ee'bipgéggésigugfe é?%ﬁiﬂ%ﬁ@nﬁ he
di ene sel ected f cemiehgagsamounded bytatigastors panticle-deflecting sanarAdte,

1, 3-cycl opent adi §8st one tip-cleaning gas, each gas selected from the group consisting

of recycle gas, monomer gas, chain transfer gas, and inert gas.

5. The process of Claim 4 wherein the liquid catalyst in the
carrier gas is introduced at a velocity ranging from about 50 ft/sec to
about 400 ft/sec; the particle-deflecting gas is introduced at a velocity
ranging from about 10 ft/sec to about 150 ft/sec; and the tip-cleaning
gas ranges in velocity from about 50 ft/sec to about 250 ft/sec.

6. The process of Claim 4 wherein the particle-deflecting gas
and the tip-cleaning gas is about 10 to about 50 psig higher in pressure
than the gas in the polymerization zone of the reaction vessel.

kS

7. The process of Claim 4 wherein the particle-deflecting gas
is recycle gas and the tip-cleaning gas is monomer gas.

8. The process of Claim 4 wherein the liquid catalyst is
introduced by a catalyst delivery system comprising (i) a particle-
deflecting gas tube enclosing a catalyst injection tube or nozzle or (ii) a
particle-deflecting gas tube enclosing a tip-cleaning gas tube which in
turn encloses a catalyst injection tube or nozzle.

9. The process of Claim 1 wherein the liquid catalyst is
selected from the group consisting of a metallocene catalyst, a rare
earth catalyst, and mixtures thereof.

10. The process of Claim 9 wherein the metallocene catalyst
composition comprises
163) a catalyst precursor selected from the group
consisting of '
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1, 7-oct adi ene, 1, 4-hexadi ene, and m xtures thereof is enployed. 14. The
process of Caim1l wherein the inert particulate naterial selected fromthe
group consi sting of carbon black, silica, clay, talc, and m xtures thereof

i s enpl oyed. REPLACEMENT SHEET

-35-
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Z " ; and
mixtures thereof
wherein:

M is Zr or Hf.

L is a substituted or unsubstituted, n-bonded ligand,

each Q can be the same or different and is independently
selected from the group consisting of -O-, -NR3-, -CR32- and -S-;

Y is either C or S; .

Z is selected from the group consisting of -OR3, -NR3g,
-CR33, -SR3, -SiR33, -PR32 and -H, with the proviso that when Q is
-NR3- then Z is selected from the group consisting of -OR3, -NR39,

. -SR3, -8iR33, -PR3g and -H;

nislor2;

A is a univalent anionic group whennis2 or Ais'a
divalent anionic gi'oup when n is 1;

R3 can be the same or different and is independently a
group containing carbon, silicon, nitrogen, oxygen, and/or phosphorus
and one or more R3 groups may optionally be attached to the L
substituent; '

T is a bridging group selected from the group consisting of
an alkylene or arylene group containing from 1 to 10 carbon atoms,
germanium, silicone and alkyl phosphine; and mis 1 to 7; and

(ii)  a co-catalyst.
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11.  The process of Claim 9 wherein the rare earth catalyst is
selected from the group consisting of 2 neodymium carboxylate, a
neodymium alcoholate, a neodymium acetylacetonate, a neodymium
halide, a neodymium allyl derivative, and mixtures thereof.

12. The process of Claim 1 wherein the polymer being
produced is selected from the group consisting of (a) ethylene
homopolymers, ethylene copolymers, and ethylene terpolymers
employing one or more C3-C12 alpha olefins; (b) propylene
homopolymers and propylene copolymers émpolying one or more C4-
C12 alpha olefins; (c) polybutadiene; and (d) ethylene propylene
rubbers and ethylene propylene diene rubbers.

13.  The process of Claim 1 wherein the diene selected from
the group consisting of 5-ethylidene-2-norbornene, 1,3-cyclopentadiene,
1,7-octadiene, 1,4-hexadiene, and mixtures thereof is employed.

14.  The process of Claim 1 wherein the inert particulate

material selected from the group consisting of carbon black, silica, clay,
talc, and mixtures thereofis employed.

-_
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For gas phase polymerization reactions in the presence of an
unsupported polymerization catalyst, there is provided a process for
introducing a liquid catalyst so as to provide a resin particle lean zone
such that the average particle size of the resin produced ranges from
about 0.01 to about 0.06 inches.

Figure 4

REPLACEMENT SHEET
05 SEP 1997




